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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)
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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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This would excludery internal modeling, g. elements in motor or battery.

Applications of a 3 CAD model were produced to verify tlgeometric dimensions of design
components and chosen paréd to give a visual representation of the desigoffers clear
perspective of the part dimensions.

The generation of a CAD model is very much an illustrative probl&mce it is a visual
representation of the vehicle, the positioning of parts and components in relation to the frame must
be clearly defined.Not only does SolidWorks assist to detect possible collisions between
components in the model, it also performs critical analysis o§pleeifications givenHencethe

model generated ia critical examinatiorof the processes and assumptions underlying the choices
that had to be made during the design process.

Producing a 3D CAD model also assists in the manufacturing process of gygeato the near
future. It allows amendments to parts and components when updating draimgalterations or
new developments can be easily added onHeoce the generation of a CAD model will assist to
reduce cost and increase productivity in thigjgct.

4.4.3.Stress Analysis

One of the most important methods of validateglesign on paper is to provts structural
integrity. A vehicle is useless if it cannot maintain rigidity or worse, will fail under the loads it must
bear during operatio There are several stages of stress analysis which must be considered for the
design before it can be considered sound. Firstly, mathematical analysis is applied to the critical
areas of the design using rough estimates on what would otherwise be mgigxcaalculations.

The next stage is to test the CAD model of the design using FEA, while this is a step up in accuracy
from the mathematical calculations, it is good to have results to compare so that the stress analysis
can be better understood from thaint of view of the designers. FEA will only be as accurate as
that of the CAD model though, so care needs to be taken in the transfer of the design from paper to
computer drawing. Finally once these stages have proven that the design will maintagngtite w
loads applied to it under normal operation conditions, then the only other way to be sure is to build
a prototype and see how it fares in the real world environment.

4.4.3.1. Simplified Model i Mathematical Analysis

In this model, only the bottorsemtellipse(s) (BSE(s)) and their corresponding interaction forces

were investigated as these werssumedo be the most likely parts of the frame to fdihis
assumption was made because theH3Ssupport (transfer) the weight of the frame and the
pasengersSince the fame is symmetrical about theaxis, (i.e. down the length of the vehicle)

only one analysig/as necessary.

The BSEs were modelled as straight beams, and the forces imposed on them as simple
perpendicular point forces and torquébe beams were hen anal ysed wetBodng M
(double integration methodJ.his gave equations for bending moment and torque along the beam.
These equations were then evaluated at 1000 points along the bdameinFrom these, the
maximal stressesere obtained.

For a full explanation of the simplified model stresslysis, seappendix C

Final Report 2009 page24



MPi1 CBU1Al

4.4.3.2. FEA

Time constraints meant that a full comptit@sed analysis of the structural integrity of the frame
(FEA) could not be completed preliminary study on a BSE was completed to give an idea of
stress distributions artd test the accuracy of the simplified model (section 4.4.3.1).

One of the B&Es was isolated in the CAD model of the frarR&€A was then completed on this
component usin€OSMOSWoks in SolidWorks Table 14summarises the loading conditions at
various locations along the elliptical tube.

Table 14Loads andoundaryconditions orBS-E.

Loadin Distance from Direction of
Jing front of vehicle Force (N) Torque (N.m)

conditions at x=0 Force
Frontwheel 123mm Upwards 361.34 90.22
First parallel tube 728mm Downwards 98.1 49.05
Secofudbgara"e' 950mm Downwards 735.75 381.83
Th'“t’u%aera”e' 1150mm Downwards 49.05 25.20
Rear wheel 1500mm Upwards 521.56 234.70

Note that the value of torques listed is the horizontal component calculated, hencethgoxent
only.

Design Study in SolidWorks (COSMOS Works)
A Finite eementstudy was performed given the following assumptions and steps made.

e The mesh type was & mesh, in which all elements are tetrahedral with straight or curved
edgesThe FEA performed tested for coarse, default and fine elements to compare the
results.

e The chosen material selected from the SolidWorks was-&66duminium alloy.
Solidworkshasmaterial properties and specifications already programnedt (see table
24in appendiXD for these material properties)

e Restraints were specified to the cylindrical faces and edges where the bolts are designed to
be placedThree restraint coriions 1 fixed edgesfixed facesand both fixed edges and
facesi were defined and its resultant stresses and dispEmtscompared

e The loading in Soliworks is adirecttransferremoteload.In this situation, forces are
applied to a point in the XYIbcations with respect to the @eilt coordinate system in
SolidWworks.The pink lineqfig. 11) aretherebecause COSMOS Works automatically
calculates and appliegjuivalent forces with respetct the faces.

e The mesh of 25516 elemerffiy. 11) describs the direction of the forces in graphical
detail. The vertical arrows indicate the direction of forces being applied to the tube, whilst
t he hori-lziokne@l arorpawms ar e t heThewheelsmipecam ent s
upward force to the frame wki the weights of the internal components dissipate a
downward vertical force onto the elliptical tul#etorque is also applied at both the front
and rear wheels in the anticlockwise direction, hence an inweodnponent of the torque.

e Static Study waperformed and calculated displacements, reaction forces, strains, stresses
and factor of safety distribution.

e All loads are applied slowly and gradually until they reach their full magnitudes.

e Factor of safety calculations are based on failure criterion.
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Figure 11. Mesh of B&.

Results
Several finite element analyses were completed, varlpad type restrainf andmesh sizeThe

results of the FEA with: forces and torques appleztfjes and faces fixed; and the default mesh are
given here (a summary tie results of the other finite element analyses is giveppendixD).

Figure 12. Stresdistributioni isometric view.
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Figure 13. Stress distributionside view.

Figure 14. Displacement distributiorisometric view.
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Figure 15. Displacement distributidrside view.

