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Glossary 

Table 1. Glossary. 

 

Term 

 

 

Definition 

ULUT Ultra Light Urban Transporter 

MDS Mechanical Drive System 

EDS Electric Drive System 

CAD Computer Aided Design 

FEA Finite Element Analysis (CAD) 

BS-E Bottom Semi-Ellipse 

SLA Sealed Lead Acid Battery 

AC Alternating Current 

DC Direct Current 

Prolate Spheroid Spheroid shape having a polar diameter of greater length 

than the equatorial diameter (i.e. ñegg-shapedò) 
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1. Executive Summary 
 

ñThere is increasing concern over congestion and pollution associated with motor vehicle use for 

personal transport. Research has shown that a large proportion of these journeys are conducted in 

large cars over a relatively short distance with only a single occupant.ò[1] This project aims to 

design a vehicle that could be a viable alternative to cars for such journeys. 

 

The designed vehicle is an Ultra Light Urban Transporter. It is powered by a hybrid human-electric 

drive system. The vehicle design adopts off-the-shelf bicycle and electric vehicle technology which 

work together to create a lightweight vehicle which is enclosed like a car.  

 

A concept frame was devised for investigation for the project. It incorporates an egg-like shape that 

has theoretical safety benefits, while at the same time remaining minimalistic in its design. The 

frame design comprises three semi-ellipses. A preliminary study into this frameôs structural 

integrity has been completed. The vehicle can seat two adults, each of whom could power it via foot 

pedalling. A mechanical drive system ï which on its own could power the vehicle ï has also been 

designed, as has an electrical drive system that can be retrofitted on top of the mechanical system. 

 

 

 

Figure 1. Ultra Light Urban Transporter. 
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2. Introduction  
 

Over the past century, cars have become an integral part of our lives: we rely on them heavily for 

personal transportation, but rarely think about the sustainability of our driving habits. According to 

research, the average occupancy of cars in Melbourne is 1.22 people [2] (see fig. 51 in appendix I). 

Clearly this is very inefficient and wasteful (moving 1-2 tonnes of car to transport 100kg of people). 

Such inefficiency is not acceptable in the face of climate change and diminishing oil supplies. This, 

coupled with the fact that with most urban trips (in Melbourne) being less than 20km one way, [3] 

(see fig. 52 in appendix I) reveals a public need for a new type of vehicle. 

 

This project encompasses the research and design of an Ultra Light Urban Transporter (hereby 

known as ULUT). An ULUT is a vehicle that is a realistic alternative to cars for urban short trips. 

 

 Objectives: 

- To design an ULUT, with an emphasis on manufacturability 

- To minimize cost and weight in the design 

- To design for a prototype 

 

Constraints: 

- Vehicle must have an óegg-shapedô frame 

- 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 final-year project teams made up the Hybrid Human Powered Vehicle Project 

(formerly known as the Low Impact Urban Short Trip Vehicle Project). Their aim was to design a 

vehicle that incorporated human power and a secondary power source: one team focused on a drive 

system powered in this manner while the other team worked on the chassis.  

 

The teams investigated the need for ï and road laws affecting ï such a vehicle and used their 

findings as a basis for their designôs requirements (see appendix G for a summary of their research). 

 

The two teams eventually came up with a one-seat human-electric powered vehicle design. An 

electric motor was chosen as the secondary power source for a number of reasons, such as cost, 

efficiency and the wide range of vehicle technology that uses electric power. The chassis was to be 

made from bamboo, a novel concept that constituted a large part of the chassis teamôs research due 

to the very uncommon use of bamboo in commercial vehicle structural design, and its widely 

varying properties as an organic material. The drive system applied human and electric power in 

series, with the electric power applied automatically via a complex control system comprising 

computer circuitry and stress sensors to measure human power input. The vehicle could 

theoretically achieve speeds of at least 30 km/h when the human occupant applies 100 W and the 

electric motor is at full power on a flat road [10] & [11]. 

 

There were several problems with this design that needed to be addressed prior to commencing 

work on a new design for 2009. Firstly, the use of bamboo was considered too risky for the chassis 

frame due to its rare use in commercial vehicle structural design and the consequent lack of relevant 

data to support the 2008 project teamsô claims that it is a safe structural material. There are more 

commonly used materials whose properties have much less variation than bamboo, such as steel, 

aluminium and titanium. The drive system designed by the other team required much of their work 

to go into designing a control system that would manage the electric power output. This yearôs team 

decided this was an overly complex method of applying secondary power that could be achieved 

more easily by other means. 

 

3.2. Project Mentor Dr . Neil McLachlan 
 

Dr. Neil McLachlan was the teamôs ôexternal mentorô and acted as the client for this project. He 

provided a conceptual design for the vehicle, ï see fig. 2. As mentioned previously, one of the 

design constraints was that the vehicle have an óegg-shapedô frame. The reason for this is that Dr. 

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 therefore, a 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 websites and companies have been researched in order to learn more about off-the-shelf 

products that could be used to lower production costs, and vehicle designs that are somewhat 

similar to the one in this yearôs project have been investigated. This research also provided useful 

information about manufacturing methods ï see Table 27 in appendix F for a list of researched 



 MPïCBU1AI 

Final Report 2009 page 8 

companies and websites. Two companies were of particular note and are discussed below. From 

investigating similar vehicles to the ULUT, no company was found to be currently producing them 

in large quantities as a business, only hobbyists with designs based on 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 recumbent cycle parts. As well as being 

able to supply many useful off-the-shelf 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 future years, Greenspeed may be keen to help build an ULUT 

prototype. 

 

3.5. CERES 
 

ñCERES (the Centre for Education and Research in Environmental Strategies, pronounced óseriesô) 

is an internationally recognised model of a sustainable societyò [12] based in East Brunswick, 

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 and associated 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 
 

 

Figure 2. Dr. McLachlanôs ULUT concept design. 
 

4.1. Requirements Analysis 
 

The first step toward understanding the requirements of the ULUT 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 transportation for urban environments. Moreover, the original concept (fig.2) 

included an óegg-shapedô frame. The benefit of such a frame relates to its structure, adopting the 

geometrical properties of an egg that can distribute compression forces along ï and not across ï its 

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

added strength and could sustain large compressive forces in the event of a collision. 

 

Another core requirement called for a manufacturable vehicle design. 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 easily manufactured. 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 core design requirement was the capability of seating multiple occupants. The 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 vehicle suitable for small families. 

 

Several overall design goals guided design decisions throughout the project. These goals are 

summarised in Table 2. Reasons for 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 design. Criteria weightings have also been included to highlight the relative 

importance of requirements, which was based on discussions with the projectôs supervisor and 

mentor. 
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Table 2. Design Criteria.  

GOAL  CRITERIA  RELATION  REASON WEIGHTING (OUT OF 

5) 

     

COST RELATED     

 

Minimising the cost of 
manufacturing 

 

Cost ($) of building 
vehicle 

 

Vehicle manufacturability, 
Use of off-the-shelf parts, 

minimisation of machining 

of parts 

 

Feasibility of design 

 

5 

 

Minimising the cost of use 

 

Cost ($) per km 

 

Where the vehicle sources 
its energy 

 

 

Marketability of design 

 

4 

 

ENGINEERING 

RELATED  

    

 

Maximising user safety 

 

Number and effectiveness 

of safety mechanisms in 
place 

 

Elliptical chassis design 

and safety components 

 

User safety 

 

5 

 

Maximising driver vision 

 

Percentage of driverôs 

view blocked by vehicle 

components 

 

Chassis design 

 

User safety 

 

4 

 

Minimising environmental 

impact 

 

Recyclability of vehicle 

materials, vehicle 

emissions (kg CO2 per 
km) 

 

A core aim of the project ï 

an environmentally 

friendly vehicle 

 

Marketability of design 

 

2 

 

Maximising vehicle range 

 

Distance (km) the vehicle 

can travel without adding 

energy from external 
sources 

 

Vehicle energy capacity 

 

Marketability of design 

 

1 

 

Minimising weight 

 

Overall mass of the 

vehicle (kg) 

 

Vehicle speed, 

acceleration and energy 

use 

 

 

Marketability of design 

 

4 

USER RELATED     

 

Ensuring a central point of 
control 

 

All control of the vehicle 
is handled only by the 

driver 

 

Complexity of use 

 

Usability of design 

 

3 

 

Maximising the benefits to 

the userôs health 

 

Air circulation and user 

exercising during use 

 

Userôs health 

 

Marketability of design 

 

1 

 

Maximising protection 
from environment (i.e. 

rain) 

 

Percentage of user space 
unprotected 

 

Ability to use vehicle in 
different road conditions 

 

Marketability of design 

 

1 

 

Maximising user space 

 

Space available (m3) 

around user seating area 

 

Userôs comfort 

 

Marketability of design 

 

1 

 

Maximising 
seating/controls 

adjustability 

 

Proportion of population 
(%) that can sit in the 

vehicle and use it without 

problems (i.e. not able to 
reach controls) 

 

Userôs comfort 

 

Marketability of design 

 

1 
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4.2. Project Design 
 

To facilitate the task of designing a functional vehicle, the system was broken down into sub-

systems in order to simplify the design process. Last year, two separate teams dealt with the vehicle 

chassis and vehicle drive train respectively, something that could be adopted again this year given 

that there was an emphasis on completing the chassis prior to working on a drive system for 

dynamic functionality. These two sub-systems are, for the most part, independent of one another 

and could hence be designed separately up until integration at the end of the design stage. These 

sub-systems could also be further broken down into their own core sub-systems 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, something typical of software systems 

whereby projects are broken down into independent sub-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 (something needing 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 

stages.  

