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 5.4°

Figure 3 - Ideal rest posture on 
kick scooter for continued use 

Figure 4 - Detailed Handlebar Dimensions for ergonomic 
analysis 
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Figure 8 - Pert charts for use of electric scooter in typical 'Last-Mile' commute from Woden to Civic  

Start Woden 
 

 

Drive Car 
 (11km - 12 min) 

Walk to Civic Destination 

from parking spot      

(500m – 3.5 min) 

Drive total time = 15.5 min 

Start Woden 

 

Ride Bus 
(11km - 25 min) 

Walk to bus stop 
 (2km – 14 min)  

Walk to Civic 

Destination 

(1km – 7 min) 

Bus Total Time = 46 min 

Start Woden 
(Folded) 

 

Unfold Scooter 
(1 min) Ride Bus 

(9.7km - 25 min) 

Ride to bus stop 

(2km – 6 min)  

Fold Scooter 

(1 min) 

Unfold Scooter 

(1 min) Ride to Civic 

Destination 

(1km – 3 min) 

Scooter + Bus Total Time = 35 min 
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𝑅𝐷𝑆(𝑜𝑛)

9.3𝑚Ω

𝑅𝐷𝑆(𝑂𝑁) 3.7𝑚Ω

Figure 9 - Sankey Diagram for one complete charge/discharge battery cycle of 
Electric Scooter Use. 

Figure 10 - 
IRFB4115 TO-220 
MOSFET as used in 
the scooter 
controller 
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𝑰𝒎𝒑𝒂𝒄𝒕 = 𝑷𝒐𝒑𝒖𝒍𝒂𝒕𝒊𝒐𝒏

 

 ±0.0001𝑘𝑔

1𝑀𝐽 = 0.098𝑘𝑔𝐶𝑂2
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Table 2 - Materials Audit of the Electric Scooter System. Embodied Energies/Carbons from (Hammond & Jones 2011) 
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Figure 12 - CAD Drawing of 
Deck Extension 
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Table 3 - Possible failure causes for the Electric scooter system 
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Figure 14 - Example of 
Messenger Bag 

Appendices 

Appendix I – Commuting Habits Survey 
The purpose of this survey is to determine the applicability of alternate transportation methods to students and workers in Canberra. The later 

questions seek to establish the budget/criteria for the design of such an alternative transportation solution. Please complete the survey in 

order, without changing your response to earlier questions upon reading later questions. Please direct all queries regarding this survey to 
u5366327@anu.edu.au. This survey should take < 10 minutes. 

1. Please check the box which best describes the length of your travel from your primary place of residence to your place of 

education or employment (Your Commute). 
 

< 1𝑘𝑚                     1𝑘𝑚 −  2𝑘𝑚           2 − 5 𝑘𝑚          5 − 10𝑘𝑚   

10𝑘𝑚 −  20𝑘𝑚      20𝑘𝑚 −  50𝑘𝑚      50𝑘𝑚 +     

2. Please select your primary mode of transportation for this commute. 

 𝐶𝑎𝑟 (𝐴𝑙𝑜𝑛𝑒)     𝐶𝑎𝑟 (𝐶𝑎𝑟𝑝𝑜𝑜𝑙𝑖𝑛𝑔)       𝐵𝑢𝑠         𝑊𝑎𝑙𝑘𝑖𝑛𝑔  

 𝐵𝑖𝑐𝑦𝑐𝑙𝑒              𝑆𝑐𝑜𝑜𝑡𝑒𝑟                           𝑂𝑡ℎ𝑒𝑟 (𝑃𝑙𝑒𝑎𝑠𝑒 𝑆𝑝𝑒𝑐𝑖𝑓𝑦) … … … … … … … …  

3. If you combine multiple different modes of transportation in your commute, please select your secondary mode of 

transportation. 

 

 𝐶𝑎𝑟 (𝐴𝑙𝑜𝑛𝑒)     𝐶𝑎𝑟 (𝐶𝑎𝑟𝑝𝑜𝑜𝑙𝑖𝑛𝑔)       𝐵𝑢𝑠         𝑊𝑎𝑙𝑘𝑖𝑛𝑔  

 𝐵𝑖𝑐𝑦𝑐𝑙𝑒              𝑆𝑐𝑜𝑜𝑡𝑒𝑟                           𝑂𝑡ℎ𝑒𝑟 (𝑃𝑙𝑒𝑎𝑠𝑒 𝑆𝑝𝑒𝑐𝑖𝑓𝑦) … … … … … … … …   

