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[bookmark: _Toc228992767][bookmark: _Toc229173788]Introduction:
In this assignment, our group will design a soap box car to race in Richard’s Castle Soap Box Derby.  Our aim is to create a vehicle which is fit to run in this event with a budget of £500, with the objective being to design a cost-effective vehicle that meets safety requirements, while maximising performance. This project explores the research, design ideas and analysis, final design and pricing of creating the vehicle, while outlining our decision-making processes in making the most effective and efficient soap box car possible.
[bookmark: _Toc228992768][bookmark: _Toc229173789]Background
Richard’s Castle Soap Box Derby is an annual soap box race that takes place in June. It consists of a 550-metre-long track with a 50 metre descension downhill throughout the course, with vehicles reaching top speeds of 40mph. These can be three or four wheel vehicles, with the expectation of each soap box being able to finish at least three timed runs. The maximum length of the car is 2500mm front to rear, with a maximum width of 1500mm and a minimum ground clearance of 50mm to clear the starting ramp. All of these statistics can be found in the rules and regulations of the event. (RichardsCastle, 2026)
[bookmark: _Toc228992769][bookmark: _Toc229173790]Research 
[bookmark: _Toc229173791]Frame
Go Kart USA identifies three frame materials: mild steel, chromoly alloy, and aluminium. Mild steel is the heaviest but 40-50% cheaper than chromoly, with a tensile strength of 340-440 MPa (Megapascals). Chromoly reaches ~ 1000MPa, making it both stronger and lighter than mild steel. Aluminium is the lightest with 310 MPa of tensile strength but has the lowest fatigue strength at 97 MPa versus mild steel’s 190 MPa. Mild steel is also the easiest to fabricate, requiring no specialist TIG welding unlike the other two, making it considerably less time consuming to work with. (gokartsusa, 2026)
[bookmark: _Toc228992771][bookmark: _Toc229173792]Body panels
Plywood is an extremely durable and sustainable material which offers low costs. It allows for easy shaping and sanding to create smooth edges. The only downside is that it’s heavier than other options. Eighteen-millimetre plywood can be found for cheap at £9.96 per square metre on PGR Timber. (PGRTimber, n.d.)
Aluminium is another option as it is lightweight and very strong, but not as easy to shape with smooth edges, as stated in the regulations. It is also more expensive than other possible materials but offers good support and stability. One-millimetre aluminium sheets can be found for £32.88 per square metre from companies like Aluminium Online. (AluminiumOnline, n.d.)
Hard plastics like PVC are another lighter option which is easy to shape. Unfortunately, they aren’t rigidly sound, requiring another material to brace it. Three-millimetre PVC can be bought for £26.33 per square metre from The Plastic People. (ThePlasticPeople, n.d.)
[bookmark: _Toc228992772][bookmark: _Toc229173793]Wheels
Tyres at a smaller diameter have less rolling resistance than (Schwalbe, n.d) tyres at a higher diameter at the same inflation pressure, due to tyre deformation being amplified at smaller diameters. (Schwalbe, n.d)
As a result, going for the largest size possible without structural risk would be ideal. Bike wheels, ranging from twenty to twenty-six inches would be ideal.
[bookmark: _Toc228992773][bookmark: _Toc229173794]Safety 
The regulations specify two roll bars mandated on the soapbox. A main bar at least 35mm above the driver’s helmet, and a secondary roll bar extending at least 25mm beyond the drivers’ hands at 12 o'clock on the wheel. Construction and welding must be to a good standard.
Additionally, helmets are mandatory, specifically BS 6658 motorcycle helmets or higher. 
(RichardsCastle, 2026)
[bookmark: _Toc228992774][bookmark: _Toc229173795]Brakes
Basic friction brakes where a pad or shoe is pressed directly against the tyres or the ground surface to create a stopping force is a great option as they are easy to assemble and maintain due to the simplicity of the brakes. (Reed, 2024)
Calliper brakes are generally used on bicycles where pads are clamped against the wheel rims or disc. They are also easy to install and maintain on a soap box car, but raise concerns related to performing poorly in inspections as they often do not perform perfectly in wet or muddy conditions, possibly being a safety problem. (Reed, 2024)
Disc brakes are by far the most powerful brakes of the three but may be overkill for a small soap box vehicle. They work by clamping pads against the dedicated rotor. They are a very reliable option but are complex systems that demand more time, tools and skill to put together. (DriveSmartTools, 2026)
[bookmark: _Toc228992775][bookmark: _Toc229173796]Steering 
There are two methods that suit best for steering. Rack and pinion, and a conventional system using a pitman arm and tie rods. Rack and pinion offer precise and reliable steering, while the pitman arm provides increased durability. Additionally, rose joints allow for flexibility when making tie rods.
(systems, 2026)






