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Intro
In an ideal world the car would steer fast through lightness, short wheelbase and low centre of gravity.Have effective brakes and roll as fast as possible via good aerodynamics, momentum and minimised friction to the ground.
Design
From a fabricating point of view the design needs to be realistic, considering available equipment and expense of materials and man hours.
The construction off the chassisneeds to be basic and require minimal cutting and welding to reduce build time as well as being resilient and ridged.  
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The concept to on the right has an Ariel Atom inspired trellis framefor maximum strength and rigidity. A good example of this is A-frames that supports the roof of most homes.
The rear of the car is shaped like the back of a 1920s Bugatti grand prix car, which allows air to slip of the back of the car prevent causing low air pressure drawing on the car.
The wheels and brakes are inspired from Guy Martin’s "gravity racer" using small bicycle wheels to minimise lateral stress on the wheel’s components. I was also suggested to use mag wheels rather than spokes for extra strength. 
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Nathans design 
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[image: C:\Users\Jason\Downloads\image0.png]Notes;
1. Inspiration is from a mixture of a bobsled, old racing car and a kayak.
2. Must be robust, light weight, and have slick bearings.
3. Advice from Redbull source - Driver seated as low as possible and between the wheels so the car doesn't topple over.
 ideal car attributes;
1. Aerodynamic body. 
2. Wide wheelbase for stability.
3. Strong axis to endure bumbs. 
 (
Ceran's
 design
)[image: ]
This concept’s body and shape is based on formula 1 cars for atheistic purposes and potentially aerodynamic, if done correctly.  

Ceran’s notes:
1. “A mid height wing for a little bit of aerodynamics. This would be a small sloped rear wing made out of thermoplastic.”
2. “The wheels would be 20” BMX/mountain bike wheels with 2mm width for better stability.”
3. “The curve of the vehicle is more aero effect to give better streamline going downhill.”
4. “A small roll cage which would be made out of steel or aluminium.”
5. “The axels would be made out of steel.”
6. “The suspension of the car would ideally be mountain bike air suspension since it can be adjusted to suit the driver and weight applied.”
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)Methods for steering
[image: Image result for rack and pinion steering system]
The rack and pinion Method of steering is very common with go carts, buggies and light weight cars like smart cars for example.
Big advantage with this steering method is that it's effective and could be sourced very easily and cheaplyfrom a second hand go cart.
Personally, this would be my favourite method with the adjustment available on the tie rods and for its ease of installation due to their compact size.   


 (
With the above
 rack and pinion steering you would be able to achieve Ackermann steering.
Ackermann steering is where the
 outside and inside wheels steer perpendicular
 to
 centre of the turning circle
,
 allowing
 theinside and outside wheels turn in their radius.This means that it'll turn with more accuracy and without friction between the wheels and additional
 lateral
 stress
 on the wheel hubs
.
)[image: https://upload.wikimedia.org/wikipedia/commons/thumb/a/a0/Ackermann_turning.svg/220px-Ackermann_turning.svg.png]Ackermann steering geometry
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traditional soapbox steering
)
[image: Related image]This method of steering is more difficult to control at speed as well as limiting the turning circle due to interference with potential bodywork. 
With this method it also makes it more difficult to fit good brakes, any sort of suspension and aerodynamic bodywork. Also limits what frame designs can be used.
With this method Ackermann geometry cannot be used. 

[image: Image result for soapbox handlebar steering] (
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)Handlebars like a steering wheel is a controllable way of steering and is a simple and cheap setup.
From a safety point of view handlebars are not particularly safe in the event of a crash so bar end plugs are compulsory.
Another issue with bars is that they are wide and would take up room in a cockpit if your design included an enclosed body shell.
A positive is Ackermann geometry can still be used.

Methods for braking

In the regulations for the Richards castle soapbox rally, a regulation for brakes it that they must be powerful enough to hold the soapbox stationary on the start ramp, and both wheels must be braked on the same axel 2.5.Because of this my favourite choice is bicycle disk brakes (hydraulic or cable operated). Bear in mind that brakes at the front of the car will cause understeer if used while corning and rear brakes cause oversteer (linked brakes ideally).


 (
Disk brakes (cable)
)[image: Image result for bicycle disk brakes]With disk brakes you get good feel for control, so you don't ever brake and lose pace or under brake and crash.
On a smaller wheel the brakes would be more powerful due to increased leverage so two brakes would be adequate.
The brakes would be better used on the front wheels to reduce chance of skidding. 



