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Continuing from the first integrating Project document, this looks at final design choices, the CAD design and development and the calculations that were involved to develop the overall design. It also discusses how well the outcome and the team faired on this project. 
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[bookmark: _Toc40110124]1. Introduction
Continuing from the previous document, this paper outlines and details the final choices made for the soapbox racer. It shows the exact material and component cost and breakdown, the development of the CAD design and various calculations including weight and potential acceleration. Its also evaluate the process of designing the product and how suitable it is for its role. The quality of result and areas of improvement are covered to show aspects of both how the design and the way the team worked could be changed and adapted for a better product in the future. 
[image: ]2. Final Drawn Design[bookmark: _Toc40095036][bookmark: _Ref40054988]Figure 1

The final design on paper is shown below in Figure 1. This was the design concept used before going on to use CAD and further the develop the final design. 
[bookmark: _Toc40110126]Materials and Components
The list of parts that are to be used have been narrowed down from the research found in the first Integrating Project document in sections 6 to 8. Below lists the finalised main materials and components with reasons for their choices. 
[bookmark: _Toc40110127]Chassis and axles
For the final design of the soapbox racer, the chassis and axles of the soapbox car will be made of steel. This is because the material is to obtain, inexpensive and very strong for its price point. Although it does not necessarily have the tensile strength of titanium and is heavier than aluminium, it will withstand the forces necessary as the gravity racer is not particularly heavy at 90 kilograms (without the driver) and 160 kilograms (with the driver). Steel is also far cheaper than titanium, keeping the cost down and allows the budget to be stretched for more important elements.  
[bookmark: _Toc40110128]Suspension
Suspension is a heavy component and as the Richards castle soapbox course is not particularly harsh and bumpy, it is not deemed to be necessary to add a suspension system to the gravity racer. This is a cheaper and simpler option than using suspension and instead using the steel axles and steel chassis structure to keep the racer stable. The chassis by itself will be strong enough to withstand any bumps and by running a lower tyre pressure, the tyres will then work as dampers. This ensures that the driver will be relatively comfortable, and the force of any bumps will not be too harsh on the racers structure.  
[bookmark: _Toc40110129]Wheels 
The wheels chosen are the Schwalbe Kojack 20” Tyres. These were chosen due to being relatively inexpensive (Halfords, 2020) as well as being the wheels used that the team behind Guy Martin used to set the world record with (Driscoll, 2014). The wheels will run with a lower pressure to counteract the fact we will not be running with suspension. This was decided after considering all the options in section 7.1 in the first document. Therefore, because the track is reasonably straight with only minor adjustments to steering avoiding obstacles, and the track being relatively smooth, the tyres being at a lower psi. This would not be set too low so to avoid blowouts and increased degradation as the racer may have to make multiple runs. Reducing the tyre pressure softens the ride and will help to absorb small bumps. These wheels were also made to be side mounted and so are ideal for the application (Driscoll, 2014). 
[bookmark: _Toc40110130]Steering
A pivot system is the ideal system for a gravity racer. Although it does not allow for a particularly tight turning circle, a tight turning circle is irrelevant given that the racer will be travelling primarily in a straight line with no sharp or harsh turns on the course. This is a lightweight and simple to implement system without a great expense attached to it. This steering system is also very reliable and easy to fix in the rare event that it does break. This system would be either be fabricated internally due to the simplicity of the design and low cost or would be bought from a scrapyard and adapted to fit the soapbox. 
[bookmark: _Toc40110131]Brakes
The brakes chosen are disk brakes. This is because they are inexpensive and have high braking pressure. This is necessary in case there is an issue with the soapbox or on the track and we need to stop suddenly. The brakes chosen are Tech 3 V4 Brake disks. These are hydraulically powered and easy to set up as they are commonly found on higher end mountain bikes. Using a simple but effect system such as this means if there is an issue it will be easy to repair. It also means they can be mounted to the steering wheel which is what we have done. 
[bookmark: _Toc40110132]Bearings
Both strong and being proven to be reliable by years of use on bicycles, skateboards and other vehicles, the conclusion has been made that ball bearings are the easiest, cheapest and most common bearing system that can be used in the gravity racers wheels. For optimum performance, the ABEC 9 bearing rating is the top-rated bearing with the least friction and resistance. The bearings we will use are uprated ceramic bearings. This is to try and keep any rolling friction at a minimum while also not spending a large amount of budget. 
[bookmark: _Toc40110133]Bodywork
Out of the materials researched, ABS plastic was chosen due to its low cost and formability. The original material chosen was fibreglass. However, with some careful reconsideration, the choice was made for the material in use to be ABS plastic. This is because it allows us to easily repair and maintain the bodywork if it damages during the event itself, and when creating the main bodywork, it will be easily moulded to the specifications required. Using a material such as carbon fibre or even fibre glass would be a far more expensive option for a small gain weight reduction in comparison. This in turn allows for the budget to be spent elsewhere more wisely. The ABS plastic can also be coloured at source in the factory rather than painted, leading to a small weight advantage as well as simplicity. 
[bookmark: _Toc40110134][image: ]CAD Development
With the use of SolidWorks, the design was created and developed in 3D. Sam Alvey-Taylor designed the initial chassis and substructure. This was then developed by Arturas Vitkus and Dovydas Paulavicius into the final design, with multiple changes and adaptions made.  [bookmark: _Toc40095037][bookmark: _Ref40039504]Figure 2