[bookmark: _Toc228992776][bookmark: _Toc229173797]Pricing

	Item
	Details
	Qty
	Unit Cost (£)
	Total (£)
	Supplier

	Rose Joints
	Female threaded 12mm
	4
	5.49
	21.96
	Amazon

	Tie Rod Ends 
	12mm x 12mm
	2
	10.46
	20.92
	Amazon

	Steering Wheel
	350mm x 14inch
	1
	32.47
	32.47
	Amazon

	Universal Joints
	Steering joint
	1
	23.33
	23.33
	Amazon

	Box Steel
	25mm width: 5000mm 
	4
	29.76
	119.04
	Metals4u

	Box Aluminium
	25mm width: 5000mm 
	4
	35.94
	143.76
	Metals4u 

	Box Chromoly
	25mm width
	-
	-
	-
	-

	Plywood
	18mm sheet: 1220x2440mm
	1
	29.66
	29.66
	PGR Timber

	Aluminium Sheet
	1mm sheet: 1000x500mm 
	5
	16.44
	82.20
	Aluminium Online

	PVC Sheet
	3mm sheet: 2440x1220mm 
	1
	78.40
	78.40
	The Plastic People

	BMX Wheels
	20 inch
	4
	30.74
	122.96
	Amazon

	V-Brakes
	Bicycle calliper brakes
	2
	7.95
	15.89
	Mud & Black

	Disc Brakes
	Bicycle disc brakes
	2
	17.50
	34.99
	Halfords

	Brake Cables 
	Inner and Outer cable
	2
	2.14
	4.28
	Amazon







[bookmark: _Toc228992777][bookmark: _Toc229173798]Design Analysis
[bookmark: _Toc228992778][bookmark: _Toc229173799][image: ]Frame
The height of the frame will be 1850mm, making it big enough to fit one person inside. We will keep the width at 1500mm to keep it wide and stable. We decided to choose mild steel for its workability and price to performance ratio. To keep consistency between sections, we will construct the steering system and roll bars out of the same mild steel.

[bookmark: _Toc228992779][bookmark: _Toc229173800]Seating
[image: ]Having a low seating position lowers our centre of mass, resulting in better handling and a lower chance of roll overs. These two concepts show a normal and low seating position.




[bookmark: _Toc228992780][bookmark: _Toc229173801][image: ]Steering
We decided on going for the rack and pinion steering method, due to its reliability and the need for us to do multiple runs. We will use a universal joint as our linkage with our steering shaft.

[image: ]This system will be constructed out of 25mm steel box section, with rose joints connecting the moving parts together. 


[bookmark: _Toc228992781][bookmark: _Toc229173802]Wheels
[image: ]20-inch BMX bicycle wheels offered the least rolling resistance at its size and stability. Bigger wheels would have issue of collapse, so 20 inches are the best choice. A frame around the wheels will be used to house them and their bearings. The front wheel will connect to the steering system, and the rear wheels will house the friction brakes. 
We decided on friction brakes as they are simple to install and provide the braking force needed for our soapbox. The others were far too overkill and added too much in cost and complexity.
[bookmark: _Toc228992782][bookmark: _Toc229173803][image: ]Main design concepts
This design shows the major features without bodywork, making its individual systems visible. The front steering and rear wheels are raised to allow the driver to sit as low as possible – 50mm off the ground, which is the minimum permitted clearance.
[image: ]The second frame design prioritises structural strength in a collision. The front is angled outward for steering clearance, and the body is wider to distribute weight for better steering control. Cross members are evenly spaced for rigidity, with additional ones placed in vital areas, being under the seat for driver weight and rear rollbar, and in front of the steering wheel for the steering column rollbar.


