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[bookmark: _Toc229171950]Introduction
The purpose of this project is to create a soap-box race car that conforms to the regulation set given. Each team has been given a hypothetical £500 budget. The technical design and construction rules outline the dimensions, wheels, weight, brakes, seating and bodywork, other requirements, and safety rules that the soapbox needs to abide by. This is given in the guidance notes (Sutton, 2026). 
The soapbox needs to travel 550m to complete the course, which may contain a mixture of corner types. The chassis and suspension must be strong enough to complete at least three timed runs. Each timed run starts from a ramp, as soapbox cars are gravity propelled and the vertical drop is 50m. Only one car is on the track at a time. 
	
	
	




[bookmark: _Toc229171951]Design 
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[bookmark: _Toc229176572]Figure 1: Initial Design Side Profile

[bookmark: _Toc229171952]Initial design 
The initial design focused on simple shapes and targets; it also outlined key directions to advance the design. The first iteration of the design of the soap box car had to follow what the regulations stated, this includes the maximum expenditure of £500. Due to these restraints the first design would have to be made of a cheap material like fibre glass. With the first design it was imperative that the centre of gravity was kept low for stability through the corners of the track which in turn would benefit the cornering speed of the car, a low seating position was chosen to aid in this field. Track width was also something that was taken into consideration, the maximum width was chosen to be used as it also helped with the cornering stability of the soap box (as seen in figure 3). The main chassis of the soap box would be made from tube steel to keep the main structure of the car ridged. A tube steel chassis would also mean that the car can take more structural abuse from the jumps allowing for the car to take more damage without drastically impacting the performance of the soapbox. Wheels were kept as small as possible to ensure inertial mass was as low as possible, allowing for the wheels to get to their maximum angular velocity quickly. The body was shaped as a cone for the first design mimicking the shape of earlier formula one cars like the lotus type 12 (as seen in figure 2). The cone design of the car allowed for a low drag coefficient. 

[image: Lotus 49 R3 -]
[bookmark: _Toc229176573]Figure 2: Lotus 49 (taken from the British motor museum website)
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[bookmark: _Toc229176574]Figure 3: Initial Design Top View
[bookmark: _Toc229171953]Second design
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[bookmark: _Toc229176575]Figure 4: Second design top and side view

The second design was developed and built upon the idea of cars like, sports 2000 and 1980’s le man’s cars (meaning that the main design philosophy behind this car was reducing the frontal area and making the car sleeker to get as low of a drag coefficient as possible). This iteration featured; enclosed wheels, a fully enclosed cockpit, built in roll hoops and 2 hydraulic disc brakes taken from a mountain bike. The decision for this design to include an enclosed wheel set up was to try and reduce the drag of the car. This would result in a higher top speed of the soap box and a higher acceleration of the initial drop. The integrated roll hoops were a design choice influenced by the regulation, that state “the roll bar should be at least 35mm above the driver’s helmet when the driver is seated normally in the car. A second roll bar should extend at least 25mm beyond the driver's gloved hands when placed at 12 o'clock on the steering wheel.”. with the roll bars integrated into the body work of the car, the soap box would have a sleeker design therefore a low drag coefficient as mentioned in previous part of this report (Metz, 1987). This design iteration also focused on a low profile. This again was due to the overall aim to reduce the frontal area. The breaks were also changed for this design, hydraulic disc brakes taken from a mountain bike were chosen. This was because, this allowed us to have a break on the front and rear or alternative have two-disc brakes on the rear axle. Having two breaks on the rear axle would increases the cars breaking force, they were also chosen due to having a lower overall weight than most go cart breaks while keeping a relatively simple design.


