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[bookmark: _Toc188448862][bookmark: _Toc188448945]Introduction
The aim of this project is to design a soapbox that is capable of competing in the Richard Castle soapbox race. To do this, the soapbox must comply with the regulations. Taking time to understand the regulations gave us a base knowledge of the competition. The project was then split into 5 categories and assigned to each member: 
· Administration – James Smith, Jack Cheatle
· Meeting minuets
· Organisation
· Design – James Smith, Alexander Bird, Jack Cheatle
· Livery
· Structural Design
· Dynamics & Driveability – James Smith, Alexander Bird
· Chassis
· Brakes
· Steering
· Materials – Jack Cheatle, James Smith
· Costing – Jack Cheatle
Having categories like this allowed us too individually research and develop our ideas that we could then share in the meetings. We held meetings, recorded minuets and discussed the direction we wanted going forward. Regular meetings allowed for open lines of communication. Designs were created and analysed. The Dynamics & Driveability could then work to put that design into reality and explain how the soapbox works. Costing was then carried out alongside the materials team. Working across groups is imperative because you need to know what materials you need and how much they cost. Dynamics & driveability must work efficiently with the costing teams to provide the cost of the correct parts. If any part of the design needs adapting, the rest of the group needs to be able to feed back to the design team so changes can take place.
This internal framework allowed Team EFF-EYE-AYY to create 3 designs that allowed us to explore every avenue that intrigued us.

[bookmark: _Toc188448863][bookmark: _Toc188448946]Designs
[bookmark: _Toc188448864][bookmark: _Toc188448947]Final Design
Design 1 is based on the UWTSD Sports 2000 MCR car. We collectively chose this as our inspiration because two out of our three members are apart of the motorsport team. By being able to look at how much goes into the design work and constant development, we felt that it’s a perfect choice. 
[image: A race car in a showroom

Description automatically generated]When the MCR team was first made back in 2013,the car looked very different to current day but still being a student ran team from 2018 to current day of constant changes to compete with the competition we chose this car for its aerodynamic design and eye-catching appearance. Having the ability to actively be apart of the MCR team gives us the advantage to look at the performance on track and what goes into the changes to compete in the sports 2000 series.(Sports 2000 Racing Championships - SRCC, n.d.)
[bookmark: _Toc188366982][bookmark: _Toc188449091]Figure 1 - (Abigail Penny, n.d)
We created a competitive design that would be faster and more challenging to build. We chose a metal roll cage as a frame that would be covered by thin, strong body panels made from plywood. These body panels could then be painted to give a bright colourful design. The lightweight property of the wood gave us more wiggle room when it came to choosing components for systems such as braking and steering. We decided that it would be better [image: A drawing of a car on a paper