 𝐼 𝑑𝑜 𝑛𝑜𝑡 𝑢𝑠𝑒 𝑎 𝑠𝑒𝑐𝑜𝑛𝑑𝑎𝑟𝑦 𝑓𝑜𝑟𝑚 𝑜𝑓 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑚𝑦 𝑐𝑜𝑚𝑚𝑢𝑡𝑒  

4. Please provide a rough estimate of the distance travelled using your SECONDARY mode of transportation.  

 

Your Response:  ___________________________________________________________ 
 

5. Overall, how satisfied are you with your current commuting transport arrangements? 

 

QUESTIONS 6 – 8 ARE CONCERNED WITH A HYPOTHETICAL PRODUCT 

IMAGINE you have a messenger bag sized vehicle (physically similar to bag in figure 1) that allows 

you to travel up to 30km/h using walking/cycling routes for 30km a day. For each kilometre of walking 

distance in your commute, this could save you up to 10 minutes of travel time. The bag lasts for five 

years and there are no ongoing costs. (Consider Parking, Petrol and Registration/Insurance savings). 

 

 

mailto:u5366327@anu.edu.au


d 
 

c. What is the maximum you would pay for such a product? 

 

6.  

a. How interested would you be in such a product? 

 

 

b.  What is the Maximum you would pay for such a product? 

 

7.  

a. The messenger bag now has some drawbacks (all other specifications remain the same):  

 It weighs 12kg when carried.  

 It needs to be charged for 3 hours a day (negligible CO2 emissions). 

 Moving in this way is seen as unfashionable by some. 

Using the squares provided next to each drawback, please rank the above drawbacks from 1 to 3, where ‘1’ is the worst 

drawback and ‘3’ is the most minor drawback. 

b. With these drawbacks in mind, how interested would you be in such a product? 

 

 

 

 

 

c.  What is the Maximum you would pay for such a product? 

 

 

8. The pictures below show a modern electric scooter in its folded and unfolded states. The scooter has the same 

characteristics of the device described in questions 7 and 8, except for the change in shape.  
  

a. What makes this option less appealing than the product described in Question 8? (If multiple reasons, 

please list from most unappealing aspect to least unappealing aspect).  

____________________________________________________________________________________________________

____________________________________________________________________ 

b. How interested are you in such a product? 
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Appendix II – Raw Survey Response Data 
  Commute Length Primary Type Secondary Type Secondary Distance Satisfaction Ideal Interest Ideal Price Real Interest Real Price Scooter Interest Scooter Price