Table 15Summary of FEA Results

Minimum Stress 5922.3N/nf
Maximum Stress 2.36E+073N/mMi= 23.6MPa
Minimum Displacement Omm
Maximum Displacement 0.000661mm
Factor of Safety 2.3

The maximum stress of 23.6MPa was located at right hand side of the elliptical tube around the
vicinity of the two boltsThis is a good indication that when the bolts are connected, large amounts

of stresses and torquase applied to keep the frame assembly togefseevidentfrom fig. 12 and

13, majorstresses, as shown in the light blue colour, exist on both sides around the bend that shapes
the side ellipseThere are also minor stresses found on the surface between the first and second
parallels, from the weighdf the components such as craets, pedals and steering.

The side elliptical tube is quite rigid given the maximum loading condition, with a maxim
deflection of only 0.000661mnkig. 15 clearly illustrates this maximum displacement, in the red
colour, between the forces and torques applied to the first and second penadldisplacement is
very minimal and almost negligiblEactors that contsuted to minimum displacement would be
material selection as good strength is found in 6D6Aluminium as well as the large diametad
thicknessof the tubing.

Given that majority of the components are fixed between the second and the fourtlspanates
surprising that maximum displacement was not found in that regienresults give a good

indication of what happens to the left side ellipse given the loading conditions presédihiaagh

the displacement was not evenly distributed towdrdsid way of the elliptical tube where most
weight of the components are situated between the second and fourth parallels, this would suggest
that the weight of the components need also be distributed towards the back of the vehicle.
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The maximum stregs the BSE calculated via FEA was found to be 23.6 MPar. the same
loading situatiorthe simplified model of the B& found the maximum stress to b&5 MPa This
is approximately five times than that which was calculated in the REAough this is gositive

result for design decisions made on results of the simplified stress analysis, (as an approximate

factor of safety of five is impliedurther studys required.

4.5. ULUT Drive System

Table 16Drive System Options.

OPTIONS CONCEPTS PROS CONS
Two All wheel drive; Modular subsystems Integration will
independent half electric can be designed limit design
drive systems powered, half separately options available
(one €lectric humanrpowered Simple implementation later on
and one Original idea
human One suksystem can
powered) backup another in event
of failure
Can build in stages
(useful in pototyping)
Fully electric All wheel drive; Simple implementation No redundancy
drive system separate motors Less parts measures in case
with  human powering each of electrical
to  electric wheel failure
power Single motor Higherhuman
generation powering reaexle power losses due
via transmission to humanelectric
system conversion
Human Rear wheetlrive; 2008 drive train team Complex and
powered single driving provided a solution expensive to
electric asit wheel using this design choice| implement
i 2008 dive Human power with No redundancy
train electrical assist measures in case
design[11] added in parallel of electrical
failure
More parts than
othe options

Based on the initial etisions to break theeticle design down into sulystems, the hybrid
human/electric power drive system was designed as two separate dremssygtich function
separately and could be integrated together wimgemented onto the vehicle. This makes for a
modular design which can be built in stages, first the mechanical system and later the electric
system.

One dternative to a modular system isfally electric drive system where human power is
convertedtoleectri city via generators and is added
batteries). Anotheristo s e t he 2008 dksighane haverlaamampoweredaeuotéics

assist solution [11]. The fully electric drive system wasdiscardé early on due to the project
recommendationglacingan emphasis on a stdyy step approach to the desigpeginning with the

frame, then moving onto implementing mechanical systems and later the electrical systems. The
other choice wadeemed ifeasible for us¢his year due to its complexity and cost.

Final Report 2009 page29



MPi1 CBU1Al

4.6. Mechanical Drive System(MDS) i Concept Design

4.6.1.Human Power Generation

Table 17Methods of Converting Human Power to Electrical Energy.

METHOD PROS CONS
Pedalling - High efficiency - Not using full potential of
- Well established body

- Leaveshands free
-Easy to implement
-Abundance of ofthe-shelf
vehicle parts

- Not suitable for many
disabled occupants

Handcranking

- Can be used by disabled
occupants whose legs cann
produce any useful power

- Difficult to perform while
controling a vehicle
simultaneously
- Not using full potential of
body

Rowing

- High efficiency
- Using whole body

- Difficult to implement
- Difficult to perform while

controling a vehicle
simultaneously

To harness humapower in a practical and efficient way, pedal power is the logical choice.
Approximately80-98 per centof the energy provided to a bicy&epedals will transfer to the rear
wheel to provide motioff9] (the losses are due to the transmission via the gaarshain) This
makesit a highly efficient energy transfer procegsspeciallywhencomparedvith other means of
harnessing human pow§gt6] & [17]. Pedalling is a welestablished means of exploiting human
power in societywhich suggests there woule la low learning curve associated wiiking the
vehicle. Pedal crardets are inexpensive due to their abundant use in bicycle deamghsan
potentiallybe obtained forfree during thed e s i dgvelopsnent and prototypimgyocessesd taken
from seconehand bicycles. If bicycle pedal cranks are used in the design, then it seems logical to
also use bicycle gears and chains in the power transmissail of these parts arenormally
designed to be used together.

4.6.2.Multiple Human Power Sources

Explosion View

Freewheels

v ooV ) )
Bearing Lockring Bearing

v ¥ Bearing Spacer v

L |

Bottom Bracket Body

T

A
A Spline Drive
Plastic Washer )

Double Freewheel Block

- 2
(OFB) Driving Gears

"Chainrings"

Intermediate Shaft

Figurel6. Explosionview of anintermediateshaft [14].
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One of the aims of the design was to make use of the pedal power of multiple occupants. A simple
solution was conceptualised that operates in a similar manneiriteemediate shafffig. 16) ona

tandem bicycle. The difference between the two is that the intermediate shaft requires one occupant
to sit in front of the other, whereas the custom design allows foibgidele configuration. This
intermediate shaft combines the pedal power of multiptpants through the connections of the
pedal chains to freewheels on the shaft on one side, which allows the chains to transfer power from
the pedals to the shaft independently and out of phase with one another. The rotating shaft turns the
driving gearson the other side of the shafthich drives the rear wheel. The idea is to modify this

so that the shaft is longer and leeewheelst either end of the shafivith thechainringcassette in

the centre (hereby known asned-axle).

