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This document looks at the team’s progression of the research, design and progression of a soapbox racer under the 2019 Rules and Regulations of the Richards Castle Soap Box Race. The document highlights material, systems and chassis research, as well as the organization of tasks taken and the overall design process, finalizing in the chosen design. 
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[bookmark: _Toc30998690]2. Team Roles
Team Lead: Harvey Britland
Materials: Sam Alvey-Taylor
Safety and Budgeting: Michael Curtis
Suspension, Braking and Steering: Arturas Vitkus, Dovydas Paulavicius
As well as taking on the roles listed above, we also completed research in small sub-groups to help speed the process of gathering information. Harvey Britland looked at the rules and regulations of the project and how these govern the designs that we can build. He also looked at the various structures and chassis types that could be used for the gravity racer. Minutes, sponsorship, sketches, analysis, conclusion and the overall assembly and design of all written research was also compiled, sourced and edited by Mr Britland. Sam Alvey-Taylor looked at the various materials and researched which would be the best for each role, as well as finishing and aerodynamics. Michael Curtis looked at the structural safety of the vehicle and how the team could take inspiration from previous teams and motorsport championships such as Formula 1. Budgeting was also carried out by Mr Curtis. Arturas Vitkus and Dovydas Paulavicius helped research the suspension, braking and steering systems, with help from Harvey Britland and Michael Curtis. 
[bookmark: _Toc30998691]3. Background Research
Soapbox Derby competitions are competitions based around small “soapbox” cars, almost always taking place on a hill due to the soapbox racers having no propulsion other than gravity. Soapbox races date back to 1933 when a photographer from the Dayton Daily News saw some boys racing and invited them to hold a race. After he put together a race for local boys, he realised that there was so much interest from this event that he decided to put together a National competition that drew a large crowd and a massive amount of interest (All American Soap Box Derby, 2011). Since then soapbox racing has spiralled into hundreds of massive events worldwide all testing the engineering skills of both the layman and the engineer on a budget. The event that this project will be focussing on is the Richards Castle Soapbox Derby. The Richards Castle Soap Box Race is held every year in June in Richards Castle, a small village that borders Herefordshire and Shropshire (Hinson, 2019). The race is not for profit but instead held in order to raise funds for local charities, with competitors encouraged to get donations from their sponsors for the charities put forward. Last year, in 2018, these charities were Ludlow Hospital League of Friends, Orleton School and Bishop Hooper School (Richards Castle Soap Box, 2019). The track is a 550m course with an overall 50m descent though it does not have a consistent descent and some parts of the course are extremely steep (Richards Castle Soap Box, 2019), with multiple types of terrain as shown in a YouTube video showing the course from 2019 (xd SneakyTurtle, 2019). Teams will be required to cover this distance as quick as possible while not using any means of propulsion bar gravity. The competition will be run in 3 different categories: 4-wheels, 3-wheels and 2-wheels; this creates a large amount of design freedom for competitors and allows many teams with varying budgets to take part. The variety in the terrain and the gradient creates variety in the soapbox cars created by the teams and is something that the team must consider when designing the racer. The bulk of the research done as part of the project is taken from the internet covering the various materials that can be used in the racer’s components, the structure of the racer and the handling and aerodynamics to ensure the best performance all round. All the research would then be used to create several different design concepts of soapbox derby car ultimately resulting in the final finished product. 
[bookmark: _Toc30998692]4. Aims
[bookmark: _Toc30998693]The aim of this project is to successfully, as a group, design a soap box racer suitable for competition at the Richards Castle Soapbox Derby competition. The gravity racer must adhere to the rules and complete the course safely without breaking any components or injuring the driver and spectators at the event. The preference is that the driver races competitively, although the main focus is always on ensuring the safety requirements and the rules of the competition are met. The vehicle must move under its own weight and gravity alone, and the team must work as a group to research, plan, and design the vehicle in an organised and presentable fashion.
5. Rules and Regulations
The rules for this challenge are relaxed as to promote many different designs. The main constraints state that you may have between 2 and 4 wheels for the kart, as well a roll cage and brakes. It must also fit within the dimension constraints. Materials, chassis designs, and components are left up to the teams to design and decide themselves. These rules are put forward in the Richards Castle Soap Box Derby 2019 – Notice to Builders and Entrance (Richards Castle Soap Box, 2019) which ensure the designs are safe and can fit down the track as they track can narrow severely. The main design rules are as follows: 
[bookmark: _Toc30998694]5.1 Dimension and Ergonomic Restrictions 
[bookmark: _Toc30998695]The soapbox must have a maximum length of 2500mm and a maximum width of 1500mm. Therefore, when designing the gravity racer, these dimensions must be considered. This makes designing easier because there is a constraint to build to. Only one driver is allowed into the vehicle and must go feet first. This is to ensure the driver is in a safer position in the event of a crash. The racer must not be lower than 50mm from the lowest point on the structure to the ground, as it must clear the ramp at the start of the course.
5.2 Wheels, Tyres and Brakes
The tyres used must be pneumatic, with all tyres in contact with the road surface at all times. If a wheel is to have a brake applied to it, then both wheels on that axle must be connected to a brake each. 
[bookmark: _Toc30998696]5.3 Chassis and Bodywork
The soapbox must have one seat in it, in which it should be securely bolted to the floor. There must be no loose weights inside the chassis – if additional weight is needed to be added then this should be built into the chassis itself or secured properly inside. The cart must only be powered by gravity with no additional assists other than the ramp (with gradient 1/8 or 11.25ᵒ) at the start. 
[bookmark: _Toc30998697]5.4 Safety
Safety is paramount when designing and driving a vehicle. Therefore, the steering column, brake lever of other protrusion must be designed to minimise puncture injuries (i.e. padded steering wheel recommended). Seatbelts, though not a requirement, are highly recommended. A roll bar above the head and the hands must be in place, 35mm and 25mm respectively. It should be made from a substantial material, such as steel or a material similar in strength. 
[bookmark: _Toc30998698]6. Materials Research
[bookmark: _Toc30998699]6.1 Bodywork
[bookmark: _Toc30998700]For a soapbox racer the materials used in the bodywork will preferably have high impact strength whilst remaining lightweight and cost effective in order to fit the project’s budget. The material must also be relatively easy to shape and manufacture using basic machinery. This is because using professionals to manufacture the difficult materials and potentially form certain components will increase the overall cost of the project. Therefore, for the main frame, several different materials were researched including; aluminium, ABS and carbon fibre.
6.1.1 Aluminium
Aluminium, a well-known metal for being cost effective (ranging from £0.30 to £1.35 per kilogram for scrap (LKM Recycling, 2019) and new unprocessed aluminium costing $1.81 (as of 21/01/2020) (Insider Inc., 2020), lightweight (specifically 2.7 g/cm3  (Azo Materials, 2019)) and malleable. Aluminium also has many applications in the automotive industry as it is used in the chassis, bodywork and engine of many modern petrol and diesel cars (Metal Supermarket, 2015). The aluminium alloy used in the production of most car panel and bodywork is AA6111, developed by Jaguar Land Rover for more intensive bodywork components, though it is not as corrosive resistant as other alloys due to the copper (the main alloy metal in this particular aluminium composite – 0.5wt% to 0.9wt%) content being higher (Djukanovic, 2019). This aluminium is ideal, as it can be manipulated into complex shapes. With the addition of certain techniques such as; work hardening, annealing, and bake hardening, it can allow for the metal to have a higher strength while retaining its ductility that it already possesses. However, the material used in these applications is normally an aluminium alloy. This is because although pure aluminium has a high resistance to impact ratio, it is too soft allowing it to be easily malformed. Once deformed, it is difficult to repair. If it is a major component, or part of the shell, then the car often needs to be scrapped. It is also widely recyclable, meaning that after the race the material can be disposed of safely and responsibly (AluPro, 2017). Aluminium also has a good tensile strength, ranging from 70 to 700 MPa and performs far better than steel at lower temperatures; ideal for making a car if it is to be used in harsher conditions like Canada or the Scandinavian countries. 
[bookmark: _Toc30998701]6.1.2 Carbon Fibre
Carbon fibre is one of the best materials to make automotive bodywork from. This is due to it having both high tensile and impact strength, being a very rigid material and having resistance to fatigue, weathering and corrosion. It is also far lighter than most materials with its strength which, when making components for racing cars, is very important as a lighter car means less fuel needs to be used to push the car in a given direction. The strongest category of this material is far stronger than both aluminium and steel, with the equivalent component in steel weighing five times as much as carbon fibre component and the carbon fibre component being ten times as strong. The ultrahigh modulus carbon fibre, at 500 million to 100 billion kPa, is eight times stronger and 1.5 times lighter than aluminium (Zoltek, 2017b). 
However, although it is the ideal material to build components and structural elements with, it is extremely expensive both to buy the material and to manufacture the parts. This is due to the process in which it is manufactured. The many layers needed to build a sheet of usable carbon fibre, as well as the high amounts of energy and the expensive equipment needed to keep the oxygen apart from the sheet while it is being carbonised means it can be difficult to produce (Zoltek, 2017a). Another flaw with carbon fibre is that it is difficult and expensive to repair if it does fail or break. If a component does break it tends to need replacing which involves making multiple version of the same item or component, resulting in driving costs up.
The end of life of carbon fibre is yet another issue with using it as a major material. This is because it cannot be widely recycled or reused. Though an article detailed how a professor has managed to create a chemical solution and method to break the fibres in a way where they can be reused, it is still under filing for patency and is not commercially available. However, current methods for breaking down carbon fibre involves harsh chemicals which have the possibility of destroying the matrices in the composites added to the carbon in the original manufacture (WSU Insider, 2017).  
[bookmark: _Toc30998702]6.1.3 Acrylonitrile Butadiene Styrene (ABS)
ABS, known also by its chemical name Acrylonitrile Butadiene Styrene, is a popular polymer with many uses, one being the Lego brick (Adreco Plastics, 2018) and another in dashboards and steering wheel covers (A&C Plastics, 2019). ABS has many desirable properties, such as being extremely tough and having a high resistance to impact (Adreco Plastics, 2018). ABS is also an incredibly cost-effective material (on average €1.90 per kilogram (Plastic Portal, 2019)) and due to its low melting point is easy to shape and manufacture. It is also a material which, if in the unlikely event a component or panel was to break or fail, would be relatively easy to replace once the initial cost of manufacture set up has been covered as the dies needed to create the required shapes are expensive. In its manufacturing process (emulsification), when being formed into a certain shape (Rogers T. , 2015), coloured pellets can be added to create the coloured material desired which could be used in the cosmetic design of the gravity racer. If it is to be used however, it will have to be in an application that will not be close to or on an section of the vehicle which will subject to a lot of heat. This is due to the relatively low melting point of 190ᵒC to 270ᵒC (Plastik City, 2017).
Because ABS is a thermoplastic, this means that it can be melted down and then reused (Rogers T. , 2015). This means that any of this polymer used can be recycled and broken down after the vehicle has reached its end of life. It also means that if a component breaks then it can be recycled which is very important in the current global push for a more sustainable and environmentally friendly populace. 
[bookmark: _Toc30998703]6.1.4 Glass Reinforced Polymer
[bookmark: _GoBack]Glass reinforced polymer, known as GRP or more commonly as fibreglass, is a material in the fibre reinforced polymer group and is favoured by those in the racing material. Incredibly lightweight but strong, it can be used in creating the monocoque chassis[footnoteRef:1]. GRP is a composite material made of tightly woven glass fibres inside a polymer matrix, forming a material that is booth strong and can be moulded easily into complex shapes (Grip Clad, 2017). Other materials can be added in fibre form to give the material different properties. The main properties for GRP are its high strength to weight ratio, chemical and corrosion resistance, thermal and sound insulating and can be made to be fire retardant, which is very important when building a vehicle, though less so with a gravity racer due to no engine (Grip Clad, 2017). Made from extremely thin glass fibres, precautions must be taken when dealing with the material. However, due to it being relatively inexpensive, it is a material that could be done by amateurs and does not have a huge set up cost. This is a major selling point for the material as budgets for building the soapbox vehicle must be considered.  [1:  See Chapter 8.2.4] 