Description automatically generated]to have go kart brakes that we could adapt to sit inside the main chassis. Front brakes are unnecessary as the rear brakes are strong enough to hold the weight of the driver and vehicle stationary while on the ramp (as stated by the regulations). Rack and pinion steering is by far the most reliable. Together they cost around £80 
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Measurements are added to ensure the correct size of the vehicle and that it complies with the regulations. There must be a 50mm ground clearance and the roll cage must clear  35mm above the driver’s head. Having blueprints gives a better indication to the designer’s ideas. Their thoughts can more easily be visualised and any errors pointed out.  The wheel arches are made completely out of wood and are not structural. This saves weight and makes the building process a lot more streamlined. 16-inch tyres have been adapted from a wheelbarrow. These allow for a 100mm ground clearance. Double what the regulation requires. A metal axle will run through each rear wheel and will also hold the inboard brakes. On the front, each wheel will be independent (no axle) and connect to the steering system allowing the driver to easily control the soapbox. To make the soapbox look sporty. We added a rear wing on the back. This adds weight to the rear of the vehicle allowing more grip when braking.  The wing is 1.35M wide and costs around £50.
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[image: ]We created multiple Designs, two of which we decided not to proceed with. This was due to the lack of vision in these designs and the flaws that they presented. They may have been easier to construct however they didn’t represent the technical nature we wanted. Despite these designs looking more fun and interesting that the final design, they did not comply with the regulations. The Jurassic Park car was the best design when it came to aesthetics. Having such a large chassis meant that the car would have been too heavy and would have needed stronger brakes. This means more cost. It also meant that the Dynamics & Driveability team would have struggled to make this work. These complications caused this design to be unfavourable when choosing the final design. 
[bookmark: _Toc188366984][bookmark: _Toc188449093]Figure 3 - (Jack Cheatle, n.d)
The model of car used in the film is the 1992 Ford Explorer, which at the time Ford’s lineup of cars was quite known and successful. With the vehicles striking colors of a vibrant yellow and green shine as well as the contrasting bold red pattern is an instant head turner being a very recognizable design. The Jurassic Park Explorer is an iconic part of the film making and is a great contender for our design.
Suspension was a key talking point when deciding whether to use the third design. Design three has been based on the shape of the McLaren W1. We decided against this design because we couldn’t figure out a way of keeping the ground clearance legal. This design was also very limited when developing. The low hight of the soapbox gave us a very quick vehicle. This is irrelevant if the vehicle doesn’t comply with the regulations. Trying to develop this design to comply with the regulations proved difficult and expensive. The Dynamics & Driveability team explored the idea of using car suspension to hold up the chassis. The problem with this is that we couldn’t find a suspension soft enough; because the suspension was so stiff there wasn’t any difference between no suspension and the new suspension. Bearing this in mind, we scraped that idea and decided to explore other options. The final design gave the advantage of an open cockpit. The two designs we rejected both had closed cockpits. Ease of access was crucial for the driveability. An open cockpit gives a much better view of the track. The driver can also get in the soapbox a lot easier meaning they don’t have to wait an excessive amount of time in the cockpit. All these advantages help optimise the driver. Even if we have the fastest vehicle that doesn’t mean we will have the fastest time. Driver mistakes can be costly, so creating a soapbox that has good driveability was extremely important.
Furthermore, the secondary sketch in figure 3 takes inspiration from the W1 McLaren. The W1 was released on the 50th grand prix win in formula 1 according to the McLaren website (McLaren W1 - The Real Supercar | GB, n.d.). The power to weight ratio on this car is phenomenal with a ratio of 911ps/tonne, this is great for vehicle feel and control. The aerodynamic system on this car is one that hasn’t been seen in the motor world yet. Therefor its all just hypotheticals. Although it has a vast amount of aero performance. hopefully this will be a system for many moons to come. McLaren claim it to be an ambitious and effective setup according to their website. The entire aero package is claimed to produce a whopping 1000kg of downforce. This is absolutely stunning in the motor world. To see such fine engineering is a blessing. We hope as a worldwide car enthusiast will look at this setup and admire all of it. The W1 is also now a ground effect car which concludes the downforce arrears. Thus, car being ground effect will use the ground to pull the car lower, creating more downforce, speed and better cornering. Ground effect cars have been tracked to be in development in race cars since 1920s. especially in f1. Which the W1 is designed from. Although the ground effect technology was banned in 1982 and coming to surface once again in 2022. The pinnacle of all supercars and high-performance cars has all been inspired by something to do with in the formula one trade. If just looking at the technology used alone is at an incredible amount. For a car enthusiast it’s a pleasure to witness.
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[bookmark: _Toc188449094]Figure 4 - (Alexander Bird, n.d)
[bookmark: _Int_qf8wqDaR][bookmark: _Int_xNmIwRuS][bookmark: _Int_m1zsrySf][bookmark: _Int_FkbjCqCb][bookmark: _Int_2hucbD3f][bookmark: _Int_MMai1vrl]The design above while not chosen for the final design exemplifies a streamlined hybrid  concept between a modern go-kart with aircraft aerodynamics to perfect performance, particularly targeting higher theoretical top speeds. The vehicle’s chassis measures 2350 mm in length and 1400 mm in width, with a floor clearance of 55 mm, dimensions that align with modern go-kart standards to ensure a low centre of gravity and enhanced stability during high-speed manoeuvres. The open cockpit design emphasizes simplicity and weight reduction, while the tubular framework offers rigidity and structural integrity, drawing inspiration from both go-karts and ultralight aircraft. Aerodynamically, the vehicle’s pointed nose cone and sloped front are modelled after airplane fuselages to channel air efficiently over and around the body, minimizing drag and promoting laminar flow. The raised rear wing, reminiscent of stabilizers on aircraft, provides downforce to ensure stability and counteract lift at higher speeds, while the flat underbody and low floor clearance reduce turbulence underneath the vehicle. The exposed wheels, typical in go-karts, contribute to simplicity and ease of maintenance but introduce additional drag, which could be mitigated with wheel fairings. The kart-style braking system is lightweight and efficient, complementing the design’s emphasis on minimalism and functionality. The lack of a suspension system remains stiff to maintain consistent tire contact and aerodynamic efficiency. The design’s focus on aerodynamics is further supported by its streamlined bodywork, which integrates seamlessly with the structural frame to enhance airflow management. The long sloping front end not only reduces the impact of oncoming air but also aids in directing airflow smoothly along the sides of the vehicle. This approach minimizes turbulence and helps keep speed over extended distances. Furthermore, the placement of the rear wing at a calculated height ensures that it generates optimal downforce without creating excessive drag, striking a balance between speed and stability. The choice of a flat underbody is a deliberate decision, as it works in tandem with the low floor clearance to create a ground effect that improves grip and overall handling. The vehicle’s dimensions and weight distribution indicate its suitability for competitive soapbox racing, where acceleration downhill and manoeuvrability are key performance metrics. By centralizing the driver’s position and optimizing the layout of mechanical components, the design achieves a balanced weight distribution that enhances cornering dynamics. In soapbox racing, where propulsion relies entirely on gravity, the focus on reducing drag and maximizing aerodynamic efficiency is paramount. The pointed nose and angled side panels resemble aircraft nose cones and winglets, features specifically engineered to slice through the air with minimal resistance. This focus on efficiency is complemented by the vehicle’s compact dimensions, which reduce its frontal area and further decrease drag coefficients. Overall, the compact dimensions, aerodynamic enhancements, and structural considerations suggest a vehicle designed for significant speed potential, with clear influences from go-kart engineering and aviation principles. Minor enhancements, such as adjustable rear wings or underbody diffusers, could further refine performance, but the current design already effectively combines simplicity, stability, and speed potential, making it a compelling soapbox racer for competitive environments. 