[bookmark: _Toc229173804][image: ][image: ]Final design

The final chassis design measures 2250mm in length and 1500mm in width — 250mm shorter than the maximum permitted by regulations, a deliberate choice to improve handling responsiveness.
Mild steel box section was selected for the frame. Chromoly was ruled out due to limited availability, and aluminium was rejected based on cost and fabrication difficulty. The body panels are birch plywood, chosen for its cost-effectiveness and structural contribution — the panels fill the gaps between frame members, adding rigidity and improving the aerodynamic profile of the vehicle.
20-inch BMX wheels are fitted using the custom brackets developed during the design analysis phase. Braking is handled by V-brakes on the rear wheels, actuated by a cable running to a foot pedal at the front.
The frame incorporates five cross members, each with a specific structural role. The bottom cross member distributes chassis load evenly across the rear wheels. The lower mid cross member carries the driver and seat weight while also serving as the mounting point for the rear roll bar. The mid cross member supports the front roll bar and provides the mounting brace for the steering wheel. The upper mid cross member distributes the load from the front wheels into the frame. The steering column acts as both a structural cross member and the mechanical link between the steering input and the front wheels, with a steering linkage guiding wheel direction as the column rotates.
A longitudinal steel member runs the full length of the underside of the vehicle, connecting to the front bumper. In the event of a frontal impact, this member distributes the collision force across the entire frame, maintaining structural integrity and further improving overall rigidity.
	Item 
	Details
	Qty
	Unit Cost (£)
	Total (£)
	Supplier

	Rose Joints
	Female threaded 12mm
	4
	5.49
	21.96
	Amazon

	Tie Rod Ends
	12mm x 12mm
	2
	10.46
	20.92
	Amazon

	Steering Wheel
	350mm x 14inch
	1
	32.47
	32.47
	Amazon

	Universal Joints
	Steering joint 
	1
	23.33
	23.33
	Amazon

	Box Steel
	25mm width: 5000mm
	4
	29.76
	119.04
	Metals4u

	Plywood
	18mm sheet: 2440x1220mm 
	1
	29.66
	29.66
	PGR Timber

	BMX Wheels
	20 inch
	4
	30.74
	122.96
	Amazon

	V-Brakes
	Bicycle calliper brakes
	2
	7.95
	15.89
	Mud & Black

	Brake Cables
	Inner and Outer cable
	2
	2.14
	4.28
	Amazon

	
	
	
	
	390.51
	



This table shows what materials we used and the final price. We managed to keep it under the £500 limit. The rose joints and tie rod ends were used in the steering mechanism, along with the linkage and control arm which were made from the 25 mm box steel. 
V brakes were connected to the rear wheels and the cables routed to the brake pedal. The wheel housings were also made with the box steel. Additionally, the universal joint was used to connect the steering wheel to the linkage. 
Plywood was used to create a floor, and the angled seat.
[bookmark: _Toc229173805]Calculations
[bookmark: _Toc229173806]Mass
Steel: 25x25x2mm mild steel box section has a standard mass of 1.43 kg/m.
20m x 1.43 = 28.6kg
Plywood: 18mm birch plywood has a density of ~680kg/m3
2.97m x 0.018 x 680 = 36.3kg
Wheels + Brakes + Steering = 8kg
Total kart mass = 73kg. 
Mass with driver = 73+80= 153kg
[bookmark: _Toc229173807]Inclined Free Body
· Length L = 550m
· Vertical drop h = 50m 
· Slope angle = sin-1(50/550) = 5.21degrees
Forces acting on kart along the slope:
Driving force F = mgsinθ = 153 x 9.81 x sin(5.21) = 136.3 N
Normal force n = mgcosθ = 158 x 9.81 x cos(5.21) = 1494.7 N

Rolling resistance Fr = Crf x n
For 20 inch tyres, rolling resistance Crf = 0.005
Fr = 0.005 x 1494.7= 7.5 N
Fnet = 136.3 -7.5 =128.8N
Acceleration = Fnet/m = 128.8/153= 0.84 ms-2
[bookmark: _Toc229173808]Theoretical top speed
PE=KE
i.e : mgh= mv2
v= sqr(2gh)= sqr(2x9.81x50) = 31.3ms-1 = 113km/h

[bookmark: _Toc229173809] Conclusion
In conclusion, all of the final parts and design choices that were discussed work together to create a very efficient and safe soap box car. These decisions provided the best balance of performance, safety and cost, while remaining under the initial £500 budget we were given. The final design came in £110 under budget, allowing higher quality components to be considered in the future to improve stability, durability and overall reliability. 
Our inclined free body diagram confirmed a net driving force of 133.3N along the 5.21 degree slope. We found a realistic top speed of 30.4ms-1 after taking away the losses from rolling resistance in the tyres. These calculations demonstrate that our final design is a realistic design that meets all requirements.  
Overall, the soap box car design successfully meets the required safety regulations, budget limitations and performance objectives of the assignment.
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