The material cannot be reused in its current form once reaching its end of life. Instead, the material can be processed by burning to produce energy. However, this produces ash which is then sent to landfill. It can also be reduced to thicker fibre bunches, which hold some of the fibrous properties it was made for originally (Composites UK Trade Association, 2015). This requires less energy to be used which helps to keep costs down and pollutants produced to create the secondary product. 
[bookmark: _Toc30998704]6.2 Chassis
[bookmark: _Toc30998705]6.2.1 Steel
One material option for the chassis is steel. Steel is an incredibly strong material with a Young’s Modulus of 190GPa to 210GPa (AmesWeb, 2018). There are lots of different grades and types of steel which have different uses and are created as such to be stronger or harder than another. An example of such is carbon steel, which has different grades due to the differing levels of carbon in it; 0.3% to 2% carbon (Rogers A. , 2016).Mild steel, a medium carbon steel, is used in cars. Basic tubular shaped steel is used in the frame-work of both Formula Student cars and karts, which is a good indicator that this would be an ideal material. Also, since the regulations state the necessity of having a roll bar in case the gravity racer flips (Richards Castle Soap Box, 2019) out of steel or a similar material it would be useful to use this as a main material. 
The end of life of steel is excellent, in that it can melted down and reused without it becoming an inferior product and needing new material mixed in to bring it to a good usable level. Therefore, if the gravity racer was to be scrapped and melted down after its time trial, this element of the vehicle could be scrapped and reused, therefore making the soapbox racer a more environmentally friendly and sustainable project (SSAB, 2011).
[bookmark: _Toc30998706]6.2.2 Titanium
Titanium is an incredibly light material, with a very high Young’s Modulus of 105GPa to 120GPa. Normal applications for this material would be in components such as specialised exhausts, connecting rods and turbochargers (Stanford Advanced Materials, 2018). However, Ariel, a company that makes high performance sports cars, developed a titanium frame for their Ariel Atom. Figures released show that it weighs just 60% of the weight that the tubular steel chassis weighed and reduced the cars overall weight by 8% (Prior, 2013). This is a lot for a car that only weighed 550kg in the first place (Auto Evolution, 2012). 
However it is very expensive compared to steel and aluminium, and welding the material can cause the material to combust due to both oxygen and nitrogen being so reactive with the metal at higher temperatures (The Editors of Encylopaedia Britannica, 2019). The expense of the material also comes at the cost of trying to get it to a stable and usable state in which to do so takes several lengthy processes. 
[bookmark: _Toc30998707]6.2.3 Wood 
The third material considered for the chassis was wood. Though not a modern material and unused in bar cosmetically in more high-end car brands such as Rolls Royce and Bentley, as a material to use in this particular application it is ideal. Due to its relative low weight (with MDF and fibreboard having a Young’s Modulus of 4GPa (Engineering ToolBox, 2003)) but remaining light and good structural strength, it would be a good material to use. It is also very cost effective, with a pre-cut piece of MDF (size 1220mm x 610mm x 9mm) costing only £8.65 (B&Q, 2020). If we were to use wood, it would also mean that once the project was complete, some of the gravity racer could be recycled which is better for the environment and allows material to be reused. This is often an important but overlooked element when designing a vehicle, but with stricter emission rulings and the End of Life Vehicles Directive as set out by the EU in 2015 (Gist, 2015) states that at a minimum, 95% of a vehicle must be recyclable or recoverable to be used again. Though not necessary for this vehicle, it is something that is worth considering when designing a new product. 
[bookmark: _Toc30998708]6.2.4 Aluminium
As well as considering using aluminium sheets for the panel and bodywork [footnoteRef:2], aluminium is widely used in the chassis as the main material. Aluminium is used in commercial vehicles, where it is (process) into a self-supporting chassis, also known as a unibody chassis. Aluminium would be ideal to use for a soapbox racer due to being lighter than steel but due to the potentially complex structure of the vehicle, it may not be a viable option, unless utilised in a tubular space frame chassis[footnoteRef:3] instead.  [2:  See Chapter 6.1.1]  [3:  See Chapter 8.2.3] 

