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ABSTRACT 
This is a project about the design and construction of an electric wheelchair for the physically 

handicapped. The wheelchair is to be made locally in Uganda with locally available cost effective 
materials. Literature review was done using research from sources like text books, class notes and 
published literature from the internet. 
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CHAPTER ONE: INTRODUCTION 
The first electric powered wheelchair was invented by Canadian inventor, George klein and his 

team of engineers while working for the National Research Council of Canada in a program to assist the 
injured veterans returning after World War II, although Everest & Jennings, the same company whose 
founders created the folding wheelchair were the first to manufacture the electric wheelchair on a mass 
scale beginning in 1956. 

Over the course of years there have been many different designs and improvements of electric 
wheelchairs all catered to solve the different problems faced by the physically handicapped. Although 
these designs have improved on the lives of the physically handicapped, this mostly applies to those that 
live in developed countries and to very few that live in developing countries. This is shown by some of 
the statistics got from the World Health Organization (WHO) where from the estimated 7,400,000,000 
people in the world as of March, 2016, with approximately 1,000,000,000 people living in the 34 
‘developed countries’ and the remaining 6,091,500,000 living in the 156 ‘developing countries’, in the 34 
developed countries, it was estimated that 1% or 10,000,000 people required a wheelchair, while in the 
156 developing countries it was estimated that at least 2% or 121,800,000 people required a wheelchair 
and, of the 7,091,500,000 people in the world, approximately 131,800,000 or 1.85% required a 
wheelchair. In developed countries more than 95% of people who required a wheelchair had access to 
one and in developing countries less than 10% of people who required a wheelchair had access to one. 
In the developed countries the number of people that require a wheelchair but don’t have one was less 
than 500,000 (5% of 10 million) and in the developing countries the number was at least 109,620,000 
(90% of 121.8 million). The total was just over 110,000,000.  

This showed that there was a general lack of access of wheelchairs for physically handicapped 
people living in developing countries.  

1.1 Background of Electric Wheelchair Use in Uganda 
There are very few electric wheelchairs in Uganda as it’s very rare to find a person in use of one. 

There are no known local companies in Uganda that manufacture electric wheelchairs and so many are 
imported from countries like Canada, the USA, Sweden, Italy and UK. In general it is a very costly 
procedure for the average citizen to acquire an electric wheelchair as their market price ranges from 4 
million Ugandan shillings and above depending on the brand and design style of the wheelchair and this 
price does not include the importation and custom tax charges. Some electric wheelchairs though are 
gifted to people by some charity organizations like “the Uganda Walkabout Foundation” but that brings 
with it its own problems. 
 

1.2 Problem Statement 
Wheelchair users experience a lot problems and one of these is lack of independence on a lot of 

things. One usually has to have someone help push them around as they may not have upper body 
strength to do so on their own especially the sickly, elderly and young. This takes a way a sense of self 
and independence from them especially those recently physically handicapped who would greatly feel 
powerless and frustrated at not being able to do much on their own without help. 

Pushing around a physically handicapped  person on a wheelchair can also be dangerous to the 
person pushing in the long run as there is a very high chance of developing back problems and other 
issues as they bend most of the time and use a lot of energy to push the wheelchair, especially if the 
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person is heavy. This is especially dangerous to children as they are the most visibly seen pushing 
around family members in wheelchairs on the streets of Uganda.  

Therefore there is need of a wheelchair that can give the physically handicapped person some 
sense of independence and the ability to move where ever they desire to alone without assistance 
hence doing the work of two. An electric wheelchair would be able to meet these needs, but since most 
electric wheelchairs on market are very expensive with the price ranging from 4 million to about 10 
million Ugandan shillings and not readily accessible to the average Ugandan citizen, this project 
therefore aims to design a cost effective prototype of an electric wheelchair utilizing locally available 
resources and materials. 

1.3 Objectives 

1.3.1 Main Objective 
To design and construct an electric wheelchair for the physically handicapped  

1.3.2 Specific Objective 
i. To select raw materials based on their cost, mechanical properties, maintainability and 

accessibility 

ii. To design and program a working control unit to control the wheelchair movement. 

iii. To build a working prototype that can move a test dummy.  

 

1.4 Justification 
The limited availability and accessibility of electric wheelchairs in Uganda has emphasized the 

need for locally manufactured and produced electric wheelchairs. The electric wheelchairs available in 
the current market are very expensive with prices above 4 million Ugandan shillings and require a lot of 
money to be imported into the country. They are also very costly to maintain and repair due to their 
complexity and rarity of their components. This shows that there is a need for cost effective locally 
made electric wheelchairs that can easily be repaired and maintained in local workshops in the country. 

1.5 Scope 
 The project is confined to the following scopes of study; 

 Uganda as a country 

 Hospitals in the greater Kampala region and Mbale region are the reference because that is the 

location with the most wheelchair users and experts on wheelchairs i.e. medical personnel 

 Outdoor wheelchairs only 

 Battery powered not solar, this is because solar will make the wheelchair more bulky and 

heavier with the addition of solar panels. 

 For people with no lower limbs, who are paralyzed and those with little to no upper body 

strength like the sickly, elderly and very young 
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CHAPTER TWO: LITERATURE REVIEW 
2.1 Introduction 

 This chapter provides the detail description literature review done according to the title of 
“Design and Construction of an Electric Wheel Chair for the physically handicapped”. Since the aim of 
this project is to design a cost effective, locally made electric wheel chair, the literature review is related 
to the definition of design, wheel chair and physically handicapped /handicapped. Obviously the 
literature review is also related with definition of human factor engineering, wheel chair and ergonomic. 
This literature review will give an overview or a brief introduction of the techniques that are suitable to 
be used in this project.  

2.2 Design 
Design is an innovative and highly iterative process. It is also a decision-making process. 

Decisions sometimes have to be made with too little information, occasion ally with just the right 
amount of information, or with an excess of partially contradictory information (Richard G. Budynas and 
J. Keith Nisbett, 2010). Design is a communication-intensive activity in which both words and pictures 
are used, and written and oral forms are employed. Engineers have to communicate effectively and 
work with people of many disciplines. Design is the human power to conceive, plan, and realize products 
that serve human beings in the accomplishment of any individual or collective purpose. It is a creative 
activity whose aim is to establish the multi-faceted qualities of objects, processes, services and their 
systems in whole life cycles. Therefore, design is the central factor of innovative humanization of 
technologies and the crucial factor of cultural and economic exchange.  

2.2.1 Principles of Design 
Design is a complex iterative creative process that begins with the recognition of a need of 

desire and terminates with a product or process that uses available resources, energy and technology to 
fulfill the original need within some set of defined constraints.  

2.2.2 Design Guidelines 
A set of guidelines developed to ensure that a product is designed so that it can be easily and 

efficiently manufactured and assembled with a minimum of effort, time, and cost. There are some 
guidelines in design: 

i. Aim For Simplicity 

ii. Standardize 

iii. Rationalize Product Design 

iv. Use The Widest Possible Tolerances 

v. Choose Materials To Suit Function And Production Process 

vi. Minimize Non-Value-Adding Operations 

vii. Design For Process 

viii. Teamwork  

2.2.3 Design Process 
The design process is an iterative, complex, decision-making engineering activity that lead to 

detailed drawings by which manufacturing can economically produce a quantity of identical products 
that can be sold. The design process usually starts with the identification of a need, and decision to do 
something about it. After much iteration, the process ends with the presentation of the plans or 
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satisfying the need. Depending on the nature of the design task, several design phases may be repeated 
throughout the life of the product, from inception to termination (Richard G. Budynas and J. Keith 
Nisbett, 2010). 

2.3 Construction 
The construction of electric wheelchairs or electronic wheelchairs may seem like childlike play 

today but is it enough to assemble an electronic device with two back-geared motors, to fix the whole 
on a frame and to apply an appropriate programming? Far from it! Designing an electric wheelchair 
requires many elements to be taken into account. As a matter of fact a wheelchair design must integrate 
various parameters such as speed, acceleration, braking, dynamic stability, maneuverability, dimensions 
and adjustments to comply with the impairment. Nevertheless a great variety of designs are accessible 
on the market with respect to models and trademarks: from simple manual wheelchairs equipped with a 
drive system, a control input device and a source of power, to wheelchairs consisting of a rigid frame, 
great propulsion front wheels and servo wheel-axle at the rear mounted on suspension springs or shock 
absorber jacks. All these models fit different pathologies, disabilities and environmental 
contexts.(Attali& Pelisse, 2001) 
 

2.4 History of Wheelchair Design in Uganda 
Uganda was one of the first places in Africa to design and build a wheelchair that was suitable 

for the rough roads and infrastructure found throughout the continent. Doctor Ronald Lawrie (R.L.) 
Huckstep introduced a locally-designed wheelchair to Uganda in 1967 (Mukisa, 2008). Huckstep 
designed the first wheelchair for the majority world at the MulagoOrthopedic Workshop in Kampala, 
Uganda (Mukisa, 2008). The Huckstep wheelchair (Figure 1) also called the Kampala wheelchair was 
produced using bicycle parts and simple fabrication techniques. It was designed and built to be 
affordable, durable, and very serviceable in exchange for a bulky and rigid (i.e. non-folding) frame. 
Therefore, the Huckstep Wheelchair is not easily used on public transit, small pathways, or indoors 
(Mukisa, 2008). 

A decade after the Huckstep wheelchair was developed; a single-sided bicycle hub became 
available throughout Uganda (Figure 2) (Mukisa, 2008). It was cored and filled with a solid steel axle, 
which eliminated the need for the exterior frame that usually supports a standard dual-sided bicycle 
hub. The single-sided bicycle hub has made wheelchairs more mobile and better suited to indoor use. 
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Figure 1 | Huck step Wheelchair 

 

 

Figure 2 | Standard dual-sided hub (left) and modified single-sided hub (right). 

Hand-operated tricycles were documented shortly after the Huckstep wheelchair was 
developed. The tricycle (Figure 3) is one of the most successful wheelchair designs produced throughout 
Africa and Asia for a number of reasons: 1) tricycles have three large wheels that are stable on uneven 
surfaces; 2) tricycles are larger than wheelchairs, meaning parts require lower tolerances; 3) tricycles 
can be made from bicycle parts, which are easy to source; and 4) tricycles have gears that make it faster 
for PWDs to travel long distances. 

