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1. Executive Summary

i Mere is increasing concern over congestion @oitlition associated with motaehicle use for
personal transport. Research has shown that a large proportion of these jourmeyslacted in

large cars over a relatively short distance with only a single occugaft 1 ] This proj
designa vehiclethat could bea viable alternative to cars for such journeys.

The designedehicleis an Ultra Light Urban Transporter. It is powered by a hybrid huetectric
drive system. The veHi design adopts cthe-shelf bicycleand electric vehicle ténologywhich
work together to createlghtweightvehicle which is enclosed like a car.

A concept frame was deviséat investigationfor the project It incorporates an egiike shapehat
hastheoreticalsafety benefitswhile at the same timeemainng minimalistic in its design. The

frame design comprisesthree semellipses. A peliminary study into this franmdles st r uct u
integrity has been completed. The vehid@seat two adultsgachof whom ®uld powerit via foot

peddling. A mechanicabrive systeni which on its owncould power the vehiclé hasalsobeen
designed, as has an electrical drive sydteatcan be retrofitted on top of the mechanical system.

Figure 1.Ultra Light Urban Transporter.
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2. Introduction

Over thepast centry, cars have become an integral part of our livesrely on them heavily for
personal transportation, but rarely think about the sustainability of our driving hadstsrding to
researchthe average occupancy of carsMelbourneis 122 people[2] (see fig.51in appendixl).
Clearly this is verynefficient and wasteful (moving-2 tonnes of car to transport 100kg of people).
Such inefficiency is not acceptable in the facelohate change andiminishing oil suppliesThis,
coupla with the factthatwith most urban trips (in Melbourne) being less than 20km one [8hy,
(see fig.52in appendixl) revealsa public need for a new type of vehicle.

This poject encompasses the reseaactd design of an Ultra Light Urban Transporter (hereby
known asdULUT). An ULUT is a vehicle that is a realistic alternatteecars for urban short trips.

Objectives:

- To design an ULUT, with an emphasis on manufacturability
- To minimize cost and weight thedesign

- To design fora prototype

Constraints:

- Vehicle must have ageggshapedframe

- Vehicle must be hybrid powered with one of the power sources being the occupant(s)
- Vehicle must be able to carry two adult occupants
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3. Literature Review

3.1 Final Year Project Contributions of 2008

In 2008, two finalyear project teams made up the Hybrid Human Powered Vehicle Project
(formerly known as the Low Impact Urban Short Trip Vehicle Projddteir aim wago design a
vehiclethatincorporated human pa@w and a secondary power souraee team dcused on a drive
system powered in this manmehile the otheteamworkedon the chassis.

The teams investigated the need forand rod laws affectingi such a vehicle and used their
findings as a basi s {seeappandixediorra sumenary offthed esearahn)q u i r

The two teams eventually came up with a-eeat humaelectric powered vehicle desigAn

electric motor was chosen dsetsecondary power sourt@ a number of reasonsuch as cost,
efficiency and the wide range oéRicle technologyhat uselectric power. The chassis was to be

made from bamboo, a novel concémt constituted alarge partf t he chassi s tear
to the veryuncommon usef bambooin commercialvehicle structural desigrand its widely

varying propertiesasan organic material. The drive system applied human and electric power in
series, with the electric power applied automatically via a complex control systerprising
computer circuitry and stress sensors to measure human power Tipatvehicle could
theoretically achieve speeds of at leaskB0h when the human occupant applies Yotand the

electric motor is at full power on a fledad [10] & [11]

There were several problems with this dedligat needed to be addressed priordommenimg

work ona new design for 2009. Firstly, the use of bamboo was considered too risky for the chassis
frame due to its rare use in commere@hiclestructural design anithe consequent lack atlevant

data to support the 2008 projdécte a maings thatlit is a safe structural material. There are more
commonly used materials whose properties have much less variation than paudboas steel,
aluminium and titanium. The drive system designed by the other team reauicbaf their work

to gointo designing a control systetmat wouldmanage t he el ectric power
decided this was an overly complex method of applying secondary poaterould be achieved

more easily by other means.