[bookmark: _Toc30998709]6.3 Wheels
Numerous materials are used by the automotive industry in the construction of the wheels. These materials are steel, aluminium and magnesium. Their properties and costs vary and because of this, are found on different vehicles.  Bike wheels will also be looked at as they are closer to the shape and size that gravity racers use. 
[bookmark: _Toc30998710]6.3.1 Steel
Steel wheels are found on most new cars. While plain (and therefore normally covered by hubcaps to smarten the overall look of the car), they are very functional and come at a low cost. They can also be easily repaired and replaced due to the abundant number of shapes and sizes available if one gets damaged. While useful in commercial vehicles, for racing utilisation they weigh far too much and can rust if the coating is scraped off (Cannova, 2017). 
[bookmark: _Toc30998711]6.3.2 Aluminium 
Aluminium wheels, normally an aluminium alloy to help enhance strength. There are many available, similar to the steel wheel, but these are far lighter and are readily available both from specialist dealers and the online market. This lightness in turn helps improve performance. They are also stronger than magnesium wheels and do not suffer from substantial damage under prolonged use (Cars Direct, 2012). However, with performance and the reduction in weight comes a higher cost and the risk that if damaged, are more expensive to replace. 
[bookmark: _Toc30998712]6.3.3 Magnesium
Another option is to use magnesium in wheels. These are incredibly lightweight, far lighter than both steel or aluminium and results in better steering response and handling. Because there is no engine powering the wheels, this means that handling is one of the most important factors and so this is a very favourable trait for the vehicle to have. The wheels are also less likely to buckle over difficult terrain and will suffer less from overheating (Cars Direct, 2012). This is very important as if the wheels were to overheat, the brakes could seize which is a huge issue when going downhill and not having engine braking to be able to help slow the car down. 
However, due to the expense of the wheels, they can be far more costly to replace than both steel and aluminium alloys and so if damaged on a run in the soapbox, can stop all running as replacements wheels and tyres were too expensive (Cannova, 2017).
[bookmark: _Toc30998713]7. Suspension, Braking and Steering Systems
[bookmark: _Toc30998714]7.1 Suspension Systems
When designing any vehicle, suspension is a vital component in ensuring the vehicle drives well, is responsive and is comfortable. It needs to be able to absorb any bumps in the road/track, as well as help keep the tyres in contact with the road. Therefore, the following research has been done to see which type is best suited for a gravity racer. Due to the terrain that the gravity racer will be driving over, the kart will lend itself to stiffer suspension and slightly inwards camber, due to the effect that sharp cornering may have. Set up will also be very important and so using adjustable suspension is a must to be able to adjust camber, toe and ride height. 
[bookmark: _Toc30998715]7.1.1 Pivot axle suspension
A pivot axle suspension system, also known as a swing axle system, is a suspension system that allows the wheels to operate separately from each other. This is an independent suspension system. A basic diagram, shown in Figure (_______), shows how each of the axles, connected to the wheel and the differential (in a normal car), are connected independently to the suspension from each other (TechTrixInfo, 2014). These are then connected to the chassis. This means over more difficult terrain, the vehicle can remain steady instead of every bump rolling the entire chassis to the left or right. If this was to happen, the centre of gravity would change and could cause the vehicle (if moving over a particularly large bump) to roll over onto its side. However, its disadvantages is that when cornering heavily, the racer will have camber fully to the left or right with the centre of the vehicle moving in the opposite direction, as well as the rear of the racer lifting at the rear. Fig 1: Pivot axle suspension

This type of suspension is normally set up to be fairly soft as it is directed towards more all-terrain/off-road vehicles and therefore is unsuitable for the soapbox racer that is being built due to the soapbox racer needing to be able to be stiff through corners. 
[bookmark: _Toc30998716]7.1.2 Wishbone suspension
[image: ]Wishbone suspension, known also as double-wishbone suspension, is a type of suspension that is relatively similar to pivot axle suspension. However, camber is not affected nearly as much which helps to keep the car more stable at high speeds through hard cornering. Because of this, it allows the vehicle to maintain constant contact with the surface of the tarmac. This in turn helps the cart perform better under braking or turn in, which is important when rolling down the hill at high speed (OnAllCylinders Staff, 2017). The two A arms use ball joints to connect the wheel and hub assembly to the chassis and move in tandem over bumps and variations in the roads surface. With this, a shock absorber is usually placed in between the upper and lower wishbone to help control how far the suspension travels and stabilise the springs from oscillating. This is done to reduce the car from then moving in a unsteady manner as the springs try to come to rest (Formula 1 Dictionary, 2012). Fig 2: Wishbone suspension

