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1. Design
The design of soap boxes can significantly vary as the regulations allow for designs to be as creative as possible, within the correct safety and size rules. 
[image: ]
This first image was the original concept drawing, it gave the rough shape of the soap box that we decided we wanted to use. However, there was multiple design flaws to begin with that had to be adjusted. This includes very minimal ground clearance which wouldn’t be ideal for the bumpy track and driver positioning as it was designed to be very small. 

[image: ]This second design was styled after the previous concept; however, it has many adjustments made to make it more effective for soap box racing. The soap box is now designed to have 10cm of ground clearance instead of the minimum requirement of 5cm. it remains the same length, however the seat has been oved further back and reduced the size of the rear of the car, this is to allow for the driver’s legs to fit with the steering column. The front was also made taller to make sure a driver can fit. Another improvement is the wheel size which was significantly increased to improve top speed and stability of the soap box. 



[image: ]This third design changes the shape from the previous 2 and adds different aerodynamic effect. It uses the same wheels as the previous design as well as the same ground clearance and body length. The key difference is the seat has a roll bar as the back of the car is lowered therefore it is required. 














[bookmark: _Hlk125817035]2. Materials
[bookmark: _Hlk125817072]Soap box racing is largely known as one of the most Vigorous racing events In Europe.  The biggest competitions being the Red Bull Soap box race. The idea behind the soap box races to have no engine and free will down a slope, avoiding objects and trying to get the best time on the track. These are often done through aerodynamics, weight and the materials used, which benefits all these points. I have designed a soap box with the materials used to benefit the weight distribution and to have the lightest soap box made to have a faster time going down the slope being able to gain more speed. 
First, we will start off with the subframes. There are three materials that I have considered to be the subframe material for our soap box. These three being, aluminium, wood and a magnesium alloy. the material that I am picking is aluminium. Aluminium is a very strong and rigid metal which can withstand a yield strength of 5000lbs per square inch which means it’s a very strong composite bond material. In our soapbox we are going for aerodynamics and lightness of the soapbox and I feel in my best judgment that aluminium is the best suited material. This is because for example if we compare aluminium to a magnesium alloy we are looking at one of the lightest materials that we could use for a soapbox which puts us at the high end of the scale if we are looking at costing. If we are also looking at a magnesium alloy compared to aluminium we can see that the densities are a little bit different to each other. Aluminium has a higher density, at 2.7 kg/m3, than the  magnesium alloy meaning it will also be able to withstand more stress on the soap box. Comparing this to aluminium this means that aluminium will be more rigid and have a higher impact chance of staying undamaged and working. In my opinion aluminium is far better for a soapbox than a magnesium alloy due to the fact it’s a more dense metal which means it will be able to withstand more vigorous driving and will be  a stronger overall material meaning the soapbox will be more stiff but also very lightweight. We will also be saving money compared to a magnesium alloy as they are a lot more expensive compared to aluminium meaning we can spend more money elsewhere.
Next is comparing aluminium to wood. Wood is a very rigid material. If we are looking at the strength side for wood then we would be designing the soapbox from stud holds. A 2x4 stud hold has a yield strength if 1000lbs per square inch meaning that it will be nowhere near as strong as aluminium. Aluminium also has an edge on wood as aluminium has a higher stress point due to nits high purity forms and being very malleable. If you compare this to wood where it has almost no stress point to the point where it would almost instantly snap under the correct amount of stress which is very low. Due to this aluminium trumps wood and a magnesium allot due to many points.
The aluminium that I will need to use are cylindrical aluminium tubes which will be welded together to make a very rigid and stiff subframe for the soapbox due to the reasons above..
For the outer design I have picked a PVC plastic, fiberglass and cardboard. The reason I have picked these three is because that all have their own unique and strong points to them. First I have picked the outer design of the soap box to be made from PVC. PVC is made from silicone, polythene, nylon and many more materials. It's a rigid plastic which is used for many trades and provides lots of stability and strength. Fiberglass is a strong bond which is chemically formed between small shards of fibre glass and strong polythene liquid type chemical. These two are mixed which makes a strong and dense material. Cardboard is very cheap but also very rigid meaning it can withhold a small part of air resistance and can be acquired easily.    

Starting off with fibreglass. In my opinion fibreglass is a very good option for the outer shell of the soapbox. The reason why I decided against it is because I feel that it is too expensive to acquire and has a long mending process to acquire the actual fibreglass build. We will need to buy many fibreglass kits which are pricey but also are very time consuming. It also has no flexibility as it is a polymer of glass meaning that one fall and if the stress is even a remotely bit too high then it will break and snap in half. PVC plastic and fibreglass are also roughly the same weight depending on how you make the Fibreglass PVC plastic and Fibreglass both have the same density per kg/m3 so I will be picking PVC plastic over the malleability and the stress factor.

Next is cardboard. Cardboard is used remotely everywhere on the planet for many uses I believe that cardboard would be a strong contender for the soapbox but there are a few reasons holding it back. One is the weather durability. If it rains the outer shell of the soapbox will not be intact as card board is not weather resistant. Cardboard is really lightweight so we would benefit from using it but simply due to the durability then it is not realistic to use. Also there is no way to make a fitting for screws or any type of fixation to the subframe due to its density so it will be difficult to secure it. This is the reason I feel that PVC  plastic will be the most viable option to it being fairly priced, able to make secure fixings and it being a very dense material. 