 

As mentioned in the summary of last yearôs work (see literature review and appendix G), favoured 

choices made by last yearôs teams included the use of human/electric hybrid power. Their work also 

detailed the complexities involved in a hybrid drive system of this type but this yearôs team came up 

with alternatives which have the potential to be much simpler in their design and cheaper to 

produce. Also, given that this yearôs team were attempting to provide a design which could 

accommodate more than one passenger, 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 solutions, initial choices were made before the frame design was 

investigated that related to how much space would be required in the vehicle. For the most part, this 

was directly related to how many occupants the vehicle would accommodate. To design a vehicle 

that could carry more than two occupants was deemed over-ambitious, leading to a decision to limit 

occupancy to two. The relevant design goal was thus to create a vehicle capable of carrying two 

passengers weighing up to a total of 180kg (~90kg each). 

  

An approximate length of two metres was suggested in early project meetings with the teamôs 

supervisor. This was accepted as the vehicleôs length, but could be varied if further investigation 

deemed it to be inappropriate. As for the width, a maximum internal radius 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 length, this was accepted as the vehicleôs width, but could be varied if further 

investigation deemed it inappropriate.  
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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. 

Given that these are a standard component for many structures, (most notably bicycles) with a high 

strength to weight ratio, it was decided early on that the frame be made out of tubes. For simplicity, 

all tubes used in the design would be of uniform cross-sectional geometry. 

 

The original óegg-shapedô frame design was provided by Dr. McLachlan, (see fig. 2). In terms of 

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 the seating was attached. The team brainstormed on 

the frame and came up with a few variations that satisfied the óegg-shapeô requirement, -see table 3. 

Table 3. Frame Morphological Chart, (a pictorial version is given in table 29, appendix I). 

ELLIPSES SEATING CIRCLES FRAME ORIENTATION 

Original (X) 1 ï middle Straight 

Cross ï Original rotated 45° 2 ï front, back Tilted forward 

Original varied angle 2 ï middle, back Tilted backward 

3 Semi-Ellipses 3 ï front, middle, back  

 

In order to decide on an ellipse configuration, a decision table was constructed see table 4, below.  

Table 4. Frame Decision Table -Ellipses 

Criteria Weighting Original Cross Varied 

Angle 

3 Semi-

Ellipses 

Safety -Structural Integrity 

Safety -Unhindered Driver Vision 

Ability to enter vehicle 

Weight 

Ease of attaching drive system & wheels 

5 

4 

2 

4 

3 

4 

3 

3 

2 

4 

4 

4 

4 

2 

1 

3 

3 

3 

2 

4 

3 

4 

5 

3 

4 

 
Total 58 55 53 65 

 

Out of the options available for the primary frame which satisfied the ñegg-shapedò criteria, the best 

choice turned out to be a configuration which used three tubes bent into a semi-elliptical shape (see 

Tables 3 and 4). In this configuration, all three semi-elliptical tubes meet at both the front and rear 

ends of the frame, one running along the top and two on the base, each separated by 120° (see fig. 3 

and 4). This minimises the materials used to create the primary structure, maximises driver vision 

and properly maintains the prolate spheroid (egg) shape in the overall structure.  

A straight frame orientation was decided upon for simplicity and ease of design. 
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Figure 3. Primary frame ï front view. 

 

 

Figure 4. Primary frame ï isometric view. 

  

 

4.3.3. Seating  
 

In the original concept design provided by Dr. McLachlan, the seating is attached to the frame via a 

circle in the middle of the vehicle (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 are summarised in a morphological chart (table 5). 
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Table 5. Seating Morphological Chart. 

SEATING 

CIRCLES 

SEAT TYPE POSITION 1 ADULT 

SEATING 

CONFIG.  

2 ADULT 

SEATING 

CONFIG. 

1 ï middle Bicycle Seat Upright Alone ï no kid(s) Side-by-side, no 

kid(s) 

2 ï front, back Computer Seat Recumbent Kid(s) behind Side-by-side, 

with kid(s) 

2 ï middle, back Suspended/ 

Hammock 

Semi-Recumbent Kid(s) beside ñBeneathò each 

other, no kid(s) 

3 ï front, middle, 

back 

Recumbent Cycle 

Seat 

   

 

Since the design focus was primarily on the chassis frame and drive system, simplicity was the 

main driver behind design decisions for the seating. The main design decisions are outlined below. 

 A semi-recumbent seating position was decided upon as research shows this to be the most 

efficient position for harnessing human power. ñDespite many attempts to improve the design of 

leg cranked mechanisms, all present speed and performance records in single rider water, land, 

and air vehicles of unlimited design are now held by vehicles whose riders are in the semi-

recumbent position, cranking in circular motions, with only their legs.ò[16,17]. 

 The simplest foundation for a semi-recumbent seat would be a Seating Tube arbitrarily angled at 

45° to the horizontal. 

 Of the four seat types listed in table 5, a suspended/hammock 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 investigation/design for future teams. 

 Given that the vehicle would accommodate two adult passengers sitting side-by-side, 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 the Semi-Ellipse 

Tubes and maintain an angle of 45° to the horizontal. 

 The Seating Tube 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 suspend the seat between the Seating Tube, steel cables would run from one side of the Tube to 

the other, with foam padding around the steel cables for occupant safety and comfort. Canvas sheet 

would be placed over these steel cables with rope on the back side of the canvas to hold it in place 

(similar to many semi-recumbent seating designs on modern bicycles) ï see fig. 5. 
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Figure 5. Seating ï isometric view. 

 

 

4.3.4. Underside  

Table 6. Underside Options. 

OPTION DESCRIPTION PROS CONS 

Floor Option Having a floor covering the 

whole underside of the frame. 
 Parts can be 

installed 

anywhere on 

underside 

 Frame can be 

fully designed 

before drive 

system is 

looked at 

 Difficult to 

join onto 

primary frame 

 Low structural 

integrity 

Parallel 

Beam Option 

Beams running across 

underside between bottom 

semi-ellipses and placed where 

drive system parts need a 

foundation. 

 Provides added 

strength to 

frame 

 Removes need 

to use excess 

material to 

cover entire 

underside 

 Foundations 

can be 

customized 

depending on 

the parts being 

installed  

 Design 

depends on 

drive system 

components 

and where they 

are to be 

installed 
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Table 7. Underside Decision Table. 

Criteria Weighting Floor Option Parallel Beams Option 

Structural Integrity 

Manufacturability 

Maintainability 

Weight 

5 

5 

4 

4 

2 

3 

1 

2 

4 

5 

5 

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 designs). Given that the frame design so far is 

quite minimal and the underside will be supporting the wheels of the vehicle which in turn will 

support the total weight of the vehicle, added structural foundation is required in this area. Two 

design solutions for the underside were investigated and these are presented in table 7. 

  

The parallel beam option allows for structural foundations to be built where they are needed and 

customised depending on what the foundation is supporting. The front and rear sections supporting 

the wheels can be reinforced while sections supporting a drive system part can use less foundation 

proportional to the loads it will experience. Not only does the parallel beam option support drive 

system components, but it also adds strength to the overall frame. The entire frame can be made out 

of structural tubing with this option making 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 it. Problems arising from this option are: the difficulty in installing 

foundations onto the floor; the wheel sections cannot be supported by a floor very easily; and if the 

design is to include a bicycle component drive system, then holes need to be cut out to give 

clearance for parts like chains and chainrings. The parallel beam option however, provides a strong 

base for foundation installation and components such as bicycle chains can more easily be installed 

around the frame. 

 

Joining methods also influence the choice. A floor would need to be somehow mechanically joined 

or welded onto the primary frame and since the floor would need to transfer load from the drive 

system to the wheels, the complexity of using a floor give reason not to use it in the design. Parallel 

beams on the other hand can be bolted, welded and even clamped together (discussed more in 

section 4.8). They will have the same cross-sectional geometry of the primary frame tubing 

reducing variation in the parts required for the frame and they will provide strong base for drive 

system components, hence making them the superior option for the underside of the vehicle. 
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Figure 6. Underside ï isometric view. 

 

 

4.3.5. Wheel Configuration 

Table 8. Wheel Configuration Options. 

