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Abstract—Even in this space age there are many individuals with disability who can seldom operate a manual wheelchair 
which necessitates the need for development of newer and easier to operate technologies, with cost effective designs. 
Everyday the number of people who need an external aid to move around freely are increasing, according to World Health 
Organization (WHO) there are about one billion people who are suffering from many disabilities like paraplegia, partial 
paralysis, phocomelia etc. This project is aimed at developing a three wheeled wheelchair which makes use of an 
accelerometer to bring about the manoeuvres of the wheelchair. There are many available electric wheelchairs which makes 
use of two motors at each of the rear wheels to bring about the desired motions of the wheelchair, whereas the wheelchair 
developed in this project makes use of independent systems for driving and steering whose control is much simpler as 
opposed to more complex conventional designs.  
 
 
I. INTRODUCTION  
 
According to United Nations disability is defined as 
“Persons with disabilities include those who have 
long term physical, mental, intellectual or sensory 
impairments which in interaction with various 
barriers may hinder their full and effective 
participation in society on an equal basis with 
others.” .Invention of wheelchair dates back to 1783 
when John Dawson of bath, England designed a chair 
with two large wheels and a small one. It was named 
after the town of bath.  
Many improvements were made to bath’s design 
during the last half of the 19th century. Rubber 
wheels similar to the ones used in the bicycles were 
introduced in around 1875. The first folding tubular 
steel wheelchair was designed by an engineer named 
Harry Jennings in the year 1932.  
Initially wheelchairs were powered manually with the 
patient turning the wheels or by the aid of another 
person. An electric wheelchair is one which uses an 
electric motor to power the wheels instead of manual 
effort. Attempts to make a motorized wheelchair were 
made as long back as in 1916; however no successful 
production was made. It was only in 1956 the first 
electric wheelchair was invented by a Canadian 
inventor George Johann Klein during his efforts to 
assist the war veterans of World war II.  
Our three wheeled wheelchair makes use of a single 
motor at the rear, and a stepper motor at the front to 
achieve the driving and steering of the wheelchair 
respectively, unlike traditional three wheeled 
wheelchairs which work on H-bridge concept by 
using two motors at the rear to carryout steering and 
driving of the wheelchair.  
 
II. METHODOLOGY  
 
The following steps were followed in developing the 
wheelchair:  

1. Background Study  
2. Basic 2D drawings  
3. Selection of materials  
4. Development of 3D CAD model  
5. Structural Analysis  
6. Fabrication of the parts  
7. Assembly  
8. Incorporation of electronics  
9. Real time testing  
 
The basic conceptual design was developed after 
carrying out extensive background research. The 
initial 2D drawing wre done using SolidEdge a CAD 
software. After finalizing the dimensions of the 
wheelchair Mild Steel (MS) was selected as the 
suitable material for the framework of the wheelchair 
because of its good mechanical properties like 
machinability, weldability, strength and also due to 
its easy availability and cost effectiveness.  
 
The next step was to develop a 3D model using the 
previously drawn 2D drawings, with the help of the 
software CREO 2.0 and the same platform was used 
for the analysis of the structure. After obtaining the 
satisfactory results the fabrication the parts was done 
followed by the assembly of the parts like the wheels, 
gears and motor mountings.  
 
With the mechanical model ready the next step was to 
incorporate electronics into the wheelchair to make it 
test ready. Lastly, the testing of the wheelchair was 
carried out, which yielded good overall performance 
of the wheelchair.  
 
III. DESIGN PROCESS  
 
1. .Development of 2D drawings:  
The 2D drawings were developed using the 
SolidEdge V19 software. 
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Side and Front view of the wheelchair 

 
2. Development of 3D model:  
With the 2D drawing as the reference a 3D model 
was developed using the CREO 2.0 software. 

 
3D view of the wheelchair 

 
3. Design of Shaft (Axle):  
We needed a shaft that is supported by two bearings 
405mm apart. A gear of 64mm dia with 34 teeth is 
keyed to center of the shaft. The drive transmits a 
power of 30W at 40 rpm. Driver gear was of 47mm 
dia with 26 teeth. 

 
Front and side view of the shaft (axle) 

 
The material which fulfilled our requirements was 
Bright mild steel which had a yield strength of 440 
Mpa and an ultimate strength of 880 Mpa. Hence it 
was chosen as the material for the axle. 
 
4. Motor RPM calculations:  
Diameter of wheel (d) = 49 cm  
Circumference = πd = 1.54 cm  
∴ Distance travelled in one revolution of the wheel is 
1.54 cm  
Speed of the wheelchair to be achieved =2.5kmph  
=41.64m/min  
i.e wheelchair covers 41.64m in one minute  
∴ the speed of the wheelchair required in rpm (driven 
gear) can be determined as follows,  
1min ▬▬ 41.64m  

X ▬▬ 1.54m  
∴ X =0.037min  
∴ The wheelchair takes 0.037 min to complete one 
revolution.  
The speed of wheel in rpm = 1÷0.037 =30 rpm ∴ 
n2=30rpm  
Speed of the motor available is 40 rpm  
∴ n1=40 rpm  
 
5. Fixation of number of teeth on each gear  
Maximum dia. of the gear that could be mounted on 
the shaft was 50mm  
Spur gear that was available with outer dia was 
47mm  
Assuming driver gear teeth as 26  
∴Z1= 26  
w.k.t, N1÷N2 = Z2÷Z1  
40÷30 = Z2÷26  
∴Z2=33.58  
From DDHB, standard number of teeth for proper 
meshing is 34  
∴Z2=34  
 
IV. ANALYSIS OF COMPONENTS  
 
The major load bearing components in the structure 
were shaft, framework and the seat. These 
components were analyzed for necessary stresses and 
bending moment. 