 

Figure 3 | Hand operated tricycle. 

The tricycle design has been widely adapted by local producers throughout Africa and Asia 
(Hallgrimsson, 2013; winter, 2006). This has led to certain variants of the tricycle that suffer from several 
mechanical issues, including inefficient gearing and major stress and failure points within the frame. 
(Winter, 2006). The School of Industrial Design at Carleton University has been involved in the 
betterment of the design of tricycles in collaboration with CanUgan. This included a structural evaluation 
and improved manufacturing approach in 2013 and the identification of using the wheelchair for income 
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generation (Cox, 2014). In addition, the opportunity for a wheelchair and tricycle combination has been 
explored at the department. 

2.5 The Effects of Poverty on Disability 
When it comes to issues of disability within the majority world, poverty becomes associated 

with the compromise of a range of key human assets. These assets include environmental health risks, 
which are further magnified within physically handicapped communities (WHO, 2011).  

According to the WHO, approximately 15 percent of the world’s population has some form of 
disability (WHO, 2011).  

The WHO identifies several barriers to healthcare in the majority world including prohibitive 
costs and a lack of skilled healthcare workers (WHO, 2011). These barriers add to the complexity of 
accessibility in the majority world. There are also many underlying social components to living with a 
disability that become exaggerated in the context of the majority world.  

According to the World Bank (2014), people with disabilities (PWDs) as a group are more likely 
to experience adverse socioeconomic outcomes, making employment a challenge (World Bank, 2014). 
Without employment, many PWDs are stigmatized in the majority world as being a financial burden on 
extended family rather than net contributors (Cox, 2014). These social issues add to the complexity of 
accessibility in the majority world. 

2.6 Wheelchair provision 
According to the WHO (2008), wheelchairs are typically delivered to the majority world through 

small-scale national production (NSSP), large-scale national production, imported used wheelchairs 
(IUW), and imported large-scale production (ILSP) (WHO, 2008). 

 
Table 1 Four Classifications of Wheelchair Provision 

National Small-Scale Hand-fabricated using basic materials and components 

Large-Scale Mass-produced and distributed regionally 

Imported Used Wheelchairs Repurposed hospital wheelchairs from Western countries 

Large-Scale Mass-produced and designed for the majority world 

Adapted from the Guidelines on the Provision of Wheelchairs in Less Resourced 
Settings (WHO, 2008) 

 

Imported Used Wheelchairs (IUW) 
One of the most common ways for PWDs to receive a manual wheelchair in the majority world 

is through a donation from an industrialized country. This method of provision often undermines the 
environmental, physical, and social needs of the beneficiary. According to Motivation Charitable Trust’s 
program coordinator, Jennifer Howitt, the distribution of donated wheelchairs takes an “anything is 
better than nothing” approach (Howitt et. al, 2006). This approach often yields inadequate solutions in 
favor of convenience. Motivation Charitable Trust’s operational manager, Sarah Beattie, claims that 
wheelchairs delivered to low-income countries often lack critical service components in the provisional 
process (Beattie et. al, 2006).  

Responding to the provision of wheelchairs in the majority world as medical emergency, means 
that proper provisional services like assessments and prescriptions are often overlooked by the need for 
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quick delivery. Several international charity organizations’ provisions include these industrialized, yet 
unsuitable wheelchairs. Beyond the lack of provisional services (e.g. assessment and prescription), 
donated wheelchairs in less-resourced settings are often unable to function given the state of the roads 
and infrastructure; these functional factors are further complicated by the need for spare parts, which 
are often unavailable to local metalworkers (WHO, 2008). These practical factors, paired with the lack of 
adequate provisional resources, make donated wheelchairs an inadequate solution for the majority 
world.  

The key issue within the charity model of donating is that it often fulfills the needs of the donor 
before the beneficiary (Beattie et. al, 2006). The problem with this, of course, is that the donations are 
merely out of convenience. Based on secondary research it seems that the donated wheelchairs are 
unsuitable in all aspects of provision, in terms of prescription, function, serviceability, durability, and 
comfort (Howitt et. al, 2006; Beattie et. al, 2006; Øderud et. al, 2004). This is precisely what makes 
donated wheelchairs inappropriate and is why the beneficiaries of wheelchairs must be considered as 
end users with design requirements, regardless of income. 

Given that there are several contextual designs and donated wheelchairs available to PWDs, the 
issues that surround their provision are relevant and important. The provisional process is integral to the 
design of all assistive devices and offering a comprehensive approach to delivering wheelchairs is critical 
to the device’s success. According to the WHO, providers of wheelchairs should ensure that each PWD is 
individually prescribed and fitted for a mobility device that suits their lifestyle, vocation, environment, 
and physical condition (WHO, 2008). While these recommendations are laudable, they have yet to be 
widely implemented in any region. This lack of implementation is evidence of provisional services being 
described as assumptive and generic (Mukisa, 2008). 

 

2.7 Wheelchairs 
Wheelchairs are a type of medical device that is used to improve accessibility for people who 

have mobility challenges. Wheelchairs are used by people for whom walking is difficult or impossible 
due to illness like physiological or physical, injury or disability. In some form or another, wheelchairs 
have been used for many thousands of years, but it would not be until the beginning of the twentieth 
century that a standard wheelchair design would be developed. There are a number of different 
wheelchair designs and models available, but they are basically classified as either manual or electric.  

2.7.1 Types of Wheelchair 
 Nowadays, there are many types of wheelchair that is available in the market. It is design based 

on different shapes and functions. Beside its main usage, wheelchair is also use for exercise activities. 
The types of wheelchair are manual wheelchair, electric powered wheelchair, sport wheelchair and 
cross-braced wheelchair. Each wheelchair has difference system and function.  

2.7.1.1 Manual Wheelchair 

 Manual wheelchairs are the oldest type of wheelchair available and are either classified as self-
propelled or attendant propelled. One of the first self-propelled wheelchairs was developed by a 
blacksmith over 300 years ago and used a hand crank to move the wheelchair. Today, there are a 
number of different types of self-propelled manual wheelchairs, which are classified by their uses, but 
the most common type of manual wheelchair is the conventional wheelchair. A conventional wheelchair 
has hand rims which are attached to the outside of the rear wheels, which allow the user to turn the 
rear wheels. The rear wheels are much larger than the front wheels and are typically 24 inches in 
diameter (Martel et al., 1991). The Conventional wheelchair usually offers a folding design, so it can be 
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easily transported, and has a steel tubes frame. However, to reduce weight aluminum and titanium 
frames are also used. The seat is typically made of vinyl, which is easy to clean (Martel et al., 1991). 
Attendant propelled wheelchairs, or transport chairs, often look very similar to a self-propelled 
wheelchair; however they do not have hand rims on the rear wheels. Instead they are designed to be 
pushed by someone walking behind the wheelchair. Often the rear wheels will be much smaller than 
traditional wheelchairs.  

 

 

Figure 4 Manual wheelchair Source: Simmons et al. (2000) 

 

 

Figure 5 Seating position of manual wheelchair 

Source: Panero&Zelnik (1979)(“The Human Dimension.,” 1979) 
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2.7.1.2 Sport Wheelchair 

 The most popular type of wheelchair for everyday use for a person with good upper body 
mobility is the lightweight manual wheelchair, which also called sport wheelchair. Lightweight chairs 
provide maximum independence of movement with a minimum of effort. Many active wheelchair users 
also prefer the sportier look of the lightweights compared with the more standard looking everyday 
chair. It should be noted, however, that heavy or obese persons may be unable to use these types of 
chairs because the lighter weight of the frame results in a reduced user capacity as compared to 
standard everyday chairs. Once used primarily by wheelchair athletes, the lightweight chair today is 
used by people in virtually all walks of life as a preferred mode of assisted mobility (Mike Savicki, 1998). 
Three-wheeled chairs, also developed for such sports as tennis and basketball, are also an everyday 
chair alternative. As the popularity of wheelchair sports and recreation has increased, manufacturers 
have developed wheelchairs offering speed, mobility and durability, allowing users to participate in 
several different activities. The basketball wheelchair and the rugby wheelchair are examples of sport-
specific wheelchairs. The racing wheelchair comes with three wheels to increase speed and 
aerodynamics. The tennis wheelchair comes with an extended frame for quickness and maneuverability. 

 

 
 

 

Figure 6 Sport wheelchair 

Source: Mike Savicki (1998) 

 

2.7.1.3 Child/Junior Chairs 

Children and young adults need chairs that can accommodate their changing needs as they 
grow. In addition, it is important that wheelchairs for children or teens be adaptable to classroom 
environments and is "friendly looking" to help the user fit more readily into social situations. 
Manufacturers today are becoming increasingly sensitive to these market demands and are attempting 
to address them with innovative chair designs and a variety of "kid-oriented" colors and styles.  

 

2.7.1.4 Specialty Chairs 

 Because of the diverse needs of wheelchair users, wheelchairs have been designed to 
accommodate many lifestyles and user needs. Hemi chairs, which are lower to the floor than standard 
chairs, allow the user to propel the chair using leg strength. Chairs that can be propelled by one hand 
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are available for people who have paralysis on one side. Oversized chairs and chairs designed to 
accommodate the weight of obese people are also offered. Rugged, specially equipped chairs are 
available for outdoor activities. Aerodynamic three-wheeled racing chairs are used in marathons and 
other racing events. Manual chairs that raise the user to a standing position are available for people who 
need to be able to stand at their jobs, or who want to stand as part of their physical conditioning 
routine. These and other specialized chair designs generally are manufactured by independent 
wheelchair manufacturers who are trying to meet the needs of specific target markets.  

 

2.7.1.5 Institutional/Nursing Home/Depot Chair 

The least expensive type of chair available, an institutional chair, is designed for institutional 
usage only, such as transporting patients in hospitals or nursing homes. It is not an appropriate 
alternative for anyone who requires independent movement, as the institutional chair is not fitted for a 
specific individual. These types of chairs are now also used as rental chairs and by commercial 
enterprises (such as grocery stores and airports) for temporary use. 