Figure I7. Mid-axle concept

The midaxle conceptvorks with two cranksets powered by individual occupasdsh poweng a
chain connecting teeparate freewheels on either end of rtiid-axle shaft. The shaft rotates the
chainring and powers the chain connected fowitich feeds power to the rear of the vehicle
(discussed more isection4.6.3. The shaft will also have twimottom bracketbodieson either side

of the chainring which are held in place withottom brackets andstructural tubes. This is an
innovative ideathat works well ontandembicycles and allows for theside-by-side seating
configurationchoserfor theve h i drhneeb s

This is useful because if two occupants are supplying paitbe same timehey can pedal out of
phase,although power from both occupants pedalling at the same rate would be necessary to
achieve maimum performanceA bonus feature in this design tisat the drivercan control the
vehicle without pedalling if @other vehicle occupaid present to dthe pedalling, hence allowing
people without the use of their lower limbs (iparglegics) the ability to drive the vehicle. This

has beersomething rarely considered in commercial tandem cycle desigrfsréimer broadens the
possiblemarket.
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4.6.3.Mechanical Power Transmission

Table 18Rear Wheel Transmission Configurations

Rearwheeltransmissiorconfiguration

Two-wheel drive e Tricycle differential rearaxle with dual
disc brakes anathainringcassette
e Tricyclerearaxle frame

Singlewheel drive e Onewheel built into frame foundation
and connected to the frame separately
the drive wheel

e Drive wheel connected tojackshaft
which itself is connected tochainring
cassette and chain running to thiel-
axle

Table 19 Rear Wheel Transmission Configurations

Criteriai Power Weighting Two Wheel Drive Single Wheel Drive
Transmission
Structural Integrity 5 4 2
Manufacturability 5 4 3
Functionality 4 5 2
Cost 4 2 4
Total 68 49

The design aspect that affects the choice of power transmission is primarily the ability to function
under the |l oads expected at the rear of t he
weight. The options on offer are to either power botthefrear wheels or power one, while having

the other act as a means of making the vehicle stable while sharing the weight of the rear of the
vehicle with the drive wheel. Powering both rear wheels will require a differential rear axle to allow
for variancein the motion of both wheels during turning, while the other option requires less parts
to achieve functionality.

Problems arising from having a singldeel drive consist of twice as much strain acting on the
drive transmission system as a result diya@me wheel powering the vehicle. Distributing the work
across two wheels will reduce the chance of components failing and remove the need for custom
made components that can withstand the forces expected in awiregedrive system.

The two wheel poer transmission option was chosen and made using a Greenspeed differential
rear axle and foundation assembly available off the shelf. This assembly is not only strong enough
to function under the expected loads at the rear of the vehicle, but will estsdfitronto the
parallel beam foundations by welding some connecting tubes onto the prefabricated foundation,
which will then connect onto the parallel beams.

The cost of implementing a tweheel drive system is higher than the alternative primarilytdue
the cost of the prefabricated foundation supplied with the components. This cost cannot be avoided
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due to the complexities involved in custom making a foundation strong enough for the rear axle and
the time required to design such a component. Givere tioe, a foundation could be designed to
replace this ofthe-shelf part, which could hence be made for a fraction of the $2,200 required to
otherwise purchase one.

4.6.4.Mechanical Drive SystemControl

Figure B. Bicycle handlebar with brakeandle and gear changer, [20] similar to how the ULUT
handlebar will be set up

Vehicle control requires little design since most controllable components chosen so far have
standard control parts that vary only in cost and ease offiseonly requiremenwhich factors in

with how the ULUT is controlled is the decision to have a central point of control which is handled
by the driver only. Just like on a bicycle, the handlebar will be fitted with these components which
includederailleurs for botkchainring cassettes (one on tmaid-axle and one on theearaxle) and

brake handles to operate ttidsc brakes on theearaxle. Aside from this, the handlebars can also
steer while both occupants provide power to the rear axle independently, yietvdrecanstill

dictate whether that power will produce drive for the vehicle or not via operation dith@akes.

This configuration is synonymous with that of a standard bicycle, hence also providing a very small
learning curve for the ULUT since bicycles awech a commonly used vehicle in society and these
controls would be highly favoured over ones which are new and unfamiliar to the average vehicle
user.

4.65. MDS i Design Solution

e Both occupants are equipped withdal poweredranksets which are opeea to provide
mechanical power to the drive system

e Pedals drive individual chains which provide power tid-axle

o Mid-axle featuresreewheels on either end of the shaft which the pedal chains are connected
to

e Mid-axle features &hainringcassette ithe ceng¢r which combines the power of both pedal
cranksets and drivemother chain connected to tlearax | eh@aisringcassette
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o Rearaxle provides power to both rear wheels to drive the vehicle
e The occupant on the right hand side operates the vewitiehe handlebar which is already
used to steer the vehicle
e Brakehandles have been added to tlaadlebar to operate two disc brakes on the rear axle
¢ Derailleurs mounted over eachainringcassette for changing gears, operateghify
levers

4.7. Parts List

See apendixE.

4.8. Manufacturing

This section details the suggested manufactur
and resezh. One of the objectives of this project was to design for a protoAgsuch, allowing

for experimentation and modification (to aide in prototype assembly and adjustment) was a high
priority. This meant that mechanical/reversible joining methods (clamping and bolting) are used in
place of permanent joining methods (welding) wherever possible.

4.8.1. Manufacturing Processes

4.8.1.1. Pipe Bending

Pipe bending increases in difficulty with increases in complexity of produced shape and required
accuracy.To produce near perfect ellipticatcswhoseends are to accurately meet with adjacent
frame @mponents requires expensive machinery to either change the radius of the bends while the
pipe is fed through it or a custom elliptical die is needed to produce elliptical shapes. These
processes would only be viable if the design was to be mass produded d prototype or smaller
production of the ULUT, an alternative is required.

