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Abstract
Team F soapbox final report. This report will be looking at the design of a theoretical soapbox that would be able to successfully compete in the Richard’s castle soapbox challenge. The group will consider design limitations as well as enabling the soapbox to meet the rules and regulations set by the challenge officials. We found that the higher performance composites such as carbon fibre were not financially viable, so we researched into cheaper resources that were still efficient in their field.
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Introduction 
As a group we have been tasked in creating a theoretical design capable of competing in the Richard’s Castle soapbox challenge. Following the rules and regulations of the challenge, listed online on their website. The group needs to design a self-propelling soapbox capable of transporting a single driver down the course in the fastest time possible. The soapbox must be propelled by gravity only so is not allowed to have any kind of engine. The soapbox must balance its cost effectivity as well as its function because the downhill course offers a combination of terrains and corners. Participants are expected to reach speeds of 30-40 mph on the 550m course due to sharp gradients and an overall descent of 50m.  The soapboxes performance is electronically timed throughout the duration of the event offering multiple attempts to all participants, so durability needs to be considered during the design process. 

Research
Initial Design.
Initially most of the groups time was dedicated into finding a design that had a combination of; manoeuvrability, durability, cost effectivity and met the rules and regulations. This meant our first step was to go onto the Richards castle soapbox challenge website and take notes of the rules that offered the greatest limitations in the design process. The website lists these four areas as the main causes for inspection faults: Roll bar, brakes, steering, dimensions. 
With these specifications listed we started further research into soapbox racing outside of the Richards castle challenge, the largest example of soapbox events found was the ‘Redbull soapbox race.’ Due to this event being televised it offered lots of evidence of the positives and negatives in others designs. Although the Redbull’s course is often on a smoother compound then Richard’s castle, it incorporates ramps that Richard’s castle course does not have. This was good for research into durability aspects of the soapbox. Concluding our initial design research, we extensively investigated the different soapbox events surface compounds and the impact produced on the soapbox.



Body and Aerodynamics
For our design, the material of choice for the body would have to be carbon fibre, unfortunately this was too expensive as it was roughly £60.00 for around 2mm of thickness at 0.50m X 0.8m*. This led to extending our research into different composites and their properties at different price points. The alternative to this was fibreglass, it is a much cheaper and easier material to use. After conducting research, we discovered that a 2mm fiberglass flat sheet would cost around £35 for 0.6m X 0.6m*. By combining a wooden design with Aerodynamic features moulded from fibreglass we can reduce drag equally as efficiently as if we were using carbon fibre, unfortunately this is at the expense of the weight of the soapbox 
Wheels
Whilst watching soapbox videos there was a common theme of people using bicycle wheels, these wheels would often wobble at speeds as well as occasionally bucking as seen in the source below. 
[image: ]Photo 1 Available at http://scottishcarties.org.uk/resources/construction/wheels 
Under the heading ‘Soapbox wheels’


Because the wheels are the only points of contact between the soapbox and the gravel course, we needed to find a wide enough wheel to be able to negotiate the terrain as well as distribute the weight through corners. There are enough fellow competitors that we can expect the soapboxes before us to create grooves in the gravel especially through corners. These grooves will also challenge the structural integrity of the wheel. This led to us continuing the research into other types of wheels such as wheelbarrow wheels or buggy wheels. 



Methodology 
Computer Aided Design (CAD)
When designing the soapbox, we used Solidworks2018 to create 3d computer models of the components of the soapbox. These components where then combined to create a model of the complete soapbox, this helps when looking the aerodynamic properties of the soapbox. This design could then be injected into a program to simulate air flow at different speeds, we did not proceed with this but if we were extending research into comparing soapbox designs this would be a useful tool. 




[image: ] [image: ] CAD images above are created by Joseph Gauntlett, using Solidworks 2018.
These surrounding images are a final version of the design created in coursework 1, this shows the design of the roll bars as well as the shape of the external body panels.   

[image: ]

Spreadsheet data 
 The research we will be analyzing was created using a spreadsheet program such as Microsoft excel, data was logged into labelled columns which could then be used to plot points onto a graph. Because the research was logged consistently the researcher was able to create a curve on the graph to show the velocity increase to displacement relationship. 

Analysis
For this analysis we will be looking at research carried out by Sheffield Hallam University students, check references below for all students’ names as well as the link to the research paper. Figure 1: Screenshot of spreadsheet application (Microsoft Excel)


[image: ]
Research Reference:‘Application of Newtonian physics to predict the speed of a gravity racer’ DRISCOLL, Heather, BULLAS, Alice, KING, Christina and SENIOR, Terry. Sheffield Hallam University (2016) [Online] https://shura.shu.ac.uk/12094/7/Driscoll_Gravity_Racer_Phys_Ed_Revised.pdf






As you can see in figure 2 below the acceleration is a gradual increase throughout the whole displacement, this acceleration doesn’t reach terminal velocity this suggests that if the soapbox was to continue in displacement it would also continue to accelerate.  
Figure 2: Graph created from Spreadsheet Figure 1In this example there is no reduction in the acceleration or any form of deceleration, if we collected this data on the Richards Castle course, you can expect to see  a reduction in acceleration just before the sharp left hand corner to accommodate for braking, then  a rapid increase as the gradient of the course increases after said corner.

[image: ]
Conclusion
In this conclusion we will be looking at the positives and negatives of our research, analysis and the allocation of time shown on the Gantt chart on the PowerPoint:
Positives 
· Initial time was spent familiarising us with the Richards castle soapbox challenge.
· Became aware of the rules and regulations that could restrict us.
· Created a design for a safe and efficient soap box.
· Research into composites enabled a cost-efficient alternative carbon-fiber.
· Created a 3D digital model of the soapbox to enable visible inspection of possible drag area’s 
· Found and evaluated an appropriate spreadsheet study as well as linking it to the groups current circumstances to make the study relevant.
Negatives 
· Research into Redbulls’ soapbox race was diluted due to the comedic nature of the designs. 
· Rules called for the addition of a roll bar that added unexpected weight to the soapbox 
· Initial design incorporated carbon fibre however did not fit our budget. 
· Due to it being a theoretical soapbox we were unable to create our own spreadsheet data so used one without corners or braking. 
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