CONFIGURATION PROS CONS 

 

FRONT WHEELS (STEERING) 

One Wheel  Simple implementation 

 Less parts 

 Lower cost 

 Poor steering control 

 Less traction 

 Difficult to implement 

 Safety compromised 

Two Wheels  Better steering control 

 Off-the-shelf 

components available 

 Better vehicle Stability 

 More parts 

 More structural 

foundation required at 

front of vehicle 

 

REAR WHEELS (MECHANICAL POWER TRANSMISSION) 

One Wheel  Less parts for 

mechanical drive 

system 

 Lower Costs 

 Difficult to design 

single wheeled drive 

system for a 

lightweight design and 

multiple occupants 

Two Wheels  Better vehicle stability 

 Off-the-shelf 

components available 

 Higher costs 

 More Parts 
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Table 9. Wheel Configuration Decision Table. 

Criteria ï Wheels 

(Front or Rear) 

Weighting Single Wheel 2 Wheels 

Manufacturability 

Functionality 

Safety 

Cost 

5 

4 

5 

4 

2 

1 

1 

4 

3 

4 

3 

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 rear section. Steering and power transmission are 

handled by separate wheels to reduce design complexity and increase off-the-shelf part 

compatibility. 

 

Table 9 outlines the factors influencing the choices for the wheel configurations at the front and rear 

of the frame. One 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 either end, then that would place a necessity for two wheels 

on the other end. Simplicity played a big part in the decision making of this section because steering 

and power transmission can both be very complicated areas of vehicle design if they are designed 

from scratch. 

 

The choice was made to have a four wheel design, with two wheels at both the front and rear. This 

resulted in maximum vehicle stability, steering control, traction and mechanical power 

transmission. Having 4 wheels means there is a limited chance of the vehicle falling over during 

use. The use of two wheels to steer makes steering easier since there is double the wheel surface 

area supplying traction between the road surface and the front steering wheels. As for the rear, 

given that the weight of the vehicle will be large with both occupants seated along with the added 

weight of the frame and drive system, two wheels providing both drive and support for the vehicles 

weight is necessary for 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 they are rack and pinion steering or the simpler 

variety which uses steering arms and pivots to transfer movement from the steering column of a 

vehicle to its front wheels. Rack and pinion steering would be too expensive to implement on a 

lightweight vehicle like the ULUT because the alternative is more widely available and typically 

used on tricycles and quad-bikes. Greenspeed is one such company which sells these parts for 

recumbent bike steering which has therefore been implemented into this design (see appendix E and 

J). The front wheels and kingpins are also to be mounted on a crossbar frame which is designed 

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 either side of 

the riderôs seat and their pivot is underneath the rider so that the steering arms can run along the 

underside of the vehicle. These pivots are known as T-pieces and can be removed from these types 

of handlebars which are not applicable to the ULUT design due to the seating configuration decided 

on. Instead, standard bicycle handlebars are placed on a steering column which has a steering shaft 
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inside the column and connects the handlebar to the T-piece. This allows the steering arms to 

remain underneath the vehicle while providing a standard Handlebar solution which is positioned in 

front of the driverôs seat. 

 

 

Figure 7. T-piece, handlebars removed. 
 

The driverôs seat could be either on the left or the right side of the vehicle and is dictated by the 

positioning of the steering handlebar. The steering handlebar has been arbitrarily positioned on the 

right hand side due to the driverôs seat in Australian motor 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 mechanisms. Since the front wheels (and thus their corresponding support structure) 

will experience large lateral forces during operation (particularly when turning) and will bear the 

weight of the front half of the vehicle, it was decided that the front section required reinforcement. 

The same tubing as the rest of the frame is used for design simplicity. 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 stability. The design of this reinforcement was very brief, ï a 

simple solution was created with minimal investigation (see fig. 8 and 9) ï meaning that this is 

potentially an area of further design for future teams. 
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Figure 8. Front section reinforcement ï top view. 

 

 

  

Figure 9. Front section reinforcement ï isometric view. 

 

 

4.4. Vehicle Chassis - Design Verification 
 

4.4.1. Material Selection 
 

As stated previously, (in the literature review) 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 three main materials used in bicycles are steel, aluminium and carbon fibre. Carbon fibre was 



 MPïCBU1AI 

Final Report 2009 page 21 

dismissed as an option early on because of its high cost [13]. This left steel and aluminium as the 

two contenders.  

 

2024-T3 Aluminium; 6061-T6 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 compared, this is summarised in Tables 10-13. These alloys were chosen for the 

investigation due to their favourable properties and commercial availability.  

Table 10.General comparison of alloys ï 1 [26-28]. 

2024-T3 Aluminium  6061-T6 aluminium 4130 (Chromoly) Normalised 

Alloy Steel 
 Copper is the main alloying 

ingredient in 2024. [23] 

 Very strong compared to 

most aluminium. [23] 

 Copper component leads to 

poor corrosion resistance  

 Not weldable.  

 Excellent fatigue 

resistance,  

 Ability to withstand stress 

or strain for prolonged 

periods. Commonly used in 

aerospace applications. 

[23] 

 Average machining ability. 

  

 Most commonly used 

aluminium alloy. 

 Good strength. [23] 

 Heat treatable 

 Comparatively easy 

machining [23] 

 Weldable  

 Capable of being anodised 

(adding a layer of protection 

for finished parts)  

 Good surface finish 

 easy to work with  

  

 Chromium ï molybdenum 

steel  

 Low alloy steels  

 Common tubes for bicycle 

frames/race car  

 Not as light as aluminium 

alloys  

 High tensile strength  

 Good malleability [23] 

 Easily weldable  

 Corrosion resistance not as 

good as aluminium  

Table 11.General comparison of alloys ï 2 [26-28]. 

304 Stainless Steel (annealed) 316 Stainless Steel (annealed) DOM Mild Carbon Steel 
 Good corrosion resistance 

[25] 

 Good formability  

 Weldable  

 Machinable  

 Weather proofing  

 Non-magnetic properties 

 Good oxidation resistance 

 Hardened by cold work [25] 

 Increased corrosion 

resistance than grade 304 

due to its addition of 

Molybdenum and higher 

Nickel content 

 High strength at elevated 

temperatures than 304 

 Non-magnetic properties 

 Good fabrication ability  

 Relative low tensile strength 

 Cheap and malleable  

 Can be carburised to 

increase surface hardness 

 More suited to marine, food 

and medical application than 

304. [24] 

  

 

Table 12.Mechanical properties of materials [26-28]. 

 Aluminium  
Chrome 

Moly  
Stainless Steel 

Mild 

Carbon 

Steel 

Mechanical Property 2024-T3 6061-T6 4130N 304 316 1020 

Ultimate Tensile Strength 

(MPa) 

482 310 670 505 620 

 

600 

Yield Strength (MPa) 344 275 435 215 415 495 

Density (kg/m
3
) 2730 2700 7700 8000 8000 7860 

Yield Strength ÷ Density 

(MN.m/kg) 

0.126 0.102 0.056 0.027 0.052 0.063 
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Table 13. Cost comparison of materials for tubular specimens with a particular outer diameter (OD) 

and thickness (t) - all prices are per metre. 

Company 
Aluminium  

Chrome 

Moly  
Stainless Steel 

Mild  

Carbon 

Steel 

2024-T3 6061-T6 4130N 304 316 1020 

Airport Metals (Australia) 

Pty Ltd  

  

$50.85 
50.8mm OD x 

3mm t 
   

Ezimetal Campbelltown 
 

$17.83 
50mm OD x 

3mm t 

$76.93 
50mm OD x 

3mm t 
   

Aluminium Express 

 

$9.64 
50mm OD x 

3mm t 
    Hi Tech Components Pty 

Ltd (Race Tech) 

 

$11.65 
50.8mm OD x 

3.2mm t 

$7.34 
41.3mm OD x 

2.1mm t 
   

Rapid Fab 

 

$12.95 
50mm OD x 

3mm t 
    

Online Metals 

$100.64 
50.8mm OD x 

3.1mm t 

$24.59 
50.8mm OD x 

3.2mm t 

$41.30 
50.8mm OD x 

3.1mm t 

$161.42 
50.8mm OD x 

3.4mm t 

$159.78 
50.8mm OD 

x 3mm t 

$23.49 
50.8mm OD x 

3.05mm t 

Metals Depot  

 

$24.67 
50.8mm OD x 

3.2mm t 
   

$14.76 
50.8mm OD x 

3.05mm t 
 

Assessments of the materials indicate that 4130 (chromoly) normalised alloy steel was an ideal 

material, particularly due to its high ultimate tensile strength relative to aluminium. It is difficult to 

source however, as it is typically sold to wholesale manufacturers only. Its iron component makes 

this steel structure more highly susceptible to corrosion, and protection coating would mean 

additional costs in vehicle production. Whereas aluminium is more commonly used and has higher 

strength to weight ratio.  

 

2024-T3 Aluminium is the most common of the high strength alloys and is used in the aerospace 

industry due to its excellent strength and excellent fatigue resistance. However, it is expensive and 

welding is not recommended for this material as it weakens the structure. 

