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1. Introduction.
[bookmark: _Hlk39870681]In this final report, the design chosen by the group will be shown as a developed concept that will be scrutinised to prove why it will be suitable or unsuitable. The design and CAD work will be exhibited and analysed to ensure it will perform in practice. In addition, we will show that the car is within the regulations set by ‘Richard’s castle soapbox derby’ (Soap Box Derby, 2020) event organisers.

2. Design and development.
[image: ]Fig 1. Preliminary sketch by Jason Stubbs


Figure one as shown above is the first drawing of the design. It is a rough preliminary sketch with no specific dimensions as the intention of it was to only be a concept design.
The inspiration for the shape of this design was explained in the previous report.
[image: ][image: ]Fig 2. Side view, technical sketch by Jason Stubbs

Fig 3. Side Above view, technical sketch by Jason Stubbs



[bookmark: _Hlk40036553]Fig 4. Angle view of 3D car model by Antony Wingate.
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Fig 4. Angle view of 3D car model by Antony Wingate.
[image: ]

With further thought, the group had decided on the design, said design then had to be drawn in more detail so Antony Wingate could make a 3D version of the frame in Solidworks.
Figures 2 and 3 above are detailed technical drawings that were made for Antony to work the 3D version from.

The frame is designed to fit the average height of a male who is 5 foot 10 inches, although this would be easy to adjust to fit somebody taller or shorter with padding or by moving the seat. The seat would be secured with bolts as this is a requirement stated in rules and regulation for ‘Richard’s castle soapbox derby’ (Soap Box Derby, 2020).
The dimensions of the car also meet the rules and regulations which will be listed below.
Dimensions set by rules and regulations:
Max width - 1.5m
Max length - 2.5m
Min ground clearance – 50mm (recommended) 
The groups’ soapbox design dimensions:
Width - 1.2m +-10cm
Length - 2.2m
Ground clearance – (adjustable) 

The car is designed with the driver situated between the wheels to keep the centre of gravity as central as possible. Regarding the width of the car, it should be wide enough that it will be stable, as well as not being so wide that manoeuvring around course obstacles does not need more steering that necessary. With consideration that the height of the car can be adjusted and subsequently the height of centre of gravity. 




[image: ][image: ][image: ][image: ][image: ]djFig 4. Iso view, CAD seat design by Nathan Morgan
Fig 5. Side view, CAD wheel design by Nathan Morgan
Fig 6. Rear view, CAD seat design by Nathan Morgan
Fig 7. Side view, CAD wheel design by Nathan Morgan
Fig 8. Side view, CAD design by Nathan Morgan
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The above seat, designed by Nathan is a quite a complex racing (bucket) seat design, the shape would certainly keep the driver secure in the car which is important as the car’s only suspension is the flexibility in the tyres. The seat could be moulded in sections using fiberglass, put together using bolts/rivets and steel, or aluminium. Making the seat in sections would reduce the complications of making it in a single mould and would give more options to make it adjustable to the driver.

The wheels are designed from BMX cast alloy Mag wheels, rather than your traditional spoke wheels.This is due to them being stronger against sideways or ‘lateral’ forces. With this in mind, the smaller the wheel, the stronger it will be against said lateral forces. For this reason, small 18” or 16” wheels would be most suitable which would give an initial ground clearance of 9 or 8”.

The tyres have tread as the soapbox course has off road sections that require tread for traction.

[bookmark: _Hlk40028454]3.Force Calculations for the Soap Box cart.c
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The course has a length of 550m and a descent of 50m, so using the Sine rule the average angle of the incline can be determined.
 		 		
						
 
Normal Reaction Force. (N)
Component of Weight acting down the slope. (Fh)
Drag forces (Fd): Aerodynamic (Fa) and rolling resistance. (Frr)
Component of Weight acting into the slope. (FWt)


[image: ]

Mass: 99.35Kg (Wt)


Using Newton’s second law, the average downward forces acting on the soapbox can be determined.

Weight:
 		 		

Force acting into the slope:
 		
As the soapbox only moves along the slope it is fair to assume that the forces N and FWt are equal.

Force acting down the slope:
 		


Drag forces: 
 
Aerodynamic drag (Fa) is extremely difficult to work out without scale models to find the Co-efficient of drag and different atmospheric conditions at the course venue. However, rolling resistance is easier to determine.
 		
(0.0055 is the rolling resistance value for the average BMX tyre.)

The total average force moving the soapbox down the slope is:
 		 		
 


The average acceleration (without air resistance) can now be found along with the theoretical top speed of the soapbox and the time it would take to complete the 550m course. 
		 		
			  
		
		 	
 
As mentioned earlier these values are only theoretical as air resistance has not been considered, also the course features a number of corners, a rough gravel surface and parts of the course are much steeper than the average angle for the slope.







4.What could be improved.
As of now, the car is but a concept which makes it difficult to say what to improve on an untested design. Even the best race teams have to use trial and error to discover what works best. 
With that said, there is plenty that could be trialled and improved without having to re-design the car. For example, the height of the car can be adjusted at the swing arms to change the height of centre of gravity, the brakes can be adjusted to be more or less powerful at the front and rear, the position of the driver could be adjusted to change the centre of gravity. So as for improving the car, in its current state there is plenty that can be done to make the car more suitable or competitive even!

5.Overview.
Without testing the completed vehicle, it will difficult to determine whether the car will be competitive a failure or something between the two. However, the origin of the car’s shape is derived from three extremely successful race cars (Ariel Atom, ERA vintage race car, Guy Martins world record gravity racer) which must lead to a relatively fast soap box car, without spending copious amounts of money on research and development.  
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