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2.  Introduction

Our group has been instructed to research, cost-analyse and implement a soap box rally car. The car will be designed to follow and compete in the “Richards Castle Soap Box Derby (2026)”. The car must fully comply with all the rules and regulations set.
As a team we are going to need to research around these regulations and design the car in such a way that makes sure these are not broken. The team will be looking over what materials can be used to construct the vehicle, where they can be used on the vehicle for certain parts as well as why they would be a good or poor choice for any given component, then to explain why we chose those certain materials. 
We also have cost limitations, with a maximum budget of £500. This budget will need to be adhered to across the entire development of the design. Research will be conducted to try and use the best materials we can, whilst staying within this tight restriction.
There will also be constrictions regarding the general design of the car, with restrictions in length, width, ground clearance and weight. The vehicle is also not allowed to have any manual propulsion of any kind and must be propelled only by gravitational forces, the vehicle must also not be equipped with any free weights of any kind, this will make increasing speed by weight difficult.
There are plenty of other limitations set out in the rules and regulations of the event, so the team will be highly focussed on designing a vehicle that can take advantage of natural forces, and making sure efficiency is key.









3. Aims and Objectives

As a team we want to make sure we can keep initial costs of producing and designing the vehicle as low as possible, so that we can have as much budget spare that would be used on materials. We want to design the vehicle so that we limit natural drag forces and can increase our velocity gain as much as possible.
The team needs to make sure the car is predictable to drive, making sure steering is straight and responds quickly to the driver’s inputs. We want to eliminate jerkiness through the steering if possible as this can cause difficulty in guiding the vehicle in a set direction. 
The regulations state that the vehicles brakes must be strong enough to hold the soapbox on the starting ramp on a 1 in 8 gradient. The brakes must also work in succession with one another, meaning if one rear wheel is braked, the opposite rear wheel must also be braked, same with the front axle. The brakes will need to work evenly and not “grab” as this can create handling issues. We want the brakes to work effectively as we may need to scrub speed down the track.
The team are aiming keep the vehicle as simplistic as possible, using no suspension and minimal components. We will try and limit moving parts as much as possible to create a chassis that is rigid and predictable.

4. Research

The first thing we needed to research was what materials we were going to be constructing the chassis of the soap box from. Nick Hunter, the winner of the Red Bull Soap Box race 2019, suggests that the easiest way to create a chassis from a soap box would be to use something from an old existing vehicle, such as an old sit-down lawnmower, or a trailer. (www.Redbull.com). He stated however that “We’ve always used a custom frame, using plywood because its so light”. Plywood is also mentioned elsewhere when creating a chassis for a soap box car. Plywood provides a good balance between lightweight and structural strength. (www.BordonSoapbox.co.uk). An ideal design of a chassis is also mentioned here, suggesting a “flat, stretched out frame” is ideal as it helps promote better balance which helps to give more control.
Care will need to be taken when designing the bodywork of the soap box, again prioritising using lightweight materials such as cardboard (www.Redbull.com) also stating that cardboard is easy to shape to our liking. This will come in especially useful as we need to create an aerodynamic design to maximise our speed (www.nodsauto.com). Teardrop shaped bodies are ideal for maximising aerodynamic performance, with a smooth rounded nose and a tapered rear avoiding sharp edges. (www.nodsauto.com) 

One of the choices that required a lot of though was what wheels to use. There are many types of wheels commonly used on soap boxes in competitions, for example bicycle wheels are used often but they can be quite flimsy and can buckle easily (www.BordonSoapbox.co.uk). Other options include pram wheels, but these also have the same negatives, so thicker wheels are recommended with common choices being trailer wheels. These are a lot more durable and stable, being less likely to wobble at speeds (www.BordonSoapbox.co.uk).


5. Design/development

For the chassis of our soap box, plywood will be used to create a firm, solid base that is also lightweight. The plywood base will be 2000mm long and 1000mm wide, creating a frame with good distance between wheels and a stable track width. Making sure the driveability of the soap box is prioritised. The plywood board will be 25mm thick, which will be strong enough to hold 160lb per square foot of weight, so it should be perfectly capable of supporting a driver of a 70kg weight.
For wheels, trailer wheels will be used. A set of 4, with pneumatic filled tyres will cost only £26 pounds, giving a cheap yet durable way to get our car to move freely. These wheels come with a needle bearing in the centre. To mount these wheels to chassis, an aluminium tube will be used with 20mm diameter to fit the centre bore of our wheels. The rear axle will be a hard mounted 1.25M long tube that creates a solid axle.
For the front axle, inspiration has been taken from light road vehicles, in which a ball joint separates the lower arm from the hub. However, the “hub” in this instance, is solid mount.
To start off, we used a wooden block with 3 holes drilled in. One hole is drilled out to the wheel’s side, said hole being 20mm in diameter. The wheels chosen have needle bearings included, so having a solid mount aluminium tube from the block to the wheel allows it to sit flush but also spin independently.
The second hole is drilled downwards from the top, this is to allow our “hub” to slide onto a metal tube with an anchoring plate welded underneath (secured to our frame with bolts), this allows the hub and wheel assembly to pivot. 
The third hole is drilled in front of the wheel, on the inside, which will go through at a 45-degree angle starting at the side of the block, coming out at the front. Which will allow the rope to thread through for our steering assembly. This design is mirrored either side.
The steering assembly is quite simple. We’ve got our steering wheel bolted to a wood cutout, with a PVC pipe attached, which leads down to a small pulley. The pulley at the end of our steering column will have the rope wrapped and secured under tension, resulting in the wheels turning in conjunction with steering wheel input, with no delay between the driver and the steering output.

For the brakes, an aluminium bar will be supported by springs just behind the rear wheels, connected by a string to a similar aluminium bar by the driver’s foot. When pressed, the bar over the rear wheel contacts the tires, equally on both sides and slows the vehicle down.

6. Conclusion 

In conclusion, the team managed to design a soap box car using cheap yet strong and effective materials (plywood, PVC, aluminium) whilst successfully sticking to the rules and regulations set in Richards Soap Box Rally. The designs show a promising car that could be effective in a real race scenario. Of the £500 budget, the material and production costs came to £376.10 leaving £123.90 left to be spent. In future, the team could try and squeeze as much out of the budget as possible in hopes of increasing performance/efficiency and not leave so much budget in reserve. However, we are confident with the design choices the team have made. 
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