3.2. Project Mentor Dr. Neil McLachlan

Dr . Nei l McLachl an was the teambés Oexternal
provided a coceptual design for theehicle,i see fig. 2 As mentioned previously, one of the
design constraints wa ss htahpaardetThd eeasunefdr this ik that bra v e
McLachlan predicts there are safety benefits associated with a vehicle of this shape, as animal eggs
are able to distribute loads evenly across their entire structure, giving them added strength.
Theoretically thereforea lightweight vehicle with a similar structural shape should be capable of
distributing the force of a collision across the structure and protect the occupants.

3.3. Company Research
Many websitesand companiefiave been researched orderto learn nore about oftheshelf
productsthat couldbe used to loweproductioncoss, and vehicle designsthat are somewhat

similar to the o0 hawebeemintestigaedhiy eseardh aiso providgdeusetul
information about manufacturingpethod 1 see Table 2 in appendixF for a list of researched
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companies and websitefwo companies were of particular note and are discussed betom.
investigating similar vehicles to the ULUT, no company was found twubrentlyproducing them
in large quatities as a business, only hobbyisith designs baseah bicycle modification.

3.4. Greenspeed

Greenspeed is a recumbent tricycle manufacturer based in Knoxfield, Victoria. The company
designs, builds, imports and sells recumbent cycles and recucymatparts. As well as being

able to supply many useful etfifieshelf components useful for this project, the people at
Greenspeed have much practical knowledge on building vehicles that use bicycle technology and
associated engineering issues. In futyears, Greenspeed may be keen to help build an ULUT
prototype.

3.5. CERES

ACERES (the Centre for Education and Research
i's an internationally r ecog[hZ] lsased in BasBrunswicky f a
Victoria. Of particular note to this project, CERES has bicycle workshops that could potentially be
used by future teams. As with Greenspeed, the people at CERES have much practical knowledge on
building vehicles that use bicycle technology asociated engineering issues. Also, in future
years, CERES may be keen to help build an ULUT prototype (besides providing workshop space
that is).
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4. Ultra Light Urban Transporter Concept Design

Figure2. Dr. Mc Lachl!| aoncéptdesigl. UT ¢

4.1 Requirements Analysis

The first step toward understanding the requirements dithélr design was to clarify the criteria

and constraints of the final outcome. As the project title suggests, the vehicle needed to be a
lightweight means of transportatidor urban environments. Moreover, the originahcept {ig.2)
includedghapedégdr ame. The benefit of such a
geometrical properties of an egg that can distribute compression forces apdgot across its

shell wall. Theoretically, this would suggest that a rigid frame designed in thisvealg have

added strength and could sustain large compresgigesfn the event of a collision

Another core requirement called for a manufacturable veldiesggn. This task involved proving

that the project design could be manufactured by investigating the processes involved in both
machining and joining the individual components together so that the final product was a functional
vehicle that could be eagimanufactured. Due to time constraints, parts that could be purchased off
the shelf and fitted onto the design (as opposed to having been designed from scratch) were
preferred.

Another ore designrequirement was the capability of seating multiple occtgdrhe project as a

whole works toward designing a vehicle that can hold up to two adult and two child passengers so
that it can be marketed as a vehicleahlgfor small families.

