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Abstract:
This report will show the process that team DSG underwent to complete the soapbox assignment set at the beginning of the academic year. It will show the development of ideas and research which lead to coming up with a final design that incorporated the whole groups ideas. Throughout the report, design and elements of the soapbox evolve into what is the final product. A range of different factors needed to be considered including materials, costing and impact on the environment, all of which and more are discussed in this report.

1) Introduction: Michael Reeves (1905430)
In this report it will be laying the preliminary details and designs of a soapbox, designed to the regulations for Richards castle soapbox derby and to be as competitive as possible while being affordable to build. Rob Marshall, a RedBull racing engineer, and judge for the one of worlds biggest soapbox races, RedBull soapbox race, suggests a few ideas and points to follow;
-Use a solid base
-Strong
-Lightweight
-Low centre of mass
The course is 500m long and has a 50m descent across mixed terrain and the carts are expected to reach speeds of up to 30-40mph at some points. The maximum length and width are 2500mm and 1500mm respectively, also a ground clearance of 50mm is recommended to clear the start ramp. A roll bar is required both 35mm above the drivers head and 25mm in front of the drivers hands when on the steering are required as a minimum. So all of these have to be taken into account with design to keep weight and profile of the soap box to a minimum. The soapbox will also be made to have a ground clearance of 50mm to keep the centre of gravity as low as possible while still clearing the starting ramp, so as to improve the handling of the soap box. [1]









Braking system
[image: ][2]
For brakes, a disc and calliper system similar to those used on mountain bikes would be best as they are light, compact and effective. Also if they were to be hydraulic instead of cable, while being heavier, would allow for the brakes o be effectively and evenly controlled from one point. The most effective system would e to brake all four wheels with a disc and calliper each. However if tis was the case the rear of the cart would be susceptible to locking up. The best solution would be to have a disc on each front wheel and a single one for both of the back wheels on the rear axle. 
The calliper would be mounted onto the chassis and the hydraulic hose would be run down and along the chassis. 

Driveability
Driveability is the degree of smoothness and steadiness of a vehicle. There are many was we can keep the smoothness to the kart going through the track. We have decided  that the best way to do this is by using a handle bar steering system to keep the kart under control while going through the corners, just like the Swansea metropolitan collaboration ‘project enduro’ uses on their gravity bike, as that worked well to keep the stability of the bike going down the course.
[image: ]  [3]
The handle bars will be attached to the frame by a 50mm stem as this gives a short turning circle and we can make turns more efficiently. 

[1]- Ekuase Austin, Aduloju Sunday Christopher, Ogenekaro Peter, Ebhota Williams Saturday, and Dania David E., “Determination of Center of Gravity and Dynamic Stability Evaluation of a Cargo-type Tricycle.” American Journal of Mechanical Engineering, vol. 3, no. 1 (2015): 26-31. doi: 10.12691/ajme-3-1-5. Paragraph 1-Introduction.
[2]- Anon, (2020). [online] Available at: https://www.quora.com/Is-it-better-to-place-a-single-disc-brake-in-go-kart [Accessed 21 Jan. 2020].
[3]- Twitter.com. (2014). Project ENDUROWales (@ProjectEnduro) | Twitter. [online] Available at: https://twitter.com/projectenduro [Accessed 21 Jan. 2020].

2) Soapbox Design: James Holliman (1901805)
A Soapbox can be designed in a variety of ways depending on the designer and materials used. Below is a list of each design concept created by the team:
Idea 1:
This design was good, as it was simple and easy to construct, but it had no aerodynamics. As a result of this it would not run very well, as the air would slam into the front of it and slow the soapbox down therefore it was decided to try other ideas.
[image: ]
Idea 2:
This particular design was also simple but front heavy, so if, for example, it went over a ramp it would tip too far forwards and smash into the floor. Therefore, it was deemed best to go for a design that might get past the first ramp.
[image: ]

Idea 3:
This is more complicated than the previous designs due to the inclusion of two masts and sails which would make the vehicle top heavy, causing it to be unbalanced. This was also not one of our preferred designs.
[image: ]
Idea 4:
This design was eventually chosen as it proved to be a simple but aerodynamic vehicle. This design could also be expanded upon, and the wings could act a form of suspension and a means of entry/exit, as well as providing a hole in the front section for the air to flow through.
[image: ]