In a gravity racer, suspension is not as important as it is not going at such high speeds. However, with double wishbone suspension that is stiffly sprung, it allows the cart to handle better. Though a more uncomfortable ride, the chassis will have better handling and will allow the driver to get a better feel for the road, resulting in quicker reaction times if the cart was to lose grip.  
[bookmark: _Toc30998717]7.1.3 No Suspension
The third option to be considered is having no suspension. This is because suspension will add considerably more weight in proportion to the gravity racer and will add to more complicated parts needing to be created to help reduce the air resistance against them by hiding it under bodywork. With no suspension, you will be relying much more on a using the tyre pressures as a way of controlling the ride stiffness and the rebound stiffness over bumps. This is similar to how to the current Formula 1 cars drive. Though they still rely a lot on suspension, the current model uses thicker walled tyres. This in turn allows for more play in the tyre which absorbs more of any bumps or dips that the tyre crosses (Cooper, 2018), therefore allowing the suspension to have a more passive role than a tyre on a normal road or race car. As well as tyres, if a suspension system is not tuned correctly, then it can have a dramatic effect on drivability and can dampen the speeds it is able to get to (Driscoll, 2014). 
[bookmark: _Toc30998718]7.2 Braking Systems
Brakes are very important when it comes to designing a vehicle, certainly when the main objective is to get to the bottom of a course down a slope the quickest. Therefore, having a high-quality brake system is a necessity in order to stop or slow for an obstacle. It is also mandatory in the rules and regulations in the notice (Richards Castle Soap Box, 2019), given to the teams under rule 2.5. Consequently, several braking systems have been researched in order to find the one must appropriate for a soapbox racer. 
[bookmark: _Toc30998719]7.2.1 Brake discs
Disc brakes are an incredibly effective brake. Used in part on a Formula 1 car (Scarborough, Mastering Montreal – how the modern car copes with F1’s notorious ‘brake buster’, 2019) (though they also utilise a brake-by-wire unit, callipers and a master cylinder), they are the most [image: https://motorsport.tech/wp-content/uploads/2019/06/MT_Brake-Fundamentals-740x387.png]efficient brake as they have the best stopping power under heavy stress. The brakes used in Formula 1 are made of carbon fibre due to being able to handle the extremely high temperatures coming from the huge amounts of friction. The callipers that grab the disks to slow the car down are made of aluminium alloys. The master cylinders help to control 2 sets of brake fluid – one line for the front brakes and one set for the rear. The brake-by-wire unit helps to control the rear rakes used in Energy Recovery Systems developed the teams (Scarborough, Mastering Montreal – how the modern car copes with F1’s notorious ‘brake buster’, 2019). The brakes that the gravity racer will utilise will be nowhere near as complex or high performing as this; it does not need to deal with such high braking speeds nor does the budget allow for something like this to be developed. However, a lot of normal road cars use a brake-by-wire system, albeit a more simplified version. This type of brake is controlled by a foot pedal. Disc brakes were also the brakes used by the Guy Martin World Record team; the particular brakes being Tech 3 V4 hydraulic disks (Driscoll, 2014). Fig 3: Brake-by-wire

[bookmark: _Toc30998720]7.2.2 V-Brakes
V brakes, commonly seen on pedal bikes, clamp either side of the rim of the wheel and slow the rotation by friction of both pads. They work by the callipers connected to a cable attached to a lever which is pulled and in doing so, causes the brake pads to move closer together (Brown & Allen, 2005). 
[image: Image result for v brakes]An advantage of using this type is that it will likely suit the type of tyres that we will be using. Using slim bike style wheels and tyres helps save on weight and has the benefit of being relatively inexpensive compared to designing and building custom wheels. The brake shoes, which is the technical name for the callipers that actually grip the tyre, are a very important component and are to be checked before every run if used. Due to it being a simpler system and normally being mounted on handlebars, a design option is to have the brake connected to the steering wheel. This could help free the front of the racer up and could allow for a tighter front end. This could in turn promote better cleaner and simplified aerodynamics. Fig 4: V Brakes

However, a disadvantage for using one of these is that v brakes struggle to grip the wheel if it is muddy or dirty and so this will have to be considered when designing the vehicle. Also, if the brakes were to be connected to the wheel, then under multiple rotations the wire could get tangled which potentially could cause the brakes to fail or seize. 
[bookmark: _Toc30998721]7.3 Steering Systems
Steering is one of the most important systems needed when designing a vehicle. Depending on the vehicle and its purpose/use, different steering systems are suited better to the task. Therefore, several steering systems have been researched to determine what will be most appropriate for the soapbox racer. 
[bookmark: _Toc30998722]7.3.1 Rack and pinion system
[image: Image result for rack and pinion steering system]Used in the speed world record car driven by Guy Martin (Driscoll, 2014), the rack and pinion system is an excellent way to have fast and precise steering input, and allows the driver to have a very good understanding of the road surface through the wheel. The particular system that was used in the speed record was modified to sit between the wishbones in the suspension which allowed the vehicle to drive smoothly. A smaller gear ratio would be used because it allows a quicker response. This is for the reason that you need less of a turn to move the tyres compared to a higher gear ratio. A quicker turn in allows for a higher responsiveness (Nice, 2001). Fig 5: Rack and Pinion

