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[bookmark: _Toc65583640]Introduction 

The 5 members of the team will research the required design, materials, cost, and dynamics to successfully design a soapbox car.  The gravity car will be designed to the technical requirements of ‘Richard castle soapbox derby’.  
The team members and roles in this project are as follows: 
Joshua Todd is responsible for the team as their role is team leader.
Parry Hill is responsible for the initial and final design of the gravity car and is design lead.
Dylan Arthur is responsible for researching and deciding on the materials that will be used for the gravity car as material procurer.
Rhys Ewin is responsible for ensuring the drivability and dynamics of the gravity car as dynamic advisor.
Tim Carbonel-Deere is responsible for coasting the project and making sure it stays economic as treasurer. 
These five members will outline their background research into the subject matter and give reasons for the design of the gravity car they have decided on. 


[bookmark: _Toc65583641]Literature 
[bookmark: _Toc65583642]2.1Materials 
[bookmark: _Toc65583643]Frame
The first component is the frame of the racer.  Choosing the right material will provide stability and safety on the course. Go kart frames are subject to similar speeds and forces.  AISI 4130 is known to be the best choice for frames because of its higher yield and tensile strengths (gokartguide, n.d.). 

AISI 1018 has similar but slightly lesser properties therefore still a strong choice but costs around 60% cheaper, this is an example of a mild steel meaning it has a low carbon content making it more malleable and easier to work with.  If using steel, the two main options are box section steel or steel tube to make the frame from.  In our case the box section would be easier to use due to it not needing to be bent and easier to cut and weld at different angles. 

[image: ]
[bookmark: _Toc65615756]Figure 1 Graph showing strengths and hardness of AISI 4130 and AISI 1018 (gokartguide, n.d)
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[bookmark: _Toc65615757]Figure 2 Graph showing strength and hardness of 304 Stainless Steel and Aluminium Alloy (gokartguide, n.d)

Another choice for the frame is Aluminium.  Steel is around 250% denser than aluminium (monroeengineering, 2016) making it much heavier. This advantage comes at the cost of strength, with aluminium having a tensile strength of 310MPa as opposed to 505MPa of 304 stainless steel (gokartguide, n.d.). Aluminium is also more difficult to weld than steel with it being softer with a lower melting point and great thermal conductivity (workshopwelding, n.d.). Due to its weight aluminium is more expensive than steel which must be considered on a budget.  
  
The cheapest option to use for building the frame is wood. Wood is very accessible and very easy to cut and join however for an application where strength is important it would be a less reliable choice, it must also be treated and protected as it can rot and lose structural integrity over time. To add to this Wood has a tensile strength of only 2MPa and a yield strength of around 40MPa making it far weaker than steel or aluminium and more prone to failure.  
From this research we can see that mild steel is the best for price to performance due to its good strength, ease to work with and its affordability, however if used multiple times it must be coated or treated to prevent rust and corrosion.  After taking this into consideration mild steel has great properties for use in the frame in terms of strength and safety, therefore AISI 1018 or another mild steel would be an excellent choice and using a box section shape will fit our requirements well. 

[bookmark: _Toc65583644]Shell 
The second component of the soapbox is the shell that will enclose the frame and driver. The aim for this component is to keep weight low whilst being strong enough to handle the loads it will experience from air resistance, also to give the racer a low drag coefficient making it reach higher speeds and accelerate faster on the course. 
The first option for the shell would be to use a polymer material, ABS is popular for use in motorcycle and go kart fairings because as a thermoplastic it can be easily moulded and melted to any given shape. ABS has a melt temperature range of 190-270℃ (plastikcity, n.d.) and is easy to form using heat, some common methods are to use a heat gun or boiling water as at 100℃ ABS becomes soft and rubbery (plastiblocks, 2018). It has very good impact, chemical and abrasion resistance (Dielectric Manufacturing, 2019) and is stiff which make it perfect for automotive applications.  
The next option is to use a composite material, fiberglass is a popular material for racing uses such as karting for its light weight, strength and affordability. It is made by laying sheets of ultrafine glass strands and then coating them with an epoxy resin which when hardens is stiff, light and strong. Because of this process it can be formed to almost any shape and is easy to manufacture when using a mould to build the fiberglass around. One negative is that it is more prone to breaking in an impact and is more difficult to repair than with ABS, however it is generally more durable and lighter than ABS (J. Speights, 2015). 
Another composite option for bodywork is carbon fibre which is manufactured similarly to fibreglass, however, is much more expensive due to the manufacture process of the carbon weave. Whilst being stiffer and 15% lighter than fiberglass (oribimanufacturing, n.d.) it is less flexible and therefore more likely to crack or break in an impact. 
From these materials we have gathered that the best material to use on a tighter budget would be the ABS due to its durability and impact resistance, and the advantage over the composites with its ability to be reformed. If the budget allows and there is more time in the manufacture process then fibreglass would also be a great option, being lighter and stiffer than the ABS and still strong and durable, it would be an excellent choice for the bodywork as it can be made as one component more easily than the ABS. 
[bookmark: _Toc65583645]Design 
There are several different initial designs that the team had researched these are shown in figure 
[bookmark: _Toc65583671]Table 1 Table to show advantages and disadvantages of different frame designs
	Design
	Basic Description
	Advantages
	Disadvantages 