Idea 4 (Mark 2): 
This expansion of the initial chosen design includes the correct wheels, whilst including a grill in the front to let the air through whilst preventing solid objects (e.g. rocks, twigs ETC) from hitting the driver. 
[image: ]
Idea 4 (final version):
This version raises the rear end of the vehicle upwards, to create a roll bar, but also includes all planes of the design, so that at the manufacturing stage, all sides are included. 
[image: ]
3) Environmental impact: Aneurin Evans (1907963)

As I will be studying Energy & Environmental Engineering next year, the group and I felt that it would be a good idea for me to look at ways to reduce the impact our soapbox has on the environment. As this is not a working car with an engine and fuel, the issue of carbon emissions is not an obstacle. This allows me to focus more on how we can use the most sustainable and reusable materials conceivable to make our soapboxes impact on the environment as small as possible. Firstly, materials that are worse for the environment I will look to try to encourage the team to avoid. Obviously, there are some essential materials that may be bad for the environment, and some better materials that are out of our price range, so we will have to compromise on certain things. 
Tyres are something that are very reusable. There are many plastic/rubber products which are able to be reused as tyres, as well as tyres which can be remade into other products such as shoes. To start, the group were discussing which wheels they would use. We were thinking of using bike wheels and tyres. The options we had were either 26-inch or 20-inch wheels. I encouraged the group to use the smaller 20-inch wheels as, from an environmental perspective, the smaller wheels would mean smaller tyres, reducing the overall amount of materials we would be using. We took this into consideration and ended up deciding on 20-inch wheels as they were stronger and more durable than 26-inch ones, so everyone was happy. 
Reuse and Recycle: Ways to Use Your Old Bike Tubes and Tires (David Fielder: May 2018) Available at: https://www.liveabout.com/possibilities-for-your-old-tubes-and-tires-365782 [Accessed Dec 2019]
Renewable Materials for Automotive Manufacture - The Next Big Thing in Green Motoring? (Nick Gilbert: 27 May 2013) Available at: https://www.azom.com/article.aspx?ArticleID=9000 [Accessed Dec 2019]


4) Materials: James Holliman (1901805)

There are many materials that can be used to design and make an efficient soapbox. The different materials have different purposes and work in different places depending on their properties. The following are some ideas of what could be used:
Chassis:
The chassis is the backbone of the soapbox and so needs to be strong, so soft metals such as aluminium cannot be used as they are too weak and malleable (Royal Society of Chemistry, 2019). In contrast, although titanium is strong, it is too expensive to use on the soapbox (Royal Society of Chemistry, 2019). So, the group decision is that steel would be the best metal as according to the World Steel Association (2019) it is durable, has good tensile and yield strength, good thermal conductivity and has an infinite fatigue life. By comparison, aluminium develops cracks if it gets flexed too many times it.

Wheels and Brakes:
The wheels for the soapbox have to be light and of medium width.  Tyres have been chosen for the wheels to be durable (such as mountain bike wheels).  Then aluminium calliper brakes have been chosen as according to Henshaw (2004) they work best in the wet and are low cost (see Appendices 1 and 2). The other brake that could be used is a disc brake, but these need hydraulic operation which adds unwanted weight to the soapbox, so the calliper brake was selected.
Steering systems:
The group decided that the Steering system will be a modified rack and pinion system. The Motor Ombudsman (2018) have stated that this is a simple but effective steering system with few moving parts. It is also sturdy, strong and it does not weigh too much to slow the soapbox down, but it is not stiff or slow. 
Bodywork:
The material chosen for the bodywork is ABS plastic because, according to Isoper (2016), ABS is strong and durable but can be moulded to any shape for the soapbox. It is also lightweight so it will not weigh the soapbox down.
Seat:
A bucket seat has been chosen because it is light but sturdy so can take the impacts of the course. It also won’t let the driver slide about or fall off the soapbox but this does mean that it can be more difficult to get in and out of (Chua, 2019). 
References:
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Appendix 1 (Cost):
	Description
	Quantity
	Unit cost
	Total cost