 

 
 

Figure 7 Nursing wheelchair 

Source: T.G. Frank 

2.7.1.6Electric Powered Wheelchair 

 Electric wheelchairs, which are also called power chairs, were first developed during the middle 
of the twentieth century. Early electric wheelchairs were simply manual wheelchairs that had been 
outfitted with an electric motor. Today, most power chairs feature a molded plastic base, which 
contains the electric motor and batteries (Veeger et al., 1991). A chair is attached to the base and 
resembles a high quality office chair, but usually has a higher back, more padding, and a headrest. The 
range varies, but most power chairs can travel up to 10 miles on a single charge (Veeger et al., 1991). 
However, environmental factors, such as hills and the rider’s weight, play a role in the wheelchairs 
range. Most use a joystick control, which can be mounted to either the left or right armrest. There are 
also a great deal numbers of alternate controls, such as breath control. A remote control system is also 
available, to offer attendant propelled functionality. Portable power chairs are also available, which 
closely resemble a conventional folding wheelchair. 

 Indoor and outdoor powered wheelchairs and mobility scooters are for use by physically 
handicapped people who cannot propel a manual wheelchair. There are criteria for using some types of 
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electric wheelchair. There are four types of powered wheelchair offered because a user cannot propel 
or use a manual wheelchair:     

i. Electric Indoor Chair - user controlled 

ii. Electric Outdoor Chair - attendant controlled 

iii. Electrically Powered Indoor/Outdoor Chair - user controlled 

iv. Dual Purpose Chair - user controlled indoors, attendant controlled outdoors 

Outdoor powered wheelchairs and mobility scooters are grouped into two categories, class 2 
and class 3: 

i. Class 2 wheelchairs and scooters must have a maximum speed of four miles per hour (6.4 

kilometers per hour) and are for pavement use only 

ii.  ii. Class 3 wheelchairs and scooters must have a maximum speed of eight miles per hour (12.8 

kilometers per hour) and can be used on roads 

 

 

 
 

 

Figure 8: Electric wheelchairs 

Source: Simmons,et al. (2000) 

 

 

2.7.1.6.1 Electric Wheelchair Components  

 Frame 

 One of the biggest breakthroughs in wheelchair technology has been the development of new, 
lightweight materials for wheelchair frames. Whereas stainless steel used to be the only frame material 
available, wheelchair users today have their choice of stainless steel, chrome, aluminum, airplane 
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aluminum, steel tubing, alloys of chrome and lightweight materials, titanium, and other lightweight 
composite materials. The type of material used to construct the frame affects the weight of the frame, 
and therefore the overall weight of the wheelchair. The type of frame material also can affect the 
wheelchair's overall strength. The two most common types of frames currently available are rigid frame 
chairs (where the frame remains in one piece and the wheels are released for storage or travel), and the 
standard cross-brace frame (which enables the frame to fold for transport or storage).  

 

 Upholstery 

 Upholstery for wheelchairs must withstand daily use in all kinds of weather. Consequently, 
manufacturers provide a variety of options to users, ranging from cloth to new synthetic fabrics to 
leather. Many manufacturers also offer a selection of upholstery colors, ranging from black to neon, to 
allow for individual selection and differing tastes among consumers.  

 

 Seating Systems 

 Seating systems are sold separately from the wheelchairs themselves, as seating must be 
chosen on an individual basis. It is important when selecting a wheelchair or a seating system to ensure 
that the two components are compatible. 

 Brakes 

These are incorporated into the wheelchair system depending on the type of wheelchair 

control being used. It can be a manual break system with levers or an electronic brake system. 

 

 Wheels and Tyres 
There are four wheels out of which two are driving wheels which are usually equipped with 

motors 
 

 Backrest  
A backrest which can be fixed or reclinable either with a manual system (such as notched plate, 

rack) or with slave systems (such as electric jacks with a backrest frame spacing device) and push 
handles 
 

 Footrests 
There are usually two tilting foot-rests adjustable either with manual systems, (such as a 

notched plate, rack) or with slave systems (such as electric jacks) 
 

 Armrests 

Armrests/supports can be adjustable in height, width and depth to follow, or not, backrest 
reclining, but in all cases they must be removable or foldaway, equipped with armrests and apron to 
protect clothes  
 

 Electric DC Motors 
There are usually two used, each for one back wheel. They are connected to rechargeable 

batteries and are used to electrically move the back wheels thus providing movement to the electric 
wheelchair 
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 Rechargeable batteries 
To avoid spillage and damage to the wheelchair and injuries to the user, sealed batteries (lead 

and acid) which are the most commonly available, are mounted under the seat. Cadmium–nickel 
batteries can replace the former batteries as these are smaller in size while maintaining the same 
capacity level, and use a particular technique for charging but are rarely available and accessible. There 
are usually two batteries with 12volts each mounted together with two electric motors. 

 

 A control box 

This is the control device used to start the electric wheelchair and also control the speed and 
direction of movement. A control box must be removable, adjustable in fore and backwards directions 
and equipped with a control lever, an on/off switch on the front of the lever and a speed control; its 
form is designed to protect the user’s hand when maneuvering the wheelchair. There are many types of 
control boxes that have been invented which include some of the following; 

 A foot control box allowing the wheelchair to be directed by the user’s foot pressure. 

 A blow control box: blowing can be calibrated according to the desired direction (fore and 

backwards or changing direction). 

 An induction control box where the user does not need to make any effort because his finger 

moves in a magnetic field and the finger’s position is detected by a system allowing the 

wheelchair to move in the direction indicated by the finger. 

 Control with scrolling or scanning menus on a display, the user has simply to enter his choice. 

 Mini joy-sticks are useful for persons incapable of moving their fingers to a great amplitude. The 

induced current, proportional to the displacement, is amplified in order to allow normal use of 

the wheelchair 

 

2.8Previous Research Done 
 

2.8.1 Fault detection and hardware protection circuit of electric powered wheelchair 
In this paper, according to the requirements of safety and reliability of electric powered 

wheelchair, the approaches of fault detection and the hardware protection circuits are proposed and 
designed. The electric powered wheelchair mentioned in this paper is based on CAN-bus and multi-
master structure.(Sun et al., 2011) 
 

2.8.2 Development of a support system avoiding obstacles for electric wheelchairs 

using adaptive and learning schemes 
With advance of an aging society, the persons who are physically handicapped have their 

respective needs about mobility assist with their living conditions. Moreover, operating an electric 
wheelchair indoors in confined spaces requires considerable skill. This paper presents an obstacle 
avoiding support system for an electric wheelchair, using reinforcement learning. The obstacle 
avoidance is semi-automatically supported by the Minimum Vector Field Histogram (MVFH) method. 
The MVFH modifies the user manipulation and assists the obstacle avoidance. In the proposed scheme, 
the modification rate is adjusted by the reinforcement learning according to the environment and the 
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user condition. The newly proposed scheme is numerically evaluated on a simulation 
example.(Kurozumi& Yamamoto, 2004) 
 

2.8.3 Injury due to uncontrolled acceleration of an electric wheelchair 
 In the research paper, it was noted that since there are no mandatory standards for 

wheelchairs, injuries caused due to design and maintenance problems are common especially those 
caused due to uncontrollable acceleration. One should always check for the speed specifications of the 
electric wheelchairs before use and make sure the braking systems are working. (Becker et al., 1991) 
 
 

2.8.4 Tips and fall during Electric-Powered Wheelchair Driving: Effects of Seatbelt Use, 

Leg-rests, and Driving Speed 
In the research paper, it was noted that tipping and falling accidents account for most injuries 

among wheelchair users. These accidents are often attributed to improper use or installation of safety 
systems and/or poor adjustment of the wheelchair. The results of this investigation, which examined the 
effects of seatbelt use and EPW fit, further support these findings. The results also show that use of leg-
rests and seatbelts prevent the ATD from falling from the EPW while traversing common obstacles at 1 
and 2m/s. Both leg-rests and seatbelts provide restraint and, therefore, reduce the risk of ejection of the 
ATD.(Corfman et al., 2003) 
 

2.8.5 Classification of Facial Expressions from EEG signals using Wavelet Packet 

Transform and SVM for Wheelchair Control Operations 
 This paper describes the classification of facial expressions using EEG data. The entire 

procedure aims at controlling an electric wheelchair with a Brain Computer Interface (BCI) headset. The 
goal is to help the people who are suffering from locked-in syndrome to move or to pass the necessary 
signals. The headset consists of the electroencephalogram (EEG) cap comprising 16 electrodes attached 
to the amplifier out of which 14 electrodes are used for data acquisition while two are used as reference 
and ground. The EEG cap is placed on the head of the subject and various expressions (blink, eyebrows 
raise, smile, etc.) are performed on the subject. Muscle activities due to facial expressions can be 
observed from the recorded EEG signals. Expressions are classified and necessary signals are generated. 
The features are extracted using the wavelet packet transform processing method and classified 
primarily using Support Vector Machine (SVM). (Edla et al., 2018) 
 

2.8.6 An autonomous stair‐climbing wheelchair 
Demographic change is making more and more elderly people dependent on care. As a result, 

there are staff shortages at nursing homes, which now require technical aid. Mobility is considered an 
essential component for ensuring quality of life, social contact, and a self‐determined life. With the 
introduction of the autonomous stair‐climbing wheelchair, unlimited and independent mobility is 
ensured for movement‐limited people. Because of dynamic stabilization, the wheelchair moves on only 
one axis. Thereby, it has highly agile driving behavior and is compact in size. The autonomous climbing 
system is based on a leg mechanism that consists of two legs with lower and upper leg support. While 
climbing a stairway, the legs push the wheelchair on the next higher situated step. Afterwards the legs 
are pulled successively on to the next step as well. While climbing down, the opposite sequence of 
movements occurs. (Hinderer et al., 2017) 
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2.8.7 Traffic Collisions between Electric Mobility Devices (Wheelchairs) and Motor 

Vehicles. 
Research was done on said topic and it was discovered that, men predominantly averaging 56 

years of age are the common victims of such situations (accidents). 57% were fatal accidents and 94% 
involved an electric mobility device (6% a manual wheelchair). In 50%, the motor vehicle was a truck, 
van, or sport utility vehicle. 49% occurred during daylight hours. The electric mobility device occupant 
was cited in 49% of the accidents. The motor vehicles and/or malfunctioning equipment was blamed in 
28% and 7%, respectively. In 16% of instances there was “no fault. “It was therefore concluded that in 
the majority of these accidents, fault was attributed to the electric mobility device user. Singularly or 
together, issues attributable to visibility, traffic, excessive hubris, and/or depressive behavior were 
considered in relation to these events. Although not street-ready, electric mobility devices increasingly 
have become a primary means of transportation for the physically handicapped. The initial steps in 
ameliorating this problem were educating electric mobility device users as to the hazards of operating in 
traffic, and recognizing in police reports for demographic and statistical purposes that an electric 
mobility device user is not a pedestrian. (Hospital, 1993) 
 