 (
Hydraulic disk brakes are just like the cable ones but more powerful and expensive.
These would only be needed if the cable operated disks where not powerful enough
, but that is highly unlikely
. 
)[image: Image result for bicycle disk brakes] (
Disk brakes (hydraulic)
)







Aerodynamics
Aerodynamically, provided that the car is low andslender at the front and not flat at the rear, potentially causing a low pressure spot... the car will be adequate.
Material wise, you could use anything from aluminium all the way to cling film provided that the cost isn’t too much for what you are trying to achieve, but the bodywork doesn’t need to stand the test of time.

Suspension
Lots of soapbox cars are not fitted with suspension but that can make jumps a bit jarring. In the case of the Richards Castle soapbox rally there aren't any jumps so the need for suspension is minimal, although it is still nice from a comfort point of view.
Jumps or not the need for suspension is there as you'll get better control under braking and through corners also less resistance over bumps.
With all the above in mind it would make sense to not overspend on fancy coil string suspension. From a lecturer’s suggestion, rubber cone suspension would be affordable and if it was good enough for the Austin mini it is good enough for a soapbox.


Weight (heavy or light)
Acceleration: whether the car is heavy or light the acceleration will be the same, just like if you drop a football and a bowling ball at the same time, they will hit the ground at the same time.
Speed: A light car may accelerate as fast as a heavy car but a heavier car will be able to reach higher speeds. This is because heavier objects have more inertia meaning that it would take more air resistance and friction to slow them therefore, they are able to reach higher speeds. The downside with extra weight is that the soapbox will change direction more slowly and therefore may be counterproductive.
Weight distribution: for the sake of handling it would be ideal if it could be 50/50 to prevent oversteer, understeer and to have balance in the air as well as having the lowest centre of gravity possible. On the course we are looking at however the car will never leave the ground… but don’t quote me on that.
Bibliography;
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Materials comparisons
For this part of the project I will be comparing various materials and how they would be suited for the soapbox cart.  I will also be looking at their environmental impact. 
Aluminium vs Steel.
Strength: Both Aluminium and steel have different strengths and weaknesses, so there is not a clear answer to which is stronger.  Technically, steel is more strong than aluminium. And roughly 2.5x denser, due to a higher carbon count compared to aluminium. Aluminium however is much more malleable, elastic, and ductile than steel, allowing it to be bent and stretched without it cracking and breaking. This makes aluminium much more appealing to applications such as body work in the automotive industry.  Another benefit of aluminium is that when the temperature drops, it becomes stronger.   

Weight:  As mentioned previously, steel is much more dense than aluminium and therefore, much heavier. On average, aluminium is 30% lighter than steel.  There are forms of steel that are comparable weight wise to aluminium, however they are not as strong and prone to cracks, breaks and ripping.  

Corrosion resistance: Aluminium is by far the winner in this case.  Aluminium is extremely resistant to corrosion and doesn’t rust, unlike steel.

Cost:  Aluminium is generally more expensive than steel, and in automotive applications it can be up to 60% more.    
We initially discussed aluminium to be used for our chassis and possibly body panels too. However due to the cost of aluminium we concluded that it would not be a viable option.  Therefore, we will be using steel for our chassis, it is also much easier to weld and repair than aluminium. The team is considering using cling film or shrink wrap to create a shell around the body work for aerodynamics.
Carbon vs Fibre Glass
Strength:  Both fibre glass and carbon fibre are very strong, however carbon fibre is a lot more rigid than fibre glass and can be up to 3x stiffer than aluminium and steel.  Carbon fibre, unlike fibre glass, doesn’t deteriorate as it ages, which means the shape doesn’t change when equal forces are applied to it.  Fibre glass is much more flexible than carbon fibre, which means that it can withstand a lot more flex before breaking compared to carbon fibre. Compared with aluminium carbon fibre has a 50% strength to weight ratio.  Although both fibre glass and carbon fibre are both very strong, they are a lot weaker to impacts compared to metals such as aluminium and steel.  Fibre glass can also deform with heat, which could cause problems in the automotive industry.