	Steel
	8 metres
	£3.45 per metre
	£27.60

	Calliper brake
	2
	11.99 per calliper
	£23.98

	20-inch BMX wheels
	4
	£12.99 + £6.99
	£79.92

	ABS Plastic
	2500 x 1500 x 500
	£2.49 148mm x 105mm x 2mm
	£89.64

	Rack and pinion
	1
	£75.00
	£75.00

	Handlebars
	1
	£5.00
	£5.00

	Bucket seat
	1 
	£55 + £12.50 postage
	£77.50

	Total cost for project
	
	
	£378.64



Appendix 2: (Materials)

Bucket seat:
Ebay £55 + £28.55 postage  (https://www.ebay.co.uk/i/153636764379?chn=ps&norover=1&mkevt=1&mkrid=710-134428-41853-0&mkcid=2&itemid=153636764379&targetid=520070987173&device=c&mktype=pla&googleloc=1007460&poi=&campaignid=6466372026&mkgroupid=74274107501&rlsatarget=pla-520070987173&abcId=1139366&merchantid=6995734&gclid=EAIaIQobChMI8pyvraO35QIVQ7UYCh3vWAnoEAkYAyABEgIjufD_BwE)
Ebay £55 +£12.50 (https://www.ebay.co.uk/i/163669394944?chn=ps&norover=1&mkevt=1&mkrid=710-134428-41853-0&mkcid=2&itemid=163669394944&targetid=521080671331&device=c&mktype=pla&googleloc=1007460&poi=&campaignid=1782815730&mkgroupid=70885937162&rlsatarget=pla-521080671331&abcId=1139356&merchantid=6995734&gclid=EAIaIQobChMI8pyvraO35QIVQ7UYCh3vWAnoEAkYCCABEgIhyfD_BwE)

Brake:
Amazon £29.99 2 calipers (https://www.amazon.co.uk/Tektro-R359-47-57mm-Brake-Calipers/dp/B019VK6AJE/ref=asc_df_B019VK6AJE/?tag=googshopuk-21&linkCode=df0&hvadid=310135571037&hvpos=1o4&hvnetw=g&hvrand=16582506956597598726&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=1007460&hvtargid=pla-420274977740&psc=1&th=1&psc=1)
Decathlon 11.99 1 caliper (https://www.decathlon.co.uk/btwin-r312-rear-brake-caliper-id_8408191.html?iv_=__iv_p_1_g_69069928297_c_354973276231_w_pla-857303836317_n_g_d_c_v__l__t__r_1o8x_pla_y_15177021_f_online_o_2414526_z_GB_i_en_j_857303836317_s__e__h_1007460_ii__vi__&gclid=EAIaIQobChMI-q-r5uSg5QIVz-F3Ch1lUwKaEAkYCCABEgJbwvD_BwE)

Steel:
The metal store £13.25 2 metres (https://www.themetalstore.co.uk/products/stainless-steel-316-round-bar-2m?utm_source=google&utm_medium=product_feed&utm_campaign=products&gclid=EAIaIQobChMI3JfS0f255QIVAZ6fCh0HUw0zEAkYASABEgLI_PD_BwE)
Wickes £3.45 1 metre (https://www.wickes.co.uk/Wickes-5mm-Round-Bar---Drawn-Steel-1m/p/188304?utm_source=google&scid=scplp188304&sc_intid=188304&gclid=EAIaIQobChMI3JfS0f255QIVAZ6fCh0HUw0zEAkYBSABEgKlEPD_BwE&gclsrc=aw.ds)