Accuracy of the elliptical shape can be compromised for a cheaper and simpler pipe bending
alternative. A pipe bender which is capable bending pipe with a C&Rrélinebend radius) of

600mm would allow for the serailiptical shapes to be substituted with an oval shape consisting of

a straight section of 800mm length and a quarter circle bend on each end with radii of 600 mm. This
substitute is much simpler to produce ané vehicle still maintains the ~2m length end to end and

a midsection radius of ~1.2m. All that is needed from here is for the two baselipses to have

bends with ~130mm radius on the perpendicular plane and a 100mm vertical section at each end
where the semelliptical tubes meet so that they align themselves beside one another. The seating
arc tubes could be done in a similar way by substituting them with a straight tube with a 120° circle
arc bend at the top end of the arc.

The lengths of someapallel tubes and foundations will alter slightly to conform to these changes
but this will allow for a simpler and cheaper method of pipe bending that produces a
manufacturable product which closely resembles the envisioned design.

Another alternative awsidered was to imitate the elliptical bend in the tubes by having small bends
evenly spread over a tube to produce a piecewise linear substitute which was roughly elliptical in
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shape. Thisvas deemed too complex by the tebatause bends would me® vay in bending
radius along the tube in order to produce an elliptical shape (due to ellipses having a variable radius
along their length).

4.8.1.2. Bolting

The primary frame consisting on the threemi-elipses will be joined using mechanical joining;
namely a pair of nuts and bolts at each end ot¢ine-ellipses. The three tubes will be bent in such

a way that their ends are straight and vertically aligned so that these ends are positioned beside one
another. Two holes are to be drilled at each erakhers placed in between and at each end and
bolts are threaded through the holes and secured each with a nut.

4.8.1.3. Clamps

Fencingclamps are to be used for a majority of the joins throughout the ULUT Ff&inue tubes
are being used foheframe,fencingclamps are the most ideal option for joining them at intersects
throughout the structure of thiegame. These types of clamps are typically usedctwainlink
fencing and gates. Their primary advantage lies in their ease of assembly arehthbastiowing
simple maintenance and part replacemidi®]

4.8.1.4. Welding

Since someoff-theshelf parts that are made of chromoly steel would be too difficult to
mechanically join tahe frame, they will be joined to chromoly steel tubing foundations which can
then be clamped tthe frame. Chromolysteel is highly weldable using TIG welding which will

mai nt ain t he material 60s structur al pD2oiper t i
recommended as a filler material so that structural properties are well approximated. [18]

4.8.2.Manufacturing Method

This is a set of instructions on how each of gasts inappendixE are joined and assembled
together. For a full list of the parts specifications, ageendixE. A majority of the frame has been
joined together using clamps for ease of assembly/disassembly; theugbmiellipses are joined
together using bolts and mimal welding has been done to three necesgamymoly steel joins
(due to incompatibility with available clamps).

e Cutlengths oflluminium andchromoly tibe forsemiédllipses,ellipse arcs, parallelbeams
andfoundations

e Tubebendtop semiéllipse, both bottom semi ellipses anddlipse arcs

e Drill holes at ends ademiellipses andoolt semiellipsestogether to makerimary frame
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Figure B. Primaryframe joined withtwo bolts at each end

e Clampélipse arcs ontoprimary frame éllipse arc should be two separate tubes clamped to
topsemiéllipse instead of a single tube running above it, as shovig.id0 below)

Figure20. Elliptical arc clamped ontg@rimaryframe

e Clampparallelbeams intgplace alongunderside
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Figure2l. Parallelbeams installed acrosmderside

e TIG weld chromolyfoundationtubes ontdrontwheelcrossbar to mak&ont section

Figure 22 Frontsection

e Clampfrontsection ontgparallelbeams

Figure23. Frontsection installed ontérame
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e TIG weld chromolyfoundationtubes ontqrefabricatedearaxle foundation to makeear
section

Figure24. Rearsection

e Clamprearsection ontgparallelbeams

Figure25. Rearsection installed ontérame

o Fit steelcables ontalipse arcs
¢ Fit canvasseating ovesteelcables to makéammockseating
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Figure . Hammockseating installed (actual seating slightly different, this is a visual
representation only)

o Installfrontwheels tkingpins andnstall ontocrossbar
e Installrearwheels tarearaxle

Figure27. Wheels installed

Drill hole for steeringshaft intoparallelbeam andtlamp to holdsteeringcolumn*
Clampsteeringcolumn andclamp overdrilled hole *
Insertsteeringshaft intosteeringcolumn, connectingteering Fpiece on the bottom end
and thehandlebamssembly to the top *

e Drill and boltfront T-piece to thecrossbar and connesteeringarms between pieces and
kingpins
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Figure28. Steeringnstalled (visual representation only)

e Clampcranksetassemblies t@ranksetparallel beam and remainirigont sectionfoundation

Figure29. Crankset@and remainindgront sectionfoundation installed

¢ Weld mid-axle bottom brackets to theifoundations

Figure30. Mid-axle bottombracketfoundations
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¢ Install mid-axle assembly tamid-axle bottombrackets (ensuringhain torearaxle is
attached tanid-axle chainringcassette prior to assembly)
e Clampmid-axle foundation tqparallelbeams

Figure31. Mid-axle installed

Install chains fromcranksets tdreewheels omid-axle assembly
Install gearderailleurs shift levers anaabling

Install disc brakecalipers,brakelevers anaabling

ULUT assemblycomplete

;,‘4”//}7“ 7
un

Figure32. Completed ULUTassembly

*Note some details are not yet completesdeConclusionfor more details
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4.9. ULUT Upgrade - Electric Drive System (EDS)i Concept Design

This section explores the possibilities of 8BS module in the overall design. This is the final
stage of the ULUT design which is to be built around the already exisange andvIDS. The
EDS designs primarily involve the&lectrical power sources, includingoff-board andon-board
power generationithe electric motor andEDS control. Most of the design decisions in this section
are influencedy choices already made in tharhe andMDS designs.