2.8.8 A Facial Expression Controlled Wheelchair for People with Disabilities 
A new intelligent and semi-autonomous control wheelchair is developed in order to 
Overcome the shortcomings of the standard joystick. The control of EWC is determined by the 

emotion of the face selected by the user, while it's going and stopping. This smart control system is 
suitable for a large patient group, who cannot use the wheelchair manipulated by a standard joystick. 
The user can customize the control by choosing the appropriate facial expressions for him/her using an 
intelligent algorithm, based on a neural network controller (NN). This EWC presents an efficient hands-
free option that doesn’t require sensors or contraptions attached to the user’s body. A three-
dimensional simulation environment has been performed to illustrate the new control devise with 
extreme security. (Rabhi et al., 2018) 
 

2.9Law and Policies on the use of Electric (Motorized) Wheelchairs 
As there are not current laws and policies on the use of motorized wheelchairs in Uganda, the 

following are generalized laws and policies from the Highway Code of Northern Ireland’s rules for users 
of powered wheelchairs and mobility scooters. These rules can be followed by any electric wheelchair 
users in the world. The motorized wheelchairs and mobility scooters are also called invalid carriages in 
law. 

2.9.1 General guidance 
 Law 36 

There is one class of manual wheelchair (called a Class 1 Invalid Carriage) and two classes of 
powered wheelchairs and powered mobility scooters. Manual wheelchairs and Class 2 vehicles are those 
with an upper speed limit of 4 mph (6 km/h) and are designed to be used on footways or footpaths. 
Class 3 vehicles are those with an upper speed limit of 8mph (12 km/h) and are equipped to be used on 
the road as well as footways or footpaths. 

 Law 37 

When you are on the road you should obey the guidance and rules for other vehicles; when on 
the footway or footpath you should follow the guidance and rules for pedestrians. 
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2.9.2 On footways or footpaths 
 Law 38 

Footways or footpaths are safer than roads and should be used when available. You should give 
pedestrians priority and show consideration for other footway or footpath users, particularly those with 
a hearing or visual impairment who may not be aware that you are there. 

 Law 39 

Powered wheelchairs and scooters must not travel faster than 4 mph (6 km/h) on footways or 
footpaths or in pedestrian areas. You may need to reduce your speed to adjust to other footway or 
footpath users who may not be able to move out of your way quickly enough or where the footway or 
footpath is too narrow. 

Law MV(IC)Rreg 4 

 Law 40 

When moving off the footway or footpath onto the road you should take special care. Before 
moving off, always look round and make sure it’s safe to join the traffic. Always try to use dropped kerbs 
when moving off the footway or footpath, even if this means travelling further to locate one. If you have 
to climb or descend a kerb, always approach it at right angles and don’t try to negotiate a kerb higher 
than the vehicle manufacturer’s recommendations. 

2.9.3 On the road 
 Law 41 

You should take care when travelling on the road as you may be travelling more slowly than 
other traffic (your machine is restricted to 8 mph (12 km/h) and may be less visible). 

 Law 42 

When on the road, Class 3 vehicles should travel in the direction of the traffic. Class 2 users 
should always use the footway or footpath when it is available. When there is no footway or footpath, 
you should use caution when on the road.  Class 2 users should, where possible, travel in the direction of 
the traffic as this is safer. If you are travelling at night, when lights MUST be used, you should travel in 
the direction of the traffic to avoid confusing other road users. 

 Law 43 

At night, lights if fitted on the powered wheelchair must be used. Be aware that other road 
users may not be able to see you and you should make yourself more visible – even in the daytime and 
also at dusk – by, for instance, wearing a reflective jacket or reflective strips on the back of the powered 
wheelchair. 

 Law 44 

Take extra care at road junctions. When going straight ahead, check to make sure there are no 
vehicles about to cross your path from the left, the right, or overtaking you and turning left. There are 
several options for dealing with right turns, especially turning from a major road. If moving into the 
middle of the road is difficult or dangerous, you can: 

 stop on the left hand side of the road and wait for a safe gap in the traffic 
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 negotiate the turn as a pedestrian, that is travel along the footway or footpath and cross the 

road between the footways or footpaths where it is safe to do so - Class 3 users should switch 

the vehicle to the lower speed limit when on footways or footpaths 

 If the junction is too hazardous, it may be worth considering an alternative route. Similarly, 

when negotiating major roundabouts (with two or more lanes) it may be safer for you to use the 

footway or footpath or find a route which avoids the roundabout altogether. 

 Law 45 

All normal parking restrictions should be observed. Your vehicle should not be left unattended if 
it causes an obstruction to other pedestrians – especially those in wheelchairs. Parking concessions 
provided under the Blue Badge scheme will apply to those vehicles displaying a valid badge. 

 Law 46 

These vehicles must not be used on motorways (see rule 253). They should not be used on 
unrestricted dual carriageways where the speed limit exceeds 50 mph (80 km/h) but if they are used on 
these dual carriageways, they must have a flashing amber beacon. A flashing amber beacon should be 
used on other dual carriageways (see rule 220). 

 

2.10Wheelchair Standards 
A series of wheelchair standards are currently in the final phase of approval by the American 
National Standards Institute (ANSI). These standards have been under development for several 

years, working closely with the International Standards Organization (ISO) so that the ANSI standards 
will be essentially the same as those in the other participating countries. The development of standards 
has been a long and tedious process involving participation from many disciplines and interests. The 
ANSI Technical Advisory Group (TAG), organized by RESNA, operates under a grant from the Veterans 
Administration, with a secretariat at RESNA. The main purpose of these standards is to provide the user 
and prescriber with the knowledge and assurance that a product measures up in durability and 
performance. 

 
Currently there are 17 standards under consideration. Four of these are general in nature 

covering terms and definitions, overall dimensions, test dummy specifications and the procedure for 
measuring the coefficient of friction of test surfaces. The dummy is a simple design used to load the 
wheelchair in a manner equivalent to typical users. Four dummies are used with overall weights of 25, 
50, 75 and 100 Kg representing children, small adults, average adults and large adults, respectively. 

The results of tests that include the use of dummies must always include the weight of the 
dummy(s) used. One other general test concerns burning; hazards associated with cigarettes and 
matches igniting upholstery. The test procedures are adapted directly from those already in use for 
furniture. 

The nature and status of selected standards are as follows: 
 
Nomenclature, Terms, and Definitions (Final) 

This national standard defines the basic elements of wheelchairs (manual, electric, and others) 
and gives terms and definitions for these elements in an illustrated glossary. It also illustrates the 
dimensions commonly used to describe wheelchair physical characteristics. 
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1) Static Stability (Final) 
This applies to manual and powered wheelchairs and refers to the tipping angle of the 

wheelchair with and without locked brakes when loaded with the appropriate dummy. The tipping in 
the forward, rearward and lateral directions is determined plus any other direction that may be more 
critical. The standard will not include acceptance levels, but requires the disclosure of the test results so 
that the consumer or prescriber may make an informed choice. 

The mean value of the test results of other wheelchairs in the same category will be included in 
the disclosure. Since some wheelchairs have adjustable wheel or seat positions, the maximum and 
minimum values are recorded. 
 
2) Dynamic Stability of Electric Wheelchairs (Final) 

This standard is concerned with the stability of an electric wheelchair when turning at full speed. 
 
3) Efficiency of Brakes (Final) 

This test is concerned with the ability of wheel locks to hold the wheelchair and dummy on a 
slope. 

The stopping distance from maximum speed both on the level and on a 5-degree slope is 
measured on powered wheelchairs. It also applies to wheelchairs with mechanical brakes that are 
sometimes used on European wheelchairs. 
 
4) Energy Consumption of Electric Wheelchairs (Final) 

In this test, the energy consumption is recorded over a standard course that includes turns and 
slopes. From the test results, the theoretical range can be calculated for indoor and outdoor conditions 
based on the nominal capacity of the battery(s). 
 
5) Overall Dimensions, Mass and Turning Space (Final) 

The overall dimensions are self-explanatory and include the folded position with and without 
demountable parts such as footrests. The turning space includes the smallest turning radius and the 
narrowest corridor in which the wheelchair can reverse direction with a single backing operation. 
 
6) Maximum Speed and Acceleration of Electric Wheelchairs (Final) 

The maximum speed is determined on a level surface loaded with the appropriate dummy or a 
person of the same weight. The maximum acceleration requires the use of the dummy to ensure 
consistency. The acceleration is measured by an accelerometer mounted on the dummy and filtered to 
eliminate all frequencies higher than 30 Hz. The results indicate the wheelchair performance but are 
also concerned with the comfort and stability of the user under maximum acceleration. 

 
7) Seating Dimensions (Under Development) 

This proposed standard is still under development. It is based on loading the wheelchair with a 
specified loader gauge to form the upholstery into the shape it would assume in normal use. 

From this position, 26 measurements are recorded on the dimensions of the seat, backrest, 
footrests and armrests. For ergonomic reasons, the position of the seat with respect to the hand rim or 
other propulsion device is included. The loader gauge, based on a design used in the European furniture 
industry, will be available in child and adult sizes. 
 
8) Static Impact and Fatigue Strength (Under Development) 
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This is one of the few instances where minimum levels of performance are recommended. The 
actual test values are based on dummy size, and the test results must state which dummy was used, 
indicating the weight of the person for whom the wheelchair is suitable. 