The system works by having a steering wheel connected to a pinion gear. This when turned rotates on a serrated bar (rack) that then moves it left or right. This in turn moves the tie rod connected to the spindle and wheel pulling or pushing in it the given direction (Nice, 2001). The rotational direction given by the wheel is converted into a linear direction on the rack. 
[bookmark: _Toc30998723]7.3.2 4 Bar Linkage system
A 4 bar linkage steering system is a type of mechanical linkage that is used in various systems such as bicycles, oil pumps, engines and in this case, a soapbox racer (Rodriguez-Achach, 2017). It is used for a steering mechanism as it has a large flexibility in the way that they can b varied to fit the space needed (Bright Hub Engineering, 2008). Some disadvantages to the methodology was that the ball bearing used to connect the steering to the wheel can wear out, the steering can have slow response times and lastly, the effort needed to steer can be large, making the quick adjustments needed in the soapbox hard.
[bookmark: _Toc30998724]7.3.3 Pivot steering
The pivot system is relatively simple, where a common linkage between the front wheels is shifted side-to-side by a steering wheel attached to it. This system is very straightforward and light. However, it does not allow for a tight turning circle, unlike a four-bar linkage mentioned above. Because the soapbox will be mainly travelling downhill in a fairly straight line with no harsh turns, a simple pivot system is ideal.
[bookmark: _Toc30998725]7.3.4 Other options
Other options were considered including 4-wheel steering, as well as the potential for using rear wheel steering. However, these did not seem like a viable option due to being too complex and too heavy. The key to the gravity racer is to minimise weight while maintaining performance and neither of these would have increased performance enough to make it worthwhile. 
[bookmark: _Toc30998726]7.4 Wheels
[image: Schwalbe tyres and go faster flames (photo Channel 4)]When considering the wheels most suited for a gravity racer, the elements that need to be looked at are the hub width, the rim width, the PSI (pounds per square inch) of the tyre pressure and the number of spokes. Balancing weight and performance mean these factors must be contemplated before designing. In the speed world record, set by Guy Martin, the tyre used were Schwalbe Kojak 20” with tyre pressure set between 75 and 85 psi (Driscoll, 2014). These are slick tires, meaning they are built for racing and will have little to no tread on them, allowing for less friction due to a greater contact area between the road and the tyre (Phadnis, 2019). They are also relatively inexpensive which is good for an amateur to build a good soapbox racer. However, if not using a suspension system, these tyres would have to run at a lower psi to accommodate for a stiffer ride, as the tyre would have to absorb some of the impact of the ground. Also, if the racers running is in wet conditions, be it raining or running on wet or slippery tarmac, then grooved tyres are far more ideal. This is because if slick tyres are to run on a wet surface, traction is greatly reduced and the car will aquaplane, resulting in understeer and not being able to turn into a corner (Scarborough, Formula 1 tech analysis: how wet is too wet?, 2013). If this is the case, then wet tyres with thicker, deeper tread  (Gormley, 2018) will be used. These would be chosen to help reduce the effect of aquaplaning and to allow for greater grip on any inevitably uneven surfaces the racer will face.  Fig 6: Schwalbe Kojak 20”

In Formula 1, regulation changes to the 2021 season will see, among other things, wheel covers will be introduced to help reduce the disruptive air flow from around the tyre (Piola & Noble, 2019). For the cars which now have Venturi tunnels, it will help push air into those. For the soapbox racer, these covers may be ideal just to help to gain the extra 2mph or 3mph to get a faster time. 
[bookmark: _Toc30998727]8. Structure, Chassis and Subframe
[bookmark: _Toc30998728]8.1 Structure (Outer shell/bodywork)
When researching the structure and outer shell design of the gravity racer, several key areas are considered: safety, aerodynamics and the materials that could be used and how they would affect the racer. An aerodynamic shape is being considered; it is unlikely that the soap box racing car will go fast enough to require downforce, but the ability to cut through the air cleanly is still of major importance as it makes for a faster racer. 
[bookmark: _Toc30998729]8.1.1 Safety
This is the primary concern when building a car. Driver safety is paramount so in order to work out the best way to protect the driver, a Formula 1 car is an ideal role model. The choice of material for both the inner and outer structures will be paramount in ensuring driver safety. Therefore, material research has been prepared to discover which is most appropriate. The racer will have a roll bar both above the drivers head and hands to ensure that if it does roll, they are protected. This is outlined in the rules and regulations for this event (Richards Castle Soap Box, 2019). As well as these, a 5-point harness will be fitted to the seat as well as a collapsible steering rack. The safety structure will be built into the chassis, ensuring the driver is fully protected[footnoteRef:4]. Any panelling on the outside will be smooth and held into place in case of a crash, to stop parts coming loose and injuring the driver. [4:  See Chapter 8.2] 

[bookmark: _Toc30998730]8.1.2 Aerodynamics and Shape
Aerodynamics are also another key consideration. There are several different shapes and designs that we could implement to help make the racer move through the air better including wheels hidden under the bodywork, front and rear wings, wheel covers and the overall body shape of the vehicle. This will be researched further as the designs are created but will be based upon using the fibreglass material researched [footnoteRef:5]. Further analysis of any designs made will be created tested using CFD and ASNYS. Having a mostly triangular or cone shaped structure for the racer’s “fuselage” similar to an open cockpit formula racer etc. would create a very aerodynamically conscious overall structure to build upon in further design ideas. Having smooth edges is also a very important factor as this allows the air to flow freely over the racers structure. Wings and slight aerofoil are also a possibility although the angle of attack would have to be very slight as the aim is not to produce a large amount of downforce; but to create an aesthetic similar to that of a formula race car and also allow for a high straight line speed.   [5:  See Chapter 6.1.4] 

[bookmark: _Toc30998731]8.1.3 Materials
The material to be used would be fibreglass, as mentioned in Chapter 6.1.4. This is to be used to help create the monocoque hybrid chassis. This has been chosen because it will be relatively easy to form and shape to the design necessary. It is a cost-effective material and although difficult to replace components if damaged, can be repaired with tape (to hide cracks) and can be coated. The aluminium or steel tubing that will be used will be able to be replaced and is sustainable, reducing the effect of the carbon footprint the racer may have. 
[bookmark: _Toc30998732]8.1.4 Finishing
To finish off the racer it would be highly beneficial to powder coat the chassis, this prevents corrosion but still allows the team to view the chassis surface and see any cracks or dents that other coating methods might prevent. This means that the team can always ensure the safety of the racer, the driver and spectators. The biggest trouble faced with a powder coat is that it can be extremely expensive to have the process undertaken by a professional coming in at up to £300 for a typical bicycle frame (Powder Coating Prices UK, 2020). Also, the equipment is also very expensive to buy at £24 per kilo for the coating and £5250 for an industrial spray gun (Powder Coating Prices UK, 2020).
Depending on which material is used for the bodywork, it would be easiest to use vinyl wrapping. This is because it is available in the widest range of colours and can be used with most materials and surfaces including fibreglass and metals as long as the surface is not rough, rusted or an extremely complex shape (Palmer, 2018). The cost of vinyl wrapping is also considerably lower than powder coating with a wide variety of costs and sources to buy material. Vinyl wrapping also prevents corrosion and is particularly tough therefore resists most stone chips for example.  This method is also very easy to cut into shapes, for example letters and logos so it is diverse and can be used for signage for sponsors[footnoteRef:6]. [6:  See Chapter 14] 

[bookmark: _Toc30998733]8.2 Chassis (Internal Framework)
[image: Image result for torsional rigidity chassis]When building a soapbox, or any vehicle for that matter, it is imperative that there is a good structure and therefore a good chassis. What this means is that it has got to have good torsional rigidity, as well as good lateral and vertical strength as so it does not flex easily (Riley & George, 2002). Torsional rigidity is the measure of force needed to rotate the vehicles frame by 1 degree. It is needed as an increase of torsional rigidity allows the suspension setup on the vehicle to work more efficiently, resulting in improved handling (Country Chrysler, 2016). The lateral and vertical strength comes through reinforcement in the chassis. If this was not done, the centrifugal forces that affect the racer as it goes through a corner will distort the vehicles frame. Therefore, to reduce these effects happening to our soapbox derby racer, five chassis types were investigated.Fig 7: Torsional Rigidity