3.Driveability and systems 
[bookmark: _Int_mOV85BbB][bookmark: _Int_YCE9MbDI][image: ][image: ]For the tyres, we have gone for 2.2’’ width BMX style tyres since they are affordable but also not lacking in performance as they feature a low-profile directional pattern across the tread which is super grippy but also a lightweight design as they only weigh 710grams; we picked this over traditional mountain biking tyres as they weigh almost double in weight up to 2200 grams. We picked 20’’ rampage BMX wheels for the rims, which is an affordable option for aggressive use but also made from 6601 alloys which are known to be strong, light and designed to be able to take a lot of abuse which would be perfect for most tracks 

[bookmark: _Int_3gIBLBga][bookmark: _Int_YysWHzX2][image: ] For the steering mechanism, we’re using a second-hand adjustable go-kart steering column to connect the wheel to the steering mechanism and with that, we can cut and resize or extend the column as we please; we will also be saving money in the price department by using used parts. 

[image: ][image: A picture containing bicycle, adapter, microphone

Description automatically generated]For the braking system, we picked some hydraulic mountain bike brakes since hydraulics can be more efficient than mechanical brakes and don’t require cable drag meaning less lever pressure for equal braking power; to go along with the brakes we got some DVSN disc rotors which are known to have optimal heat dissipation to help with cooling. 
       
 






4.Costing & Analysis
Soap boxes are a concept where anyone can enter and participate no matter on your budget or experiences within contests. People who often get into these contests often puts lots of blood, sweat, and tears into the design/performance of their machines. But does this mean a NASA like budget to compete? Not necessarily, cutting costs is just as important as investing in the areas that need it most, this also depends on our goal of soap box. In our design however we are going to maximise the aero efficiency and speed capabilities of our soap box. While it is expected that we will spend most if not all the £5000 budget, its curial that the correct areas are supplied with the correct amount from our budget, for example, it's expected that the materials department will be the biggest consumer of the budget as it is using it to purchase metals and plastics which will be purchased directly from professional merchants. Whereas our design team, at this point in the project will not need much if at all of part of the budget, as there is little to no equipment other than (at a minimum) pen, paper and ruler. That said the budget should be fairly distributed depending on demands for funds. Below is a small break down of the major costs and if/how can we reduce these to a manageable level. 
Costing breaks down and analysis.
	Department 
	Equipment
	High cost 
	Low cost 
	Listed alternate?
	Final cost 

	Materials 
	Aluminium 
	£27.82 (per KG)
	£2.50 (per KG)
	 Wood, magnesium  
	£77.40

	Materials
	PVC (acrylic)
	£45 m2
	£39.54 m2
	Fiberglass, carboard.  
	£158

	Systems
	BMX tyres
	£12.99 x1 
	N/A
	N/A
	£51.99

	Systems 
	BMX alloys
	£34.99
	N/A
	N/A
	£139.96

	Systems 
	Steering column
	£20
	N/A
	N/A
	£20

	Systems 
	Hydraulic brakes 
	£6.42
	N/A
	N/A
	£6.42

	Systems 
	Disc brakes
	£24.99
	N/A
	N/A
	£49.98



Costing Analysis – Aluminium 
Aluminium is a widely available material which can be sourced from metal merchants such as scrap yards, recycling plant or directly from suppliers. This, as pointed out by the martials analysis would be a good material to choose from because of its properties. Fortunately, this will lead it to be a cost-effective way of building the subframe.
 Looking into MP of aluminium tubes (depending on the thickness) 60mm x 5mm, £691.15 would be the cost if the subframe if it were to be made entirely of this material and bought directly from a retailer. This material is not recycled or purchased from a second-hand dealer, using this buyer it would cost more than other sources, but it would be a safe guarantee not only on the size requirements, but also the durability of the material. The weight of the subframe would be 24.84Kg, which equated to using the highlighted aluminium this could come to a cost £27.82/KG. 
Looking into alternative sources of aluminium tubes, purchasing it cheaply is an option. Scaffolding is used construction on the outside of buildings, it can be purchased in similar quantities to meet our specifications. 9800mm is the total length of material tubing which is required to build the subframe of our soap box, using scaffolding with slightly dimensions would increase our weight to 30.85kg from 24.84kg. However, the price would drop from £27.82 per kg to £2.50 (£613.75 saving). 
In terms of quality and performance, the bespoke manufactured aluminium would be better suited for a time trial type soap box. However, the cheaper alternative of using scaffolding would provide more weight which would give us higher final velocity, but due to the course having multiple turns this would lead to having an overall negative effective on our time and the performance of our soap box. 
Costing analysis – PVC acrylic
PVC Acrylic is used within in many manufacturing processes and could be used as our material. It is used in not only as an industrial application but also in aerospace technology, as a result of its properties it has been chosen by the materials teams to be applied and used for our bodywork. 
Fortunately, this can be bought in sheets which makes it easy to cut and apply to our subframe, this could be done with a strong adhesive of even bolting it. However, this would incur a high cost.  As our design team would like an excess amount of material to use, we would need to purchase large sheets which would be used for one face of the body work. Roughly according to calculations nearly 4 m2. This could cost us upwards of £158, as this is not as essential as other components, I would suggest another material as this is costing more than the subframe, but as there has been a large amount saved from choosing the correct subframe material it's okay to spend more in other areas that we wouldn’t of initially.  
Costing Analysis – systems
Using the references that the driveability & systems department gave us we can have an accurate cost of how much some of our systems will set us back. These prices are non-negotiable, as this department has sourced our specific parts for our racer, altering these could affect the performance and reliability of our car.  Therefore, the costs will be labelled in our breakdown table where our expenses are shown. Alternative sources to buy the same products for a lower price are available, however some of these could be second hand used systems which could potentially fail or cause issues when testing the car as they have been used before to an unknown extensity.
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