The static test consists of applying a load to various parts of the wheelchair. 
The impact testing has several parts. For testing casters, footrests and other parts subject to 

impact against curbs and potholes, the wheelchair is loaded with the appropriate dummy and crashed 
into the obstacle at a pre-determined speed. The seat and backrest are tested by dropping a soccer ball 
fitted with 25 kg of lead shot on specific areas and in specific directions. The wheel and axle assemblies 
are tested by dropping the wheelchair loaded with the appropriate dummy from a prescribed height so 
as to land on each wheel separately. The test simulates the stresses incurred when rolling off a curb. The 
hand rims are tested with a weighted pendulum which simulates the accidental striking of the hand rims 
on a door frame. The fatigue test is conducted using a two-drum test machine. The wheelchair is 
positioned on the test machine so that the front and rear wheels will run on the drums. The wheelchair 
loaded with the appropriate dummy is secured by the axles while the drums are rotated at a speed 
corresponding to about 1 meter per second. Fastened to each drum are slats, one-half x 1 and one-half 
inches. The number of cycles satisfactorily completed is then disclosed. The order of testing is specified 
and one wheelchair must be used for all tests. The disclosed values include the static forces applied, the 
velocity or drop height of the impact and the number of fatigue cycles completed without structural 
failure. 
 
9) Climatic Tests for Electric Wheelchairs (Final) 

There are two parts for this test. One involves the use of a water spray, simulating heavy rain, to 
determine any safety hazards or performance deficiencies under these conditions. The second part tests 
the wheelchair's performance after exposure to hot and cold conditions. The temperature range for 
operating conditions is from – 20 degrees C to + 50 degrees C and for storage at temperatures from – 40 
degrees C to + 65 degrees C. 
 
10) Obstacle Climbing for Electric Wheelchairs (Final) 

This test determines the ability of a powered wheelchair to climb a step or curb both from a 
standing start and from a run of 0 .5 meters. For the test, the simulated step is progressively increased 
from 20 to 200 mm (3/4 inch to 8 inches) and the maximum heights recorded. As in other tests, the 
dummy size is specified, although a person of the same weight may be used. 
 
1 1) Test Dummies (Final) 

This part of the ANSI/RESNA national wheelchair standard outlines the construction of test 
dummies of nominal mass 25, 50, 75, and 100 kg (55, 110, 165, 220 pounds). The dummies are intended 
for tests in which the wheelchair is required to be loaded. 
 
13) Coefficient of Friction of Test Surfaces (Final) 

Several test procedures for wheelchairs require that the coefficient of friction of the test surface 
be within specified limits. This part of the standard specifies a method for determining the coefficient of 
friction of a test surface that has a rough texture, such as unfinished concrete. 
 
14) Power and Controls (Under Development) 

This standard embodies a series of tests to ensure electrical safety, controller performance, and 
safety from unintentional access to hazardous areas and pinch points. 
 
15) Disclosure Requirements (Under Development) 
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This standard specifies the information that is required to be disclosed in the user manuals, 
product literature, and other documentation related to wheelchairs. 
 
91) Burning Behavior (Under Development) 

This standard specifies a procedure for determining the ignitability characteristics of a 
wheelchair's upholstered surface. 
 
93) Overall Dimensions (Final) 

This standard defines the maximum dimensions recommended for manual and powered 
wheelchairs. 

This standard serves as a reference for environmental designers to enable wheelchair-accessible 
hotels, buses, trains, etc., to be designed (28 inches wide, 51 inches long and 43 inches high). 
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CHAPTER THREE: METHODOLOGY 
 

3.1 Preliminary Design: Concept Designs 

3.1.1 Design considerations 
 Weight 

 Durability 

 Maintenance 

 Safety 

 Cost of production 

 Ease of fabrication 

 Efficiency  

 Ease of set-up 

 Noise  

 Cost of production 

 Ease of fabrication  

 Reliability 

 Serviceability  

 Ease of operation 

3.1.2 Consumer needs 
The following are some of the consumer needs that were established in this design research; 

 The drive mechanism of the wheelchair should be in position to operate according to the rider’s 

instructions 

 The drive mechanism of the wheelchair should be in position to move the desired capacity in 

terms of weight in kg. 

 The wheelchair should be affordable, durable, portable and easily maintained 

 The drive mechanism of the wheelchair should be in position to attain the capacity of a 

moderately high speed on both flat and inclined surfaces. 

3.1.3 Target specification 
These are a reflection of the needs of the customers structured in an engineering language with 

design parameters and are as follows; 

 The drive mechanism and frame of the wheelchair should be in position to carry and move at 

least 70kg of weight easily. 

 And the drive mechanism of the wheelchair should be able to achieve the target capacity of an 

average top riding speed of normal commercial power/electric wheelchairs which is 5mph. 

 It should be portable, maintainable, etc. 
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3.1.4 Concept generation 
As one of the major concerns was how to design a stable and easily portable frame for the 

electric wheelchair, various concepts were generated while taking this into consideration as shown 
below 

Table 2: Different types of electric wheelchair concepts 

 

   
CONCEPT A 
Has one motor to control the front wheel  

Leg rest 

Back wheels 
Arm rests 

Chair  

Brakes  

Handles for 

direction 

Small electric motor 

Roller  

Battery  

Front 

wheel 



23 
 

 
CONCEPT B 
Has 4 motors, two attached to the back wheels and two to the front wheels 

 
 
CONCEPT C 
Has 2 motors, both attached to the back-wheels  

 

 

 

 

 

 

 

Rear/back 

wheels 

Front 

wheels 

Back motors 

with their 

gearboxes  

Front motors with 

their gear boxes 

Rear/back 

wheels 

Motors with 

their gearboxes 

Caster 

wheels 

Leg rest 
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3.1.5 Concept screening 
Table 3: Concept screening 

SELECTION 
CRITERIA 

CONCEPTS 

A B(REF) C 

Weight  + 0 + 

Torque 
requirement 

_ 0 _ 

Cost of 
manufacture 

+ 0 + 

Cost of 
maintenance 

0 0 0 

Ease of 
assembly 

- 0 0 

Space 
requirement 

-  0 _ 

Durability - 0 + 

Comfort in 
use 

_ + + 

Safety - 0 + 

Sum of +’s 2 1 5 

Sum of 0’s 1 8 2 

Sum of –‘s 6 0 2 

Net score -4 1 3 

Rank 3 2 1 

Continue? NO NO YES 

 

The selected concept is concept C since it has ranked the highest of all the concepts developed. 
Concept B was taken as the reference during the selection. 

 

3.2 Components of an electric wheelchair 
 Mechanical system 

 Electrical system 

3.2.1 The mechanical system 
This consists of the mechanical components of the wheel chair which include the Frame work 

(chassis), Seating unit, Wheels and tires  

 Seating unit 

This consists of the seat/chair, arm rest and foot rest. 

The seat is a chair connected to the frame or chassis using a linkage mechanism. The chair, arm 
rest and leg rest will be made using wood. The seating base will be layered with mattress foam to 



25 
 

provide a comfortable cushioning and pleather (synthetic leather) will be used to create a covering over 
it.  

Wood is chosen as the material for the chair because it is easily accessible in Uganda and cheap 
as well. It is also light thus reducing on the weight of the wheelchair hence it will consume less energy 
from the batteries.  

The polyester is also readily available in the country as well as cheap as it’s found in many 
pillows.  

This is also applicable for the pleather as it is very common in the country and also cheap to buy. 
Pleather is easy to clean making it easy to maintain the wheelchair. The pleather is also water resistant 
thus there will be no fear of the chair getting ruined or uncomfortable during bad weather.  

The seat is designed ergonomically, considering all the required anthropometric measurements 
for adult paraplegics. Parameters considered along with their measures are as shown below; 
 

 

Figure 9: side-view Anthropometric Measurements 

From human dimension and interior space by Julius Panero  
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Figure 10: back-view Anthropometric Measurements 

From human dimension and interior space by Julius Panero 

 

 Wheels and tyres 

There are four wheels in the model that will be the front caster wheels and the back wheels with 
the back/rear wheels having motors attached to them.  The type of tires that will be used will be solid 
rubber tires because they are common, cheap and require less maintenance compared to the other 
types like pneumatic, plastic, or a combination of these. 

  
 Frame work 

The model will have a rectangular base. The frame will consist of metal and wood components 
which will be joined together using weld joints and bolt joints to make a stable and strong frame that 
will be able to handle the weight capacity of the wheelchair components and the weight of the rider. 
The frame will be assembled to cater for the electrical components of the wheelchair.  

The metal pipes will be made of mild steel because it is strong, very malleable which will be 
good during manufacturing, it is also lighter than stainless steel although it is heavier than Aluminium. It 
is also easily accessible and cheap in Uganda compared to stainless steel and Aluminium. While stainless 
steel and Aluminium are stronger than mild steel and more resistant to rust compared to mild steel, it 
was chosen over them because it was strong enough to hold the frame of the wheelchair and way 
cheaper than they were and cheaper price was the deciding factor. 
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3.2.2 The electronic system 
This consists of the electronic components that make up the electric wheelchair 

It is made up of the Arduino Uno, L298N Motor Driver, resistive joystick, two12V battery, two DC 
motors, two gearboxes, jumper wires and electric wires for connection. 

 Resistive Joystick  

It is an input device consisting of a stick that pivots on a base and reports its angle or direction 
to the device it’s controlling. 

It is a dual axis return to center joystick which means it moves in the x direction (left or right) 
and the y direction (up or down) and as a return to center joystick it will automatically return to the 
neural or vertical position after letting go of the handle. It moves the powered wheelchair in the 
direction that the user points it in. Typically, the further the joystick is pushed, the faster the power 
wheelchair will go. When you release the joystick, this automatically applies the brakes hence making 
the powered wheelchair stop 

The resistive joystick is chosen over the wireless joystick because they are cheaper to buy and 
the most accessible in Uganda. 

 The direct current (DC) motors 

These provide the torque required to move the wheelchair. There are two DC motors needed to 
move the wheelchair, one for each back drive wheel. Both motors will be 12v motors because they are 
light enough but provide enough drive force to move the wheelchair. The motors are connected to the 
control unit consisting of the motor driver and Arduino Uno which in turn are connected to the joystick 
which helps the person turn on the motors and control their speed and direction of rotation 

 The rechargeable batteries  

Two 12v batteries are used to power the control unit as well as the motors thus powering the 
whole electric wheelchair. The total voltage provided will be 24v. 12v only will be too little to carry the 
weight of the wheelchair and the person as well, this will dispense too much power resulting in the 
wheelchair moving a short distance only and it will be way harder and almost impossible to move up an 
incline. 