	Trellis Frame 
	Tubular steel arranged in triangular formation
	Stronger and lighter than most other construction methods
	Construction can be difficult

	Carbon Fibre Tub
	Frame and seating constructed as one piece (monocoque chassis)
	Very lightweight and strong, roll cage can be built into chassis 
	Very expensive, difficult manufacturing process

	X-Frame chassis
	X design running through centre of chassis  
	Strong with minimal material
	Old technology, more advance designs available, needs roll cage to be added onto chassis

	Corner gussets 
	Aluminium corner gussets welded around corners to add strength
	Adds lots of strength with minimal weight gain
	Can be week in other planes from intended plane




[bookmark: _Toc65583646]Driveability 
[bookmark: _Toc65583647]Suspension 
Due to the research that the team did on the course and into suspension systems it was decided that a suspension system would be unnecessary on the gravity racer.
[bookmark: _Toc65583648]Steering 
Simple rope steering system.
Two holes are drilled at an angle into the far left and right of the steering cross-member. Drilling at an angle allows the rope to go in through the top of the axle and emerge at the front halfway across it, making it easier to knot or fix in place. Attaching a plank of wood to the top portion of the rope makes it more ergonomic for the driver and prevents friction burns. The rope is pulled to the direction the car is required to turn. (skil.co.uk, “How to build a soapbox car”, n.d)  
Recirculating-ball steering system.
Makes use of a pitman arm linkage connected to the recirculating-ball gearbox. The steering wheel is connected to a threaded bolt which is fixed in place so that when the steering wheel is turned the bolt spins, this turns the gear that moves the pitman arm and therefore turns the wheels. All the threads are filled with ball bearings which reduces friction and slop. Slop is where changing direction quickly with the steering wheel causes the teeth to lose contact momentarily, therefore reducing slop reduces the ‘loose’ feeling of the steering.     (N. Karim, 2021) 
Rack and pinion steering system.
A simple mechanism converting reciprocating motion from the steering wheel into linear motion which turns the wheels. A pinion gear is attached to the bottom of the steering shaft, the pinion spins with the steering wheel and moves the rack therefore turning the wheels. The rack is inside a hollow metal tube with the ends of the rack extended outside of the tubing, a tie rod connects to each end of the rack and connects the steering system to the wheels. (N. Karim, 2021)  
[bookmark: _Toc65583672]Table 2 Table to show advantages and disadvantages of steering systems.
	Steering System 
	Advantages 
	Disadvantages

	Rope 
	Simple, cheap, easily fixed if broken. 
	Unstable at high speeds, not user-friendly. 

	Rack & Pinion 
	Lightweight, sensitive steering, ergonomic, few moving parts. 
	Must be replaced if broken, medium cost. 

	Recirculating Ball 
	Long-lasting, sturdy, sensitive steering. 
	Most expensive, complex, heavy. 




[bookmark: _Toc65583649]Braking systems
Disc brake system
Disc brakes work by pressing a moving brake pad into the rotor (brake disc) and therefore into a fixed brake pad, this produces friction which slows the vehicle down as well as a lot of heat. A rotor is required for each wheel. This system can be activated using a cable which is pulled by a brake lever or a foot pedal. (B. John, 2017) 

V-Brake system
Known as ‘rim brakes’, this brake system can be activated the same way as disc brakes using a cable, drum brakes work differently to disc brakes as they are brake pads directly mounted to the rim of the wheel and when the cable is pulled, the brake pads push against the rim which produces friction slowing down the vehicle. (Bristol. A, 2020) 

[bookmark: _Toc65583673]Table 3 Table to show advantages and disadvantages of braking systems.
	Braking System 
	Pros 
	Cons 

	Disc brakes 
	High braking power, easily adjusted. 
	Expensive, heavy, require heat for optimum performance. 