Several overall design goals guided design decisions throughout tjeetpibhese goals are
summarisedn Table2. Reason$or each criterion have been noted, and these relate to feasibility of
design, manufacturability, user safety, design usability and marketability. All of these are important
factors in a successful desigCriteria weightings have also been included to highlight the relative

i mportance of requirement s, whi ch was based
mentor.
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Table 2.DesignCriteria

CRITERIA

RELATION REASON

WEIGHTING (OUT OF
5)

Minimising thecost of
manufacturing

Minimising thecost ofuse

Maximisingusersafety

Maximisingdriver vision

Minimising environmental
impact

Maximisingvehiclerange

Minimising weight

Ensuring a central point of
control

Maximising the benefits to
theus e health

Maximising protection
from environment (i.e.
rain)

Maximisinguserspace

Maximising
seatingtontrols
adjustability

Cost ($) of building
vehicle

Cost ($) per km

ENGINEERING
RELATED

Number and effectivenes:

of safety mechanisms in
place

Percentage f dr i
view blocked by vehicle
components

Recyclability of vehicle
materialsyvehicle
emissions (kg Céper
km)

Distance (km) the vehicle

can travel without adding
energy from external
sources

Overall mass of the
vehicle(kg)

USER RELATED

All control of the vehicle
is handled only by the
driver

Air circulation and user
exercising during use

Percentagef user space
unprotected

Space available (f
around user seating aree

Proportion of population
(%) thatcan sit in the
vehicle and use it without
problems (i.e. not able to
reach controls)

Elliptical chassis design Usersafety 5
and safety components

Chassiglesign Usersafety 4

A core aim of the projeét Marketability ofdesign 2
an environmentally

friendly vehicle
Vehicleenergycapacity Marketability ofdesign 1

Vehiclespeed, Marketability ofdesign 4
acceleration an@nergy

use

Vehicle manufacturability, Feasibility ofdesign 5
Use of offthe-shelf parts,
minimisation ofmachining
of parts
Wherethe vehicle sources  Marketability ofdesign 4

its energy

Complexity of use Usability ofdesign 3

Us e health Marketability ofdesign 1

Ability to use vehicle in Marketability ofdesign 1
different road conditions

U s e coidfert Marketability ofdesign 1

U s e coidfert Marketability ofdesign 1

Final Report 2009
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4.2 Project Design

To facilitate the task of designing a functional vehicle, the systeas broken down into sub
systems irorder to simplifythe design proceskast year, two separate teams dealt withviitgcle
chassis andrehicledrive train respectively something that could be adopted again this year given
that there was an emphasis on completing thassis prior to working on drive system for
dynamic functionality. These two sidystems arefor the most partindependent of one another
and could hence be designed separately up intgidjrationat the ed of the design stage. These
subsystems cod also be further broken down into their own core-sydtens and each designed
separately. Once these components are completed they all integrated into the final design solution

All designs in this project were based on modular design, somethingltgpisaftware systems
whereby projectsare broken down into independent systems which could be designed and
tested separately of one another. Applying this to a mechanical design would be beneficial since
both funding and time for a prototype (somethireeding consideration now for once the design is
completed) is generally difficult to organise for any final year project. So being able to fund and
source a small section of the entire design means that the vehicle can later be built and tested in
stage.

As mentioned in the summary of lastaye \osk (seeliterature review and appendix)Gavoured
choices made by | ast yluaandestrichylerid power. Theicwork disod t h
detailed the complexities involved in a hybrid driveteyn ofthis y pe but thi s year
with alternatives which have the potential to be much simpler in their design and cheaper to
produce. Al s o, given that this yearob6s team
accommodate more than opassenger, sticking to more conventional structural materials like
metals over Bamboo is a likely necessity for a reliable design.

4.3, Vehicle Chassis Concept Design

4.3.1.Vehicle Space and Occupancy

To help convergence of design solutiomstial choices were made before the frame design was
investigated that related to how much space would be required in the vEbiclbe most part, this

was directly related to how many occupants the vehicle would accommodate. To design a vehicle
that ould carry more than two occupants was deemedawdiitious, leading to a decision to limit
occupancy to twoThe relevant design goal was thus to create a vehicle capable of carrying two
passengers weighing up to a total of 180«@0kg each)

An approximate length of two metreswasuggested in early project
supervisorThi s was accepted as the vehicleds | engt
deemed it to be inappropriatés for the width, a maximum interneddius of 1.2m would allow for

two adult occupants to be seated side by side and is the minimum width of bike lanes in Victoria
[16]. As with the | ength, this was accepted as t
investigation deemed it inppopriate.
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4.3.2.Primary Frame

The concept design given to the team at the beginning of the year was to be used as both a starting
point and as a guide towards a solution. It included the use of structural tubing to create the frame.