Rechargeable lead-acid batteries are used as they are the most common type available in 
Uganda and also the cheapest.  

The batteries should be charged at least every night using either and 8amp charger or a 5amp 
charger connected to an electric socket after the wheelchair has been driven. It should charge for a 
minimum of 12hours and one should at least let it charge for 24hours once a week. 

 The gearboxes 

These are used to reduce the speed of the motors and increase the torque required to move the 
wheelchair, this will reduce consumption of more power than necessary and allow the wheelchair run 
for a longer period. Two gearboxes are attached to the motors, one gearbox for each motor. 

 Arduino Uno 
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It is an open source microcontroller board that acts as the connection for the input/output pins 
of the other components of the control unit. A code is written covering all the parameters of control and 
uploaded into the Arduino Uno so as to smoothly run the wheelchair 

It is based on the microchip ATmega328P microcontroller and developed by Arduino.cc. The 
board is equipped with sets of digital and analog input/output pins that may be interfaced to various 
expansion boards and other circuits. The board is shown in the circuit diagram. The Arduino platform is 
chose because it’s generally cheaper than the rest of the control platforms and also because it’s the only 
one easily accessible in Uganda. It costs about UGX 73,000 on Jiji Uganda along with its usb cable. 

 L298N Motor Driver Module 

This is a device that coordinates in a predetermined manner the performance of an electric 
motor. It costs about UGX 25,000 on Jumia app Uganda. 

 

Figure 11: L298N motor driver 

From Last Minute Engineers.com 
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Circuit Diagram 

 

Figure 12: Interfacing L298N Motor Driver Arduino Uno – Circuit Diagram 

From Last Minute Engineers.com 

 

Description 

The circuit is built using three major building blocks with an Arduino NANO board, a two-axis 
resistive joystick, and an L298 motor driver: 

 The joystick has five interfacing pins: VCC, GND, X, Y, and button. The VCC pin is given a 5V 
supply from the Arduino board and the GND pin is connected with the board’s ground. 

 The X and Y pins are analog output that’s connected with Arduino’s analog pins A0 and A1. The 
button pin is not used here. 

 The PWM output from Arduino’s pins 4, -5, -6 and 7 are connected to the motor driver H-Bridge 

control input pins IN1, IN2, IN3 and IN4. They drive the motor through the motor driver. IN1 and 

IN2 pins are used to control the spinning direction of motor A and IN3 and IN4 pins are used to 

control the spinning direction of motor B. When one of them is HIGH and the other is LOW, the 

motors will spin. If both the inputs are either HIGH or LOW, the motors will stop. 

 Enable A (ENA) and Enable B (ENB) pins are used for enabling each bridge or for controlling the 

speed of the motors using PWM (Phase Width Modulation) and they are connected to two 

Arduino digital pins (-9 and -10). ENA pins are used to control speed of motor A and ENB pins are 

used to control the speed of motor B. Pulling the pins HIGH (keeping the jumper in place) will 

make the motors spin, pulling them LOW will make the motors stop. Removing the jumper and 

connecting the pins to PWM inputs will let us control the speed of the motors. 

12v battery 
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 5V Output / Logic Input Voltage – This pin supplies power for switching logic circuitry inside 

L298N IC. If the 5V-EN jumper is in place, this pin acts as an output and can be used to power up 

the Arduino. If the 5V-EN jumper is removed, one needs to connect it to the 5V pin on the 

Arduino.  

 Driver Power Input (VCC) is the pin that supplies power to the Board which can accept 5V to 35V 

which will act as the power supply to motor and internal 5V voltage regulator (if it is enabled 

using jumper). This is where the two batteries are connected in parallel. 

 Output A and Output B are where the two motors will be connected. 

 GND – Common Ground for the batteries, the Arduino Nano (Uno) board and the resistive 

joystick. 
 The Arduino code will be written using C or C++ to control the motor and this code will give the 

board instructions on how to control the motor. 

Working and operation: 

 Initially, when the joystick is in the center or rest position, the wheelchair is off. As the joystick is 
gradually moved up, the motor starts running at a slow speed in a clockwise direction thus 
moving the wheelchair forward. As the joystick is moved further up from the center, the motor 
speed increases which in turn also increases the speed of the wheelchair and when the joystick is 
up as far as it can go, the wheelchair will attain its full speed forward.  

 As the joystick is moved back to the center (rest) position, the motor speed will starts decreasing 
and finally stop. 

 Similarly, when the joystick is moved downward, the motor starts running in an anti-clockwise 
direction thus moving the wheelchair in reverse. As the joystick is moved further from the center, 
the motor speed increases until it the joystick is down as far as it can go where the motor will 
attain its full speed in reverse. 

 When the joystick is moved fully left or right, the motor runs in either forward or reverse at full 
speed thus helping the wheelchair turn/change directions.  
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CHAPTER FOUR: DETAILED DESIGN 
4.1 Calculations before construction 

4.1.1 Motor calculations 
There are several important characteristics of motors that provide information about a motor 

and its capabilities.  They are the motor’s output torque, its current draw, its output speed, its power, 
and its efficiency, each of which I will discuss in turn.  These characteristics are interdependent and can 
all be derived from four values: the motor’s stall torque, stall current, free current and free speed. 

 
 Torque 

A motor’s output torque is the amount of force with which its output shaft can rotate.  If too 
much torque is applied to a motor, its output shaft will stall, or stop turning.  Other motor 
characteristics are commonly written as a function of torque.  It is usually measured in N-m 
when metric units are required and oz-in when English units are required. 
 
Current Draw 
The motor’s current draw is the amount of electrical current the motor draws at any given load.  
As the load on the motor (the torque) increases, the amount of current that the motor draws 
increases linearly.  This relationship can be written as 

 

I (𝜏) = 
𝐼𝑠𝑡𝑎𝑙𝑙−𝐼𝑓𝑟𝑒𝑒

𝜏𝑠𝑡𝑎𝑙𝑙
∗ 𝜏 + 𝐼𝑓𝑟𝑒𝑒 ………………… (1) 

 
Table 4: Current formulae description 

Symbol Name Units Description 

𝐼 Current Amps (A) The amount of current drawn by the motor 

𝐼𝑠𝑡𝑎𝑙𝑙 Stall current Amps (A) The amount of current drawn when the motor is stalled 

𝐼𝑓𝑟𝑒𝑒 Free Current Amps (A) 
The amount of current drawn when the motor has no 
load placed upon it 

𝜏𝑠𝑡𝑎𝑙𝑙 Stall Torque 
Newton Meters 
(N-m) 

The amount of torque required to stall the motor 

𝜏 Torque 
Newton Meters 
(N-m) 

The amount of torque applied to the motor output shaft 

  
Speed 

The motor’s output speed is the rotational velocity at which the output shaft spins.  As the load on the 
motor increases, the output speed decreases linearly.  This relationship can be written as 
 

𝜔(𝜏) =  −
𝜔𝑓𝑟𝑒𝑒

𝜏𝑠𝑡𝑎𝑙𝑙
∗ 𝜏 + 𝜔𝑓𝑟𝑒𝑒  ………………….. (2) 

 

 



32 
 

Table 5: Angular speed formulae description 

Symbol Name Units Description 

𝜔 Speed 
Rounds per 
Minute (rpm) 

The rotational velocity of the motor’s output shaft 

𝜔𝑓𝑟𝑒𝑒  Free Speed 
Rounds per 
Minute (rpm) 

The speed at which the motor spins when it has no load 
place upon it 

𝜏𝑠𝑡𝑎𝑙𝑙 Stall Torque 
Newton Meters 
(N-m) 

The amount of torque required to stall the motor, or 
prevent its output shaft from rotating 

𝜏 Torque 
Newton Meters 
(N-m) 

The amount of torque applied to the motor output shaft 

 

 

 

 
 Power 

A motor’s power is the rate at which the motor can do work.  It is essentially a measurement of 
how fast a motor can get a job done.  Its value in watts is given by the equation 

 

𝑃(𝜏, 𝜔) =
𝜋∗𝜏∗𝜔

30
 ………………………… (3) 

Table 6: Power formulae description 

Symbol Name Units Description 

𝑃 Power Watts (W) The amount of power supplied by the motor 

𝜏 Torque 
Newton Meters 
(N-m) 

The amount of torque applied to the motor output shaft 

𝜔 Speed 
Rounds per 
Minute (rpm) 

The rotational velocity of the motor’s output shaft 

  
 
Efficiency 
Motor efficiency is a measurement of how much of the electrical energy put into a motor is 

converted to mechanical energy.  Much of the remaining energy is converted into heat, which can cause 
a motor to burn out if it is operated at a torque/rpm where its efficiency is very low.  Efficiency is given 
by the equation 

 

 

𝜂(𝑃𝑜𝑢𝑡, 𝐼, 𝑉) =
𝑃𝑜𝑢𝑡

𝑃𝑖𝑛
=

𝑃𝑜𝑢𝑡

𝐼∗𝑉
 …………………….. (4) 
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Table 7: Efficiency formulae description 

Symbol Name Units Description 

𝜂 Efficiency Percentage (%) 
The percentage of electrical energy input into the motor 
that is converted to useful mechanical energy 

𝑃𝑜𝑢𝑡 
Power 
Output 

Watts (W) The motor’s output power at a given torque and speed 

𝑃𝑖𝑛 Power Input Watts (W) The amount of electrical power supplied to the motor 

𝐼 Current Amps (A) The amount of current drawn by the motor 

𝑉 Voltage Volts (V) The voltage at which the motor operates 

 
Torque calculations 

The above characteristics have been written and calculated as functions of torque. So for mobile 
vehicles like electric wheelchair, a number of factors must be taken into account to determine the 
maximum torque required. The following calculation represents the method of computing this torque. 
The design criteria include: 

 Gross vehicle weight (GVW): 

(W) Kg ∗ 9.81 ms-2= (W)N 

 Weight on each drive wheel (WW): 

(W)Kg ∗ 9.81 ms-2 = (W)N 

 Radius of wheel/tire (Rw) 

 Desired top speed (Vmax) 

 Desired acceleration time (TA) 

 Maximum incline angle (α) 

 Worst working surface: Good concrete 
To choose motors capable of producing enough torque to propel the example vehicle, it is 

necessary to determine the total tractive effort (TTE) requirement for the vehicle: 
TTE [N] = RR [N] + GR [N] + FA [N] …………………….. (5) 
Where: 
TTE = Total tractive effort [N] 
RR = Force necessary to overcome rolling resistance [N] 
GR = Force required to climb a grade [N] 
FA = Force required to accelerate to final velocity [N] 
The components of this equation will be determined in the following steps. 
 