 

6061-T6 Aluminium is a commercially available metal with a good strength to weight ratio, and is 

relatively cheap. It has excellent heat transfer which means weldablity. This is a big plus as some 

components of the ultra light urban transporter require welding. Excellent corrosion resistance is 

also another characteristic that makes 6061-T6 aluminium ideal because this would mean longer 

component life and reduced maintenance and replacement cost.  

 

One type of steel commonly used is stainless steel. The two most common grades of stainless steel 

were found to be type 304 and type 316. The difference between the two grades is the addition of 

molybdenum to type 316 to improve its surface finish and lessen the likelihood of surface 

deterioration. Both grades of steel are austenitic. Stainless steel has exceptional ductility to assist 

with the bending of the side elliptical tubes, good corrosion resistance to withstand weather 

conditions, and excellent weldability if parts were required to be welded on. It is a material that is 

simple to maintain. However, stainless steel is quite relatively expensive and heavy. Despite its 

excellent physical and mechanical properties, the team cannot justify the use of stainless steel.  
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Another material of interest suitable for the frame of the vehicle is cold drawn mild carbon steel. It 

is relatively inexpensive and readily available. However similar to chromoly 4130 and stainless 

steel, mild carbon steel has a high density. A high mass vehicle would conflict with the purpose of 

this project which is to produce an ultra-light vehicle, hence makes mild carbon steel an unsuitable 

contender.  

 

It has been found that the properties of aluminium are most suitable to fit for the vehicle. It has 

good strength, is light and relatively cheap.  
 

 

4.4.2. Dimensional Analysis 
 

An important part of this design is dimensional analysis. Dimensional analysis makes sure that: 

 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 analysis was completed by hand and with the help of CAD. The details of the CAD 

based analysis are given below, a sample of analysis by hand (size and location of seating ellipse) is 

supplied in appendix B. 

 

A 3-D CAD model that is geometrically and aesthetically accurate of the ULUT design was 

produced. This model was produced using SolidWorks (see fig. 10). 

 

Figure 10. CAD model of the ULUT. 

 

This model includes the following: 

 Frame or chassis  

 An outline vehicle components and all elements needed to put the vehicle into motion 

 Ground plane that extends as the surface 
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This would exclude any internal modeling, e.g. elements in motor or battery. 

 

Applications of a 3-D CAD model were produced to verify the geometric dimensions of design 

components and chosen parts; and to give a visual representation of the design. It offers clear 

perspective of the part dimensions.  

 

The generation of a CAD model is very much an illustrative problem. Since 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 of the specifications given. Hence the 

model generated is a critical examination of 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 a prototype in the near 

future. It allows amendments to parts and components when updating drawings. Any alterations or 

new developments can be easily added on too. Hence the generation of a CAD model will assist to 

reduce cost and increase productivity in this project.  

 

 

4.4.3. Stress Analysis  
 

One of the most important methods of validating a design on paper is to prove its structural 

integrity. A vehicle is useless if it cannot maintain rigidity or worse, will fail under the loads it must 

bear during operation. 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 very complex calculations. 

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 the point 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 maintain the weight 

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 ï Mathematical Analysis 
 

In this model, only the bottom semi-ellipse(s) (BS-E(s)) and their corresponding interaction forces 

were investigated as these were assumed to be the most likely parts of the frame to fail. This 

assumption was made because the BS-Es support (transfer) the weight of the frame and the 

passengers. Since the frame is symmetrical about the x-axis, (i.e. down the length of the vehicle) 

only one analysis was necessary. 

The BS-Es were modelled as straight beams, and the forces imposed on them as simple 

perpendicular point forces and torques. The beams were then analysed using Macaulayôs method 

(double integration method). This gave equations for bending moment and torque along the beam. 

These equations were then evaluated at 1000 points along the beam in Excel. From these, the 

maximal stresses were obtained. 

 

For a full explanation of the simplified model stress analysis, see appendix C. 
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4.4.3.2. FEA 
 

Time constraints meant that a full computer-based analysis of the structural integrity of the frame 

(FEA) could not be completed. A preliminary study on a BS-E was completed to give an idea of 

stress distributions and to test the accuracy of the simplified model (section 4.4.3.1). 

 

One of the BS-Es was isolated in the CAD model of the frame. FEA was then completed on this 

component using COSMOSWorks in SolidWorks. Table 14 summarises the loading conditions at 

various locations along the elliptical tube.  

Table 14.Loads and boundary conditions on BS-E. 

Loading 

conditions 

Distance from 

front of vehicle 

at x=0 

Direction of 

Force 
Force (N) Torque (N.m) 

Front wheel 123mm Upwards 361.34 90.22 

First parallel tube 728mm Downwards 98.1 49.05 

Second parallel 

tube 
950mm Downwards 735.75 381.83 

Third parallel 

tube 
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, hence the x-component 

only.  

 

Design Study in SolidWorks (COSMOS Works)  

A Finite element study was performed given the following assumptions and steps made. 

 The mesh type was solid mesh, in which all elements are tetrahedral with straight or curved 

edges. The FEA performed tested for coarse, default and fine elements to compare the 

results. 

 The chosen material selected from the SolidWorks was 6061-T6 aluminium alloy. 

SolidWorks has material properties and specifications already programmed into it (see table 

24 in appendix D for these material properties).  

 Restraints were specified to the cylindrical faces and edges where the bolts are designed to 

be placed. Three restraint conditions ï fixed edges; fixed faces; and both fixed edges and 

faces ï were defined and its resultant stresses and displacements compared.  

 The loading in SolidWorks is a direct transfer remote load. In this situation, forces are 

applied to a point in the XYZ locations with respect to the default coordinate system in 

SolidWorks. The pink lines (fig. 11) are there because COSMOS Works automatically 

calculates and applies equivalent forces with respect to the faces.  

 The mesh of 25516 elements (fig. 11) describes the direction of the forces in graphical 

detail. The vertical arrows indicate the direction of forces being applied to the tube, whilst 

the horizontal ópin-likeô arrows are the x components of the torques. The wheels give an 

upward force to the frame whilst the weights of the internal components dissipate a 

downward vertical force onto the elliptical tube. A torque is also applied at both the front 

and rear wheels in the anticlockwise direction, hence an inward x-component of the torque.  

 Static Study was performed and calculated displacements, reaction forces, strains, stresses 

and factor of safety distribution.  

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

 Factor of safety calculations are based on failure criterion.  
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Figure 11. Mesh of BS-E. 

 

Results  

Several finite element analyses were completed, varying: load type; restraint; and mesh size. The 

results of the FEA with: forces and torques applied; edges and faces fixed; and the default mesh are 

given here (a summary of the results of the other finite element analyses is given in appendix D).  

  

Figure 12. Stress distribution ï isometric view. 
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Figure 13. Stress distribution ï side view.  

  

Figure 14. Displacement distribution ï isometric view.  
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Figure 15. Displacement distribution ï side view.  

Table 15.Summary of FEA Results. 

Minimum Stress 5922.3N/m
2 

Maximum Stress  2.36E+073N/m
2 
= 23.6MPa 

Minimum Displacement  0mm 

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 bolts. This is a good indication that when the bolts are connected, large amounts 

of stresses and torques are applied to keep the frame assembly together. As evident from fig. 12 and 

13, major stresses, as shown in the light blue colour, exist on both sides around the bend that shapes 

the side ellipse. There are also minor stresses found on the surface between the first and second 

parallels, from the weight of the components such as cranksets, pedals and steering.  

 

The side elliptical tube is quite rigid given the maximum loading condition, with a maximum 

deflection of only 0.000661mm. Fig. 15 clearly illustrates this maximum displacement, in the red 

colour, between the forces and torques applied to the first and second parallel. This displacement is 

very minimal and almost negligible. Factors that contributed to minimum displacement would be 

material selection as good strength is found in 6061-T6 aluminium as well as the large diameter and 

thickness of the tubing.  

 

Given that majority of the components are fixed between the second and the fourth parallels, it was 

surprising that maximum displacement was not found in that region. The results give a good 

indication of what happens to the left side ellipse given the loading conditions presented. Although 

the displacement was not evenly distributed towards the mid 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 stress in the BS-E calculated via FEA was found to be 23.6 MPa. For the same 

loading situation the simplified model of the BS-E found the maximum stress to be 165 MPa. This 

is approximately five times than that which was calculated in the FEA. Although this is a positive 

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

factor of safety of five is implied) further study is required. 

 

  

4.5. ULUT Drive System 

Table 16.Drive System Options. 