[bookmark: _Toc229171954]Final design
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[bookmark: _Toc229176576]Figure 5: Final Design

In the final design, the soap boxes overall shape was not focused heavily on the drag of the car. The car was designed within the maximum track width allowed by the regulations. Using the full extent allowed within the regulations, the stability within corners increased allowing for a higher cornering speed. The ride height of the car was also increased with this design. This was changed due to a worry that the lower ride height of the precious design would not be able to clear the jumps of an average soap box track. Having a higher ride height would also decrease the risk of the car bottoming out when landing after the jumps, once again increasing the stability of the soap box. Moving to an open cockpit was another design change with this iteration. This allowed us to reduce the weight and complexity of the soap box car. It would also benefit safety, if the car was to crash, opening the enclosed cockpit could become an issue if the body work was to be damaged. The integrated roll hoops were kept with this design as the benefit of having them fitted into the body didn’t have any noticeable down sides. Side pods were chosen over an enclosed wheel setup; this was chosen for the reason of simplicity and ease of access. Being able to access the wheels easily was an important design choice as the soap box had to complete three timed runs overall, meaning that if anything was damaged easy access could cut the mechanical repair time significantly. The dimensions of the soapbox will be a length of 1.5m and width 1.5m.   Inspiration from the classic mini because there’s wheels at each corner which equates to better handling (Suddard, 2019).
[bookmark: _Toc229171955]Calculations / Simulations 
Due to a lack of simulation software and not being able to field test the car, all calculations and design choices are entirely theoretical. Some of the calculations that were used are as follows; the calculation for the moment of inertia (), the calculation for radius of gyration (), the calculation for angular velocity (, the equation for the drag coefficient (). 
Calculations for the weight of the car 
Tube steel which is being used for the chassis is on average 3.45kg per 1 meter of steel, the frame without the roll hoops is an estimated 24.84kg. this means with the roll hoops on the frame the total estimated weight would be 39.84kg. the total weight of the fibreglass would be 3kg with each wheeling weighing 1.4kg. the rear and front axle would in total be a weight of 9kg. the steering and seat 1.9kg. the braking system weighing 0.55kg. this means the total estimated weight of the soap box would be 59.98kg. 




[bookmark: _Toc229171956]Materials
· Mountain Bike brake (£30)
[image: ]
[bookmark: _Toc229176577]Figure 6: Mountain Bike Disc Brake
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[bookmark: _Toc229176578]Figure 7: Mountain Bike Hydraulic Brake Wire
· Second hand Go kart steering wheel (£15)
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[bookmark: _Toc228962345][bookmark: _Toc229176579]Figure 8: Facebook Marketplace Go Kart Steering Wheel
· Fiberglass (£20)
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[bookmark: _Toc229176580]Figure 9: Fiberglass
· Resin (£20 per 5kg) 
· Tube steel (£6 per metre)
· Ball bearings for rear axle (£28.91) 
[image: ]
[bookmark: _Toc229176581]Figure 10: Ball bearing
· Go Kart rear axle (£30)
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[bookmark: _Toc229176582]Figure 11: Rear Axle
· Second hand go kart seat (£10)
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[bookmark: _Toc229176583]Figure 12: Go Kart Seat
· Wheels (£20)
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[bookmark: _Toc229176584]Figure 13: Second hand wheels

Estimated total cost including entry fee of £50 is £323.19. 
Conclusion 
Evaluation of all designs 
The design philosophy of the soap box changed drastically over the course of the engineering process. The first design was based off a simple sketch. Due to this there was some major design flaws. While building upon these ideas for the second design it was decided that it was too complicated to be fabricated. Also, being too low to the ground it would not be able to clear the jumps on the soap box course. The final design was a mixture of the best points of both earlier designs. Ditching the enclosed wheel setup, however, including sidepods to reduce dirt air coming off the wheels. 

Improvements 
There are many things that could be built upon if this was to be done again. A cad program could be used to help design the car allowing for a full 3d render to be made. Building even further upon the cad, the model could be imported into a CFD software so that a visual representation of the aero could be used. an in-person field test would also be useful as the effects of the design changes could be seen in real time.
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