Wheels and tyres:
Single track bikes £6.99 1 tyres (https://www.singletrackbikes.co.uk/m37b212s437p29493/Nutrak_20_X_2_0_Inch_Bmx_Freestyle_Tyre_Skinwall/RS_GB?gclid=EAIaIQobChMIwbiewYrJ5QIVVeDtCh2UZAPOEAkYAyABEgLNOPD_BwE)
Ebay £8.79 1 tyres (https://www.ebay.co.uk/i/292112836180?chn=ps&var=591073940967&norover=1&mkevt=1&mkrid=710-134428-41853-0&mkcid=2&itemid=591073940967_292112836180&targetid=522856877278&device=c&mktype=pla&googleloc=1007460&campaignid=7412990377&mkgroupid=76068633490&rlsatarget=pla-522856877278&abcId=1139366&merchantid=137623558&gclid=EAIaIQobChMIwbiewYrJ5QIVVeDtCh2UZAPOEAkYByABEgLR5PD_BwE)
Ebay £12.99 1 wheel (https://www.ebay.co.uk/i/183845670363?chn=ps&norover=1&mkevt=1&mkrid=710-134428-41853-0&mkcid=2&itemid=183845670363&targetid=522579777823&device=c&mktype=pla&googleloc=1007460&poi=&campaignid=6744139845&mkgroupid=78343140846&rlsatarget=pla-522579777823&abcId=1139126&merchantid=6995734&gclid=EAIaIQobChMI_8_ttIzJ5QIVQuDtCh1UwgnvEAkYBCABEgIhxfD_BwE)
Tredz £19.99 1 wheel (https://www.tredz.co.uk/.DiamondBack-Silver-3-8-inch-Nutted-With-ALEX-J303-36H-Rim-Front-BMX-Wheel_55721.htm?sku=155474&utm_source=google&utm_medium=cpc&utm_campaign=google_shopping&gclid=EAIaIQobChMI_8_ttIzJ5QIVQuDtCh1UwgnvEAkYDCABEgLuxPD_BwE#)
Handles:
Ebay  £5.00 (https://www.ebay.co.uk/i/323453628249?chn=ps&norover=1&mkevt=1&mkrid=710-134428-41853-0&mkcid=2&itemid=323453628249&targetid=522856824878&device=c&mktype=pla&googleloc=1007460&poi=&campaignid=7412990377&mkgroupid=76068633490&rlsatarget=pla-522856824878&abcId=1139366&merchantid=6995734&gclid=EAIaIQobChMI0KWlpI7J5QIVBLTtCh2aqQhyEAkYCyABEgKf_fD_BwE)
Decathlon £10.99 (https://www.decathlon.co.uk/bmx-222-mm-620-mm-handlebar-id_8521826.html?iv_=__iv_p_1_g_61980133654_c_316432589974_w_aud-308557096213:pla-329717981662_n_g_d_c_v__l__t__r_1o7x_pla_y_15177021_f_online_o_2631644_z_GB_i_en_j_329717981662_s__e__h_1007460_ii__vi__&gclid=EAIaIQobChMI0KWlpI7J5QIVBLTtCh2aqQhyEAkYByABEgKLCvD_BwE)

Bodywork:
SWP  £53.74 2500x 1250x 1.5 (https://shop.stephen-webster.co.uk/product/abs-smooth-and-embossed-plastic-sheet/?gclid=EAIaIQobChMIwdPz1JDJ5QIVi7HtCh3URQTZEAkYBCABEgKZP_D_BwE)
Ebay £2.49 148x 105x 2  (https://www.ebay.co.uk/i/282538396426?chn=ps&var=581701183698&norover=1&mkevt=1&mkrid=710-134428-41853-0&mkcid=2&itemid=581701183698_282538396426&targetid=679553159032&device=c&mktype=pla&googleloc=1007460&campaignid=7643169303&mkgroupid=78014891181&rlsatarget=pla-679553159032&abcId=1139576&merchantid=115232209&gclid=EAIaIQobChMIwdPz1JDJ5QIVi7HtCh3URQTZEAkYAiABEgKWJ_D_BwE)
Ebay £2.49 148x105x2 (https://www.ebay.co.uk/i/282538396426?chn=ps&var=581701183698&norover=1&mkevt=1&mkrid=710-134428-41853-0&mkcid=2&itemid=581701183698_282538396426&targetid=679553159032&device=c&mktype=pla&googleloc=1007460&campaignid=7643169303&mkgroupid=78014891181&rlsatarget=pla-679553159032&abcId=1139576&merchantid=115232209&gclid=EAIaIQobChMIwdPz1JDJ5QIVi7HtCh3URQTZEAkYAiABEgKWJ_D_BwE)

