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ABSTRACT
For the growing number of people using personal mobility devices, development of devices that address their unique needs are fundamental to their quality of life. Traditionally those with mobility impairments have used wheelchairs to participate in activities. Two problems with traditional wheelchairs are the stress they put on the user’s upper limbs and their inability to actively engage the lower limbs. In this report we outline our proposal for a mobility device that requires substantially less force to drive by exploiting the mechanical advantage that an engine provides. 
The goal of the Tricycle Project is to bring increased mobility to disabled persons. Presently, hand-powered tricycles are used by many of the disabled in this community, but some current users of the hand-powered tricycles do not have the physical strength or coordination to propel themselves on the tricycle with their arms and hands. The aim of this project is to add an internal combustion engine to the current hand-powered tricycle to provide tricycle users with improved levels of mobility, facilitating freedom in travel and contribution to the community. The design objectives required a simple and affordable design, a design that needed to be reliable, sustainable, and functional. 
 The most important part of the design is the incorporation of the fuel powered system which was added to improve the efficiency of the tricycle and to make life more comfortable for the physically challenged persons. A spark ignition automatic single speed two- stroke engine was chosen for this design and consideration was also given to the weight of the user in which a maximum weight of 70kg was used.
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12. INTRODUCTION
Hand-powered tricycles are presently being used to provide mobility for disabled persons in rural communities. With this project we designed and manufactured a system to convert the hand powered tricycle to an engine version. We essentially created an affordable, rugged tricycle. 
We have worked to make our design appropriate to the culture where it will be used. This meant designing for the use of locally available parts and manufacturing capabilities. The result is a system that can be almost entirely replicated, with the exception of an engine with familiar parts, tools, and processes. Using the hand-powered tricycle as the basis for our design made the tricycle more of an appropriate technology because it uses a familiar, locally available platform as a starting point. 
Hand-powered tricycles are being used like conventional wheelchairs with the motive force coming from a person pushing from behind. This engine powered tricycle which we have designed should enable to be independently mobile.

PROJECT SCHEDULE
[image: image5.jpg]




EXISTING DESIGN
To understand the current devices available in the area of personal mobility devices, the products can be classified in three groups: 

(1) Traditional Wheelchairs, 

(2) Electric Wheelchairs,

(3) Hand cycles.
The first of these products, the traditional wheelchair, is driven by the rims on two large wheels at the user’s side. This propulsion mechanism can lead to upper body injuries.
The second of these products, the powered wheelchair or scooter, only makes up less than 10% of the mobility device market.

Finally, the third type of product, the hand cycle is driven by a crank with a drive chain used to power the front wheel. These devices have three wheels, positioned like a tricycle. The crank mechanism allows users to obtain faster speeds while putting less stress on their shoulders and back. Furthermore, the tricycle design enables the device to traverse tougher terrain. Hand cycles are available as attachments to traditional wheelchairs, as well as autonomous devices.
DESCRIPTION
The design of the engine powered Tricycle is adaptable to the current hand-powered tricycles with little modification. The design consists of an IC Engine, a drive system. See picture below for design schematic:
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Figure 1 - Schematic of Tricycle
The first aspect of our design that was addressed was the drive system or means of power transmission. Power must be transmitted from an IC engine to a rear wheel of the tricycle. The controls for engine speed and braking were incorporated into a simple mechanical system to facilitate operation by users with limited dexterity. The hand-power system was replaced with a steering system that disables the hand-power capability of the tricycle. Third, power is supplied to the rear wheels by means of reduction gears.
All the above components were designed to be able to be installed on the existing hand-powered tricycles with slight modification. Everything necessary to convert a hand-powered tricycle to the engine tricycle is simple to install.
LITERATURE REVIEW
Research was done online as well as in magazine articles in search of presently available solutions to our problem. We found many products that were available for purchase, but they didn’t entirely meet the requirements of our unique problem. The problem has been solved, and in many different ways, but what we found, or rather didn’t find, was a solution to our problem that meets our specific needs of affordability and appropriateness. The advantage of finding these solutions is that we can see what works, what has been tried, and what’s available on the market. Then we can more effectively consider how to design a similar product that meets our unique needs.

The figure shows different ways, very expensive ways, of hand powering a tricycle. This option may or may not allow for a better design for attaching an engine to. We decided that although these are great designs, their purpose was for recreation and would not suit the needs of the people that we are designing the kit for. Their low position doesn’t allow a good seating position for a table or clearance enough for the conditions of the area.
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Figure 2 - Image
REALIZATION PLAN FOR THE PROJECT
The realisation plan for the tricycle is shown below:
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Figure 3 - Plan

PRELIMINARY DESIGN


Figure 4 – Line Diagram of concept

Figure 5 – Concept Frame
CONCEPTUAL 3D MODEL

Figure 6 – 3D Model of Frame
MAJOR COMPONENTS AND DESIGN PROCESS
1. Frame

2.  Power Generating Unit 

3.  Power Transmission to the wheels

a. Main Shaft

b. Sprockets

c. Chain (3/8”)

d. Counter Shaft

DESIGN OF FRAME
Section selected for frame

· Hollow Square Section 25x25x2 mm thick

· Moment of inertia of section 

= 
BD3/12-bd3/12




=
(25x253/12) – (21x213/12)