[bookmark: _Toc188448867][bookmark: _Toc188448950]Costing
When reviewing the costs of building our desired soap box there are 2 main categories, Raw materials that can be used to build the main body of our design and premade parts that can be added on for either looks, safety or components required by the guidelines we are following. (all prices listed are for one unit)
[bookmark: _Toc188448868][bookmark: _Toc188448951]Raw materials
1)Mild Steel Round Tube-£17.98 - 1.5mm - 1200mm (Anon, n.d.-j)
2)Plywood-£20.38 - 12m, 2440mm x 1220mm (8' x 4') (Anon, n.d.-a)
3)Expanding Foam-£6.25- 750ml (Anon, n.d.-h)
4)foam-£18.83- 30h x 1200w x 500d mm (Anon, n.d.-c)
By following the Richard Castle Soap Box Derby 2024 we can the raw materials gathered to construct necessary components, an example of this is our roll bar and chassis which needed to be drawn to our design's dimensions. 
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1)Steering System- £29.20 (Anon, n.d.-f)
2)Braking Setup- £35.15 (Anon, n.d.-k)
3)Seat- £40.00 (Anon, n.d.-d)
4)spoiler-£39.99 (Anon, n.d.-l)
5)Tyres-£28.99 (Anon, n.d.-i)
6)Helmet-£64.99 (Anon, n.d.-m)
7)Racing Suit-£164.35 (Anon, n.d.-e)
8)Steering wheel-£59.94 (Nicky Grist, n.d.)
9) Rear Axle Kit-£62.22 (Anon, n.d.-g)
10) Angle Brackets-£39.02 (Anon, n.d.-b)