OPTIONS CONCEPTS PROS CONS 
Two 

independent 

drive systems 

(one electric 

and one 

human 

powered) 

 All wheel drive; 

half electric-

powered, half 

human-powered 

 Modular sub-systems 

can be designed 

separately 

 Simple implementation 

 Original idea  

 One sub-system can 

backup another in event 

of failure 

 Can build in stages 

(useful in prototyping) 

 Integration will 

limit design 

options available 

later on 

Fully electric 

drive system 

with human 

to electric 

power 

generation 

 All wheel drive; 

separate motors 

powering each 

wheel 

 Single motor 

powering rear axle 

via transmission 

system 

 Simple implementation 

 Less parts 

 No redundancy 

measures in case 

of electrical 

failure 

 Higher human 

power losses due 

to human-electric 

conversion 

Human 

powered 

electric assist 

ï 2008 drive 

train teamôs 

design[11] 

 Rear wheel drive; 

single driving 

wheel 

 Human power with 

electrical assist 

added in parallel 

 2008 drive train team 

provided a solution 

using this design choice 

 Complex and 

expensive to 

implement 

 No redundancy 

measures in case 

of electrical 

failure 

 More parts than 

other options 

 

Based on the initial decisions to break the vehicle design down into sub-systems, the hybrid 

human/electric power drive system was designed as two separate drive systems which function 

separately and could be integrated together when implemented 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 alternative to a modular system is a fully electric drive system where human power is 

converted to electricity via generators and is added to the vehicleôs electric power source (i.e. 

batteries). Another is to use the 2008 drive train teamôs design and have a human powered electric 

assist solution [11]. The fully electric drive system was discarded early on due to the project 

recommendations placing an emphasis on a step by step approach to the design; beginning with the 

frame, then moving onto implementing mechanical systems and later the electrical systems. The 

other choice was deemed infeasible for use this year due to its complexity and cost. 
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4.6. Mechanical Drive System (MDS) ï Concept Design 
 

4.6.1. Human Power Generation 

Table 17.Methods of Converting Human Power to Electrical Energy. 

METHOD PROS CONS 

Pedalling - High efficiency 

- Well established 

- Leaves hands free 

-Easy to implement 

-Abundance of off-the-shelf 

vehicle parts 

- Not using full potential of 

body 

- Not suitable for many 

disabled occupants 

Hand-cranking - Can be used by disabled 

occupants whose legs cannot 

produce any useful power 

- Difficult to perform while 

controlling a vehicle 

simultaneously 

- Not using full potential of 

body 

Rowing - High efficiency 

- Using whole body 

- Difficult to implement 

- Difficult to perform while 

controlling a vehicle 

simultaneously 

 

To harness human power in a practical and efficient way, pedal power is the logical choice. 

Approximately 80-98 per cent of the energy provided to a bicycleôs pedals will transfer to the rear 

wheel to provide motion [9] (the losses are due to the transmission via the gears and chain). This 

makes it a highly efficient energy transfer process, especially when compared with other means of 

harnessing human power [16] & [17]. Pedalling is a well-established means of exploiting human 

power in society, which suggests there would be a low learning curve associated with using the 

vehicle. Pedal cranksets are inexpensive due to their abundant use in bicycle designs, and can 

potentially be obtained for free during the designôs development and prototyping processes if taken 

from second-hand bicycles. If bicycle pedal cranks are used in the design, then it seems logical to 

also use bicycle gears and chains in the power transmission, as all of these parts are normally 

designed to be used together. 

 

 

4.6.2. Multiple Human Power Sources 

 

Figure 16. Explosion view of an intermediate shaft [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 manner to an intermediate shaft (fig. 16) on a 

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 for side-by-side configuration. This 

intermediate shaft combines the pedal power of multiple occupants 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 gears on the other side of the shaft, which drives the rear wheel. The idea is to modify this 

so that the shaft is longer and has freewheels at either end of the shaft, with the chainring cassette in 

the centre (hereby known as a mid-axle).  

  

Figure 17. Mid-axle concept. 

 

The mid-axle concept works with two cranksets powered by individual occupants, each powering a 

chain connecting to separate freewheels on either end of the mid-axle shaft. The shaft rotates the 

chainring and powers the chain connected to it, which feeds power to the rear of the vehicle 

(discussed more in section 4.6.3). The shaft will also have two bottom bracket bodies on either side 

of the chainring, which are held in place with bottom brackets and structural tubes. This is an 

innovative idea that works well on tandem bicycles and allows for the side-by-side seating 

configuration chosen for the vehicleôs frame. 

 

This is useful because if two occupants are supplying power at the same time, they can pedal out of 

phase, although power from both occupants pedalling at the same rate would be necessary to 

achieve maximum performance. A bonus feature in this design is that the driver can control the 

vehicle without pedalling if another vehicle occupant is present to do the pedalling, hence allowing 

people without the use of their lower limbs (i.e. paraplegics) the ability to drive the vehicle. This 

has been something rarely considered in commercial tandem cycle designs and further broadens the 

possible market. 
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4.6.3. Mechanical Power Transmission  

Table 18.Rear Wheel Transmission Configurations. 

Rear wheel transmission configuration  

Two-wheel drive  Tricycle differential rear axle with dual 

disc brakes and chainring cassette 

 Tricycle rear axle frame 

Single-wheel drive  One wheel built into frame foundation 

and connected to the frame separately to 

the drive wheel 

 Drive wheel connected to a jackshaft 

which itself is connected to a chainring 

cassette and chain running to the mid-

axle 

Table 19. Rear Wheel Transmission Configurations. 

Criteria ï Power 

Transmission 

Weighting Two Wheel Drive Single Wheel Drive 

Structural Integrity 

Manufacturability 

Functionality 

Cost 

5 

5 

4 

4 

4 

4 

5 

2 

2 

3 

2 

4 

Total  68 49 

 

The design aspect that affects the choice of power transmission is primarily the ability to function 

under the loads expected at the rear of the vehicle, which constitute a majority of the vehicleôs 

weight. The options on offer are to either power both of the rear 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 variance in the motion of both wheels during turning, while the other option requires less parts 

to achieve functionality.  

 

Problems arising from having a single-wheel drive consist of twice as much strain acting on the 

drive transmission system as a result of only one 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 a single-wheel drive system. 

 

The two wheel power 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 easily retrofit onto 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 two-wheel drive system is higher than the alternative primarily due to 

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. Given more time, a foundation could be designed to 

replace this off-the-shelf part, which could hence be made for a fraction of the $2,200 required to 

otherwise purchase one. 

 
 

4.6.4. Mechanical Drive System Control  

  

Figure 18. Bicycle handlebar with brake handle 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 of use. The only requirement which 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 

include derailleurs for both chainring cassettes (one on the mid-axle and one on the rear axle) and 

brake handles to operate the disc brakes on the rear axle. Aside from this, the handlebars can also 

steer while both occupants provide power to the rear axle independently, yet the driver can still 

dictate whether that power will produce drive for the vehicle or not via operation of the disc brakes. 

This configuration is synonymous with that of a standard bicycle, hence also providing a very small 

learning curve for the ULUT since bicycles are such 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. 

 

 

4.6.5. MDS ï Design Solution 
 

 Both occupants are equipped with pedal powered cranksets which are operated to provide 

mechanical power to the drive system 

 Pedals drive individual chains which provide power to a mid-axle 

 Mid-axle features freewheels on either end of the shaft which the pedal chains are connected 

to 

 Mid-axle features a chainring cassette in the center which combines the power of both pedal 

cranksets and drives another chain connected to the rear axleôs chainring cassette 
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 Rear axle provides power to both rear wheels to drive the vehicle 

 The occupant on the right hand side operates the vehicle with the handlebar which is already 

used to steer the vehicle 

 Brake handles have been added to the handlebar to operate two disc brakes on the rear axle 

 Derailleurs mounted over each chainring cassette for changing gears, operated by shift 

levers 

 

4.7. Parts List  
 

See appendix E. 

 

 

4.8. Manufacturing  
 

This section details the suggested manufacturing method of the ULUT based on the teamôs design 

and research. One of the objectives of this project was to design for a prototype. As such, 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 elliptical arcs whose ends are to accurately meet with adjacent 

frame components 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 produced but for a 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 CLR (centreline bend radius) of 

600mm would allow for the semi-elliptical 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 and the vehicle still maintains the ~2m length end to end and 

a mid-section radius of ~1.2m. All that is needed from here is for the two base semi-ellipses to have 

bends with ~130mm radius on the perpendicular plane and a 100mm vertical section at each end 

where the semi-elliptical 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 some parallel 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 considered 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. This was deemed too complex by the team because bends would need to vary 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 three semi-ellipses will be joined using mechanical joining; 

namely a pair of nuts and bolts at each end of the semi-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 end, washers 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 
 

Fencing clamps are to be used for a majority of the joins throughout the ULUT Frame. Since tubes 

are being used for the frame, fencing clamps are the most ideal option for joining them at intersects 

throughout the structure of the frame. These types of clamps are typically used on chain-link 

fencing and gates. Their primary advantage lies in their ease of assembly and disassembly allowing 

simple maintenance and part replacement. [19]  

 

  

4.8.1.4. Welding 
 

Since some off-the-shelf parts that are made of chromoly steel would be too difficult to 

mechanically join to the frame, they will be joined to chromoly steel tubing foundations which can 

then be clamped to the frame. Chromoly steel is highly weldable using TIG welding which will 

maintain the materialôs structural properties while providing a strong join. ER80S-D2 is 

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 the parts in appendix E are joined and assembled 

together. For a full list of the parts specifications, see appendix E. A majority of the frame has been 

joined together using clamps for ease of assembly/disassembly; though the semi-ellipses are joined 

together using bolts and minimal welding has been done to three necessary chromoly steel joins 

(due to incompatibility with available clamps). 