MPi1 CBU1Al

Given that thes are a standard component for many structures, (most notably bicydles) mgh
strengthto weightratio, it was decided early on that the frame be made out of fabesimplicity,
all tubes used in the design would be of uniform ceesional geowtry.

The

or i egsihmgle ddde gg a me

d e ®n. Mchachlam, $¢seedig2o In ierthe af
the overall frame shape, it was two full ellipses perpendicular to each other at a 45° angle to the

horizontal and a circle in the middle to which thatseg was attached’he team brainstormed on
the frame and came up with a few variations that satdfi t h-% h a@gi@ment;seetable3.

Table 3.Frame Morphological Chartapictorial version is given itable29, appendixl).

ELLIPSES SEATING CIRCLES FRAME ORIENTATION
Original (X) 17 middle Straight
Crossi Original rotated 45° 21 front, back Tilted forward
Original varied angle 21 middle, back Tilted backward

3 SemiEllipses

3171 front, middle, back

In order to decide on an ellipse configuration, a decision tad¢econstructed see taldlgbelow.

Table 4.Frame Decision Tabl€llipses

Criteria Weighting | Original | Cross | Varied | 3 Semi

Angle | Ellipses
Safety-Structural Integrity 5 4 4 3 3
Safety-Unhindered DriveNision 4 3 4 3 4
Ability to enter vehicle 2 3 4 3 5
Weight 4 2 2 2 3
Ease of attaching drive system & wheelg 3 4 1 4 4
Total 58 55 53 65

Out of the options available for tipeimaryfr a me whi ch s a&thiapfeide®d ctrh e efieé

choice turned out to be a configuration which used three tubes bent into-allggtioal shape (see
Tables 3 and 4). In this configuration, all three selptical tubes meet at both the front and rear
ends of the frame, one running along the top amddn the base, each separated by 1868 fig. 3
and 4) This minimses the materials used to create the primary structure, nsagimiiver vision
and properly maintainthe polatespheroid(egg)shape in the overall structure.

A straight frame oriemttion was decided upon for simplicity and ease of design.
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Figure3. Primaryframei frontview.

Figure4. Primaryframei isometricview.

4.3.3.Seating

In the original concept design provided Dy McLachlan, the seating is attached toftiaene via a

circle in the middle of thevehicle(see fig.2). This circular tube also provides structural support to

the frame Brainstorming sessions produced a number of different ideas as to how the seating could
be made, these asemmarised in a morphological chégble 5)

Final Report 2009 pagel3
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SEATING SEAT TYPE POSITION 1 ADULT 2 ADULT
CIRCLES SEATING SEATING
CONFIG. CONFIG.
17 middle Bicycle Seat Upright AloneT no kid(s) | Sideby-side, no
kid(s)
21 front, back Computer Seat Recumbent Kid(s) behind Sideby-side,
with kid(s)
21 middle, back Suspended/ | SemiRecumbent Kid(s) beside ABeneat|
Hammock other, no kid(s)
37 front, middle, | Recumbent Cycle
back Seat

Since the design focus was primarily on the chassis frame and drive system, simgigitige
main driver behind design decisidios the seatingThe main design decisions are outlined below.

A semirecumbent seating position was decidgubn as research shows this to be the most
efficient position fDegpite many attengts to myprove therdesign @f 0 w €
leg cranked mechanisms, all present speed and performance records in single rider water, land,
and air vehicles of umited design are now held by vehiclediose riders are in the semi
recumbent position, cranking in circular motions, with only their Id$,17].

The simplest foundation for a sengicumbent seat would be a Seating Tube arbitrarily angled at
45° to thehorizontal.