Steering systems:
Ebay £75.00   (https://www.ebay.co.uk/i/152612046377?chn=ps&norover=1&mkevt=1&mkrid=710-134428-41853-0&mkcid=2&itemid=152612046377&targetid=522579834863&device=c&mktype=pla&googleloc=9045370&poi=&campaignid=6744139845&mkgroupid=78343140846&rlsatarget=pla-522579834863&abcId=1139126&merchantid=119154656&gclid=EAIaIQobChMIh4vGza3L5QIVg7TtCh3V_wnJEAkYAyABEgJwcfD_BwE)
Amazon  £73.87 (https://www.amazon.co.uk/RUNGAO-110cc-Steering-Assembly-Pinion/dp/B07RPBCJYS/ref=asc_df_B07RPBCJYS/?tag=googshopuk-21&linkCode=df0&hvadid=218553489803&hvpos=1o6&hvnetw=g&hvrand=18019370298310867101&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=9045370&hvtargid=pla-763907822056&psc=1)


5) Conclusion: Aneurin Evans (1907963)

Looking back on the process so far, the group has enjoyed designing something relevant and solving pertinent problems for our future aspirations. We have had good, constructive sessions in which we have made big decisions on many important aspects of the soapbox such as design, materials and costing, in which each team member put forward their own ideas. 
Michael is very interested in cars and found some very useful tips from Red Bull Soapbox judge and Red Bull engineer, Rob Marshall. We took the fundamentals of our soapbox being strong, with a solid base, having a low centre of mass and being lightweight. These were key for us to ensure our soapbox would be stable and strong, without compromising speed. 
To do this, James drew some sketches of a soapbox which each evolve in shape and design. We constantly thought about how we could design our soapbox to limit air resistance/drag, whilst keeping in mind Rob Marshalls tips of stability. We knew we had to have enough downforce to keep the soapbox steady when cornering at high speeds and looked to do this through design coupled with a low centre of mass, which we feel is incorporated in our final design.
[bookmark: _GoBack]Another essential aspect of the soapbox to think about was which materials we should use. James compiled a number of potential materials, priced them and evaluated those that best met our criteria of being strong, light and affordable. However, we were also conscious of the environmental impact our soapbox would have and wanted to limit it as much as possible. Nye gave suggestions on ways in which to improve our efficiency on waste materials and manufacturing processes by using as many recycled/recyclable materials as possible to use for the soapbox. Often though, such materials can be more expensive than their more damaging counterparts, however with James’ help we found some suitable materials that fit our criteria and which each team member was happy with.
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Wickes £3.45 1 metre (https://www.wickes.co.uk/Wickes-5mm-Round-Bar---Drawn-Steel-1m/p/188304?utm_source=google&scid=scplp188304&sc_intid=188304&gclid=EAIaIQobChMI3JfS0f255QIVAZ6fCh0HUw0zEAkYBSABEgKlEPD_BwE&gclsrc=aw.ds)
Single track bikes £6.99 1 tyres (https://www.singletrackbikes.co.uk/m37b212s437p29493/Nutrak_20_X_2_0_Inch_Bmx_Freestyle_Tyre_Skinwall/RS_GB?gclid=EAIaIQobChMIwbiewYrJ5QIVVeDtCh2UZAPOEAkYAyABEgLNOPD_BwE)