 

 Cut lengths of aluminium and chromoly tube for semi-ellipses, ellipse arcs, parallel beams 

and foundations 

 Tube bend top semi ellipse, both bottom semi ellipses and ellipse arcs 

 Drill holes at ends of semi ellipses and bolt semi ellipses together to make primary frame 
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Figure 19. Primary frame joined with two bolts at each end. 

 

 Clamp ellipse arcs onto primary frame (ellipse arc should be two separate tubes clamped to 

top semi ellipse instead of a single tube running above it, as shown in fig. 20 below) 

  

Figure 20. Elliptical arc clamped onto primary frame. 

 

 

 Clamp parallel beams into place along underside 
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Figure 21. Parallel beams installed across underside. 

 

 TIG weld chromoly foundation tubes onto front wheel crossbar to make front section 

  

Figure 22. Front section. 

 

 Clamp front section onto parallel beams 

  

Figure 23. Front section installed onto frame. 
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 TIG weld chromoly foundation tubes onto prefabricated rear axle foundation to make rear 

section 

  

Figure 24. Rear section. 

 

 Clamp rear section onto parallel beams 

  

Figure 25. Rear section installed onto frame. 

 

 Fit steel cables onto ellipse arcs 

 Fit canvas seating over steel cables to make hammock seating 
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Figure 26. Hammock seating installed (actual seating slightly different, this is a visual 

representation only). 

 

 Install front wheels to kingpins and install onto crossbar 

 Install rear wheels to rear axle 

  

Figure 27. Wheels installed. 

 

 Drill hole for steering shaft into parallel beam and clamp to hold steering column *  

 Clamp steering column and clamp over drilled hole * 

 Insert steering shaft into steering column, connecting steering T-piece on the bottom end 

and the handlebar assembly to the top * 

 Drill and bolt front T-piece to the crossbar and connect steering arms between T-pieces and 

kingpins 
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Figure 28. Steering installed (visual representation only). 

 

 Clamp crankset assemblies to crankset parallel beam and remaining front section foundation 

  

Figure 29. Cranksets and remaining front section foundation installed. 

 

 Weld mid-axle bottom brackets to their foundations 

  

Figure 30. Mid-axle bottom bracket foundations. 
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 Install mid-axle assembly to mid-axle bottom brackets (ensuring chain to rear axle is 

attached to mid-axle chainring cassette prior to assembly) 

 Clamp mid-axle foundation to parallel beams 

  

Figure 31. Mid-axle installed. 

 

 Install chains from cranksets to freewheels on mid-axle assembly 

 Install gear derailleurs, shift levers and cabling 

 Install disc brake calipers, brake levers and cabling 

 ULUT assembly complete 

  

Figure 32. Completed ULUT assembly. 

 

*Note: some details are not yet completed, see Conclusion for more details. 
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4.9.  ULUT Upgrade - Electric Drive System (EDS) ï Concept Design 
 

This section explores the possibilities of the EDS module in the overall design. This is the final 

stage of the ULUT design which is to be built around the already existing frame and MDS. The 

EDS designs primarily involve the electrical power sources, including off -board and on-board 

power generation; the electric motor and EDS control. Most of the design decisions in this section 

are influenced by choices already made in the frame and MDS 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 completed frame and MDS, integration of the EDS with the 

rest of the vehicle has been omitted. What remains of this section is the design of all of the required 

foundations and supports which hold the electrical components in place. Also, like the MDS, 

construction and testing of the working system would verify whether or not the components are 

powerful enough to effectively drive the vehicle in real world conditions. 

 

4.9.1. Electric Power Sources 

Table 20. Power Source Options. 

OPTION PROS CONS 

Human Power  Health benefits due to 

the exercise involved in 

the process 

 Low cost 

 Zero emissions 

 Can be integrated with 

 Low power output 

 Increased effort 

required by occupants 

could pose a risk to the 

designôs appeal 

Pre-Charged Electric Battery  Technology applicable 

to lightweight vehicles 

 Low cost 

 Zero emissions 

 Can be integrated with 

human power 

generation 

 Weight to power related 

to cost (i.e. cheaper the 

battery, the heavier they 

are) 

 Parts have a short 

lifespan 

Solar Power  Zero emissions  Expensive technology 

 Low power output 

Fuel Cell  Highly efficient 

 Can use different fuels 

much like a combustion 

engine 

 Technology not yet 

available 

 

Electric power can be sourced in various ways: fuel cells; solar panels; human power; and battery 

storage (energy sourced off-board of the vehicle) to name a few. Fuel cells and solar panels both 

use technology which have not yet been developed enough, and are too expensive to be used in this 

vehicle design, but they have potential for use in the future [6,7]. Human power already exists 

onboard and has the possibility of integration into the EDS. Pre-charged battery storage 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 integrated with human powered electricity generation. 
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The 2008 drive system team investigated electric battery technologies and discovered that deep 

cycle lead acid batteries were the best option due to their low cost and high power output [21]. 

Although they are one of the heaviest types of electric battery, their use will lower overall cost and 

are feasible when integrated along with a strongly supported vehicle frame. The choice of battery 

storage was based on the motor used and is detailed in section 4.9.2. 

 

 

4.9.2. Electric Motor and Battery  

Table 21. Electric Motor Types [22].  

TYPE ADVANTAGES DISADVANTAGES APPLICATIONS 

AC 

INDUCTION 

(SHADED 

POLE) 

 Least expensive 

 Long life 

 High power 

 Rotation slips 

from frequency 

 Low starting 

torque 

 Fans 

AC 

INDUCTION 

(SPLIT 

PHASE 

CAPACITOR) 

 High power 

 High starting 

torque 

 Rotation slips 

from frequency 

 Appliances 

AC 

SYNCHRON

OUS 

 Rotation in-sync 

with freq long-

life (alternator) 

 More expensive  Industrial motors 

 Clocks 

 Audio turntables 

 Tape drives 

STEPPER DC  Precision 

positioning 

 High holding 

torque 

 Requires a 

controller 

 Positioning in 

printers and floppy 

drives 

BRUSHLESS 

DC 
 Long lifespan 

 Low maintenance 

 High efficiency 

 High initial cost 

 Requires a 

controller 

 Hard drives 

 CD/DVD players 

 Electric vehicles 

BRUSHED 

DC 
 Low initial cost 

 Simple speed 

control (Dynamo) 

 High maintenance 

(brushes) 

 Low lifespan 

 Treadmill 

exercisers 

 Automotive 

starters 

 

The first factor affecting the decision for an electric motor is whether to use AC or DC power. SLA 

batteries were chosen to power the motor and they run on DC so if AC was to be used, there would 

be a need for DC to 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. 
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Out of the three types of DC motors listed in table 21, brushless DC motors are the most preferable 

given their low maintenance, high efficiency and long lifespan. A controller is needed for them to 

run, but since the vehicleôs driver will need to be able to vary the motorôs power output, this can be 

integrated into the driverôs control system. 

 

Given the electric motor needs to work alongside the existing MDS, applying power to the front 

wheels of the vehicle will allow for the EDS to apply power to the vehicle without any need to 

modify the existing design. Hub 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 since a hub 

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 motors come in DC brushless and gearless varieties which are commonly used on electric 

vehicles and bicycles. Bicycle hub motors can provide power of up to 1000W each which is more 

than enough for the ULUTôs lightweight design, and they are fairly inexpensive (~$100). Bicycle 

hub motors come with off-the-shelf control systems which can also provide regenerative braking 

(see section 4.9.4). 

 

The choice of electric power directly affects the type of SLA batteries required. The more power the 

motors need, the higher the required battery capacity, and SLA battery weight increases 

substantially with capacity. Two 36V 500W hub motors from Golden were selected, providing a 

total of 1kW of power to the vehicle. SLA batteries have a standard voltage of 12V, so a bank of 3 

sealed deep cycle lead acid batteries connected in series will provide 36V. The battery storage 

capacity decided on was 20Ahrs which will provide full power to the motors for at least 30min 

which is adequate for initial prototyping of this EDS. The total weight of the 3 batteries will be 

21kg. 

 

Solution for electric motor and battery (for more details see table 26 in appendix E) 

 

 2 x 500W 36V/30A Brushless Gearless Front Wheel Hub Motors from Golden Motor 

 3 x 12V 20Ahr Fullriver Sealed AGM Lead Acid Batteries from Energy Matters 
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4.9.3. On-Board Power Generation/Storage 
 

 

Figure 33. Energy flow diagram of drive system integration. 