	V brakes 
	Easily fixed, cheap, lightweight. 
	Less braking power, less effective in wet & muddy conditions. 



[bookmark: _Toc65583650]Aerodynamics
Due to the course having steep downhills that may produce speeds up to 40mph, aerodynamics will be an effective way of increasing stability by reducing drag. Smooth designs with a narrower front end will reduce wind resistance. Keeping the driver low in the vehicle also improves aerodynamics. (Widmar. A, 2015) 
[bookmark: _Toc65583651]Wheels 
Wheels will be 20” BMX wheels due to their sturdy build with strong rims, they are cheap and in abundance. V brakes can be fitted easily to the rims as they are the braking system usually used on standard BMX bikes. 


[bookmark: _Toc65583652]Methodology 
[bookmark: _Toc65583653]Initial Design 
The first design was based on a dune buggy with an exposed trellis frame such as the one shown in the image below. 
[image: ]
[bookmark: _Toc65615758]Figure 3 Dune buggy with exposed frame (Naporniy, 2019) 
The design that transposed from this is shown below, the frame would be made of steel tubing for its low cost however weight could be an issue with this design. 
[image: ]
[bookmark: _Toc65615759]Figure 4 Initial design no.1 (Parry Hill,2021)
 The second design’s inspiration was taken from a carbon fibre tub often used in high performance cars whilst also using trellis frame to strengthen the entire structure, in this design the entire frame and roll bars would be constructed from carbon fibre giving it an exceptional strength to weight ratio however the cost of this design would be enormous.  
[image: ]
[bookmark: _Toc65615760]Figure 5 Initial design no.2 (Parry Hill,2021)
 The third design’s inspiration came from Chevrolet’s X frame chassis used between 1957 – 1970 whilst also using an old cut bathtub to secure the driver in place. 
[image: ]
[bookmark: _Toc65615761]Figure 6 Initial design no.3 (Parry Hill,2021) 

[bookmark: _Toc65583654]Final Design 
The final design was a combination of designs one and three, using the X frame chassis and the trellis frame at the side to add strength and rigidity. Front and rear roll bars were also added to the frame in order to comply with regulations.  Frame dimensions are: Width – 800mm, Length – 1450mm, Hight at highest point of roll cage – 1100mm.  These measurements were produced from measuring the potential driver of the gravity car.
[image: Diagram, engineering drawing
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[bookmark: _Toc65615762]Figure 7 Final frame design (Parry Hill,2021)
 [image: ]
[bookmark: _Toc65615763]Figure 8 Figure to show dimensions of driver no.1 (Parry Hill, 2021)
[image: ]
[bookmark: _Toc65615764]Figure 9 Figure to show dimensions of driver no.2 (Parry Hill,2021)
  
When designing the chassis the drivers dimensions needed to be taken into consideration. 
Regulations stated that the rear roll bar must be at least 35mm from the drivers helmet when seated and the front roll bar should be 25mm in front of the driver’s hand when hands are at 12o’clock position on the steering wheel. 
The drivers standing and seated dimensions are shown in the diagram above so a rear roll bar with a height of 1100mm would give plenty of clearance once a seat has been added and the front roll bar would have to be at least 825mm from the rear. 
The total length of the soapbox is 1450mm to allow any limbs to be clear of moving parts such as the steering system. 
 

[bookmark: _Toc65583655]Results and Analysis 
[bookmark: _Toc65583656]Costing 
The relation between cost and performance of parts has a positive correlation due to higher quality of materials and manufacturing processes used. The cost when designing and producing a vehicle ranges from its core uses from common everyday use to high performance.

These higher quality materials or components might include characteristics of being, lighter in weight, have a higher tensile or compression strength or a selection of. It is important to be able to budget the materials and manufacturing processes that would be used, while maintaining at a competitive level standard in overall quality.