Of the four seat typdssted in tableb, a suspendédammock style seat is the one that could be
most easily implemented given an angled seating circle. It is also a cheap and simple solution.
This is potentially an area of further investigatdesign for future teams.

Given that the vehicle would accommodate two adult passengers sittinQysdie, one
seating tube would suffice unless the structural integrity of the frame required another of these
tubes for increased structural integrity.

Due to the orientation of the seating tube and the geometry of the Vehicle Frame thus far, the
tube would need to be bent into an elliptical shape in order to attach onto thé&Ihesei
Tubes and maintain an angle of 45° to the horizontal.

The Seating Tibe would need to be an Elliptical Arc instead of a full ellipse since the part of the
Seating Tube which would otherwise run underneath the vehicle would be replaced by the
structure later to be designed in the Underside Section.

Seat Construction

To stspend the seat between the Seating Tsilee| cablesvould run from one side of the Tube to
the otherwith foam padding around the steel cablesoimrupant safety ancbmfort Canvas sheet
would be placed over these steel cables wife on he back sie of the canvas toold it in place
(similar to many semiecumbent seating designs on modern bicyé¢lege fig 5.
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Figureb. Seating isometricview.

4.3.4.Underside

Table 6.Underside Options.

MPi1 CBU1Al

OPTION DESCRIPTION PROS CONS
Floor Option | Having a floor covering the e Parts can be o Difficult to
whole underside of the frame installed join onto
anywhere on primary frame
underside e Low structural
e Frame can be integrity
fully designed
before drive
system is
looked at
Parallel Beams running aoss e Provides added e Design
Beam Option| underside between botto strength to depends on
semiellipses and placed whe frame drive system
drive system parts need e Removes need components
foundation. to use excess and where they
material to are to be
cover entire installed
underside
e Foundations
can be
customized

depending on
the parts being

installed
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Table 7.Underside Decision Table.

Criteria Weighting Floor Option Parallel Beams Optiof
Structural Integrity 5 2 4
Manufacturability 5 3 5

Maintainability 4 1 5

Weight 4 2 4

Total 37 81

The underside is where all of the components of the drive system are to be attached to the frame (an
arbitrary decision based on most common vehicle desi@iggn that theframe design so far is

quite minimal and the underside will be supporting the wheels of the vehicle whian will
supportthe total weight of the vehicle, added structural foundation is reqinréus area Two

design solutions for the underside wamnvestigated and theaeepresented inable7.

The parallel beamoption allows for structural foundations to be built where they are needed and
customsed depending on what the foundation is supporting. The front and rear sections supporting
the wheés can be reinforced while sections supporting a drive systentqranise leskundation
proportional to the loads it will experienddot only does thgarallel beamoption support drive
system components, biitalso adds strength to the overall fraffiee entire frame can be made out

of structural tubing with this optiomaking the parts for the frame mostly uniform

The floor option provides a floor surface over the entire base of the vehicle where parts can be
installed anywhere on itProblems arising from this option arethe difficulty in installing
foundations onto the flopthe wheel sections cannot be supported by a floor very pasyif the

design is to include a bicycle component drive system, then holes need to be cut out to give
cleaancefor parts like chains and chainringsheparallelbeamoption however,provides a strong

base for foundation installation and components such as bicycle chaimooaeasily be installed
around the frame.

Joining methods also influence the choice. A floor would need to be sormeécdwanically joined
or welded onto th@rimary frame and since the floor would needtitansfer load from therive
system to thavheels, the complexity of using a floor gikeason not to use it in the desidtarallel
beams on the other hand can be bolted, welded and even clamped tddisthessed more in
section 4.8 They will have the same cresectional geometry of therimary frame tubing
reducing variation in the par required for the frame and they will provide strong basealige
systemcomponents, henaaaking them the superior option for the underside of the vehicle.
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Figure6. Undersidd isometricview.