[bookmark: _Toc188448870][bookmark: _Toc188448953]Administration
1. 31/10/2024 – Jack and Aaliyah researched materials and costing, James started on the first design and then started the report. The group discussed what materials suited the first design. 
2. 04/11/2024 – Jack and Aaliyah continued the research on materials and costing, James finished design 1 and completed design 2 and 3. He then carried on updating the report (starting introduction). 
3. 06/11/2024 – James and Jack discussed best materials to use and how that would affect the Dynamics & Driveability. They also discussed how that would affect the designs and what needed to be adapted 
4. 11/11/2024 – James and Jack reviewed the changes made to the designs and chose the one they would move forward with (final design). They then started to develop that design further. 
5. 20/11/2024 – James continued work on the report. Jack finished off pricing up parts and materials. 
6. 04/12/2024 – James and Jack showed Alex the work that has been completed so far. Alex started making another design and said he would upload the design by the next meeting.  
7. 09/12/2024 – James and Jack continued with the project. They spent time streamlining administration and organising the work. 
8. 15/01/2025 – Jack helped James write the introduction 
9. 16/01/2025 – James finished writing up the introduction, design 1 and the supplementary designs.
10. 20/01/2025 - James and Jack finished off all the work completed so far, ready for the meeting with Richard
10. 21/01/2025 – Final meeting before uploading the document. James, Jack, Alex, Kyle attended.
11. 22/01/2025- Jack finished writing things up before sending off, James sorted out the document layout. Alex submitted work between meetings.


