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[bookmark: _Toc229150352]Introduction and design brief requirements 
This project focuses on the research, design, cost analysis, and theoretical development of a gravity-powered soap box rally car. The aim of the project is to produce a safe, efficient and competitive vehicle that complies with the official event regulations and technical requirements of Richard Castles soap box derby 2026. Our design process considered factors such as aerodynamics, stability, braking, performance, budget, steering control, material selection, and driver safety. Engineering science principles were applied throughout the project including free body diagrams, frictional analysis, linear motion, and stress and strain consideration, using realistic track data from the 550m course with a 50m drop. The project also evaluates manufacturing practicality, cost effectiveness and reliability.













[bookmark: _Toc229150353]Research and Material Selection and Design Development
Initial material research considered both timber and mild steel for the chassis construction. Timber offered advantages, including low cost (£50–£80), ease of manufacturing using basic tools, and a reduced overall vehicle mass, which benefits acceleration in a gravity-powered system. However, timber can suffer from lower durability, potential joint weakness, reduced long-term structural integrity under repeated loading, and can swell or crack if exposed to weather. A mild steel box section was therefore selected despite its higher cost (approximately £100–£200), due to its superior strength, rigidity, and resistance to deformation, improving overall safety and reliability. The main disadvantage of steel is increased weight, which may reduce top speed.
Two initial design concepts were developed. The first utilised a simple rectangular chassis made of timber with rope steering and a friction-based braking system. While cost-effective, this design lacked precision in steering and would provide inconsistent braking performance. The second concept incorporated a low-profile steel frame, pivot front axle steering, and a rear-mounted disc braking system. This improved stability, control, and safety, particularly at higher speeds expected on a 550 m downhill course.
Component choices were influenced by both performance and safety requirements. Several wheel options were considered however, all were pneumatic to comply with the regulations, including wheelbarrow wheels, BMX/bicycle wheels, and go-kart wheels. Wheelbarrow wheels were the cheapest option (£15) and easy to mount, but they have higher rolling resistance, which can reduce speed. BMX wheels offered lower friction and lighter weight, improving performance, although they are more expensive (£98) and slightly more complex to fit. Go-kart wheels provided the best grip and performance but were considered too expensive (£218) for the overall budget.  For steering, both rope steering and pivot front axle systems were evaluated. Rope steering was simple and low-cost (£22) but lacked precision and could lead to instability at higher speeds. In contrast, pivot steering offered greater control and reliability, making it more suitable for the downhill course despite a slightly higher cost (£86). For braking, friction brakes, rim brakes, and disc brakes were considered. Friction brakes were the simplest and cheapest option (£10-£30) but provided inconsistent stopping performance. Disc brakes provided the most effective and consistent braking, particularly at higher speeds, although they increased cost slightly (£52). 
Based on this comparison, the final design consists of a low-profile steel chassis with four BMX wheels, rear axle disc braking, and a pivot steering system, providing a balance between structural strength, safety, and performance despite increased cost and weight.
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[bookmark: _Toc229158386][bookmark: _Toc229158426]Figure 1- drawings of design