Ebay £8.79 1 tyres (https://www.ebay.co.uk/i/292112836180?chn=ps&var=591073940967&norover=1&mkevt=1&mkrid=710-134428-41853-0&mkcid=2&itemid=591073940967_292112836180&targetid=522856877278&device=c&mktype=pla&googleloc=1007460&campaignid=7412990377&mkgroupid=76068633490&rlsatarget=pla-522856877278&abcId=1139366&merchantid=137623558&gclid=EAIaIQobChMIwbiewYrJ5QIVVeDtCh2UZAPOEAkYByABEgLR5PD_BwE)
Ebay £12.99 1 wheel (https://www.ebay.co.uk/i/183845670363?chn=ps&norover=1&mkevt=1&mkrid=710-134428-41853-0&mkcid=2&itemid=183845670363&targetid=522579777823&device=c&mktype=pla&googleloc=1007460&poi=&campaignid=6744139845&mkgroupid=78343140846&rlsatarget=pla-522579777823&abcId=1139126&merchantid=6995734&gclid=EAIaIQobChMI_8_ttIzJ5QIVQuDtCh1UwgnvEAkYBCABEgIhxfD_BwE)
Tredz £19.99 1 wheel (https://www.tredz.co.uk/.DiamondBack-Silver-3-8-inch-Nutted-With-ALEX-J303-36H-Rim-Front-BMX-Wheel_55721.htm?sku=155474&utm_source=google&utm_medium=cpc&utm_campaign=google_shopping&gclid=EAIaIQobChMI_8_ttIzJ5QIVQuDtCh1UwgnvEAkYDCABEgLuxPD_BwE#)
Ebay  £5.00 (https://www.ebay.co.uk/i/323453628249?chn=ps&norover=1&mkevt=1&mkrid=710-134428-41853-0&mkcid=2&itemid=323453628249&targetid=522856824878&device=c&mktype=pla&googleloc=1007460&poi=&campaignid=7412990377&mkgroupid=76068633490&rlsatarget=pla-522856824878&abcId=1139366&merchantid=6995734&gclid=EAIaIQobChMI0KWlpI7J5QIVBLTtCh2aqQhyEAkYCyABEgKf_fD_BwE)
Decathlon £10.99 (https://www.decathlon.co.uk/bmx-222-mm-620-mm-handlebar-id_8521826.html?iv_=__iv_p_1_g_61980133654_c_316432589974_w_aud-308557096213:pla-329717981662_n_g_d_c_v__l__t__r_1o7x_pla_y_15177021_f_online_o_2631644_z_GB_i_en_j_329717981662_s__e__h_1007460_ii__vi__&gclid=EAIaIQobChMI0KWlpI7J5QIVBLTtCh2aqQhyEAkYByABEgKLCvD_BwE)
SWP  £53.74 2500x 1250x 1.5 (https://shop.stephen-webster.co.uk/product/abs-smooth-and-embossed-plastic-sheet/?gclid=EAIaIQobChMIwdPz1JDJ5QIVi7HtCh3URQTZEAkYBCABEgKZP_D_BwE)
Ebay £2.49 148x 105x 2  (https://www.ebay.co.uk/i/282538396426?chn=ps&var=581701183698&norover=1&mkevt=1&mkrid=710-134428-41853-0&mkcid=2&itemid=581701183698_282538396426&targetid=679553159032&device=c&mktype=pla&googleloc=1007460&campaignid=7643169303&mkgroupid=78014891181&rlsatarget=pla-679553159032&abcId=1139576&merchantid=115232209&gclid=EAIaIQobChMIwdPz1JDJ5QIVi7HtCh3URQTZEAkYAiABEgKWJ_D_BwE)
Ebay £2.49 148x105x2 (https://www.ebay.co.uk/i/282538396426?chn=ps&var=581701183698&norover=1&mkevt=1&mkrid=710-134428-41853-0&mkcid=2&itemid=581701183698_282538396426&targetid=679553159032&device=c&mktype=pla&googleloc=1007460&campaignid=7643169303&mkgroupid=78014891181&rlsatarget=pla-679553159032&abcId=1139576&merchantid=115232209&gclid=EAIaIQobChMIwdPz1JDJ5QIVi7HtCh3URQTZEAkYAiABEgKWJ_D_BwE)
Ebay £75.00   (https://www.ebay.co.uk/i/152612046377?chn=ps&norover=1&mkevt=1&mkrid=710-134428-41853-0&mkcid=2&itemid=152612046377&targetid=522579834863&device=c&mktype=pla&googleloc=9045370&poi=&campaignid=6744139845&mkgroupid=78343140846&rlsatarget=pla-522579834863&abcId=1139126&merchantid=119154656&gclid=EAIaIQobChMIh4vGza3L5QIVg7TtCh3V_wnJEAkYAyABEgJwcfD_BwE)
Amazon  £73.87 (https://www.amazon.co.uk/RUNGAO-110cc-Steering-Assembly-Pinion/dp/B07RPBCJYS/ref=asc_df_B07RPBCJYS/?tag=googshopuk-21&linkCode=df0&hvadid=218553489803&hvpos=1o6&hvnetw=g&hvrand=18019370298310867101&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=9045370&hvtargid=pla-763907822056&psc=1)
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