[bookmark: _Toc30998734]8.2.1 Ladder Chassis
[image: Image result for ladder chassis]The ladder chassis is one of the older and more primitive chassis designs. Set out with two parallel longitudinal beams with perpendicular framework in the centre. The design is very simple and is a “non 3D” structure reduces stiffness (Changaroth, 2019) and can be replicated by amateur soapbox racers due to non-specialist parts and machinery needed, bar a drill and nuts or a spot welder. However, due to the way the chassis is shaped, it means the chassis has poor torsional rigidity (Muley, Gawande, & Yerawar, 2018), meaning the chassis twists easier when going over a hard bump for instance. Therefore, for the gravity racer to have a high-quality build, a ladder chassis will not be considered when completing the final designs. These type of chassis are usually found on off-road vehicles.Fig 8: Ladder chassis

[bookmark: _Toc30998735]8.2.2 Self-supporting/Unibody chassis
[image: Image result for unibody chassis]A self-supporting/unibody chassis is one found most commonly in commercial/consumer vehicles (Automotive News, 2017). The chassis consists of one overall structure that integrates both the frame and the body (Auto Review Team, 2019). The structure is made of shaped metal alloy, usually an alloy of aluminium.  A unibody chassis has a good load capability and that it can incorporate both frame and chassis, means it takes up less space (source). It is also more ideal in a crash situation, because a crumple zone can be built into the car, taking the force of an impact away from the main chassis and the person on board. However, due to its design being the way it is, it will make repairing any damage done very costly as it is a complete structure. In comparison to the ladder chassis, it is more ideal due to being able to withstand an impact and will have better torsional rigidity although it will still not be considered in any final designs due to the very high starting costs from manufacturing. Fig 9: Unibody chassis

[bookmark: _Toc30998736]8.2.3 Space frame/tubular space frame chassis
[image: Image result for space frame chassis]The tubular space frame chassis is a frame that is a 3D structure consisting of circular and square-section metal tubing (Wan, 2005). It is normally made from either steel or aluminium and either material has its benefits when used in this capacity (Driscoll, 2014).  However due to the lack of access to commercial equipment to create complex structures, other materials have also been reviewed and discussed[footnoteRef:7]. The structure encompasses many triangles in its frame, as shown in (refer to image on right). These are the strong interconnecting members which do not expand or bend, resulting in high torsional rigidity (Onyenanu, 2015).  [7:  See Chapter 6.2] 
Fig 10: Space frame chassis

[bookmark: _Toc30998737]8.2.4 Monocoque chassis
[image: Image result for monocoque chassis]The monocoque chassis is seen normally as the most ideal chassis. Used as the chassis for Formula 1 cars (Harris, 2007), this is a singular primary structure which is made up primarily of a composite material such as carbon fibre. This design gives the vehicle its overall shape. Due to the materials normally used with this chassis type, it means the resulting vehicle is very lightweight, while still maintaining a high level of rigidity. It is, in some respects, similar to that of a self-supporting chassis but instead of it being made of a block of machined metal, it is instead made up of multiple layers of composite. Due to the complexity of such a design, these are normally created through specialised production. Fig 11: Monocoque chassis

[bookmark: _Toc30998738]8.3 Subframe (Actual base structure)
[image: ]In order to build a good soap box car, it is necessary to have a strong and robust base (Roberts, 2017). Initial ideas for such a platform would be using the overall design of a go-kart frame and adapting to fit the soap box’ preferred purpose. With no need for an engine, weight can be saved at the back, where a karts engine is normally kept. This therefore could be an option when designing the subframe and chassis of the kart. 
A second option was using a chassis deign by the Formula Student cars. Built by university teams across the world and updated yearly as the regulations change, they are an ideal vehicle to look at as they will have various safety measures built into them. Of course, they are powered by a combustion engine and will go far quicker than a soap box car but still have some relevance in terms of underlying framework. They incorporate a tubular steel chassis frame which would be ideal as a starting platform. Modifications would then be done to the rear of the chassis to smooth bodywork over it in order to get a better aerodynamic efficiency. A weight may still have to be put towards the back however in order to help with weight balance. Fig 12: Subframe

[bookmark: _Toc30998739]
9. Structural Safety (Michael)
Structural safety is an important part of any vehicle and epically so in motorsport. Formula 1 is a prime example of innovation in structural safety which has then bled to other motorsports such as soapbox racing.
In the early days of Formula 1, cars were designed for speed and speed alone meaning that safety methodologies were often left until they were required by outside regulation. The first structural safety system was roll-overs bars in 1961 along with the reconstruction of the cockpits for ease of escape in 1963 (Formula 1, 2015a). In 1972 the 6-point seatbelt becomes necessary for racing along with larger cockpits opens for easier entry and exit in 1979. In the 1980s, the regulations focused on more of the track and drivers themselves than the car and only a few new structural regulations came into effect such as frontal impact crash tests in 1985 and crash tests for the car’s safety cell/fuel tank and drivers’ feet being behind the front axle in 1988 (Formula 1, 2015b).
During the 1990s, many structural safety improvements were implemented including stricter crash tests in 1995, larger cockpits in 1998 and wheels being tethered to the car in 1999 to stop them from flying off in accidents (Formula 1, 2015c). In 2000, a large amount of structural regulations were put in place which included raising the impact speed from 13 metres per second to 14 in crash tests, the carbon fibre walls were required to be thicker, a layer of Kevlar fibre inside the cockpit was included and the roll-over bar was raised from 50 to 70 mm and must be able to withstand forces up to 2.4 tons. From 2001 to 2011 various structural safety tests standards were raised with more padding included and the minimum standards for all methods involving overall driver protection were raised (Formula 1, 2015d)
Safety to such extents in soapbox racing isn’t as majorly important but is still valuable and making sure that materials that could be potentially dangerous, such as glass, aren’t used or sharp edges are removed is important for everyone’s safety. Implementing a design that will protect the driver is important, but some safety devices might not be appropriate. For example, having large crumple zones on cars is good as they travel at high speeds but in soapbox they don’t reach as high speeds therefore it’s not as important to invest in that area of safety (Autos.com Editor, 2013). Using a seatbelt in the soapbox would be a good idea (especially if heavier materials are used) as the impact of a crash would be higher and therefore more dangerous (Richards Castle Soap Box, 2019). Using materials that would be more structurally sound in a soapbox car (such as steel) would be good as it would decrease the likeliness of an unrepairable damage to the soapbox (James, 2009). 
For the gravity racer that is being built, there are a set of safety regulations governed by the Rules and Regulations listed by the organisers (Richards Castle Soap Box, 2019). In order to ensure that the driver remains safe while operating the vehicle, as well as a five point harness a collapsible steering column may also be implemented as seen in the world speed record gravity racer driven by Guy Martin (Driscoll, 2014). The roll bars above the head and hands are also to be implemented into the designs found in further chapters.
[bookmark: _Toc30998740]10. Sustainability
In modern motorsports, sustainability and the promotion of a green future is important. Therefore, the soapbox racer will have materials that are sustainable. A lot of the components have a good end of life, meaning they can either be scrapped, melted down and used again, or then used again in a separate application. The components such as the wheels and the brakes can be sold on helping to keep the amount going to landfill at a minimum. Throughout the report, sustainability has been mentioned to ensure that this will remain as one of the forefront ideologies that we have for this gravity racer. 
[bookmark: _Toc30998741]