[bookmark: _Toc188448871][bookmark: _Toc188448954]References
Anon. (n.d.-a). 12mm Structural Hardwood Plywood Sheet (8’ x 4’). Retrieved January 21, 2025, from https://materialsmarket.com/products/12mm-hardwood-plywood-class-2-2440mm-x-1220mm?_gl=1*14tswg4*_up*MQ..*_gs*MQ..&gclid=EAIaIQobChMI1rG74oLriQMVkYhQBh2NbTqVEAQYAiABEgLhc_D_BwE
Anon. (n.d.-b). Angle brackets / unmachined, through bore, parallel pin bore / aluminium from MISUMI | MISUMI. Retrieved January 21, 2025, from https://uk.misumi-ec.com/vona2/detail/110300555650/?rid=cat_&CategorySpec=
Anon. (n.d.-c). BiGDUG Essentials Kaizen Foam Insert | Tool Storage | BiGDUG. Retrieved January 21, 2025, from https://www.bigdug.co.uk/workshop-flooring-c348/workshop-c11614/tool-storage-c11621/bigdug-essentials-kaizen-foam-insert-p20458/s47244?cid=GBP&vs_vat=inc&glCurrency=GBP&glCountry=GB?origin=vs&ppc_keyword=&gad_source=4&gclid=EAIaIQobChMIz9WTvqb6igMVw6FQBh2HNjZyEAQYBSABEgKHdvD_BwE
Anon. (n.d.-d). Bucket Seat, 4x4, Beach Buggy, Boat, Strong, Kitcar, Go Kart, UK MADE | eBay. Retrieved January 21, 2025, from https://www.ebay.co.uk/itm/325039213768?mkevt=1&mkcid=1&mkrid=710-53481-19255-0&campid=5339017977&toolid=10049&customid=EAIaIQobChMI_7ak8pDUiQMVHaRaBR36jAtBEAQYBCABEgLTqPD_BwE&gad_source=1&gclid=EAIaIQobChMI_7ak8pDUiQMVHaRaBR36jAtBEAQYBCABEgLTqPD_BwE
Anon. (n.d.-e). Buy OMP OS10 Single Layer Race Suit | Demon Tweeks. Retrieved January 21, 2025, from https://www.demon-tweeks.com/uk/omp-os10-single-layer-race-suit-7001146/
Anon. (n.d.-f). GSA Go Kart Steering Wheel Shaft 30T 85mm Power Steering Shaft With 6 Holes For | eBay. Retrieved January 21, 2025, from https://www.ebay.co.uk/itm/364828650825?chn=ps&_ul=GB&_trkparms=ispr%3D1&amdata=enc%3A1AxoF2sbCRpO53MItGOv-yw38&norover=1&mkevt=1&mkrid=710-134428-41853-0&mkcid=2&mkscid=101&itemid=364828650825&targetid=2360873003490&device=c&mktype=pla&googleloc=1007460&poi=&campaignid=21690875706&mkgroupid=169793746720&rlsatarget=pla-2360873003490&abcId=10027099&merchantid=138361963&gad_source=1&gclid=EAIaIQobChMIpemTyPzCiQMV8ZpQBh1fZCA2EAYYAiABEgJua_D_BwE
Anon. (n.d.-g). Headerbs Go Kart Rear Axle Kit, 24inch Rear Axle Shaft Kit Metal Anti Impact Hubs Fixing Mounts Flanges Set for 50‑150CC ATVs Quads Drift Trikes Rear Axle for Go Karts : Amazon.co.uk: Automotive. Retrieved January 21, 2025, from https://www.amazon.co.uk/Headerbs-24inch-Impact-Flanges-50%E2%80%91150CC/dp/B0CT2CGTWR/ref=asc_df_B0CT2CGTWR?tag=bingshoppinga-21&linkCode=df0&hvadid=80401979281747&hvnetw=o&hvqmt=e&hvbmt=be&hvdev=c&hvlocint=&hvlocphy=&hvtargid=pla-4584001443640807&psc=1&msclkid=b8dff24cc4581e5f2ec395c2fa8a8de7
Anon. (n.d.-h). No Nonsense Expanding Foam Hand-Held 750ml - Screwfix. Retrieved January 21, 2025, from https://www.screwfix.com/p/no-nonsense-expanding-foam-hand-held-750ml/75470?tc=YA6&gad_source=1&gclid=EAIaIQobChMIscyq4KX6igMVRplQBh2qYTQlEAQYAiABEgJTyvD_BwE&gclsrc=aw.ds