4.3.5.Wheel Configuration

Table 8.Wheel Configuration Opbins.

components available

Better \ehicle Stability

CONFIGURATION |  PROS |  CONS
FRONT WHEELS (STEERING)
One Wheel e Simpleimplementation e Poorsteeringcontrol
e less @rts e Lesstraction
e Lowercost ¢ Difficult to implement
e Safetycompromised
Two Wheels e Better seeringcontrol e More parts
e Off-theshelf e More structural

foundation required g
front of vehicle

REAR WHEELS (MECHANICAL POWER TRANSMISSION)

Off-the-shelf

components available

One Wheel e Less parts for e Difficult to design
mechanical drive single wheeled drive
system system for a
e Lower Costs lightweight design and
multiple occupants
Two Wheels e Bettervehiclestability e Highercosts

More Parts
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Table 9.Wheel Configuration Decign Table.

Criteriai Wheels Weighting SingleWheel 2 Wheels
(Front or Rear)

Manufacturability 5 2 3
Functionality 4 1 4
Safety 5 1 3

Cost 4 4 2

Total 35 54

The choices for wheel configuration were based on vehicle stability, steering for the front section
and mechanical power transmission for the reaction. Steering and power transmissiore ar
handled by separate wheels to reduce desigmplexity and increase off-the-shelf part
compatibility.

Table9 outlinesthe factors influencing the choices for the wheel configurations at the front and rear
of the frameOne thing to point out is the necessity for at least 3 or 4 wheels for vehicle stability so
if only one wheel were to be chosen for eitbed, then that would place a neceskitytwo wheels

on the other end. Simplicity played a big part in the decisiaking of this section because steering
and power transmission can both be very complicated areas of vehicle ifléisegnare designed

from scratch

The choice was made to have a four wheel design, with tweels at both the front and redhis
resulted in maximum vehicle stability, steering control, traction and mechanical power
transmission. Having 4 wheels means thera lismited chance of the vehicle falling over during
use. The use of two wheels to steer makes steering easier since ttmublésthe wheel surface
area supplying traction between the roadasi@ and the front steering wheekss for the rear,
given that the weight ahe vehicle will be large with both occupants seatletg with theadded
weight of the frame and drive sgst, two wheels providing both driadsupport for the vehicles
weight is necessaifpr functionality.

4.3.6.Vehicle Steering

Given the choice to have two wheels at the front of the vehicle to be used for steering, the options
for steering are limited. Two options stand out and theyaatle andpinion steering or the simpler

variety which uses steering arms and pivots to tramefevement from theteeringcolumn of a

vehicle to itsfront wheels. Rack anginion steering would be too expensive to implement on a
lightweight vehicle like the ULUT because the alternative is more widely available and typically
used ontricycles andquadbikes. Greenspeed is one such company which sells these parts for
recumbent bike steering which has therefore been implemented into this (@es@gppendix E and

J). The front wheels and kingpins are also to be mounted @ossbar frara which is dsigned
specifically for these steering kits. The most beneficial aspect of these kits is that they can be used
on custom designed vehicles such as the ULUT.

Normally, these steering systems are controlled by two vertical handle bars positioned eitbfer side
the riderés seat and their pivot i's underneaf
underside of the vehiel These pivots are known agpieces and can be removed from these types

of handlebars which are not applicable to the ULUTigtedue to the seating configuration decided

on. Instead, standard bicycle handlebars are placedsteerengcolumn which has ateeringshaft
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inside thecolumn and connects theandlebar to the -piece. This allows theteeringarms to
remain underneattine vehicle while providing a standard Handlebar solution which is positioned in
front of thedr i v ®at.0 s

Figure 7.T-piece, handlebars removed.

Thedr i v seat @oalld be either on the left or the right side of the vehicle and is dictated by the
positioning of thesteeringhandlebar. Theteeringhandlebar has been arbitrarily positioned on the
right hand side due to tlie | v seat i Australianmotor vehicles conventionally being positioned

on the right hand side.