 

Given that hub motors are in the design, regenerative braking is a possible inclusion. The 

controllers available can automatically provide regenerative braking during downhill cruising and 

stopping (more details in section 4.9.4). Regenerative braking provides only a small amount of 

power generation back into the batteries (~5% of potential braking energy) so a secondary power 

generation system is required to adequately extend the time that the battery contains charge during a 

single trip. 

 

An idea was thought up during the MDS design stage whereby the human pedalling power is 

transferred between the electrical and mechanical 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 end of the mid-

axle, a derailleur could be used which switches the pedal chain between the mid-axle and power 

generators, operated by a simple two-mode gear changer which changes both derailleurs at once. 

 

With this setup, the driver can control both drive systems via a mode switch which diverts the pedal 

power to where the driver needs it most. While the vehicle is at rest (i.e. at the lights) and in 

ñelectric mode,ò (stationary mode) vehicle occupants can provide pedal power to the generators to 

charge the batteries. When accelerating from rest, the ñmechanical modeò (mobile mode) allows the 

driver to provide power from both drive systems for the increased torque required to quickly speed 

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

batteries.  

 

The solution includes one-way diodes to prevent current being fed into the generators and 8A fuses 

to limit generator power. A gearing system would be required so that the derailleurs on either side 

of the mid-axle 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 concept design was 

developed, further work is discussed in Conclusions and Recommendations ï section 5.  
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Figure 34. Sketch of hybrid drive system concept 
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4.9.4. EDS Control  

Table 22. Vehicle Control Options. 

Options (both from 

Golden Motor) 

Main Features Price 

BAC-0281 36V/50A 

Cruise Speed Controller 
 Cruise control 

 Anti-theft alarm and wheel-

locking by detection of vibration 

 Regenerative braking (via hand 

brake) 

 

$104.26  

($90USD) 

BAC-0200 Regenerative 

Braking Controller 
 Regenerative braking (automatic 

for stopping and downhill motion) 

 Programmable cut-off 

current/voltage, 

accelerating/decelerating rates 

 

$133.23 

($115USD) 

 

 The ULUT design features a bicycle handle bar on a steering column for vehicle steering 

along with brake levers to operate disc brakes and shift levers to operate gear changing 

 Golden Motor who supply the hub motors also supply motor controllers that are directly 

compatible with their motor products 

 Of the two options available for controllers, the regenerative braking controller is preferred 

for its ability to provide regenerative braking when stopping and when cruising downhill 

 Electric throttle is provided by a thumb throttle 

 Disc brake levers will have sensors for activating regenerative brakes 

 Having a computer to monitor battery charge is preferable since lead acid should be 

maintained above 20% capacity 

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

derailleurs 

 Note - controller cabling would need to be customised in order to split the power outlet to 

the motor between the two Hub Motors (see section 5 for more details) 

 

Solution for EDS Control (for more details see appendix E) 

 

 1 x BAC-0200 Regenerative Braking Controller from Golden Motor 

 2 x Brake Handles with micro switches from Island Earth 

 1 x Thumb throttle with led display for battery voltage and latch switch from Island Earth  

 1 x Mountain Bike Suspension Switch Lever from Tedôs Cycles 
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5. Conclusions and Recommendations 
 

An ULUT has been designed with a focus on manufacturability, cost, weight and prototyping. The 

vehicle has an óegg-shapedô frame, is hybrid powered, able to carry two adult occupants, who could 

also be one of the power sources. The design incorporates the facility to introduce features (e.g. 

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 total of $5976.30. This price will require 

revision once the Black Box Areas of Design (Section 5.1 below) 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 powered human-electric 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 anticipated that the rear axle foundation (an off-the-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 constraints associated with the project, there are some óblack boxô areas of 

the design that require more detail concerning their functionality, manufacturing and/or being fitted 

onto the vehicle. These black boxes include: 

 Steering ï the steering column design requires a steering shaft that is held inside with ball 

bearings, a way of connecting the steering shaft to the handlebars and T-piece at each end of 

it. Variable positioning of the steering column also needs to be designed so that it can be 

adjusted for driver comfort, ease of use and entering/exiting the vehicle. 

 Mid-Axle ï the mid-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 centre. Parts for the axle need to further design and sourcing. 

 Seating ï 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 seating arrangement could be designed. 

 EDS ï 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 not been completed. 

 Stress Analysis/FEA ï 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 continued 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. It is suggested that 

the modular, or step-by-step, approach to the design detailed in this report be taken. This staged 

approach means that during prototype production, accommodation for future functionality can be 

made, but significant functional issues can be solved sequentially. 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 

used liberally in the design to allow for prototype modification and experimentation. However, the 

final production line version of the vehicle will most likely have all joints welded. 
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Appendix A Project Diary 
 

Table 23.Project Diary. 

Date Dur. Who Notes 

Tue 

17/3 

2 hrs Dave 

Matt 

- Discussion 

- Brainstorming 

Sun 

22/3 

2 hrs Matt 

Dave 

- Discussion 

- Brainstorming 

Tue 

24/3 

2 hrs Dave 

Matt 

- Discussion 

- Brainstorming 

Tue 

31/3 

1 hr All  - Split up research tasks 

- Set tasks 

Thu 

2/4 

1.5 

hrs 

Matt 

Dave 

- Wrapped up Scope of Works, fixed Gannt Chart-(ish) 

- Emailed Neil to meet up 

- Looked at what areas needed research  

Tue 

7/4 

1.5 

hrs 

Matt 

Dave 

- Prepared for meeting with Colin and Neil (8/4), see word doc 

ñNotes 7-4ò  

- Did subsequent research 

-Decide that diary is an important task that needs attention during 

group meetings 

Wed 

8/4 

1 hr Matt 

Dave 

- Met up with Colin and Neil 

- Showed them our work so far, were told that we were going in the 

wrong direction, that the egg-shape chassis is a constraint 

Thu 

16/4 

3 hrs All  - Looked at ideas generated 

- Brainstorming 

- Need to get SolidWorks models soon 

- Morphological Chart compiled 

- Need to figure out steering 

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

chassis, etc 

- See email sent by Dave 

Sun 

26/4 

3 hrs Jen 

Matt 

- CAD modeling for frame started on 

- Frame concept design started on 

Thu 

30/4 

6 hrs Matt 

Dave 

- Frame concept design completed 

- Material and joining methods for frame begun on 

- Discussion on other components and how they connect to frame 

- CAD modelling consolidating for frame 

- See email sent to Colin and Neil 

Tue 

5/5 

2 hrs Dave 

Matt 

- Frame concept design 

Fri 

8/5 

1 hr All  

Colin 

Neil 

- Project meeting with Colin and Neil 

- Showed progress, assessing if a build is still viable 

- Although slightly behind, a build is attainable as long as design for 

manufacturing is complete in the coming weeks leading up to the 

mid-year break 
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Date Dur. Who Notes 

Sun 

10/5 

4 hrs All  - CAD modelling for FEA analysis task begun on 

- Report writing tasks distributed 

- CAD tasks distributed 

- Proper dimensioning for CAD design begun on 

- Design for manufacturing report begun on, also to be made a 

progress report 

-Deadline set for these tasks as last day of May 

- Redo Gantt Chart 

Each person is assigned tasks to which they are responsible for 

seeing that they are complete by the deadline. 

Tue 

12/5 

1.5 

hours 

All  Went through and began working on tasks 

 

Tue 

17/5 

4 

hours 

All  -Worked on CAD models 

-Began Progress Report 

-Began preparing for CERES meeting on Friday 

Wed 

18/5 

5 

hours 

Dave 

Matt 

-Worked on CAD models and Progress Report 

-Preparing for CERES meeting (Ą made a handout that gives a 

brief overview of the project) 

Fri 

20/5 

3 

hour 

All  -Prepared for CERES meeting 

-Had CERES meeting with outcomes: 

- learned we canôt use bike wheels 

Tue 

26/5 

1 

hour 

Dave 

Jen 

-Jenny needs to do FEA on frames before she goes overseas. This 

will include research into how to model joining methods. The FEA 

will investigate the structural integrity of different joining methods 

and frame types. 

Tue 

26/5 

3 

hours 

Dave 

Matt 

-Progress report, all but section 3 

Fri 

29/5 

1 

hours 

All  -Progress report, particularly Gannt chart 

-Meeting with Colin and Neil 

Fri 

29/5 

1 

hour 

Matt 

Dave 

- Progress report 

Sun 

31/5 

2 

hours 

Matt 

Dave 

-Finished progress report (draft 1) 

-Wrote May report for Dr. Smith 

-Allocated tasks for exam period and beginning of holidays Ą see 

email that matt sent 31/5 

Fri 

5/6 

3 

hours 

Matt 

Dave 

-Frame Design 

-Spatial Analysis 

Tue 

16/6 

4 hrs Dave 

Matt 

-Greenspeed Ąchecked out trike differential and availability of 

other parts we could use, etc. 