=
16345.33mm4

· Pipe diameter 25x2 thick

· Moment of inertia of section 




=
(D4/64) – (d4/64)




=
(254/64) – (214/64)




=
9628.20mm4

· Section modulus of section (1) 





=
16345.33/12.5





=
1307.62mm3

· Section modulus of section (2)





=
9628.20/12.5





=
770.26mm3

· Design of members (Hollow section)


   Maximum bending moment 

= Mmax

   Safe working stress in bending

= 60N/mm2


   Mmax/1307.62 



= 60 N/mm2


   Mmax 




= 1307.62x60








= 78457.2 Nmm
· In case of Cantilever Beam



Mmax =
WxI,
Y=
-Fl3/3EI



Mmax =
FL/4,
Y=
Fl3/48EI



Mmax =
78457.2/80x9.81 = 100mm



Y 
=
80*9.81*1003/





(3*2.1*105*16345.3)




=
0.076mm



Mmax =
78457.2 = 80*9.81/4



L 
=
78457.2*4/(80*9.81)



Y 
=
80*9.81*4003/ (48*2.1*105*16345.33)




=
0.303mm (400mm Single span)

(a) For Hollow Section:-

· Max span possible between two supports (SSB)

=
400mm

· Max span possible between support and end cantilever 
=
100mm

· Maximum deflection in case of cantilever 
   

=
0.076mm (0.167m possible)

· Max deflection in case of simply supported beam 
   
=
0.303mm (max possible 0.67mm)

(b) Pipe section

Mmax / 770.26 

=
60N/mm2

Mmax 


=
46215.60mm

Y 



=
WL3/3EI





=
80*9.81*593 /  (3*2.1*105*9628.20)

L



=
46215.80/80*9.891





=
59mm (Cantilever)

Mmax



=
46215.6

L



=
46215.6*4/(80*9.81)





=
235.5mm

For pipe section:-

· Max span possible between two supports (SSB)
=
235.5mm

· Max span possible between end support and free end (Cantilever) = 59mm (0.098mm)

· Max deflection (Cantilever) = 2.66e-3 mm

· Max deflection (SSB) 
= 0.106mm (0.392mm)
DESIGN OF SHAFT

A shaft is a rotating member usually of circular cross section (solid or hollow), which is used to transmit power and rotational motion.

Elements such as gears, pulleys (sheaves), flywheels, clutches, and sprockets are mounted on the shaft and are used to transmit power from the driving device (motor or engine) through a machine. 

The rotational force (torque) is transmitted to these elements on the shaft by press fit, keys. 

The shaft rotates on ball bearings.  

Various types of retaining rings, thrust bearings, grooves and steps in the shaft are used to take up axial loads and locate the rotating elements

The design of the shaft is based on the strength. The following loads have been considered for shaft design:

· Torsion due to transmitted torque

· Bending from transverse loads (gears, sprockets, pulleys/sheaves)

Shaft Material - Mild Steel 

Assumptions

Weight of the vehicle 
=
50Kg

Weight of the passenger 
=
70Kg

Total weight of the vehicle 
=
120Kg

Slope of Kerala Roads 
=
1:6 (~0.2)
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Figure 7 – Shaft
Design Process

The action of forces on the shaft is Torsion. The torsion formula for shafts of circular section is given by 

T/J = fs/R = Cθ/L

where,
T = torque transmitted by the shaft, Nm

J = Polar Moment of inertia, mm4

fs = shear stress induced, N/mm^2

R = radius of shaft, mm

Θ = angle of twist, radians

C = modulus of rigidity, N/mm^2

L = Length of shaft, mm

Slope, tan Θ
= 
1/6S


 Θ 
=
tan-1 (1/6)



    
=
9.46 deg



     
=
~ 10deg

Required Pull
= 
sin Θ x mass x g




= 
sin 10 x 120 x 9.81




=
204.42 N

Wheel Diameter 
=
0.7m

Torque required 
= 
pull x radius of wheel



     
= 
204.52 x  0.35



     
= 
71.55 Nm


Torque, T 

 = 
π/16 x fs x d3

where, 

fs, shear stress =
210 MPa

factor of safety  =
2

d3 


 =
71.55 x 16 x 2 / (π x 




210e6)

d 


 = 
0.019 m 




 = 
19mm 

Dia of shaft
~= 
20mm

Deflection of Shaft

Deflection, δ 
= 
584TL/Gd4

where, 

T, Torque

=
72Nm

Length

=
160mm

δ 


=
584 x 72e3 x 160 / 100e3 x 204

δ 


= 
0.42mm





=
ie, < 1/600 l
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Engine Shaft 
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CONCLUSION
Hand-powered tricycles are presently being used to provide mobility for disabled persons in rural communities. With this project we designed and manufactured a system to convert the hand powered tricycle to an engine version. We essentially created an affordable, rugged tricycle. 

We have worked to make our design appropriate to the culture where it will be used. This meant designing for the use of locally available parts and manufacturing capabilities. The result is a system that can be almost entirely replicated, with the exception of an engine with familiar parts, tools, and processes. Using the hand-powered tricycle as the basis for our design made the tricycle more of an appropriate technology because it uses a familiar, locally available platform as a starting point. 
Hand-powered tricycles are being used like conventional wheelchairs with the motive force coming from a person pushing from behind. This engine powered tricycle which we have designed should enable to be independently mobile.
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