Weight:  Carbon fibre is the lightest out of the two, and up to 70% lighter than steel, and 40% lighter than aluminium.  Carbon fibre has one of, if not the highest, strength to weight ratios in existence. 
Fibre glass weighs roughly half the weight of a similar strength aluminium and a seventh of steel.

Corrosion resistance:  Carbon fibre itself does not deteriorate.  However, materials used to bind it together, such as epoxy are sensitive to sun light.  Fibre glass is very long lasting, the only maintenance it requires is having the gel coating replaced roughly every 5 years.  It is fire resistant, weatherproof and low maintenance.

Cost: Carbon fibre is much more expensive than fibre glass, and also many other materials including steel and aluminium. Carbon fibre is roughly 15x more expensive than fibreglass.







Environmental impact
Steel	
Steel and iron are the most recycled materials in the world, with 42% of crude steel produced being recycled material.  Any steel grade can be re used repeatedly to create top quality new metal, as it never downgrades the quality when it is recycled.
	
Steel has a number of environmental impacts from production, some of which are air emissions, hazardous wastes and waste water contaminants.  The main green house gas emissions from steel production are from co2, which is related to the energy consumption.


Aluminium

Aluminium is the 2nd most used metal in the world. It is found within Bauxite ore.  Once mined the ore must be refined through chemical processes to separate other compounds such as iron oxide and silica. After this, the alumina is dissolved and melted via electrolysis and more chemical reactions, this removes the oxygen bound to it and you are left with pure aluminium. Roughly two tonnes of alumina is turned into one tonne of pure aluminium. 

All these processes require a lot of energy.  Aluminium requires 211GJ of energy per tonne, compared with 22.8GJ per tonne used for steel production. There are also various impacts on the environment, the biggest being greenhouse gas emissions (much like steel production) 

The mining processes affect surrounding ecosystems, resulting in loss of habitat, reduced biodiversity and erosion.  In recent years mining companies have had to consider these effects more and are now incorporating restoration plans to help the environment recover once the mining is finished.

Although aluminium can have a substantial impact on the environment during production, like steel, a high percentage of it can be recycled, with 75% of aluminium ever produced in the US still being in production today.
Carbon Fibre
Carbon Fibre uses a vast amount of energy to produce. Roughly 14 time more than steel.  However, carbon fibre is much harder to recycle and still uses a lot of energy, although not quite as much as creating new carbon fibre. It is also a relatively new process, meaning that up until this point, the majority of carbon fibre products have ended up in land fill after use.  
carbon fibre production is also very waste full, with up to 1/3rd of produced carbon fibre ending up in landfill without even being made into a product in some cases.  Additionally, recycled fibres are shorter and have a reduced ability to bear heavy loads meaning they can’t be used for applications such as the automotive industry where crash testing is required. 

Fibre Glass

The main material used to make fibre glass is sand, which would make it seem like a sensible option in terms of sustainability. However, glass production still has negative environmental impacts as it produces CO2, sulphur dioxide and nitrogen oxides as well as water pollution.  Fibre glass has a very long life, but this means it is difficult to dispose of, as most fibre glasses are made using reinforced plastics, which are not biodegradable. Fibre glass can be recycled, but like carbon fibre, it is expensive.  recycling requires the separation of the fibres from resin which involve a complicated process. Compared to metals it requires much less energy which in turn means less harmful greenhouse gasses are released into the atmosphere










Cerans's version;
control arms, tie rod ect.
To develop the suspension of the car we agreed to use aluminium or steel for the suspension system. We did some research and analysis of the track that our vehicle would race on. Due to the fact that there are hardly any ramps or jumps on the surface and its tarmac but a few a put holes on the road and goes onto some grass sections during obstacles. We decided on this material for the suspension system because it’s corrosion resistant, lightweight and it is durable. However it’s rare, expensive, prone to server spring back and to maintain and repair it, it requires special processes to be welded back together if necessary. Since the track hasn’t got many ramps and the surface isn’t that rough, we chose this as an option. We also discussed about using steel for weight distribution and balance on the rear and front of the vehicle. Due to the driver sitting in the middle, the weight will go more in the centre of the car than on the front and rear. Despite it being heavier than aluminium but more 2.5x denser than aluminium, it may be a better option to work with weight distribution and balance. The suspension system could also be an option is a mountain bike air suspension for the car to save some weight too. 