 
Principal stresses acting on the framework 

 

 
Von Mises stresses on the framework 
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Displacement of the seat material 

 

 
Shear force diagram of the shaft (axle) 

 

 
Bending moment diagram of the shaft (axle) 

 
V. FABRICATION PROCESS  
 
The mild steel tubes were machined to the desired 
length and were welded as per the CAD design. The 
shaft (axle) was supported between the bearings and 
the driven gear was mounted on the shaft, similarly 
the driver gear was mounted on the D.C motor which 
in turn was fixed to the lower side of the seat and was 

made to mesh with the driven gear. The stepper motor 
was fixed at the front which drives the front wheel 
with the help of bevel gears.  
After completion of the fabrication the wheelchair 
looked as shown below. 

 
Wheelchair after mechanical assembly 

 
VI. ELECTRONICS  
 
The major electronic components used are:  

 Accelerometer  
 Microcontroller  
 DC motor  
 Stepper motor  
 Power supply circuit  
 Battery  

 

 
Block diagram of the control system 

 
1. Accelerometer:  
An Accelerometer is a kind of sensor which gives an 
analog data while moving in X,Y,Z direction. The 
accelerometer used in this project is ADXL335. 

 
Accelerometer 

 
The ADXL335 is a small, thin, low power, complete 
3-axis accelerometer with signal conditioned voltage 
outputs. The product measures acceleration with a 
minimum full-scale range of ±3 g. It can measure the 
static acceleration of gravity in tilt-sensing 
applications, as well as dynamic acceleration 
resulting from motion, shock, or vibration.  
The user selects the bandwidth of the accelerometer 
using the CX, CY, and CZ capacitors at the XOUT, 
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YOUT, and ZOUT pins. Bandwidths can be selected 
to suit the application, with a range of 0.5 Hz to 1600 
Hz for the X and Y axes, and a range of 0.5 Hz to 550 
Hz for the Z axis.  
 
2. Microcontroller  
A microcontroller (sometimes abbreviated as µC, uC 
or MCU) is a small computer on a integrated circuit 
containing a processor core, memory and a 
programmable input/output peripherals. 

 
8051 Microcontroller 

 
3. DC motor  
The DC motor used in this project powers the rear 
wheels to move forwards and backwards, Its 
specifications are as given below  

 Maximum power: 60W  
 Nominal Voltage: 12V  
 Nominal Power: 30W  
 Maximum Current: 2A  
 Related speed: 30-60 RPM  

 
4. Stepper motor  
A stepper motor (or step motor) is a brushless DC 
electric motor that divides a full rotation into a 
number of equal steps. The motor's position can then 
be commanded to move and hold at one of these steps 
without any feedback sensor (an open loop 
controller), as long as the motor is carefully sized to 
the application. 

 
Stepper motor 

 
i. Stepper motor specifications  
 

 Ended Unipolar 6, 200-Step (1.8 degree) .  
 3.5V - 1.5 A current values are available.  
 Weight- 455gm.  

 Square Flange dimensions - 57mm x 57mm.  
 Stepper motor length - 53mm. (Along with Miller 

75mm).  
 
ii. Stepper motor calculations:  
 
Desired angle of turn is 20 degrees.  
For every one step, angle turned by the motor shaft is 
1.8 degrees. 
For a complete rotation, the motor shaft moves,  
360÷1.8 = 200 steps  
For 20 degree turn, the motor shaft has to move,  
20÷1.8 = 12 steps  
5. Power supply circuit  
 
An AC to DC adaptor as been used to get DC input 
for the mother board. In mother board, we have 
developed a 5V regulator circuit, which is needed for 
microcontroller as supply voltage. IR transmitters are 
also connected to 5V supply, so that they always 
transmit high signal. LM7805 is used for 5V 
regulated supply. 

 
Power supply circuit 

 
6. Battery  
The battery used in this project has the following 
specifications.  

 Nominal voltage: 12V  
 Typical capacity: 7 ±0.2Ah at 0.5C discharge rate  
 Maximum continuous discharge current: 7A  

 

 
12 V Battery 

 
VII. TESTING  
 
After the incorporation of the electronics into the 
mechanical system, several trials of testing were 
carried out. The testing was aimed at determining the 
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proper functioning of the components. Safe turning of 
the wheelchair was achieved with good repeatability.  
The other aspects inferred from the testing are  
 
 Speed of the wheelchair – 2kmph  
 Total duration of travel in one full charge of the 

battery – 35 minutes  
 The overall design of the wheelchair was found 

to be stable  
 The response of the electronic components were 

found to be satisfactory  
 
CONCLUSION  
 
A cost effective, easy to repair, wheelchair prototype 
which can be developed into a full scale model that 
can be used by people with various disabilities was 
built.  

The electronic control system was made simpler by 
separating the drive and steering systems. Lastly, we 
hope that this kind of system would contribute to the 
evolution of the wheelchair technology.  
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