4.3.7.Front Section Reinforcement

The front of the vehicle primarily contains the front wheels, the crossbar that connects them, and
the steering mechanismSince the front wheels (and thuseithcorresponding support structure)

will experience large lateral forces during operatipar{icularlywhen turning) and wilbear the

weight ofthe front half of the vehiclgit was decided that the front section required reinforcement.
The samdubing as the rest of the frame used for desigsimplicity. The configuration for this

tubing is based on maintaining a rigid frame; tubes are placed between parallel beams so that they
hold wheels in a fixed position for stabilityhe design of this reforcement was very brief, a

simple solution was createslith minimal investigation(see fig.8 and 9) i meaningthat this is
potentially an area of further design for future teams.
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Figure9. Frontsectionreinforcement isometricview.

4.4. Vehicle Chassis Design Verification

4.4.1.Material Selection

As stated previously, (in thBteraturereview) it was decided that using bamboo as the frame
material (as suggested by the 2008 Chassis Team) was impractical and that standard materials were
a more sensible choice. Materials used in bicycles provided a general guide for this investigation.
The tree main materials used licycles are steel, aluminium and carbon fili2arbon fibre was
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dismissed as an option early on because of its high cost [13]. Th#ekdfandauminium as the
two contenders.

2024T3 Aluminium; 6061T6 Aluminium; 4130 Chromoly) Normalised Alloy Steel, Annealed
Austenitic Stainless Steel of Grade 304 and 316, and DOM Mild Carbon Steel of grade 1028 were
investigated and comparetthis issummarised in Tables0-13. These alloysvere chosen for the
investigation due to thefavourable properties and commeraahilability.

Table 10Generakcomparison oflloys1 1 [26-28].

2024 T3 Aluminium 6061T6 aluminium 4130 Chromoly) Normalised
Alloy Steel

e Copper is the main alloying e Most commonly used e Chromium 1 molybdenum
ingredient in 2024.33] aluminium alloy. steel

e Very strong compared t e Good strength.43] e Low alloy steels
mostaluminium. R3] e Heat treatable e Common tubes for bicycl

e Copper component leads e Comparatively easy frames/race car
poor corrosion resistance machining [23 e Not as light as aluminiun

e Not weldable. e Weldable alloys

e Excellent fatigue e Capable of being ancstd e High tensile strength
resistance, (adding a layer of protectio e Good malleability 23]

e Ability to withstand stresg for finished parts) o Easily weldable
or strain for prolongec e Good surface finish e Corrosion resistance not ¢
periods. Commonly used i o easy to work with good as aluminium
aerospace application
[23

e Average machining ability.

Table 11Generakcomparison oflloys 1 2 [26-28].

304 Stainless Steel (annealed| 316 Stainless Steel (anneale¢ DOM Mild Carbon Steel

e (Good corrosion resistance e Increasedorrosion e Relative low tensile strength
[25] resistance than grade 304 e Cheap and malleable

e Good formability due to its addition of e Can be caurised to
e Weldable Molybdenum and higher increase surface hardness
e Machinable Nickel content e More suited to marine, food
e Weather proofing e High strength at elevated and medical application tha
e Non-magnetic properties temperatures than 304 304. (2]
e Good oxidation resistance * Non-magnetic properties
o Hardened by cold workh] e Good fabrication ability

Table 12Mechanicabproperties ofmaterials[26-28].

- Chrome . Mild
Aluminium Stainless Steel | Carbon
Moly
Steel
Mechanical Property 202473 6061T6 4130N 304 316 1020
Ultimate Tensile Strengt] 482 310 670 505 620 600
(MPa)
Yield Strength (MPa) 344 275 435 215 415 495
Density (kg/m°) 2730 2700 7700 8000 8000 7860
Yield Strength+ Density 0.126 0.102 0.056 0.027 | 0.052 | 0.063
(MN.m/kg)
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Table 13.Costcomparison ofnaterialsfor tubular specimens with a particular outer diameter (OD)
and thickness (B all prices are per metre