Wheels
For wheels, we chose to use 20 inch bike wheels due to that they offer the best balance of the car and best stability for gravity. Since we chose to go for a 4-wheel car design, these wheels would suit the car the best for balancing and weight transfer. And for width of the wheels we were thinking for 2 inch wide for the wheels for grip and better stability.  

Bodywork 
For bodywork were thinking for the body panels on the side of the car to be aluminium as its lighter and can be easily maintained and repaired. We were thinking of fibreglass but it’s a lot more expensive and heavier than aluminium. However fibreglass is more comfortable than aluminium but this vehicle is not mainly designed for comfort. Comfort can be a lot to consider for the more higher and elite forms of racing but for a soapbox racing, comfort isn’t the most important. Due Aluminium being a stronger material compared to fibreglass, if in some unknown circumstance the car gets a major impact, all will happen is the metal may either bend by a small amount or even have a small scratch. So either it’ll be a simple hammer it back into place or cut the small severe damaged part out and replace it with a new cut and fit it in. If fibreglass becomes damaged it won’t just require the assistance of an experienced fibreglass repairer, it’s also a lengthier process and can end up being a more expensive repair. Aluminium can also be shaped more easily. 
For the actual shape of the car, we agreed to go for a thermoplastic material, as it’s easy to heat up and can be shaped, if anything goes wrong with shaping we can re-heat it and reshape it as there is no chemical bond. It has low stress as well so it can with stand a lot of stress and it can resist heat to a certain degree as if the plastic gets heated to a high temperature it’ll melt and it can be more expensive. The reason why we chose this, despite it being more expensive and can melt at high temperatures is that its recyclable, we can reshape it if necessary, eco friendly, hard crystalline or rubbery surface options can be available and it’s got high impact resistance. 

chassis 
For the body frame and driver tube, we went for aluminium, as it’s a lighter metal compared to steel. We went for this as an option due to the fact that if any damage happens to the front end of the car, we still got a durable frame to still carry on while racing. We also discussed that if we need to repair the frame due to any means necessary, aluminium can be reshaped without suffering any damage and it can stretch without the breaking. Since we can bend aluminium, it’ll be a better and easier process to make than using steel, which is heavier, and it can’t be shaped easily. It’ll be a longer and harder process to do. 

Seat
For the seat we chose something similar or to use a tillet racing seat. Reason being is because it’s a semi flexible shell and it lowers centre of gravity for improved handling. It can also be moulded to fit the driver exactly to get the comfort that driver needs. 
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Group Project (Cost)
There are a few different options in terms of wheels for the soapbox. Mountain bike wheels might seem like a good choice as they are designed to take heavy impacts, however the side loads that would be placed on them whilst cornering would most likely bend them out of shape or even break them.
Go Kart wheels would not struggle in the corners but could suffer a lack of grip on the rough surface and any grass sections plus they may not have the strength necessary.
BMX Mag wheels offer a good compromise between grip and strength with the added benefit of the tyres having some flex to act as suspension.
Mag bike wheels (£29.99 per pair, £59.98 total):
https://www.ebay.co.uk/itm/20-BMX-Mag-Wheelset-5-or-6-Spoke-Freestyle-Retro-Bike-Colour-Wheels/303052014434?hash=item468f4ec362:m:mmnQYE-frzJbnLKIDiJ90SA(Stated price on 07/11/19)
20” Mountain bike wheels (£9.99 each, £39.96 total):
https://www.chainreactioncycles.com/schwalbe-black-jack-20-tyre/rp-prod48764?gs=1&sku=sku267852&istCompanyId=8d42cf00-fc35-44ce-8770-97ae3ffd4c16&istFeedId=c759ee22-6d7f-4501-bd00-f1af47c60490&istItemId=iwxttltit&istBid=t&pgrid=60711842858&ptaid=pla-422281356902&utm_source=google&utm_term=&utm_campaign=PLA+All+Products&utm_medium=base&utm_content=mkwid|slTRtZdwi_dc|pcrid|309840163148|pkw||pmt||prd|267852UK&gclid=CjwKCAiAjrXxBRAPEiwAiM3DQtjRqLPEeRbApAfFBcJzthFEIKVmYfhEfjWApKdnhu3IU4jIeEj9HRoCNSYQAvD_BwE#(Stated price on 26/01/20)
An all in one alternative with rims and tyres (£89.99):
https://www.allterrainkart.co.uk/collections/build-your-own-go-kart/products/atk-diy-wooden-go-kart-starter-kit?gclid=Cj0KCQiAno_uBRC1ARIsAB496IUw0xtyNlkV6uBnN8P6FAfl0OTtK328QhnCWLKj5q8NalxveQgEIXoaAsk4EALw_wcB(Stated price on 07/11/19)