A. Rolling Resistance 
Rolling Resistance (RR) is the force necessary to propel a vehicle over a particular surface. The 

worst possible surface type to be encountered by the vehicle should be factored into the equation. 

RR [N] = GVW [N] ∗Crr [N] ……………….. (6) 

 
Where: 
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RR = Rolling resistance [N] 
GVW = Gross vehicle weight [N] 
Crr= Surface friction (For good concrete Crr = 0.01) 
 
B. Grade Resistance 

Grade Resistance (GR) is the amount of force necessary to move a vehicle up a slope or “grade”. 
This calculation must be made using the maximum angle or grade the vehicle will be expected to climb 
in normal operation. To convert incline angle, α, to grade resistance: 

GR [N] = GVW [N] ∗Sin (α) ………………….. (7) 

 
Where: 
GR = Grade resistance [N] 
GVW = gross vehicle weight [N] 
α = maximum incline angle [degrees] 
C. Acceleration Force 
Acceleration Force (FA) is the force necessary to accelerate from a stop to maximum speed in a desired 
time. 

FA [N] = 
GVW [N] ∗Vmax [ms−1]

9.81 [ms−2] ∗TA [sec]
…………………. (8) 

 

Where: 
FA = Acceleration force [N] 
GVW = Gross vehicle weight [N] 
Vmax= Maximum speed [ms-1] 
TA = Time required to achieve maximum speed [sec] 
 
D. Total Tractive Effort 

The Total Tractive Effort (TTE) is the sum of the forces calculated in previous steps. On higher 
speed vehicles friction in drive components may warrant the addition of 10% − 15% to the total tractive 
effort to ensure the acceptable vehicle performance. 
TTE [N] = RR [N] + GR [N] + FA [N] ……………………. (9) 
 
E. Wheel Motor Torque 

To verify the fact that the vehicle will perform according to the designed tractive effort and 
acceleration, it is necessary to calculate the required wheel torque (𝜏) based on the tractive effort. 

𝜏[Nm] = TTE [N] ∗Rw∗RF ………………….. (10) 

 

Where: 
𝜏= Wheel torque [Nm] 
TTE = Total tractive effort [N] 
Rw= Radius of the wheel/tire [m] 
RF = Resistance factor 

The resistance factor accounts for the frictional losses between the caster wheels and their axles 
and the drag on the motor bearings. Typical values range between 1.1 and 1.15 (10 to 15%). 
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4.1.2 Gearbox calculations 
The purpose of a gearbox is to decrease the speed and increase the torque output from the 

motor.  

Gear trains 

A gear train is formed by mounting gears on a frame; the teeth of the gears engage each other. 

Gear teeth are designed so that the pitch circles of the engaging gears roll on each other without 

slipping and the module of both the gears are the same; this provides a smooth transmission of rotation 

from one gear to the other gear. 

Calculating for torque 

Input torque; 
 

𝜏𝑎 =
𝑃 ∗ 60 ∗ 1000

2 ∗ 𝜋 ∗ 𝑁1
 

Output torque;  
 

𝜏𝑏 =
𝑃 ∗ 60 ∗ 1000

2 ∗ 𝜋 ∗ 𝑁2
 

Where; 
 P is input power 
𝑁1is input speed (speed of motor) 
𝑁2is output speed 
 
Design of gearbox 
Type of gearbox 

A speed reduction gearbox is required to reduce the speed output of the motor to match the 
required speed of a wheelchair and to prevent burnout of the motor. So, the choice of the gear train is 
compound gear train. As it is a compound gear train, two stages can be decided for further calculations. 

 

Speed reduction ratio 

𝑟 =
𝑁1

𝑁2
 

 
Selection of gear 

The suitable gears are spur gears and helical gears 
While helical gears are stronger and long lasting but spur gears are cheaper and more easily 

accessible than helical gears and so finally the choice of gear is spur gears. 
 
Calculation for gear design 
Number of teeth of driven gear = 𝑧1 
Number of teeth of driving gear = 𝑧2 
Angular velocity of driving gear = 𝑤1 
Angular velocity of driven gear = 𝑤2 
 
Pressure angle = 𝜑 
Module = m 
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Diameter = d 
 
Using the law of gearing; 

𝐷
𝑑⁄ =

𝑍1
𝑍2

⁄ =
𝑤1

𝑤2
⁄  

 
Rotational speed of driven gear; 

𝑤2 = 𝑤1 × (
𝑧2

𝑧1
⁄ ) 

The linear velocity of the driven gear is; 
𝑉2 = 𝑤2 × 𝑟 

 
Center distance of gears is given by; 
C = (𝑧2 + 𝑧1) × 𝑚

2⁄  

 
The tangential load transmitted by gears is; 

𝑊𝑡 =
𝑇𝑑

𝑑
2⁄

⁄  

The radial component of this load is given as; 
𝑊𝑟 = 𝑤𝑡𝑡𝑎𝑛𝜑 

 

4.1.3 Degrees of freedom (DOF) 
Using the Kutzback criterion/equation 

 DOF = 3(n-1) – 2j – h 

n – Number of links 

j – Number of lower pairs or number of joints 

h – Number of higher pairs 

4.1.4 Design of frame 
Using a hollow section made from steel, mild 1020 for the frame portion. This material has the 

following properties; 
Sy(yield strength) = 200Mpa 
E (Modulus of elasticity) = 210Gpa 
Taking l as length and d as diameter 
In order to calculate the load Pcr at which the frame will buckle, we need to find out whether it shall be 
considered as short or long column 
Finding the transition slenderness ratio 

Cc = √
2𝛱2E

𝑆𝑦
 

Slenderness ratio =
𝐾𝑙

𝑟
, where l is the length, r is the radius of gyration which is equal to the radius of the 

cylindrical frame section and k is the end fixity constant that can be selected from the table below; 
 

 

Table 8: End condition constants for Euler columns 
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End fixity K 

Pinned – pinned 1.0 

Fixed – fixed 0.5 

Fixed – pinned 0.7 

Fixed – free 2.0 
 

If Cc >> Slenderness ratio, then the column is considered to be short but if Cc << Slenderness 
ration, then the column is considered long 

Using Johnson’s equation to find the buckling load, where A = contact area which is given by A = 
2Π (r1

2-r2
2) 

Pcr= ASy(1-Sy [
(𝑘𝑙

𝑟⁄ )2

4𝜋2𝐸
]) 

Design load = n (maximum weight to be supported) 
Where n is the design factor of safety 
If Pcr>> Design load, then the design is safe. 
 
 

4.2 Material selection 
Material selection is an important issue to b considered. Candidate materials that have the most 

promising performance indices can each be used to develop a detailed design. Each detailed design will 
exploit the point of strength of the material, avoid the weak points and reflect the requirements of the 
manufacturing processes needed for the material. The different designs are compared, taking the cost 
elements into consideration, in order to arrive at the optimum design- process combination. 

The following are the considerations when selecting materials for design work; 

 Necessity for weight reduction and energy saving 

 Availability of new materials 

 Increase in liability actions 

 Problems associated with pollution and recycling 

 More severe and critical service and customer requirement 
The objective is to select the least expensive material that satisfies the requirements of the 

component parts.  
Material selection was done using rating charts where by the weighing factors ranging from 1-5 

were employed in the following as illustrated below; 
Table 9: Material selection weighing factors 

Range  Weighing factor 

Poor = 1 Least important = 1 

Fair = 2 Important = 2 

Good = 3 Very important = 3 

Very good = 4 Most important = 4 

Excellent = 5 Essential and necessary = 5 
 

4.2.1 Material selection of hollow shafts 
By comparing some of the following features of mild steel, stainless steel and cast iron, cost 

category, tensile strength, weldability and availability are considered. 
Table 10: Material selection for shafts 
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Properties Cast iron Mild steel Stainless steel 

Tensile strength 4x2 4x3 4x4 

Availability 3x3 3x4 3x1 

Weldability 2x3 2x4 2x2 

Cost 1x4 1x4 1x1 

Total  27 36 24 

From the table, mild steel material was selected 
 

4.2.2 Material selection of gears 
Table 11: Material selection of gears 

Properties Stainless steel Mild steel Cast iron 

Bending strength 4x1 4x2 4x3 

Surface fatigue strength 3x1 3x2 4x3 

Cost 2x2 2x2 2x3 

Availability 1x3 1x2 1x3 

Total  14 20 33 

From the table, cast iron material was selected for manufacture of gears. 
 

4.2.3 Material selection for wheel tyres 
Table 12: Material selection of tyres 

Properties   Rubber Plastic Pneumatic 

Availability 3x5 3x4 5x3 

Price 3x4 4x2 4x4 

Maintainability 5x5 5x4 1x2 

Durability 5x5 4x5 2x3 

Total 77 60 39 

Rubber was chosen  

4.2.4 Material selection for upholstery 
Faux/ synthetic leather was chosen 

4.2.5 Material selection for cushioning 
Mattress foam was chosen  
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CHAPTER FIVE: CONSTRUCTION AND TESTING OF 

PROTOTYPE 
5.1 Construction 

5.1.1 Introduction 
This chapter describes how the construction of the electric wheelchair component parts was 

carried out. Some of the parts especially the control unit parts were purchased locally due to 
nonexistent and limited infrastructure for their manufacture. But all in all, the other parts were 
fabricated locally. The wheelchair can be operated by any person regardless of their or luck of technical 
knowledge. 

5.1.2 Description 
The wheelchair is made up of two assemblies, i.e. the control unit assembly and the frame 

assembly 

5.1.3 Manufacture 
The wheelchair frame was manufactured in a local workshop in kikoni, Kampala district. The 

frame consisted of mostly welded joints done according to the sketch shown below. The moving parts 
like the caster wheels and rear wheels where attached by welds and bolts. The mechanical components 
like the mild steel tubes used for the frame, back wheels, caster wheels, cushioning and upholstery were 
bought in local shops. The control unit parts consisting of the Arduino Uno board, L298N motor 
controller, connecting wires and resistive joystick were bought from jiji Uganda and jumia Uganda. The 
whole wheelchair assembly and components were arranged, assembled and wired in my room. 
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5.1.4 Sketch of the frame 

 

Figure 13: sketch of frame 

The following machine tools and hand tools were used during the manufacture and assembly. 