[bookmark: _Toc65583657]Brakes Systems

In our driveability research it was found brake discs are the best for performance in comparison to cheaper alternative brake systems, such as V-brake. However, the cost being higher with other financial factors to include such as brake lines or pads and possibly fluids. With each component that can vary in cost [image: ]and performance.[bookmark: _Toc65615765]Figure 10 Bake disk kit (CustomAndCommerical.com)


It was important to find a brake disc kit that included all components such as the brake lines, seals and bearings as most of the time they are not universally interchangeable. Online it was found at a price of £250.


[bookmark: _Toc65583658]Wheels

20-inch BMX wheels were agreed to be best suitable for this build as they met the required criteria. A set of 'Blank Generation XL BMX wheelset' costs £139.99 with it being described as 'lightweight and durable' along with 'exceptional reliability'. However, this price is doubled due to needing four wheels coming to a total of £279.99

[image: ]A cheaper alternative would be buying second-hand BMX wheels on Facebook or Ebaymarketplace.com[bookmark: _Toc65615766]Figure 11 BMX wheels (wiggle.co.uk)



[bookmark: _Toc65583659]Steering Systems

A simple rack and pinion design was chosen for its lightweight and ergonomic features along with it being a relatively low-cost effective option. A go-kart rack and pinion setup were chosen due to having fewer complex components.  That would be found when compared to a recirculating ball steering system. This keeps the cost down and possible maintenance of broken parts to a minimal if potentially taken damage from track use.
[image: ][bookmark: _Toc65615767]Figure 12 Steering rack and pinion (congweh0 ebay.co.uk)

Advertised at a price of £69.99 it includes the essential parts that are needed such as the steering rack and column, wheel and tie rods.


[bookmark: _Toc65583660]Chassis

Working in collaboration with the materials and final design, it was agreed using 60mm x 40mm x 3mm of mild steel tubing was most suitable for its low cost and rigidity. Ordered in individual 3-meter lengths from themetalstore.co.uk at a price of £32.88, however it would come to a total of £276.19 of 21 meters of length with excess steel left over.

The website that would be used to order the mild steel also offers free shipping within mainland England & Wales, saving a cost with delivery fees with the weight being in total of having 96 kilos.

For a more performance but higher budget cost material composite, carbon fibre is widely used for its strength to weight proportions. However, the cost of carbon fibre is considerably more and would not be a viable financial option.
[image: ][bookmark: _Toc65615768]Figure 13 Quote for product and delivery (themetalstore.co.uk)

As for the floor pan, ½ inch plywood was chosen for its strength and weight saving properties when incorporated into the final product. Having the dimensions of 1.45m x 0.8m and using a website to order to size.  It was found that using hardwood plywood would cost £63.71.

An alternative would be to use softwood plywood coming to a final cost of £40.70.[bookmark: _Toc65615769]Figure 14 Quote for hardwood plywood (woodsheets.com)

[image: ][image: ]from the research gathered for an estimate for the final cost of the project it would cost £916.87 in materials and extra components.  This cost could be reduced depending on personal contacts of the team.  As the team would be doing all the construction themselves there would be no external construction cost.[bookmark: _Toc65615770]Figure 15 Quote of softwood plywood (woodsheets.com)




[bookmark: _Toc65583661]Conclusions 
The team have researched and designed the fundamentals for producing a gravity car, to enter the Richard castle derby.  The team have looked at all areas required from chassis design, material selection, material cost, additional components to increase drivability.    The team is now ready to continue to the refining process and production of the gravity car.  
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Material 304 Stalnless Steel Aluminium Alloy.
Vield Strength 215 Mpa 276 MPa
Tensile Srength 505 MPa 310MPa

Hardness 20048 7018
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8 Qty Product Description

60mm x 40mm x 3mm Mild Steel Box -3
metre length
Cutting Instructions

O 7= Add your cutting instructions here...

Offcuts Required? O Yes ® No

If you make any changes to item quantities,
or want to remove items from your basket,
please make sure you update your basket
using the ‘Update Basket’ button below.

Update Basket

Weight Price (each)

95.94 kg £32.88

Sub Total

© Mainland England &
Wales

VAT (20%)
Order Total
Weight

Total

£230.16

£230.16
Free

£46.03

£276.19
95.94 kg
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Plywood Sheet

Material: Hardwood Plywood
Thickness: 12 mm

Length: 1500 mm

Width: 800 mm

£63.71
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Plywood Sheet

Material: Softwood Plywood
Thickness: 12 mm

Length: 1500 mm

Width: 800 mm

£40.70
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