. Chrome ) Mild
Aluminium Stainless Steel Carbon
Company Moly Steel
2024T3 | 6061T6 4130N 304 316 1020
Airport Metals (Australia) S(iig'ggx
Pty Ltd . 3mmt
$17.83 $76.93
Ezimetal Campbelltown 5Og]$motD " SO?rTmOtD "
$9.64
Aluminium Express 5Og1rr1?motD i
Hi Tech Components Pty $11.65 $7.34
Ltd (Race Tech) ot | oammt
$12.95
Rapid Fab SO?rTmOtD "
$100.64 | $24.59 $41.30 | $161.42 | $159.78| $23.49
. 50.8mm OD x | 50.8mm OD x | 50.8mm OD x | 50.8mm OD x | 50.8mm OD 50.8mm OD x
Online Metals 3.1mmt 3.2mmt 3.1mmt 3.4mmt x3mm t 3.05mmt
$24.67 $14.76
50.8mm OD x 50.8mm OD x
Metals Depot 3.2mmt 3.05mm t

Assessments of the materials indicate that 4XB@o(oly normaligd aloy steel was an ideal
material, particularly due to its high ultimate tensile strength relative to alumiitiisxdifficult to
source howevems it is typicallysoldto wholesale manufacturers only. Its iron component makes
this steel structure more highly susceptible to corrgsam protection coating would mean
additional costsn vehicle production. Whereatuminium ismore commonly usednd has higér
strength to weight ratio.

2024 T3 Aluminium is the most common of the high strength allayd isusedin the aerospace
industry due to its excellent strength and excellent fatigue resistance. Hoivevexpensive and
welding is not reommended for this material as it weakens the structure.

6061T6 Aluminiumis a commercially available metal withgood strength to weight ratio, and is
relatively cheap. Ihas excellent heat transf@hich means weldablity. This a big plus asome
components of the ultra light urban transporeguire welding Excellent corrosion resistance is
also another characteristic that makes 606laluminium ideal because this would mean longer
component lifeand reduced maintenance aerglacement csi.

One type of steel commonly used is stainless stéatwo most common grades of stainless steel
were found to be type 304 and type 3The difference between the two grades is the addition of
molybdenum to type 316 to improve its surface finisid dessen the likelihood of surface
deterioration.Both grades of steel are austenititainless steel has exceptional ductility to assist
with the bending of the side elliptical tubes, good corrosion resistance to withstand weather
conditions, anaxcellent weldability if parts were required to be weldedlbrs a material that is
simple to maintain However stainless steel iguite relativelyexpensiveand heavy Despite its
excellent physical anghechanicapropertiestheteamcannot justifythe use of stainless steel
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Another material of interest suitable for the frame of the vehiateld drawnmild carbonsteel. It

is relatively inexpensive and readily availabldowever similar tochromoly 4130 and stainless
steel, mild carbon steel has a high dengithigh mass vehicle would conflict with the purpose of
this project which is to produce an ulrght vehicle, hence makes mild carbon steel an unsuitable
contender.

It has been found thdhe properties of aluminium are most suitable to fit for the vehitcleas
good strengthis light and relatively cheap

4.4.2.Dimensional Analysis

An important parof thisdesignis dimensional analysi®imensional aalysis makes sure that:
e no two components take up the same space
components are the correct size to join at appropriate places
space is clear for moving components to travel about their full operational range
(on a higher level) functionality, comfort and ease of use are enhanced

Dimensional malysis was completed bdyand and with the help of CAD. The details of the CAD
based analysis aggven below, a sample of analysis by hand (size and location of seating ellipse) is
supplied inappendixB.

A 3-D CAD model that is geometrically and aesthetically accucdtéghe ULUT designwas
producedThis modéwas produced usingolidWorks(see fig.10).

Figure D. CAD model of the ULUT.

This model includes the following:
e Frame or chassis
¢ An outlinevehicle components and all elements needed to put the vehicle into motion
e Ground plane that extends as the surface
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