An EDS solution has been thought out and designed to be integrated with the ULUT. But since the
primary focus of this project was for a completeime andVIDS, integration of th&eDS with the

rest of the vehicle has been omitted. What remains of this sectiom design of all of the required
foundations and supports which hold the electrical components in place. Also, likaDie
construction and testing of the working system would verify whether or not the components are
powerful enough to effectively drevthe vehicle in real world conditions.

4.9.1.Electric Power Sources

Table 20Power Source Options.

OPTION PROS CONS
Human Power e Health benefits due t e Low power output
the exercise involved i ¢ Increasd effort
the process required by occupant
e Low cost could pose a risk to th
e Zero emissions desi gnds aj
e Can be integrated with
PreCharged Electric Battery e Technology applicablg e Weight to power relate
to lightweightvehicles to cost (i.e.cheaper the
e Low cost battery, the heavier the
e Zero emissions are)
e Can be integrated witf ® Parts have a sho
human power lifespan
generation
Solar Power e Zero emissions e Expensiveechnology
e Low power output
Fuel Cell e Highly efficient e Technology not vye
e Can use different fuel available
much like a combustio
engine

Electric power can be sourced in various wdyel cells, solar panels humanpower, and battery
storage (energy sourced dibard of the vehicle) to name a feluel cells andsolar panelsboth

use technologwhich havenot yet been developed enougimdaretoo expensivéo be used irthis
vehicle design, but they have potential fouse inthe future [6,7]. Human power already exists
onboard and has the possibildf integrationinto theEDS. Prechargedbatterystorage is the best
option since it is low cost, readily available and comes in many variations. Battery technology can
provide the required power output and can be integratedhatfanpoweredelectricity generation.
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The 2008drive system team investigatl electric battery technologies and discovered tbaep
cycle lead acid batteries were the best option due to their low cost and high powtput P1].

Although they are one of the heaviest types of electric battery, their use will lower overalldtost an

are feasible when integrated along with a strongly supported vehicle ffaa@ehoice obattery
storage was based on the motor used and is detaitesgttion 4.9.2

4.9.2.Electric Motor and Battery

Table 21 Electric Motor Types [22]

TYPE ADVANTAGES DISADVANTAGES APPLICATIONS
AC e Least expensive e Rotation slips e Fans
INDUCTION e Long life from frequency
I(:,SglﬁgED e High power e Low starting
torque
AC e High power e Rotation slips e Appliances
INDUCTION e High starting from frequency
(SPLIT torque
PHASE
CAPACITOR)
AC e Rotation insync e More expensive e Industrial motors
SYNCHRON with freq long e Clocks
ous ife (alternator) e Audio tumtables
e Tape drives
STEPPER DC e Precision e Requires a e Positioning in
positioning controller printers and floppy
e High holding drives
torque
BRUSHLESS e Long lifespan e High initial cost e Hard drives
DC e Low maintenance e Requires a e CD/DVD players
e High efficiency controller e Electric \ehicles
BRUSHED e Low initial cost e High maintenancg e Treadmill
DC e Simple speed (brushes) exercisers
control (Dynamo) e Low lifespan e Automotive
starters

The first factor affecting the decision for an electric motor is whether to use AC or DC power. SLA
batteriesvere chosen to powdine motor andhey run onDC so if AC was to be used, there would

be a need for DGo AC conversion which would in turn raise cost and reduce efficiency. DC
motors are preferable so that the circuit is kept simple and removes the need to convert the power
between AC and DC.

Final Report 2009 page43



MPi1 CBU1Al

Out of the three types of DC motdisted intable21, brushlesDC motors are the most preferable

given their low maintenance, high efficiency and long lifesgacontrolleris needed for them to
run,butsi nce the vehicleds driver wil/l need to be
integrated nt o t he driverodds control system.

Given the electric motor needs work alongside the existingIDS, applying power to the front
wheels of the vehicle will allow for thEDS to apply power to the vehicle without any need to
modify the existing desigrHub motors are a type of motor which is installed into the wheels of a
vehicle, hence removing the need for a transmission system between the motor and wheel; this
allows for simple integration. Applying them to the rear wheels would not be feasible sinbe a h
motor must be installed onto a stationary axle to produce wheel rotation relative to the axle and the
rear axle currently provides power to the rear wheels.

Hub nmotors come in DQorushlessand gearless varieties which are commonly used on electric
vehicles and bicycleBicycle hub motors can provide power of up to 1000W each which is more
t han enough figbtweightdesign,ahtd tidy @re fairly inexpensive (~$108jcycle

hub motors ®me with off-the-shelf control systems which can also providegenerativebraking
(se=section 4.9.1

The choice of kectric power directly affects the type of SLatteries requiredrhe more power the
motors need the higher therequired batterycapadty, and SLA battery weight increases
substantially with capacityfTwo 36V 500Whub motors from Golderwere selected providing a
total of 1kW of power to the vehicleSLA batteries have a standardltage of 12V, so a bank of 3
sealeddeep cycle lead acid batteriesconnected in series will provide 36\The kattey storage
capacity decided on wa20Ahrs which will provide full power to the motors for at least 30min
which is adequate for initigbrototypng of thisEDS The total weight of the 3 batteriesll be
21kg.

Solution for déectric motor andbattery for more details seble 26 in ppendixE)

e 2 x 500W 36V/30A Brushless Gearless Front Wheel Hub Mdtons Golden Motor
e 3 x 12V 20Ahr Fullriver Sealed AGM Lead Acid Batteries from Energy Matters
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4.9.3.0n-Board Power Generation/Storage

[ Passenger ] [ Driver ]
[ Generator 1 ] [ Pedals [ Pedals ] [ Generator 2 ]

Stationary Mocle Stationary Mode

[ Mid Axle ]

Battery Bank] [ Rear Gear System Legend
Wheels -
— Energy Sources Vehicle
[ ] [ Components ]
Regenerative Braking

Frant Hub Motors
Wheels

Figure33. Energyflow diagram ofdrive systemintegration.

