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Introduction (James Holliman):
This report is a continuation of the initial report, which described the possible designs and materials, and the product cost and environmental impact. This second report describes the final design of the soapbox. The report will also include the chosen material for the soapbox and will also cover calculations based on its design. 
Design (James Holliman, Nye Evans, Michael Reeves):
There were many ideas for the design of the soapbox and, after some consideration, Figure 1 shows the idea the team decided to expand upon.
[image: ]
Figure 1: The teams’ chosen Soapbox design from Project 1
Considering possible design improvements, one change that could be made to the soapbox would be to move the driver further forward to nearer the middle of the design to balance out the weight and downward force in the soapbox.  Otherwise the weight might be unbalanced towards the back which could cause problems on uneven surfaces and even cause the soapbox to “wheelie” (Vadgama, Patel, and Thakkar, 2015). This could damage the soapbox and would also be dangerous as the driver might be able to see properly and you would no longer be able to steer because the steering rack is designed to be attached to the front wheels.
Another idea may be to add a rear spoiler to help generate downforce and let the air flow easier, making the soapbox more aerodynamic (Vadgama, Patel, and Thakkar, 2015).
A similar idea may be to have a bonnet spoiler to help protect the driver from being buffeted by the air and also help generate downforce and make the car more aerodynamic (Vadgama, Patel, and Thakkar, 2015)
Another idea would be to angle the sides of the soapbox inwards so it is wider at the front than at the back. This would mean that the air can flow easier around the soapbox and that means there would be less air resistance so the soapbox should go faster for the same driving force (Vadgama, Patel, and Thakkar, 2015).
One idea to make the soapbox look better would be to add material to the frame behind the driver which in Figure 1 is just pointing vertically upwards which creates air resistance. If panels were added behind the frame, this could make the air flow better and also add support to the frame.
Shape and Materials (Nye Evans):
Body:
The shape, weight, material, and more aspects are all very important, fundamental variables that need to be considered for the body of a soapbox. The material needs to be light yet strong, rigid yet flexible, all while remaining affordable. There are a number of different materials that are available, some more suitable than others.
Shape:
With no form of power available other than gravity, the shape of the soapbox needs to be carefully thought of in order to limit the amount of air resistance (drag) the soapbox encounters. Looking at modern cars, whether they be racing cars or family saloons, can give a good idea of some of the technique’s car manufacturers use to maximise speed and/or efficiency. The shape of car’s bodywork has evolved with safety guidelines and advancements in the understanding of aerodynamics and its testing. A good visual representation of this is comparing the shape of two cars, same model and manufacturer, but made years apart.
[image: Vauxhall Astra Mk1 GTE - Classic Car Review | Honest John]	[image: Vauxhall Astra Motability Offers - Stoneacre]

Figure 2: Mk 1 Vauxhall Astra
https://www.google.com/url?sa=i&url=https%3A%2F%2Fclassics.honestjohn.co.uk%2Freviews%2Fvauxhall%2Fastra-mk1-gte%2F&psig=AOvVaw3Y6C3Zvgyf0pC8PmCizYeo&ust=1587734275213000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCMiq0PfR_ugCFQAAAAAdAAAAABAD

Figure 3: Vauxhall Astra in 2020
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.stoneacre.co.uk%2Fmotability%2Fvauxhall%2Fastra&psig=AOvVaw0KTW1baTTvRIrI3uMoFjgr&ust=1587734353140000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCKiZiMjR_ugCFQAAAAAdAAAAABAI



It’s clear to see the differences in the bodies of these two cars, which are both Vauxhall Astras. The Mk 1 (left) has a much squarer shape and straight edges and corners. Meanwhile, the 2020 model, aside from being substantially larger, is more rounded in its appearance, with curves and shapes that flow from one part of the car to the next. Some of these differences are down to newer safety regulations that new cars need to meet, as well as overall designs and tastes changing. But a lot of the differences can be attributed to new understandings of aerodynamics and shifting air around the car in the most effective way. The shape of the headlights, front grille, wing mirrors, windscreen, roof, doors and more, have all been designed to pass air over and around the car smoothly. The result of these changes being reduced air resistance, especially at higher speeds, meaning the 2020 Astra is far more efficient and suited to going faster than the Mk 1. 
This is something we have looked to do with our soapbox design. Of course, we didn’t have the same facilities or design capabilities of an establish motor company at that moment, but we were heavily driven by the shapes of some of the shapes and designs we see in modern day motoring, whether racing related or not. We worked carefully on our body design to ensure the soapbox effectively passed air over and around it, so that air resistance was kept as low as we could possibly get it. 

[image: Car Aerodynamic Tips: How to Improve Your Driving Experience ...][image: ]

Figure 4: A Mercedes car in a wind tunnel
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Figure 5: Diagram showing how the shape of bodywork on a car effects how the air is passed over it
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwinnautosports.com%2Faerokit%2Fcar-aerodynamic-tips%2F&psig=AOvVaw3-rhjLcudTTZiYYJWygrcp&ust=1587746793396000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCKikgPT__ugCFQAAAAAdAAAAABAY


Material:
The chosen material used was important as it needed to have a lot of the properties we saw as essential for a soapbox. During a meeting, the group outlined some properties we felt were key if we wanted the best results for our soapbox. These were: affordable, lightweight, flexible, strong, easily repaired/replaced/maintained. From these specifications, we used the internet to research potential materials that would be suitable. Another useful way of finding a good material was using CES Edupack, which is available on some of the university’s computers. 
Based on our research, we narrowed down our materials and eventually decided that the material with the credentials that best matched our requirements was plastic. More specifically, recyclable plastic so the bodywork could be put to good use after the project was finished and would be more friendly to the environment. Plastic can be quite easily moulded and is very cheap in comparison to other materials we considered. Thin plastic is also lightweight, pretty strong and durable, so we were happy that plastic fitted all of our criteria.
Maths calculations (Michael Reeves):
Soapbox Energy and Top speed
In a perfect system with no friction, all of the potential energy in a system is transferred to kinetic energy. 
P.E.=MGh
P.E.=(40+80)x9.81x50
We are estimating the soapbox to weigh 50kg and plus the weight of an average male is 80kg. G=9.81 and as stated on the Richards castle soapbox derby, the height change on the course is 50m (Richards Castle Soap. n.d.). This gives a potential energy of 58860 J. In a perfect system. This would be equal to the kinetic energy at the bottom of the hill climb. Using K.E. = 1/2 m v2 this gives a maximum speed at the bottom of the course of 31.3m/s or 70mph, which is not achievable due to friction and also braking and turning.
With a course length of 550m and a descent of 50m, we can determine it is on an incline of 5.216 degrees. With the weight of the soapbox and the driver being 120kg x 9.81 m/s2 =1177.2N. This gives a proportion of 107.02N acting down the hill.
The coefficient of friction of gravel is 0.55 (Hpwizard.com. 2010). This gives a frictional force of 58.86N using F = μN. From this, the acceleration can be determined using F=Ma as the force acting down the slope is 107.02N and frictional force is 58.86N is gives 48.16N=120kg x acceleration. So the acceleration is 0.4 m/s2.
Using SUVAT and the formula [image: ] (Codecogs.com. 2015) rearranged to [image: ]  gives an answer of the top speed of 47mph assuming a perfect run not using the brakes and losing speed in the corners as if just running 550m down a drop of 50m on a gravel road.
Conclusion (James Holliman):
In conclusion, this report shows that designing and creating a soapbox requires significant time and effort and, despite problems, a final idea was explored. The materials chosen and the maths calculations were completed. This information would be useful if the project was to be taken forward.
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