[image: ]One of these changes was improving the wheels. The initial build was over a flat drum like wheel as seen in Figure 2.This was then changed into a more conventional wheel and tyre design shown in Figure 3.This was done to give us a better understanding of what the actual wheel may look like once on the vehicle. However, there was an issue with scaling and in the real working model, this wheel would have been taller and skinnier as the soapbox racer would be using bicycle wheels and tyres. [bookmark: _Toc40095038][bookmark: _Ref40039253]Figure 3

[image: ]As seen in Figure 4, the CAD design was developed to have a working steering arm system. This was so when the model was being put together, the steering system could be tested. This allowed the team to make sure the arms were not interfering with the chassis and stopping short of where the arms were supposed to go. With this system, the cut outs shown in Figure 4 were changed and adapted to make sure the steering worked seamlessly. [bookmark: _Toc40095039][bookmark: _Ref40039236]Figure 4

[image: ][image: ]Yet another of these changes was improving the front nose of the soapbox. The earlier design can be seen in Figure 6. The nose had a wider and more rounded shape which would have meant that although air flow over the top and sides of the soapbox racer would have been good, the initial contact of air on the body would have meant quite a lot of drag. Therefore, to mitigate this, the nose was tapered which can be seen in Figure 5. The soapbox was given a rear cover to go over the structural elements to help with air flow. The same thing was also done to the rear of the soapbox racer in order to ensure the vehicle had a symmetrical body. The large aerodynamic bodywork at the rear of the racer was an idea to hide the mandatory above-head roll cage that the regulations made necessary to include in the build. However, it was realised that the additional bodywork greatly reduced air flow so was removed. The roll bar does not create much disturbance to overall air flow, so no cover was deemed necessary. [bookmark: _Toc40095040][bookmark: _Ref40041745]Figure 5
[bookmark: _Toc40095041][bookmark: _Ref40041735]Figure 6


[image: ][image: ][image: ][image: ]CAD Final Design[bookmark: _Toc40095042][bookmark: _Ref40043512]Figure 10
[bookmark: _Toc40095043][bookmark: _Ref40043504]Figure 7
[bookmark: _Toc40095044]Figure 8
[bookmark: _Toc40095045][bookmark: _Ref40103566]Figure 9