[bookmark: _Toc229158387][bookmark: _Toc229158427]Figure 2- drawings of design





[bookmark: _Toc229150354]Engineering and cost Analysis 
The analysis of the soapbox car focused on the forces acting on the frame, the strength of the structure, and the cost of all components. With the use of free body diagrams, the forces affecting the car while driving down the 550-metre slope were identified. The main forces were gravity pulling the vehicle downhill, the rolling resistance of the wheels, and the air resistance. Since this car is not propelled by any engine or motor, it was important to minimise friction and resistance to maximise acceleration and speed. 
The acceleration of the soapbox was influenced by the slope, the vehicle's total weight and the rolling resistance of the wheels. While heavier vehicles can generate more downward force, too much weight would worsen the handling and increase braking distance. The final design decision combined power and weight by using a steel frame with BMX wheels. BMX wheels were chosen because they offer less friction than wheelbarrow wheels, allowing for greater acceleration and better efficiency on slopes, as well as better control under braking, since the smaller wheelbarrow wheels would lock up much easier than 20-inch BMX wheels. 
Stress analysis was also considered in the design of the frame, as it will experience compression, tension, and bending stresses during use, especially when under braking. Wood was initially considered due to its low cost and light weight, but steel was ultimately chosen as it offers higher load capacity, better durability, and greater resistance to deformation under repeated loads. Although steel increased the overall weight and costs, it significantly improved safety and reliability. 
A steel frame would cost around £100 to £200, BMX wheels £98, a steering column structure £86 and a rear disc brake system £52. Cheaper alternatives such as a wooden frame, wheelbarrow wheels, rope steering and friction brakes were considered, but these options offered lower performance, reduced safety and less control. The group justified spending more on critical components such as the steering system and the brakes because reliability and safety were considered more important than simply reducing costs.

[bookmark: _Toc229150355]Organisation and Teamwork and improvements 
[bookmark: _Toc229158388][bookmark: _Toc229158428]Figure 3-table of group roles
	Names 
	Roles 
	Description 

	Lottie 
	Documents and research 
	Arranges and sorts documents and references with research

	Carys 
	Cost analyser and evaluation
	Figures for cost and overall evaluation of work

	Fern 
	Materials and design
	Development and researcher of materials 

	Ev 
	Drawings
	Create the designs on paper for details

	Dylan 
	Data analysis 
	Analyse the data and information collected



Within the group, it was suggested to assign specific roles in order to stay organised and maximise productivity. We had meetings to ensure we met deadlines and reached targets. We firstly met in order to discuss designs and group roles. We agreed as a team that we would research two possible designs and later pick the best one. This gave each of us individual responsibilities and allowed us all to contribute to the car. In working as a group, we had to ensure that we stayed in communication regularly and make sure we were up to date with given tasks.
Overall, we worked fairly efficient as a team however, we struggled on some sections. Without doing real life testing, a few struggles occurred with finding the best combinations of systems, however we overcame these and produced a reliable vehicle.
Although we worked well and were clear and decisive with our decisions, some areas we could have improved on as a team. Time management could have been improved as at different stages some of us were behind and therefore we couldn’t move forward with our project. However, we managed to meet deadlines but with little time to spare.
To do this project again we could make improvements like stronger, lighter materials, a wider range of wheels, or a bigger budget. This would achieve better results and possibly better data while allowing us to keep the same objectives.


















[bookmark: _Toc229150356] Conclusion
This project aimed to design a soap box car that met a set of regulations while remaining in a £500 budget. The final design consisted of a low-profile steel chassis, BMX wheels, a rear axle disc braking system and a pivot steering system. Resulting in a car that prioritises durability, stability and control. Engineering decisions were supported by looking at the application of fundamental principles.
 With the use of the steel chassis, it provided superior strength and reliability, although it added extra weight to the car compared to the timber.  BMX wheels were selected due to them providing lower friction and a lighter weight to the other wheels which helps with improving overall performance, while also being cost effective making them suitable for the budget constraints. The rear mounted disc braking system provided consistent and effective braking, which enhances safety, while the pivot steering system provided greater control and reliability therefore being the most suitable for the course considering that it is a downhill course. 
Overall, the design achieved a good balance between safety, performance and cost. However, some limitations were identified, specifically with the steel chassis increasing the weight of the car which may affect top speed, and the BMX wheels being slightly more complex to fit to the car.
If the project budget was increased, further design improvements could be carried out to enhance overall efficiency. For example, replacing the BMX wheels with Go kart wheels could improve grip, reduce rolling resistance at higher speeds, and enhance stability, potentially leading to better handling and an increased speed. Also, if a lighter material such as aluminium was used instead of steel it could reduce the weight of the vehicle and chassis therefore improving performance. (Anon., n.d.)
In conclusion the project successfully met the objectives while demonstration the use of engineering design development, analysis and problem solving for real world applications.
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