Mohile Mode Mohile Mode

Given thathub motors are in the design, regenerative braking is a possible inclusion. The
controllers available can automatically provide regenerative braking during downhill cruising and
stopping (moredetails insection 4.9.%1 Regenerative braking provides only a dnaahount of

power generation back into the batteries (~5% of potential braking energy) so a secondary power
generation system is required to adequatgtgnd the time that the battery contains charge during a
single trip.

An idea was thought up duringetMDS design stage whereby the human pedalling power is
transferred between thetectrical andmechanical drive systems. Space exists on either side of the
mid-axle for two separate power generators, one for each set of pedal cranks. If the generators are
connected to chainrings which are positioned directly next to the chainrings on each endidf the

axle, a derailleur could be used which switches the pedal chain betwesmndtagle andpower
generators, operated by a simple tmode gear changer whichangesoth derailleurs at once.

With this setup, the driver can control both drive systems wiadeswitch which diverts the pedal

power to where the driver needs it most. While the vehglat rest (i.e. at the lights) and in
fielectric mode ({stationary modeyehicle occupantsanprovide pedal power to the generators to
charge the batteries. When accelerating from resfitieehanicamoded ( mo b i &llewstheo d e )
driver to provide power from both drive systems for the increased torqueegdo quickly speed

up. Then while cruising, the pedals can be switched back to the generators to keep charging the
batteries.

The solution includes ongay diodes to prevent current being fed into the generators and 8A fuses
to limit generator powelA gearing system would be required so tthetderailleurs on either side

of the midaxle can switch the chain between the two systems and also convert the angular velocity
of the pedals to what is required at the generators. This is as far as the awsigptvas
developed, further woris discusseth Conclusions and Recommendatiénsection 5
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4.9.4.EDS Control

Table 22 Vehicle Control Options.

Options (both from Main Features Price
Golden Motor)
BAC-0281 36V/50A e Cruisecontrol
Cruise Speed Controllen e Anti-theft alarm and wheel $104.26
($90USD)

locking by detection of vibration
e Regenerativéraking (via hand

brake)
BAC-0200 Regenerative e Regenerativéraking @utomatic
Braking Controller for stopping and downhill motion) $133.23

e Programmable ceoff ($115USD)

current/voltage,
accelerating/decelerating rates

e TheULUT design features bicycle handlebar on asteeringcolumn forvehiclesteering
along withbrakelevers to operatdisc brakes andhift levers to operatgearchanging

e Golden Motor who supply theub motors also supplynotor controllers that are directly
compatible with their motor products

e Of the two options available for controlletse egenerativérakingcontroller is preferred
for its ability to provideregenerativdéraking when stopping and when cruising downbhill

e Electricthrottleis provided by ahumbthrottle

e Dischrakelevers will havesensors for activatingegenerativérrakes

e Having acomputerto monitor battery charges preferablesince lead acid should be
maintained above 20% capacity

e A switch lever for toggling pedals between mechanical and electrical drive systems via
derailleurs

e Note- controller cabling would need to loeistomisedn order tosplit the power outlet to
the motor between the two Hub Motors (seetion 5or more details)

Solution for EDS Control (for more details sggpendixE)

e 1 x BAC-0200 Regenerative Braking Controller from Golden Motor

e 2 xBrake Handles with micrewitches from Island Earth

e 1 x Thumb throttle with led display for battery voltage and latch switch from Island Earth
e 1 x Mountain Bike Suspension Switch Lever
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5. Conclusions and Recommendations

An ULUT has been designed witghfocus @ manufacturability, cost, weight and prototypifdne
vehicl e -Basaspadd dybrdgoweredahledo carry two adult occupants, who could

also beone of the power source¥he design incorporates the facility to introduce features (e.qg.
space is provided for the EDS) and to complete experiments (e.g. reversible joining methods used
so that component locations can be modified relatively easily).

The cost of the human powered ULUT design comes to a to$&8976.30.This price will requie

revision once the Black Box Areas of Design (Sectidnl®low) are resolved since they contain
incomplete designs that would eventually add more components to the overall design. The EDS
upgrade to the design, which will turn the ULUT into a hybrid pedehumarelectric drive
vehicle, will further increase cost of the design. The EDS requires wiring and foundations to
support the system on the ULUT frame, which is expected to change the overall cost of-this sub
system in the design. It is anticipateditkthe rear axle foundation (an -offe-shelf component with

an associated cost of $2,200) could be replaced with a custom foundation, which would lower the
overall vehicle cost significantly.

5.1. Black Box Areas of Design

Due to time and resource cormsir nt s associ ated with the project
the design that require more detail concerning their functionality, manufacturing and/or being fitted
onto the vehicle. These black boxes include:

e Steering’ the steering column desigaquires a steering shaft that is held inside with ball
bearings, a way of connecting the steering shaft to the handlebarspggkeTat each end of
it. Variable positioning of the steering column also needs to be designed so that it can be
adjusted for dver comfort, ease of use and entering/exiting the vehicle.

« Mid-Axle i themid-axle design requires more detail. It needs a freewheel at each end, two
bottom bracket bodies where the axle is held by two bottom brackets, and a chainring
cassette in the ceme. Parts for the axle need to further design and sourcing.

e Seating The way in which the steel cables will be padded and how the canvas will be cut
and sewn to create the seat around the steel cables has not been fully investigated. An
alternative seatig arrangement could be designed.

« EDSI Although the system has been investigated and electrical components have been
chosen and sourced, designing all the mechanical and structural components to integrate the
system with the rest of the design has nohlmempleted.

o Stress Analysis/FEA A full analysis of the structural integrity of the entire frame has not
been completed, nor has the frame been tested for its structural integrity in the event of a
collision.