 Drilling machine  

 Lathe  machine 

 Welding set 

 Angle grinder 

 Bench vice 

 Hack saw 

 Wood saw 

 Scriber 

 Bench grinder 

 Steel tape 

 Spanners 

 Glue gun 

Special component parts which were bought include; 

 Chains 

 Sprockets 

 Bolts and nuts 
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 Caster wheels 

 Bicycle wheels 

5.1.5 Component parts of the electric wheelchair 

Wheelchair frame 

This is where the all the other components will be attached and assembled. It is made up of 
welded mild steel pipes. In the figure below, the front and back wheels are attached to the frame to 
provide balance. 

Manufactured wheelchair frame before assembly and wiring 

 

Figure 14: picture of welded frame 
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5.1.5.1 Caster wheels 

These are the front wheels with a 360 turn radius. They help the wheelchair move and help keep 
it stable 

 

 

Figure 15: caster wheel 

5.1.5.2 The motors 

These provide the torque to propel/move the wheelchair 

 

Figure 16: dc motor 
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5.1.5.3 The gearbox 

The gearbox reduces the speed of the motor and increases the torque output. Due to lack of 
easy access, I made my own gearbox using some 3d printed gears and some metal and wood 
components.  

 

Figure 17: gearbox 

5.1.5.4 Resistive joy stick 

This is used to control the movement of the wheelchair 

 

Figure 18: resistive joystick 
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5.1.5.5 L298N motor controller 

This is used to control the direction of rotation and the rotating speed of the motors 

 

Figure 19: L298N motor driver 

5.1.5.6 The Arduino Uno board 

This is used to connect all the inputs from the different boards. The arduino program code to 
control the system is input into it using ausb cable also shown below. 

 

 

 

Figure 20: Arduino Uno board and its usb 
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5.1.5.7 The battery 

This provides power to the entire system 

 

Figure 21: battery 

 

Figure 22: The figure shows the wiring and assembling of the other components to the system 

 

Chain  
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Figure 23: The pictures above show the fully assembled and wired wheelchair 
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5.1.6 The moving/mobility process of the wheelchair 
When the joystick is moved in a certain direction, the motors rotate in that direction causing the 

shaft from the gearbox to rotate which in turn rotates the back wheels using the chain connecting them 
together. This therefore causes the wheelchair to move either forward or backward depending on the 
direction the joystick is moved. When the joystick is moved to the right, the motor on the right hand 
stops moving leaving only the one on the left to move thus turning the wheelchair to the right. The 
opposite occurs when turning to the left. 

 

 

Figure 24: The picture shows the direction of movements the wheelchair is capable of making. 
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Calculating the degrees of freedom (DOF) 

The lower half of the wheelchair frame is used for the calculation as shown below 

 

Figure 25: drawing of lower half of the wheelchair indicating links and joints 

Using the kutzback equation 

DOF = 3(n – 1) – 2j – h 

Where from the drawing above; 

Number of links n = 7 

Number of lower pairs/joints j = 6 (VI) 

Number of higher pairs h = 0 

DOF = 3(7–1) – (2x6)– 0 

DOF = 18 – 12 – 0 

DOF = 6 

5.2 Testing 
 Test 1-stability 

The prototype was able to remain stable on a flat road/surface and on an incline it was stable up 
to an angle of 10 degrees 

 Test 2-Turning space 



49 
 

The prototype has a small turning radius and so can moderately make turns in narrow corridors 
as well as make sharp turns. 

 Test 3-Efficiency of brakes 

The brakes can hold the prototype in position even when resting on a slight inline 

 Test 4- Distance that can be moved before the need to recharge battery 

 Test 5-Maximum speed that can be reached by the wheelchair 

 Test 6-Maximum mass/weight that can be carried before the motors stall. 

 

5.3 Maintenance 
 Always lubricate the following parts/components of the wheelchair; 

1. The caster wheel rotating portion 

2. The sprocket chain system connecting the gearbox and the back wheels 

 Always make sure the batteries are fully charged before taking the wheelchair out to move. 

 Make sure the wiring is always properly covered and insulated especially on rainy days and also 

to prevent young children from messing around with them.  

 Avoid leaving it under rain to prevent rusting. 

5.4 Safety, workmanship and finish 
 The wheelchair frame is made rigid and its moving components are made statically and 

dynamically balanced. 

 The wiring is covered to prevent shocks especially from the battery to young children who may 

play with it. 

 Safely store away from young children. 

 Chain guard should be provided. 

 All welded parts are made water-tight and smoothly polished. 

 The external parts of the wheelchair are all made free of sharp edges that could easily harm 

anyone. 
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CHAPTER SIX: COMMERCIALIZATION AND COSTING 
6.1 Introduction 

Commercialization is an important part of the design process. The product can easily be 
marketed through local hospitals to those that may be in need of them. For all engineering designs to be 
successful, capital, machines and materials have to be available for implementation of any design. 
Therefore, commercialization tells us when, to whom and how should the product be delivered. 

6.2 Cost of fabricating the prototype 
Table 13: costing of the wheelchair prototype 

PART’S NAME QUANTITY COST (UGX) 

Mild steel pipes (6 feet) 2 32,000 

Ply wood 1 6,000 

Mattress foam/ pillow  9,000 

Upholstery/pleather/faux/synthetic 
leather 

 10,000 

Dc motor 2 110,000 

Battery  2 80,000 

Arduino Uno development board 
with usb cable 

1 73,000 

Dual H bridge L298N motor driver 1 25,000 

Resistive joystick 1 22,000 

Chains  2 12,000 

Back tyres 2 40,000 

Caster wheels 2 30,000 

Sprockets  2 12,000 

Electric wires and solderless 
breadboard jumper wires 

 20,000 

Gearbox  2 300,000 

Total   781,000 

 

6.3 Production of the machine 
The electric wheelchair can be produced in batch production now that there is a prototype 

existing which can be improved upon for higher capacities and stability to meet increasing demand. 

6.4 Target groups 
The main target group of the wheelchair is the physically handicapped available in the country 

and the local hospitals and health centers 

6.5 Selling price/market value 
In order to determine the selling price of the machine, it is important to first identify the level of 

demand in the market area, as this will determine whether people will buy the machine or not. For this 
project, it is doubt that people will buy the wheelchair as there is a good demand for cost effective 
electric wheelchairs in the market. 
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The selling price is thus calculated as the sum of production cost, tax and suitable profit margin. 
If the profit is assumed to be 15% of the total cost and tax or VAT is 18%, then the selling price is; 

 = 
133

100
× 781,000 

= 1,038,730 shillings 
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CHAPTER SEVEN: RESULTS AND DISCUSSION 
The expectation of this project was that a prototype would be produced that would 

conceptually prove that a cost effective locally made automatic wheelchair could be designed. These 

expectations were far exceeded as the finalized prototype performed exceedingly well in all aspects of 

the design specifications. Careful design and selection of mechanism and mechanical components 

combined to create a prototype that could meet the majority of wheelchair testing. Testing was 

conducted on the finalized prototype to ensure the design integrity. Integrity was determined by how 

well the wheelchair met the design specifications. Testing was performed with 60 kg a human occupant. 

Weights were added to the occupant to reach the required 980N weight to simulate a worst-case test 

scenario in all test scenarios. Stability testing was performed to ensure that the wheelchair could be 

proficiently operated in approved environments. Dynamic  stability  testing  was  performed  to  ensure  

that  the  wheelchair  could travel  safely  on  flat ground. Wheelchair users could effectively move the 

wheelchair when required power applied to the motor. The automatic wheelchair prototype 

successfully allows a user to move without propelling the wheel by their arm. The power-assist motor 

completely replaces the function of the affected arm. In comparison with the existing dual-rim and 

lever-arm wheelchairs, the prototype clearly excels in maneuverability and no more arm strength 

required and the cost analysis also represents that it is going to be one the cheapest wheelchair models 

as showed in chapter six above 
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CHAPTER EIGHT: CONCLUSION AND 

RECOMMENDATIONS 
8.1 Conclusion 

This project involved the design and construction of a cost effective locally manufactured 
electric wheelchair. The research was done for designed to offer assistance to the physically 
handicapped persons while they go about their various activities with ease as the system provides an 
automated means for its navigation via a joystick using Arduino as the microcontroller unit. 

The wheelchair was successfully designed, fabricated using the aforementioned component 
parts and tested. Materials like mild steel for the frame, rubber for the wheels etc. were chosen due to 
their ease of access, mechanical properties and their affordable pricing as shown in the cost analysis in 
chapter six. Design and programming of the control unit was successfully achieved by watching several 
educational YouTube videos on how to code and program systems, this resulted in the ease of control of 
the wheelchair movement (direction and speed wise) using the Arduino unit and joystick.  

Intricate design detail  and  execution  resulted  in  a visually  simplistic design that  promotes  
low  cost  and  low maintenance as shown in various images in the report. The overall  dimensions  of  
the constructed  wheelchair shown in figure 13,therefore maintains  its  ability  to  be  transported  in  
the  trunk  or  backseat  of  a  full  sized  car. The minimization of expense is pretty affordable for most of 
the people of Uganda and it can be even cheaper when taken for mass production.   

This project can also be counted as a brilliant initiative for the betterment of physically 
handicapped people's lifestyle. 

8.2 Recommendations 
The modular  aspect  of  the  components allows  the  electric system (control unit)  to  be  

retrofit  to  most  manual  wheelchairs  with  only  minimal modifications.  

Further improvements could be carried out in these areas:  

 The frame can further be adjusted and minimized to create a lighter wheelchair to ease 
its transportation. 

 A portable charging system can be designed and introduced into the wheelchair where 
the batteries can easily be recharged without the need to remove them from the 
wheelchair assembly. 

 Incorporating head gesture sensor for individuals unable to operate a joystick controlled 
wheelchair and adopting voice controlled feature.  
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APPENDIX 
Arduino code for controlling the wheelchair movement 
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