11. Design Mood-board
To give the team inspiration for the design and shape of the soapbox racer, a mood-board (below) was created. Therefore, these were used these to come up with initial design sketches, as seen in Chapter 15. The main source of inspiration were older Formula 1 cars and previous gravity racers – mainly vehicles that had a relatively easy shape to build while being moderately aerodynamic shape. Other sources of inspiration were shapes that could be created using basic materials and equipment. 
[image: Image result for gravity racer][image: Image result for jim clark car]Fig 19: Grey SP Derby Car





Fig 13: Jim Clark 33

[image: Image result for guy martin gravity racer]Fig 15: Guy Martin


Fig 14: 8CTF

[image: Image result for maserati 8ctf]


[image: Image result for 60s f1 cars][image: Image result for richard castle soap box derby]
Fig 20: RC Soapbox
Fig 18: 60’s F1






[image: Image result for formula student car][image: Image result for richard castle soap box derby]
Fig 16: FS Car





Fig 18: Blue Cart

[bookmark: _Toc30998742]12. Minutes
Below are the minutes of the meetings that we kept and what was discussed in each of them:
· Monday 30th Sept. 2019 (11:00 – 12:30): Introduction to task and initial planning
· Monday 30th Sept. 2019 (13:00 – 14:00): Initial planning and delegation of primary and background research. The tasks delegated were the materials research, the suspension, braking and steering systems and then research on structure, subframe and chassis. These were delegated initially into pairs to help speed up the process and allow for a quicker and more efficient acquisition of information. 
· Monday 7th October 2019 (11:00 – 13:00): Group update on research already undertaken including background research and initial findings on allocated research tasks.
· Tuesday 8th October 2019 (11:00 – 11:45): Catch up on additional information found in the last 24 hours, as well as exchanging notes. 
· Tuesday 15th October 2019 (11:00 – 12:00): Initial background research shared.
· Tuesday 22nd October 2019 (11:00 – 12:00): Look at information given by all groups in further depth for research sections (6-8) including proofreading and group feedback. 
· Tuesday 27th October (11:00 – 12:00): Collation of research sections (6-8). Mood board viewed and notes made on potential design influences for our own soapbox. 
· Tuesday 05th November (11:00 – 15:00): Additions to the research made already, as well as preliminary sketches. 
· Tuesday 12th November (11:00 – 15:00): Discussion about initial sketch designs for the soap box racer. Initial sketches were then created. 
· Tuesday 19th November (11:00 – 12:00): Further sketches and technical details for the soap box racer. 
· Tuesday 26th November (11:00 – 12:00): Advanced ideas for final design. Finishing rough designs and technical details for initial designs. 
· Tuesday 3rd December (11:00 – 12:00): Update on tasks to complete before Christmas break. 
· Tuesday 10th December (11:00 – 12:00): Group feedback and updates before the Christmas period. 
· Tuesday 7th January (11:00 – 12:00): Catch up after Christmas period, feedback on work done over the Christmas period and update on tasks to complete before project deadline. 
· Tuesday 14th January (11:00 – 12:00): Quick group update on tasks left to complete, final compilation of technical research, arrangement of the report and final group feedback before the project deadline. 
· Friday 24th January (11:00 – 12:00): Final touches and proofreading. 
There was also ongoing communication through a private group chat which allowed us to present and discuss information instantly when the team was not able to physically meet due to schedule and logistical issues. Having this chat allowed us to work quicker and more collectively than if we were to just work from the bi-weekly meetings. These have not been included as they were generally quickfire messages to get small amounts of information quickly, and for these matters a meeting was not needed. As these were not proper meetings, any group chat times have been excluded. 
[bookmark: _Toc30998743]13. Planned Timing
[image: ]For the Gantt chart for our development, we have outlined how many days we plan to spend on each area. Firstly, we have set out 2 days for planning and 7 days for research to allow for enough time to select specific materials. For the design I have set out 4 days to make sure all designs fit in around our schedule and leave enough time for them to be fully fleshed out. Material gathering and construction are similar but keeping them separate is important as it allows us to manage our time better. These are planning to take 3 days and 12 days respectively. For testing, we can do a large range of tests over the 2 days set out and then finally go to the race which will take 1 day with travel, setup and the event itself.Fig 21: Development Gantt Chart

[bookmark: _Toc30998744]14. Sponsorship
Like with a lot of motorsport, to allow for further development of the vehicle, as well as improved materials and components, money is needed to be able to progress and advance materials and vehicular systems. Therefore, many if not all motorsport teams are sponsored by companies in the industry. This could be providing materials, components (such as brake discs, bearings, tyres) or research that the team need but may not have access to the right equipment/software. Then, with smaller brand deals done to help fund further research, teams can improve the racer. Therefore, for the gravity to be as best as it can be, it may need sponsors to allow us to possibly get better suspension, brakes or other components. It may also allow us to buy more expensive materials such as carbon fibre which will help improve the course time as the racer would be lighter.  





[bookmark: _Toc30998745]15. Initial Design Sketches
Below are sketches of the initial designs that we carried out. These were rough ideas that were done to work out what the team wanted to design and the flowing shapes that would help the racer have a cleaner aerodynamic shape. Below include vehicle shapes and air flow lines.  
[image: ]Fig 22: Initial Sketches

[bookmark: _Toc30998746]16. Design development
The following designs are developments of the initial design sketches made. It will go through key features and design points, as well as how each are either viable or non-viable options for the final soapbox racer design and why. 
[bookmark: _Toc30998747]16.1 Design 1:
[image: ][image: ]Design 1, shown to the right and below, is a shoebox shaped design. It includes both the top and bottom roll bar, as specified by the rules and regulations set out by the document handed to all teams (Richards Castle Soap Box, 2019). It has a roughly aerodynamic front end that allows air to move cleanly over the top. It also details the brakes to be used in this design. However, the back of the racer while smooth is quite tall and so would create a lot of drag. This results in the racer having a lot of air being pushed onto the top of the vehicle. This does two things; it creates the rear end of the racer unstable due to the higher pressure while also causing the gravity racer to be slowed down significantly. Therefore, this design is not a viable option. Fig 24: Design 1.2
Fig 23: Design 1.1