20-50 BUS CAR 20-50 N/A N/A

20-50 CAR OTHER 20-50 VS VI 1000 NI 500 SI 500

10-20 CAR NONE S SI 500 SI 500 NI 0

1-2 BIKE NONE S SI 500 NI 0 NI 0

10-20 CAR NONE S SI 500 SI 500 I 500

10-20 CAR NONE S EI 1500 EI 1500 SI 500

0-1 WALK NONE VS SI 500 VI 50 SI 500

0-1 WALK BIKE 0-1 VS I 750 I 750 NI 500

20-50 CAR NONE S I 1000 I 1000 I 500

2-5 CAR NONE VS VI 500 I 500 I 500

20-50 BUS NONE S SI 500 NI 0 NI 0

10-20 BUS WALK 0-1 VU I 500 SI 500 NI 0

10-20 BUS CAR 10-20 S SI 500 SI 500 SI 500

20-50 CAR NONE S NI 500 NI 500 NI 0

10-20 CAR NONE VS I 1000 NI 500 SI 500

10-20 BUS NONE US I 500 SI 750 SI 500

10-20 CAR BUS 10-20 VS SI 750 SI 500 I 500

10-20 BUS CAR VS I 500 SI 500 SI 500

10-20 BUS WALK 1-2 S I 500 SI 0 NI 0

10-20 CAR NONE S NI 0 NI 0 NI 0

0-1 WALK NONE S NI 0 NI 0 NI 0

1-2 CAR BUS 1-2 S I 0 SI 0 SI 0

0-1 WALK NONE S NI 0 NI 0 NI 0

0-1 WALK NONE VS N/A N/A

0-1 WALK BUS 0-1 S SI 500 SI 500 NI 500

5-10 BUS NONE US NI 0 NI 0 NI 0

0-1 WALK BIKE 0-1 S I 500 SI 500 I 750

20-50 CAR NONE S SI 500 SI 500 NI 0

10-20 CAR WALK 1-2 VS SI 1500 I 1500 I 500

10-20 OTHER NONE VS NI 0 NI 0 NI 0

1-2 WALK BIKE 2-5 S SI 0 SI 0 SI 0

2-5 BIKE NONE US SI 500 NI 0 NI 0

2-5 BIKE NONE VS SI 500 N/A N/A

10-20 CAR BUS 10-20 S I 500 NI 0 NI 0

0-1 WALK NONE VS NI 0 NI 0 SI 500

10-20 CAR NONE S VI 500 I 500 SI 500

2-5 CAR NONE VS I 500 SI 0 SI 0

1-2 BIKE NONE S NI 0 NI 0 NI 0

0-1 WALK BUS 1-2 VS VI 500 VI 500 I 500

1-2 WALK NONE S I 500 I 500 I 500

0-1 WALK CAR 1-2 VS EI 750 I 500 SI 500

5-10 CAR BIKE 1-2 US I 750 SI 500 SI 500

20-50 CAR NONE S I 750 I 1000 SI 500

1-2 BIKE NONE S I 500 SI 500 SI 500

5-10 BUS NONE S SI 500 SI 500 NI 0

55-10 BUS NONE S SI 750 NI 750 NI 750

0-1 BIKE NONE S SI 0 SI 0 SI 0

0-1 WALK NONE S I 500 SI 500 SI 500

10-20 BUS NONE S VI 500 VI 500 SI 500

0-1 WALK NONE US I 500 NI 0 I 500

0-1 WALK NONE S SI 500 SI 500 SI 500

2-5 BIKE NONE S NI 0 NI 0 NI 0

1-2 WALK NONE S I 750 I 1000 I 500

50+ CAR NONE S NI 0 NI 0 NI 0

20-50 CAR BUS 10-20 VS VI 1000 NI 1000 NI 0

1-2 WALK NONE VS SI 500 SI 500 NI 0

1-2 WALK NONE S I 500 SI 500 SI 500

10-20 CAR NONE S I 500 I 0 NI 0

1-2 BIKE NONE VS I 500 SI 500 NI 0

0-1 WALK NONE VS EI 500 NI 0 NI 0

1-2 WALK NONE VS I 500 NI 0 SI 0

1-2 WALK NONE VS I 1000 I 1000 I 750

2-5 BIKE NONE VS SI 500 NI 0 NI 0

5-10 BIKE WALK 0-1 S I 500 SI 500 SI 500

2-5 BUS NONE S SI 500 NI 500 SI 500

1-2 WALK NONE VS NI 0 NI 0 NI 0

10-20 BUS NONE S NI 750 NI 750 NI 0
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Appendix III – Graphical Representations of Survey Data 
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Appendix IV – Draft Patent for new Electric Scooter Design 

 

Australia  

Patents Act 1990 

 

Complete Specification 

Innovation Patent 

 

 

COLLAPSIBLE SCOOTER WITH ELECTRIC PROPULSION 

 

The following statement is a full description of this invention, 

including the best method of performing it known to me: 
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COLLAPSIBLE SCOOTER WITH ELECTRIC PROPULSION 

Push or kick-scooters (herein: “scooters”) have been a technology for many years, however due to their 

cumbersome shape, they are uncomfortable to carry when not in use. This has been reduced through the 

use of a folding steering column in most designs, however still the scooter is very un-ergonomic. This 

invention has been designed in order to increase the comfort and ease of which a scooter can be carried 

and stored by altering the shape such that it is more compact. Various methods have been attempted 

previously, however this design differs in its method and execution, and is unique in that this goal is 

achieved, with the added feature that the hollow space within the scooter deck is preserved such that it 

may be used to safely house batteries and electronics involved with the electric propulsion of the scooter. 

The use of a scooter is accepted to be an effective form of exercise, and the provision of electric propulsion 

increases the range of people for whom scooter transportation would be practical, as well as the enjoyment 

derived from such use. 

The term scooter in accordance with this invention comprises of a strong deck that supports the rear wheel 

as well as a freely-rotating steering shaft used to turn the front wheel, and thus steer the scooter in the 

intended direction.  

The innovation occurs in the deck itself, which, usually a simple piece of steel, is replaced by three sets 

of four pieces that form a hollow tube when in used, with hinges and locks placed strategically at the 

junctions between the sets, such that when said locks are released and hinges folded, the scooter collapses 

into a very practical rectangular prism shape. When unfolding the scooter, the locks also have the ability 

to automatically extend and latch at the junction, increasing the ease and speed of the transition from the 

folded form to the unfolded form. 

 The locks operate using a latching mechanism, and are spring-loaded such that they automatically create 

the lock when the scooter is unfolded, and maintain it while the scooter is in use. The scooter is collapsed 

by pressing the latches inward against the spring pressure, such that they lose contact with the outer deck. 