-Research 

Wed 

17/6 

7 

hours 

Dave 

Matt 

-Dimensioning 

-Spatial Analysis 

-Stress Analysis 

-Overall Frame Design 

Thu 

18/6 

1.5 

hours 

All  -Continuation of Wednesdays activities 

-CAD (Jenny) 

Thu 

18/6 

2.5 

hours 

Matt 

Dave 

-Continuation of Wednesdays activities 

-Met up with Colin 
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Date Dur. Who Notes 

Mon 

22/6 

0.5 

hours 

Dave 

Matt 

-Stress Analysis 

-Assembly 

Wed 

24/6 

0.5 

hours 

Dave 

Matt 

-Research on T-clamps and steel tubes 

-Stress Analysis 

Fri 

26/6 

3 

hours 

Matt 

Dave 

-Formal acknowledgement of decision to not have a circle in the 

frame, and for the ellipse to be at a 45 degree angle 

-Task planning 

-Spatial Analysis 

-Frame Design 

-Dimensioning 

Tue 

14/7 

3 

hours 

Matt 

Dave 

- Preparations for build report 

- Assigning remaining tasks between Matt and Dave 

- (Dave ï researched off the shelf parts) 

Wed 

15/7 

2 

hours 

Matt 

Dave 

- Preparing build report (stress anal, dimensioning anal, assembly, 

manufacturing and component research) 

Thurs 

16/7 

5 

hours 

Matt 

Dave 

- Working separately on build tasks 

Tues 

21/7 

8 

hours 

Matt 

Dave 

- Working separately on build tasks 

- Meeting up for the final 3 hours to combine work which has been 

done separately 

Wed 

22/7 

5 

hours 

Dave 

Matt 

- Worked on build report tasks 

- Matt went to tutor during the day 

Thur 

23/7 

1 

hour 

Dave 

Matt 

- Met up with Colin 

- Outcomes:  

   more or less on the right track 

   stress anal -> use FEA to test model 

   steering ï moment resistance 

   black box 

   design process ï morphology to decision making 

   sell idea that weôve done work 

   See sheet ï printout of stress analysis explanation for more 

Tue 

28/7 

2.5 

hours 

Dave 

Matt 

- attempting FEA 

- planning the rest of the project: 

   Oral presentation 

   Progress report 

   Rest of the project 

   See sheet A 

- allocating/planning tasks 

Wed 

29/7 

1 

hour 

Matt 

Dave 

-Worked on Oral Presentation 

Thu 

30/7 

2 

hours 

Matt 

Dave 

- Worked on Oral Presentation 

Sat 

1/8 

4 

hours 

Dave 

Matt 

- Worked on Oral Presentation 

- Began Progress Report 

- worked together, then separately 

Tue 

4/8 

5 

hours 

Matt 

Dave 

- Worked on Oral Presentation 

Wed 

5/8 

2 

hours 

Dave 

Matt 

- Worked on Oral Presentation 
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Date Dur. Who Notes 

Thu 

6/8 

2 

hours 

Matt 

Dave 

- Worked on and practiced Oral Presentation 

 

Fri 

7/8 

1 

hour 

Dave 

Matt 

- Oral Presentation 

Mon 

10/8 

2 

hours 

Matt 

Dave 

- Progress Report 

- Planning rest of the project ( - have weekly evaluations) 

Mon 

17/8 

2 

hours 

Dave 

Matt 

- Review of progress 

   - Set tasks for the coming week, see IMPORTANT STUFF.docx 

- Final Report Drafting 

Wed 

19/8 

2 

hours 

Dave 

Matt 

- Final Report Drafting 

Thu 

27/8 

6 

hours 

Matt 

Dave 

- Final Report Drafting 

- Power Calculations 

- Manufacturing Instructions 

Mon 

31/8 

3 

hours 

Dave 

Matt 

- Final Report Structuring 

- Final Report Drafting 

Wed 

2/9 

1 

hours 

All  - Final report drafting 

- Going over Jennyôs work 

Wed 

2/9 

1 

hour 

Jen 

Matt 

- Final report drafting 

- Going over Jennyôs work 

Thu 

3/9 

4 

hours 

Matt 

Dave 

-Final Report Drafting 

-Editing each otherôs stuff 

Tue 

8/9 

4 

hours 

Dave 

Matt 

- Final Report Drafting 

- Planning out remaining tasksô 

Wed 

9/9 

3 

hours 

All  - Final Report Drafting, - received Colinôs critique of our draft and 

begun work on fixing it up 

- Worked with Jenny on her tasks Ą FEA, Ą Cost Analysis, 

ĄCAD, ĄProduct Researchô 

Thu 

10/9 

4.5 

hours 

Matt 

Dave 

- Went to Greenspeed 

- Final Report Drafting with Colinôs comments in mind 

Sat 

12/9 

4 

hours 

Dave 

Matt 

- Final Report Drafting 

Sun 

13/9 

6 

hours 

Matt 

Dave 

- Final Report Drafting 

Mon 

14/9 

4.5 

hours 

Dave 

Matt 

- Final Report Drafting 

Tue 

15/9 

1.5 

hours 

All  - Going over Jennieôs stuff 

- Final Report Drafting 

Tue 

15/9 

4 

hours 

Matt 

Dave 

- Final Report Drafting 

Wed 

16/9 

1 

hour 

All  - Going over Jennieôs stuff 

- Final Report Drafting 

Wed 

16/9 

10 

hours 

Matt 

Dave  

- Final Report Drafting 

Thur 

17/9 

4 

hours 

Matt 

Dave 

- Final Report Drafting 

Fri 

25/9 

4 

hours 

Dave 

Matt 

- Final Report Drafting 



 MPïCBU1AI 

Final Report 2009 page 56 

Date Dur. Who Notes 

Mon 

28/9 

6 

hours 

All  - Final Report Finalising 

- Jennieôs stuff 

Tue 

29/9 

3.5 

hours 

All  - Final Report Finalising 

- Jennieôs stuff 

Tue 

29/9 

3.5 

hours 

Matt 

Dave 

- Final Report Finalising 

- Contributions Paper 

Wed 

30/9 

4 

hours 

All  - Final Report Finalising 

- Jennieôs stuff 

- Contributions Paper 

Wd 

30/9 

2 

hours 

Dave 

Matt 

- Final Report Finalising 

- Contributions Paper 

Fri 

2/10 

4 

hours 

Dave 

Jen 

- Final Report Finalising 

- Jennieôs stuff 

- Contributions Paper 

Sat 

3/10 

4 

hours 

Jen 

Dave 

- Final Report Finalising 

- Jennieôs stuff (FEA) 

- Contributions Paper 
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Appendix B  Sample Dimensional Analysis by Hand ï Seating Ellipse 

 
Much dimensional analysis was completed by hand in this project. For the most part, CAD models 

supersede these analyses. A sample is provided here. It was made in order to calculate dimensions 

for the seating ellipse given certain inputs. This was to be done by creating a number of equations, 

then use MATLAB to calculate the unknowns. The equations were created, but the MATLAB 

program was not. 

 

Firstly, the origin and 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 semi-ellipses meet. The X 

axis runs along the length of the vehicle, parallel to the ground. The Z axis is normal to the ground. 

The Y axis is parallel to the ground, and points to the left of the vehicle, see fig. 38 in appendix C. 

 

Input variables: 

 

ɗ Angle of seating ellipse 

d2  Horizontal distance (parallel to X axis) from origin to where seating ellipse meets  

 the bottom semi-ellipses 

L Length of vehicle (measured along X axis) 

h Maximum width of vehicle (measured along Y axis) 

P(x) = Px Horizontal distance (measured along Y axis) between the bottom two semi- 

  ellipses at distance x from the origin (measured along X axis) 

c* ñClearanceò ï distance between the centres of the seating ellipse and top semi- 

 ellipse tubes (on angle ɗ) 

c Vertical ñclearanceò c = c*sinɗ 

cô Horizontal ñclearanceò cô = c*tanɗ 

 

 

Unknown Variables: 

 

L4 Maximum length (major axis) of seating ellipse (if it were to be a full ellipse)  

L4*  Actual maximum length of seating ellipse minus c* 

h4 Maximum width (minor axis) of seating ellipse 

d ñDisplacementò of middle of seating ellipse from Y axis 

d1 Horizontal distance (parallel to X axis) from origin to where seating ellipse is at  

 z = 0 

d3 Horizontal distance (parallel to X axis) from origin to where seating ellipse meets  

 the top semi-ellipse 

 

 

So there are six unknowns. To solve, at least six equations are required. Their derivation is given 

below. 
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Figure 35. Seating ellipse dimensional analysis page one. 

 



 MPïCBU1AI 

Final Report 2009 page 59 

  

 Figure 36. Seating ellipse dimensional analysis page two. 
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Figure 37. Seating ellipse dimensional analysis page three. 

  