5.2. Further Work

If this project is contined beyond 2009, the black box items in the above list are all important areas
for further investigation and design, after which a prototype could be built. Suggested
manufacturing instructions have been provided that give an order of processes. legeslitftat

the modular, or stepy-step, approach to the design detailed in this report be taken. This staged
approach means that during protaygpoduction, accommodation for future functionality can be
made, but significant functional issues can be exblsequentially. It also means that funding for
prototype construction can be acquired in stages. Building a prototype will lead to its testing and
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modification in order to prove its viability as an alternative to cars. Reversible joining methods are
usedliberally in the design to allow for prototype modification and experimentation. However, the
final production line version of the vehicle will most likely have all joimedded.
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Appendix A Project Diary

Table 23Project Diary

Date | Dur. | Who | Notes
Tue 2 hrs | Dave | - Discussion

17/3 Matt | - Brainstorming

Sun |2 hrs | Matt | - Discussion

2213 Dave | - Brainstorming

Tue 2 hrs | Dave | - Discussion

24/3 Matt | - Brainstorming

Tue 1hr | Al - Split up research tasks
31/3 - Set tasks

Thu 1.5 | Matt |-Wrapped up Scope of Works, fix&hnnt Char(ish)

2/4 hrs | Dave | - Emailed Neil to meet up

- Looked at what areas needed research

Tue |15 | Matt |- Prepared for meeting with Colin and Neil (8/4), see word
714 hrs |Dave |[AiNot-£46 7

- Did subsequent research

-Decide that diary is an important taglat needs attention durir
group meetings

Wed |1hr | Matt |-Metup with Colin and Neil

8/4 Dave | - Showed them our work so far, were told that we were going i
wrong direction, that the egghape chassis is a constraint

Thu 3 hrs | All - Looked atideas generated

16/4 - Brainstorming

- Need to geSolidWorksmodels soon

- Morphological Chart compiled

- Need to figure out steering

- Need to figure out how stuff all comes together/how it conneg

chassis, etc
- See email sent by Dave
Sun | 3hrs|Jen |-CAD modeling for frame started on
26/4 Matt | - Frame concept design started on
Thu 6 hrs | Matt | - Frame concept design completed
30/4 Dave | - Material and joining methods for frame begun on

- Discussion on other components and how they connect to fraj
- CAD madelling consolidating for frame

- See email sent to Colin and Neil

Tue | 2 hrs | Dave | - Frame concept design

5/5 Matt
Fri 1hr | Al - Project meeting with Colin and Neil
8/5 Colin | - Showed progress, assessing if a build is still viable
Neil | - Althoughslightly behind, a build is attainable as long as desigr

manufacturing is complete in the coming weeks leading up tc
mid-year break
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Date | Dur. | Who | Notes

Sun |4 hrs | All - CAD modelling for FEA analysis task begun on
10/5 - Report writing taskslistributed

- CAD tasks distributed

- Proper dimensioning for CAD design begun on
- Design for manufacturing report begun on, also to be ma
progress report

-Deadline set for these tasks as last day of May

- Redo Gantt Chart

Each person is assigneadsks to which they are responsible
seeing that they are complete by the deadline.

Tue 1.5 | Al Went through and began working on tasks
12/5 | hours

Tue |4 All -Worked on CAD models

17/5 | hours -Began Progress Report

-Began preparing for CERES meetingknday

Wed |5 Dave | -Worked on CAD models and Progress Report

18/5 | hours| Matt | -Preparing for CERES meetind (made a handout that gives
brief overview of the project)

Fri 3 All -Prepared for CERES meeting
20/5 | hour -Had CERES meeting with outcomes:
- learned wee a nuge bike wheels
Tue 1 Dave | -Jenny needs to do FEA on frames before she goes oversea

26/5 | hour | Jen | will include research into how to model joining methotise FEA
will investigate the structural integrity of different joinimgethods
and frame types.

Tue 3 Dave | -Progress report, all but section 3

26/5 | hours| Matt

Fri 1 All -Progress report, particularly Gannt chart
29/5 | hours -Meeting with Colin and Neil

Fri 1 Matt | - Progress report

29/5 | hour | Dave
Sun |2 Matt | -Finished progress report (draft 1)

31/5 | hours| Dave | -Wrote May report for Dr. Smith

-Allocated tasks for exam period and beginning of holidgysee
email that matt sent 31/5

Fri 3 Matt | -Frame Design

5/6 hours| Dave | -Spatial Analysis

Tue |4 hrs | Dave | -Greenspeed checked out trike differential and availability

16/6 Matt | other parts we could use, etc.
-Research
Wed |7 Dave | -Dimensioning

17/6 | hours| Matt | -Spatial Analysis

-Stress Analysis

-Overall Frame Design

Thu 1.5 | Al -Continuation of Wednesdays activities
18/6 | hours -CAD (Jenny)

Thu 2.5 | Matt | -Continuation of Wednesdays activities
18/6 | hours| Dave | -Met up with Colin
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Date | Dur. | Who | Notes

Mon | 0.5 Dave | -Stress Analysis

22/6 | hours| Matt | -Assembly

Wed | 0.5 | Dave |-Research on-Elamps and steel tubes

24/6 | hours| Matt | -StressAnalysis

Fri 3 Matt | -Formal acknowledgement of decision to not have a circle ir
26/6 | hours| Dave | frame, and for the ellipse to be at a 45 degree angle
-Task planning

-Spatial Analysis

-Frame Design

-Dimensioning

Tue 3 Matt | - Preparationsor build report

14/7 | hours| Dave | - Assigning remaining tasks between Matt and Dave
- (Davel researched off the shelf parts)

Wed |2 Matt | - Preparing build report (stress anal, dimensioning anal, asse
15/7 | hours| Dave | manufacturing and component research)

Thurs | 5 Matt | - Working separately on build tasks

16/7 | hours| Dave

Tues |8 Matt | - Working separately on build tasks

21/7 | hours| Dave | - Meeting up for the final 3 hours to combine work which has &
done separately

Wed |5 Dave | - Worked on bud report tasks

22/7 | hours| Matt | - Matt went to tutor during the day
Thur |1 Dave | - Met up with Colin

23/7 | hour | Matt | - Outcomes:

more or less on the right track
stress anat> use FEA to test model
steeringi moment resistance

black box
design procesk morphology to decision making
sel |l i dea that webve done w

See sheét printout of stress analysis explanation for more
Tue 2.5 | Dave | - attempting FEA