[bookmark: _Toc30998748]16.2 Design 2:
[image: ][image: ]Design 2, shown to the right, has a single seater racing car design, similar to that of a Caterham. The design features “large profile tyres” which indicate that it does not have suspension. This is because wheels with a thicker tyre wall help absorb the bumps in the road (Piola & Noble, 2019). However, due to a lack of front roll-bar and no side protection means this gravity racer does not fit with the rules and regulations. More so, if the sides were to be open then it will mean the gravity racer will have huge drag as the air hits the driver. Therefore, this design is most likely to be an unviable option. The materials mentioned when drawn were to be wood as this would help keep the cost down. However, this would make the racer not as structurally sound as if it was to use aluminium and/or steel. Fig 25: Design 2

[bookmark: _Toc30998749]16.3 Design 3:
In the third design, it shows a sketch of a gravity racer inspired loosely by a 1940’s racing car, the Maserati 8CTF. This particular design has a roll bar above the driver’s head and driver’s hands which complies with the rules and regulations (Richards Castle Soap Box, 2019). The wheels would be slimmer with a lower profile. The seating position is particularly low to help keep the centre of gravity as low as possible. This is a design that will be developed further to become the final design as It lends itself to being relatively simple to create while having good aerodynamic characteristics. The improvement for this design would be to have a roof to the racer so that the body of the driver does not create drag. Fig 26: Design 3

[bookmark: _Toc30998750]17. Independent Design Review
Get external person from team (i.e. Rich) as an advisor, look over design, get feedback 
[bookmark: _Toc30998751]18. Final design choice 
[image: ][image: ]The final design has been developed through a number of further iterations. Designs of a polymer “windshield” – in effect, a transparent bubble that covers the shoulders and head of the driver – was developed to help with the aerodynamics and allow for cleaner air flow over the top of the racer. This would be attached with clips. However, the rules and regulations state that if the racer has any fastenings, then they must be accessible from both inside and outside the racer (Richards Castle Soap Box, 2019). As well as this, if the component was formed incorrectly, it could lead to melt or scuff marks on the polymer, which can reduce visibility out of the front of the vehicle. Therefore, this particular element of the design was dismissed as a suitable option. Instead, a small windshield similar to a Formula 1 car will be implemented to help air move over the driver’s head while not restricting them inside the vehicle. The gravity racer will also feature a small wing on the back, though with CFD and design, this may change. Fig 28: Design Final 2
Fig 27: Design Final 1

[bookmark: _Toc30998753]
19. Budgeting
Due to a high volume of components and materiel needed, the prices have been broken down into sourcing costs for both materials and major components, as well as any paid labour that may be needed. In doing so, the expenditures we looked at are as follows:
· External labor costs 
· Separate material costs 
· Amount of material (include excess) 
· Prebuilt purchases (steering rack, wheels) 
· Decorative budget 
· Entry costs
· Tool hire
· Safety gear 
· No workspace needed 

Therefore, after considering the factors mentioned above, the following table was produced to list some of the major expenses that the team will have to look at. However, these are all new items and do not reflect what can be found on the second-hand market (such as eBay and Gumtree) or what could be gained from a sponsorship with one of these companies. 
	Item 
	Amount 
	Cost (£) 
	Item total cost (£) 

	Steel tubing (dia 20mm, wall thickness 2mm) (Steeltubedirect.com, 2020)
	20 
	£5.00/m 
	£100.00

	Fibre-glass bodywork (FibreGlassDirect, 2020)
	4 
	£60.75/ea 
	£243.00 

	Rack and pinion steering mechanism 
	1 
	£58.60/ea 
	£58.60

	Decorative budget 
	1 
	£100.00 (apprx) 
	£100.00

	Tech 3 V4 Brake (Chain Reaction Cycles, 2020)
	2 
	£200.00/ea 
	£400.00

	Schwalbe Kojak 20” Tyres (Halfords, 2020) 
	4 
	£17.99/ea 
	£71.96

	Entry fee 
	1 
	£40.00
	£40.00


[bookmark: _Toc30998754]Fig 29: Budgeting Table

20. Analysis
Looking at the budget in Chapter 20, the approximated total cost comes to £1,013.56. This is, however, without sponsorship. With sponsorship[footnoteRef:8], this could help drastically reduce the cost of the overall expenditure. The overall cost is not unrealistic and with fundraising can be easily met, making our racer financially viable. The team has also managed to stay on schedule as per the Gantt chart[footnoteRef:9]. [8:  See Chapter 14]  [9:  See Chapter 13.] 

[bookmark: _Toc30998755]21. Conclusion
The current project has had much variation in success. There has been a high level of detailed research into what the soapbox racer could be made of and the components that will be used. The designs have been developed to a good standard with more detail on the final design. A budget has been drawn up to show how much the racer will roughly cost as of the 26th January 2020. The team also used a Gantt chart to help stay on track and meet research and design deadlines. This made sure everyone was working at a similar pace. 
[bookmark: _Toc30998756]22. Current evaluation
[bookmark: _Toc30998757]22.1 Research
As a team, it is our belief that we have performed very well in terms of researching in depth relevant information to the project. The material, various system and chassis research, on top of the structural safety, budgeting and sustainability research has been done to a very high standard. The group has put together research from many areas and have come up with a costing summary of what the project could cost if made. This in turn helps show how confident the team are in making the project a success as prices and parts can already be decided upon. 
[bookmark: _Toc30998758]22.2 Communication
In terms of communication, the private group chat dedicated to the project was immensely useful and helped keep physical meeting to a minimum. Meeting in-person, though useful and far easier for brainstorming, was difficult and so getting certain elements such as designs was made difficult, certainly due to members not living close to each other. This was a major weakness as it meant that designs were slightly rushed and were not as developed as they could have been. It also meant that workload ended up being unevenly spread.  
[bookmark: _Toc30998759]22.3 Designs
As a team, the designs have been well drawn, with a good starting set of concept sketches and rough line work. This was then developed into three noteworthy designs, in which one was taken forward from. Though the sketches were drawn well, they could certainly have been developed further with a deeper look at actual data in terms of how air flows and how that could affect the shape of the soapbox racer. 
[bookmark: _Toc30998760]22.4 Shared responsibility
In terms of shared responsibility, some members were more involved than others. This was down to multiple reasons. Firstly, there was a sixth member of the team who had no input whatsoever even though a task was delegated to him. It therefore meant that when putting the report together, there was research missing where it was needed, resulting in other members having to carry out additional research. That member since left and the team has carried on as a five-man team. The group could have had better organisation and a clearer aim for research, as there was varying levels of input and depth to the research done, resulting in some elements having to be revised.
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