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[image: ]Part 1 of the project asked the group to ‘design a “soapbox” style of car, which will adhere to certain regulations’. These regulations state the soapbox should have a maximum length of 2500mm, maximum width of 1500mm with a recommended ground clearance of 50mm (Richards Castle Soapbox Derby, 2018). On top of this the safety of the driver is paramount, with a roll hoop 35mm above the head and a second 25mm in front of their hands required (Richards Castle Soapbox Derby, 2018). Considering these regulations, the design in Figure 1.1 was created.











Figure 1.1 – Final Design of our Soapbox Car



The design is based around the cigar-like Formula One cars of the 1960s, like shown in Figure 1.2. This inspiration was chosen due to the low drag nature of the era. A soapbox car has no propulsion device and therefore its speed relies on how little resistance there is to its travel, so a low drag design was the most ideal.
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Figure 1.2 – The Lotus 49 at the Silverstone Grand Prix in 1963 (ESPN, 2019)
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Referring back to figure 1.1, the design shown does not follow regulations. Figure 1.1 is missing the roll hoop 35mm above the driver’s head. This crucial design flaw will fail the soapbox when it goes through pre-race scrutineering and therefore our soapbox cannot compete. Despite this, covering the wheels of the car prevents turbulent air from the wheels affecting the car. 
When looking at the car in motion, you can see that the car produces too much drag mainly from the rear of the car. The way the air travels over the car creates a vacuum trailing behind the car, creating a large amount of drag. As well as this, there is drag being created by the front end of the car. The tall nose at the front of the car is creating an area of high pressure, which is useful for creating downforce but creates a large amount of drag. The open cockpit design of the soapbox will create drag as the air will try to fill the empty space of the cockpit as it flows into it Considering all of this, it is clear that a new design must be created in order to maximise performance. 
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The new design, as shown in Figure 2.1, the team created takes into consideration all of the regulations as well as the analysis of our previous design. 
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Figure 2.1 – A CAD drawing of our improved soapbox design



The main improvement from the previous design is the inclusion of the roll hoop 35mm above the driver’s head. To include this, the team had to stray away from the inspiration in order to create a safe roll hoop that was substantial enough to manage the loads it could be put under and therefore the rear has been shortened and raised higher, with the roll hoop incorporated into the original spaceframe chassis. 
As you can see from figure 2.1, the front end of the car has been lowered in order to allow more air to flow undisrupted over car. A windscreen made from Perspex has been added to the design in order to push air up and over the driver’s head to try and reduce the amount of air being disrupted by the cockpit. The team put the design through the CFD program Ansys in order to see if they have minimised the drag produced by the car.
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Figure 2.2 – A diagram of the pressure acting on the soapbox racer
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Figure 2.3 – A diagram of how the air, show by the arrows, will behave around the car
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Figure 2.4 – A diagram of how the speed of air varies when passing over the car



Looking at figure 2.3, you can see that the air is flowing much nicer over the car. The much smoother front end of the car has allowed the air to flow more naturally. On top of this, the windscreen just in front of the driver has done the desired job and pushed air up and over the cockpit, preventing the air from trying to fill the empty area of the cockpit. The design of the roll hoop has enabled the team to build a much safer soapbox while not affecting the drag due to it being hollow, allowing air to flow through it rather than around it. 
Despite these findings, the design still creates some drag. Looking at figure 2.2, the area of high pressure around the nose of the car has been reduced but not completely. On top of this, the vacuum trailing behind the car is also present in the new design, creating a large amount of drag still. To reduce this drag, the nose of the car could be made longer and follow the same gradient as the rest of the front end to reduce this pressure area. To reduce the drag created at the rear, the underside at the rear of the car could be curved upwards to create a form of diffuser. This diffuser will allow some of the air to fill the space left behind the car and therefore reduce the drag.
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Overall, the new design of the car reduces a large amount of the drag created by the previous design but does not reduce it entirely. The team could reduce more of the drag by making a closed cockpit design rather than using the windscreen, however this design would be more expensive due to the extra materials required to make a canopy strong enough for the loads of the car. With this in mind, if the team makes the suggested alterations, mentioned in section 2.2, the car will have reduced as much of the drag as they can while also keeping to the confines of their budget. 
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