Mountain bike suspension could be suitable however the high cost makes it unsuitable. Making a suspension system from scratch would allow us to tailor it exactly to our needs however it would be a time-consuming process. Using rubber cones from an original Mini could be a good alternative, however they are designed to operate on a car not a soapbox, so their effectiveness would be questionable.
As the course doesn’t contain anything too extreme and is quite short, the flex in the tyres should provide adequate suspension movement.
Rubber cone suspension (circa. £50 per corner. Stated price on 07/11/19)

A large variety of materials could be used for the bodywork and floor, from wood, plastic and metal to fibre glass and carbon fibre. A composite or plastic bodyshell,whilst being very light, would be far too expensive and time consuming to make for this type of event.
Metals such as titanium are also far too pricey and very difficult to work with, whereas steel would be far too heavy. Aluminium strikes a very good balance between weight and cost, however as it would not be structural, metal in general would be too involved. Simply bolting or gluing plywood panels onto the frame would suffice for an aerodynamic body as it is cheap, light and very easy to cut and shape.

However, the cheapest, lightest and easiest option by far could be to simply wrap the chassis with clingfilm. The speeds are low enough and the course short enough that several layers of film should last the length of each run and any repairs can very quickly be made between runs, although plywood would still be needed for the floor.

Cling film for body work (£1.19 for 75mmx75m at Lidl)
(Stated price on 25/01/20)
Plywood for flooring (£42.66 for a 2440mm x 1220mm x 6mm sheet):
https://www.woodsheets.com/plywood-sheet-cut-to-size/?-re3g-tBQC9DIxR6ZZSR1JJBrVi0WlwBv6hoC4BQQAvD_BwE(Stated price on 26/01/20)


A strong material would be needed to support the weight of the driver and the soapbox itself so metal is the obvious choicefor the chassis. However, because of the reasons listed above titanium and aluminium would be unsuitable. Steel would be the best choice for its price and ease of cutting and welding despite the weight penalty.
Steel box section for chassis (£141.23 for 6m):
https://www.metals4u.co.uk/stainless-steel/c8/stainless-steel-box-section/c78/60mm-x-30mm-x-2mm-304-dull-polished/p13723?showvat=true&gclid=Cj0KCQiAno_uBRC1ARIsAB496IWo7ExkCbhb-SThlES7D03U9c6tVjOVHOaf2C5sc_09yrMNdG55_08aAk45EALw_wcB
(Stated price on 07/11/19)

For steering the cheapest option would be to design and build our own pushrod assembly, however it would be a very labour-intensive process and a high degree of build quality and accuracy is essential. Due to this it could be a better option to simply buy an off the shelf unit for a Go kart, whilst this will increase cost it would save time and increase reliability by being professionally made.
Go kart steering rack (£73.87):
https://www.amazon.co.uk/RUNGAO-110cc-Steering-Assembly-Pinion/dp/B07RPBCJYS/ref=asc_df_B07RPBCJYS/?tag=googshopuk-21&linkCode=df0&hvadid=218553489803&hvpos=1o3&hvnetw=g&hvrand=16278129281415788942&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=1007460&hvtargid=pla-763907822056&psc=1(Stated price on 07/11/19)

The brakes on the soapbox are an essential piece of safety equipment so buying professionally made items would be the best option. Having separate levers for each rear wheel gives an added benefit of being able to individually brake a wheel to aid turning. 
Cable disc brakes on rear wheels (£16.54):
https://www.amazon.co.uk/perfk-Mechanical-Caliper-Mountain-Bicycle/dp/B07MBZ8F85/ref=asc_df_B07MBZ8F85/?tag=googshopuk-21&linkCode=df0&hvadid=341222802894&hvpos=1o6&hvnetw=g&hvrand=2117634451504453277&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=1007460&hvtargid=pla-727048417084&psc=1(Stated price on 07/11/19)
Total price so far (Not including the rubber cone suspension): £375.43
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