28/7 | hours| Matt | - planning the rest of the project:

Oral presentation

Progress report

Rest of the project

See sheet A
- allocating/planning tasks
Wed |1 Matt | -Worked on Oral Presentation
29/7 | hour | Dave
Thu 2 Matt | - Worked on Oral Presentation
30/7 | hours| Dave
Sat 4 Dave | - Worked on Oral Presentation

1/8 hours| Matt | - Began Progress Report
- worked together, theseparately

Tue 5 Matt | - Worked on Oral Presentation
4/8 hours| Dave
Wed |2 Dave | - Worked on Oral Presentation

5/8 hours| Matt
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Date | Dur. | Who | Notes

Thu 2 Matt | - Worked on and practiced Ofatesentation

6/8 hours| Dave

Fri 1 Dave | - Oral Presentation

7/8 hour | Matt

Mon |2 Matt | - Progress Report

10/8 | hours| Dave | - Planning rest of the project have weekly evaluations)

Mon |2 Dave | - Review of progress

17/8 | hours| Matt - Set tasks for the coming week, see IMPORTANT STUFF.do

- Final Report Drafting
Wed |2 Dave | - Final Report Drafting
19/8 | hours| Matt
Thu 6 Matt | - Final Report Drafting

27/8 | hours| Dave | - Power Calculations

- Manufacturing Instructions

Mon |3 Dave | - Final Report Structuring

31/8 | hours| Matt | - Final Report Drafting

Wed |1 All - Final report drafting

2/9 hours -Going over Jennyo6s work

Wed |1 Jen | - Final report drafting

2/9 hour |Matt |-Goi ng over JennyO0s worK
Thu 4 Matt | -Final ReporDrafting

3/9 hours| Dave |-Edi t i ng each otherods stuff

Tue |4 Dave | - Final Report Drafting

8/9 hours|Matt |-Pl anni ng out remaining task:#¢
Wed |3 All - Final Report Drafting;r ecei ved Col i nds
9/9 hours begun work on fixing it up

- Worked with Jenny on her tasks FEA, A Cost Analysis,
ACAD,AProduct Researcho

Thu 4.5 | Matt |- Went to Greenspeed

10/9 | hours|Dave |-Fi n al Report Drafting with (
Sat 4 Dave | - Final Report Drafting

12/9 | hours| Matt
Sun |6 Matt | - Final Report Drafting
13/9 | hours| Dave
Mon | 4.5 | Dave | -Final Report Drafting
14/9 | hours| Matt
Tue 1.5 | Al -Going over Jenniebds stuff
15/9 | hours - Final Report Drafting

Tue |4 Matt | - Final Report Drafting

15/9 | hours| Dave
Wed |1 All -GoingoverJ enni eds stuff
16/9 | hour - Final Report Drafting

Wed | 10 Matt | - Final Report Drafting

16/9 | hours| Dave
Thur |4 Matt | - Final Report Drafting
17/9 | hours| Dave
Fri 4 Dave | - Final Report Drafting
25/9 | hours| Matt
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Date | Dur. | Who | Notes

Mon |6 All - Final ReportFinalising

28/9 | hours -Jenni ebs stuff

Tue 3.5 |Al - Final ReportFinalising

29/9 | hours -Jenniebs stuff

Tue 3.5 | Matt |- Final Report Finalising

29/9 | hours| Dave | - Contributions Paper

Wed |4 All - Final Report Finalising

30/9 | hours -Jenniebs stuff
- ContributionsPaper

wd 2 Dave | - Final Report Finalising

30/9 | hours| Matt | - Contributions Paper

Fri 4 Dave | - Final Report Finalising

2/10 |hours|Jen |-Jenni eds stuff
- Contributions Paper

Sat 4 Jen | - Final Reportrinalising

3/10 |hours|Dave |-Jenni eds stuff (FEA)
- Contributions Paper
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Appendix B Sample Dimensional Analysis by Hand Seating Ellipse

Much dimensional analysis was completed by hand in this préjecthe most part, CAD models
supersede these analyses. A sample is providedIheras made irorder to calculate dimensions
for the seating ellipse given certain inpulbis was to be done by creating a number of equations,
then use MATLAB to calculate the unknownBhe equations were created, but the MATLAB
program was not.

Firstly, the originand base X, Y, and Z axis need to be defined.

The origin is at the front of the vehicle, right in the middle of where the-skigges meet. The X
axis runs along the length of the vehicle, parallel to the grolimelZ axis is normal to the ground.
TheY axis is parallel to the ground, and points to the left of the velsietefig.38in gppendixC.

Input variables:

d Angle of seating ellipse

d> Horizontaldistance (parallel to Xxis) from origin to where seating ellipse meets
thebottom semiellipses

L Length of vehicle (measured along X axis)

h Maximum width of vehicle (measured along Y axis)

PX) =R Horizontal distance (measured along Y axis) between the bottom twe semi
ellipses at distance x from the origin (measured along X axis)

c* fiClear a n icdéstance between the centregtasd seating ellipse and top semi
el lipse tubes (on angle d)

c Vertical Aicl earanced ¢ = c*sind

co Hori zont al i ctlaenadr anceo c¢c6 = <c*

Unknown Variables:

Ly Maximum length (major axis) of seating ellipsieit(were to be a full ellipse)

L4* Actual maximum length of seating ellipse minus c*

hy Maximum width (minor axis) of seating ellipse

d ADi spl ac e me ngedtingellipse framdraxise o f

d; Horizontal distance (parallel to X axis) from origin to where seating ellipse is at
z=0

ds Horizontal distance (parallel to X axis) from origin to where seating ellipse meets

the top semellipse

So there are six unknowns. To solve, at least sia@ons are required. Their derivation is given
below.
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Figure35. Seatingellipse dimensional adysis pageone.

Final Report 2009 page58



MPi1 CBU1Al

Figure36. Seatingellipse dimensionalanalysispagetwo.
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Figure37. Seatingellipse dimensionalnalysispagethree.
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