This breaks the connection and thus allows the hinges to rotate and the scooter to be manipulated into the 

shape of a rectangular prism. This process is shown at various stages in figures 1, 2 and 3.  

Once the scooter is fully folded, the locks are able to be pushed inwards and latch in a position such that 

they do not protrude from the folded scooter, this negates any risks involved with pointed protrusions, as 

well as improving the collapsed shape. 

The same process is used to collapse the steering column, however in this case the placement of hinges is 

such that the steering column and handle-bars folds to join the deck in an extension of its rectangular 

prism shape This is shown in figure 4 with an a view of the collapsed system in figure 5. 
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To achieve the most compact design, the steering column detaches from the deck, and is placed in another 

location along one edge of the folded deck. This is shown in figure 5. The method used to fasten the 

steering column to its primary and secondary locations is arbitrary. 

The exact size and weight of each deck and steering-column section, and the scooter as a whole, is subject 

to the cosmetic design of various models, and thus variable between units. The scooter utilizes electric 

motor technology to drive the rear wheel, such that it provides the ability to propel the scooter forward, 

however the scooter also is able to operate manually in the same way as one with no propulsion. The 

specific design of the motor, such as: location, turn count, magnetic field, and pole count is arbitrary and 

will vary between scooter models, all practical combinations are able to be used.  

A particular feature of novelty that is found in this invention is that a space within the scooter deck is 

available to be used for storage of batteries and electronic equipment involved with the propulsion of the 

scooter, this is advantageous in that the equipment is safely protected by the metal (or other material) shell 

of the deck, and thus enhances the robustness and usefulness of the invention, particularly when used as 

an electric product. 

Ultimately the scooter provides a complete personal transportation platform which is able to be collapsed 

into a small unit that is easy to carry and store when it is not in use. 

A greater understanding of the operation of the scooter may be derived from the attached figures, which 

are described below: 

Figure 1 is three views of the scooter deck with arbitrary design choices such as the shape of the wheel 

well. This figure gives an overview of the innovation, with points labelled “1” being the hinges, and points 

labelled “2”, being the location of the locking mechanisms. 

Figure 2 is a view of the scooter deck, now in the situation where the locks have been released and the 

scooter is partly folded, this shows the mechanism of folding. 

Figure 3 is the same scooter deck as figures 1 and 2, however now the scooter is completely folded and 

the locks are latched into their secondary positions. 

Figure 4 shows three views of the collapsed steering column. 

Figure 5 shows two views of the complete collapsed scooter system in its compact form, this example not 

containing electric propulsion components, however that does not change any of the function of the 

invention.  

Figure 6 shows multiple views of the unfolded scooter. 
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The claims defining the invention are as follows: 

1. A scooter deck comprising of multiple sections, connected by hinges on alternating sides which 

use a locking system to form one rigid deck when extended, and fold into a more compact shape 

similar to a rectangular prism when collapsed. 

 

2. A steering column and handle-bars comprising of multiple sections, connected by hinges, which 

use a locking system to form one rigid steering system when extended, and collapse into a more 

compact form similar to a rectangular prism when folded. 

 

3. A scooter according to any claims 1 and 2 by which an internal space of the deck is preserved for 

use of storage of batteries, electronics or otherwise. 

 

4. A scooter according to any claims 1, 2 and 3 by which propulsion is achieved via electric motors, 

in-wheel or otherwise. 

 

5. A scooter substantially as herein before described with reference to figures 1-5 of the 

accompanying drawings. 

 

Thomas James McMenamin       15 September 2014  
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Figure 2 
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Figure 4 
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Figure 5 
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ABSTRACT 

The disclosed scooter is composed of two main parts, the deck and steering column. Both of those parts 

are designed such that they are able to be folded into a more practical shape for carrying and storage, 

the deck is uniquely designed such that it achieves this goal, while preserving the hollow space within 

itself, to be used for the placement of batteries and electronics for the purpose of the electric propulsion 

of the scooter. The deck is divided into three sections as shown in the diagrams, with hinges and locks 

on alternating, opposite sides. This allows the deck to fold into a rectangular prism. The steering column 

detaches from the deck and has its own hinge-lock system arranged such that it folds in a form 

complementary to the deck, the two having a final collapsed shape of that shown in figure 5. A handle 

will be attached to the rear end of the front deck section, as this allows the scooter to be carried like a 

briefcase very easily, as well as being near the centre of mass of the collapsed scooter, reducing wrist 

strain and increasing ease of carrying. 

 