Anon. (n.d.-i). PAIR OF PU 16" Puncture Proof RED Wheelbarrow Wheel Tyre 4.80-8 Wheels : Amazon.co.uk: Business, Industry & Science. Retrieved January 21, 2025, from https://www.amazon.co.uk/Puncture-Proof-Wheelbarrow-4-80-8-Weight/dp/B00MNBHOMG/ref=sr_1_4?crid=37WK8YX6A3A83&dib=eyJ2IjoiMSJ9.RiX1d60tawYAZCg_ERSXqp-67TOJdzgf7HgAPPXT7YtDuPrG2v7vPCJMN_RnaSDxMyCfRn1zfnEjwm7zj7RecHyG_k-AVfPkjEwGkmQQPwoMzJbjggYwLFWVgHSjvuBl8C1-Pm5Rhl4upZTMdOGJWkWJYNxANkm6W9Ycm9rYM4AtWjJjNta2gz2ZR6IRSMtZLoOKp7ebPedTqYtaabjB8X-rDBKiMHMxgfE2R2fEOvRU2MONwIFqvBjMYTBY4rc3Xc7I_-h7IdyixXF9aX2WOvg96KJlBlz3uzz7OawvGxQQ5dqyX_woc83Chnx2C33KvOZUDGe1URaFn51Kes1_cJ-0ze0ezc55YoI4NF9XnQA.j6lspIlXFVY8VihkVo6Sig-yDNFdKMAiLcwk-F7S5U0&dib_tag=se&keywords=16+inch+wheels&nsdOptOutParam=true&qid=1737037974&s=industrial&sprefix=16+inch+wheels%2Cindustrial%2C67&sr=1-4
Anon. (n.d.-j). The Mesh Company Mild Steel Round Tube 20 x 1.5mm - 1200mm. Retrieved January 21, 2025, from https://www.diy.com/departments/the-mesh-company-mild-steel-round-tube-20-x-1-5mm-1200mm/5056729631532_BQ.prd?srsltid=AfmBOopGAw-o2C2TNen4tVM-sHEU3x-JLOYf9Pt7rao0uRFBuvg1tSUIies
Anon. (n.d.-k). VEVOR Complete Disc Brake Master Cylinder Kit KD150BRKIT Go Kart Caliper Hose | eBay. Retrieved January 21, 2025, from https://www.ebay.co.uk/itm/375574582999?var=0&mkevt=1&mkcid=1&mkrid=710-53481-19255-0&campid=5339055780&toolid=20006&_ul=gb&_trkparms=ispr%3D1&amdata=enc%3A1gDUxHpWlRYGzKwbIGtpBqg47&gad_source=1&customid=7d84238b1a15e3779f1cef1f9ea39c89b65e1e49
Anon. (n.d.-l). VEVOR GT Wing 43 / 53 Inch Lightweight Universal Rear Wing Spoiler Single / Double Streamline Deck Set for Car Vehicle Hatchback - AliExpress 34. Retrieved January 21, 2025, from https://www.aliexpress.com/item/1005004890519443.html?src=google&pdp_npi=4%40dis%21GBP%2150.47%2128.09%21%21%21%21%21%40%2112000030908648679%21ppc%21%21%21&src=google&albch=shopping&acnt=494-037-6276&isdl=y&slnk=&plac=&mtctp=&albbt=Google_7_shopping&aff_platform=google&aff_short_key=UneMJZVf&gclsrc=aw.ds&&albagn=888888&&ds_e_adid=&ds_e_matchtype=&ds_e_device=c&ds_e_network=x&ds_e_product_group_id=&ds_e_product_id=en1005004890519443&ds_e_product_merchant_id=440766009&ds_e_product_country=GB&ds_e_product_language=en&ds_e_product_channel=online&ds_e_product_store_id=&ds_url_v=2&albcp=17859500389&albag=&isSmbAutoCall=false&needSmbHouyi=false&gad_source=1&gclid=EAIaIQobChMIiMXhg5PUiQMVKoBQBh097BJHEAQYCCABEgKY_vD_BwE
Anon. (n.d.-m). xlmoto. Retrieved January 21, 2025, from https://www.xlmoto.co.uk/product/hjc-c10-full-face-helmet-white_pid-PIA-316155?gad_source=1&gclid=EAIaIQobChMIjqHMp4zriQMV7YBQBh3i-xHsEAQYAiABEgJfF_D_BwE&gclsrc=aw.ds
McLaren W1 - The Real Supercar | GB. (n.d.). Retrieved January 22, 2025, from https://cars.mclaren.com/gb-en/W1
Nicky Grist. (n.d.). Turn One Rally Steering Wheel | Nicky Grist Motorsports. Retrieved January 21, 2025, from https://www.nickygrist.com/turn-one-rally-steering-wheel?gad_source=1&gclid=EAIaIQobChMIzNXXucqOigMVCIdQBh26Ez3NEAQYAiABEgL_7vD_BwE
Sports 2000 Racing Championships - SRCC. (n.d.). Retrieved January 22, 2025, from https://sports2000.co.uk/
 
Figure 1 - (Abigail Penny, n.d)	2
Figure 2 - (James Smith, n.d)	3
Figure 3 - (Jack Cheatle, n.d)	4
Figure 4 - (Alexander Bird, n.d)	6
 

image1.png
Prifysgol Cymru
Y Drindod Dewi Sant

University of Wales
Trinity Saint David




image2.png
Y of Wales

e
rinity Saint Dayig

Universiy
Sia2)




image3.jpeg




image4.jpeg




image5.png