The design, after careful consideration, evolved into the one seen in Figure 7 through Figure 10. As shown, the overall design is relatively simplistic. However, it follows aerodynamic principles and keeps the profile of the racer as slim as possible while having enough space for the racer to both be comfortable to sit in as well as safe. The axles are made of steel to ensure they are strong enough. As seen in Figure 9, the necessary mandatory safety requirements are incorporated into the design; both roll bars above the head and hands are in the correct position and ensure the design is legal for this soapbox derby. Also seen in Figure 9, the structural support encases the driver on all sides. This means that if there was a crash or the racer rolled, the driver would be safe. The outer material, made of ABS, is slim to keep weight down while being strong enough to protect the driver from small impacts. The nose, in Figure 7, shows its pointed design which helps to push air over and around the racer. 
[bookmark: _Toc40110136]Calculations
To work out how effective the racer may be at going down the course, a number of calculations can be made. Using the SolidWorks calculator built into the software, the weight was determined to by approximately 90kg. This is the chassis and substructure, plus the wheels, steering system, brakes, seat and bodywork. The calculation of the chassis was determined to be 60kg of solid steel. Making the steel parts tubular on the software decreased the weight to approximately 40kg. Adding a driver of approximately 70kg would make the total weight 160kg.
The course is 550m long with an overall height of 50m elevation downwards (Richards Castle Soap Box, 2019). If the overall weight is 160kg, and the length of course 550m while falling away 50m overall, the calculation can be made that the racer will drop 9.1cm every metre it moves forward. 
Using a model that summarises all forces acting on a car, an equation can be used to find the overall speed (Yager & Cullen, 2015). This source details that rolling resistance has values normally between 0.01 and 0.5. This involves some approximation of typical values of drag, rolling resistance values and the frontal area of the vehicle. 
To work out the overall average angle of the course, the use of trigonometry is required. The angle is worked out by:



The acceleration of the racer (if rolling resistance is not a factor) can be worked out by not using mass. 



m/s2 (3dp)
However, if resistance is a factor, then weight also becomes a factor. If resistance is given the coefficient of 0.05 (which would seem fairly close to what it should be because a bicycle wheel does not have much kinetic friction), then acceleration (a) can be worked out. 


m/s2 
This value does not take into consideration the initial ramp to help the racer move which would make this positive. It also does not account for the track to have varying angles of descent, which would help to speed the car up in certain sections of the course. 
[bookmark: _Toc40110137]Evaluation of Design
[bookmark: _Toc40110138]Suitability of Design
The design is overall a suitable design for its application. The design is aerodynamic and although improvements could be made, the changes would most likely be negligible due to the low speeds that the racer will be going at. Trying to get more downforce and then actually build the vehicle would not be cost effective. Therefore, the design is well suited to its task. The wheels would run at a lower psi to help absorb small bumps and undulations on the tarmac and gravel track mitigating the need for suspension, keeping costs down. The overall design follows aerodynamic principles, with clean lines distributing air flow over and around the car. The soapbox racer is big enough to fit a driver and the steering system has been developed to work properly. 
[bookmark: _Toc40110139]Quality of Result
Overall, we believe the result of the overall product is well put together. The design works, with the bodywork being aerodynamic and structurally sound while keeping costs down and keeping it simple. The chassis was designed with a working steering system to help ensure the racer would have fully capabilities in its steering. The model is well put together with no gaps in the bodywork. Further research would also be done to find the exact weight. The design would also be made to be more intricate in order to reduce the overall weight.
[bookmark: _Toc40110140]Areas of Improvement
There are several aspects of both the soapbox racer and the way the team performed that could be changed or improved. One of these is that the model shows no seat and disproportioned wheels. With more time, the seat would be added into the model. However, in the real-life application the correct wheels and seat would be in place. Ideally, we would have started the CAD sooner and possibly run an aerodynamics software to improve the shape. This would have allowed us to develop our model to be more aerodynamically efficient. We could have also invested more time into designing bodywork to keep the tyres and axles from blocking and interrupting the air flow.
[bookmark: _Toc40110141]Evaluation of Team
[bookmark: _Toc40110142]Research
It is the team’s belief that the research carried out is of a very high standard. It covered in-depth the necessary research and did so to a high standard. the research covered all areas, including dimension and ergonomic restrictions, material research for the vehicle including bodywork, chassis, wheels, suspension systems, braking systems, steering systems, wheel type and size, structural safety and sustainability. 
[bookmark: _Toc40110143]Communication
The team communicated well with each other over the course of this project, in spite of a number of difficulties. The team lived separately and quite a distance from each other making physical meetings difficult unless the coincided with university time. Members also had other commitments, be that work or the university race team which made meeting and sharing ideas difficult. However, using a number of online web tools we were able to share ideas, designs and research ensuring the project came together as it needed to. With regards to COVID 19 it made group sessions impossible. However, to combat this, increased online communication was made to keep workflow and productivity at a steady pace. 
[bookmark: _Toc40110144]Designs 
The designs were made to a high standard. CAD designs were evolutions of the drawn designs and were created in detail. For instance, the working steering arms meant that we could make sure we had a proper working steering arm and hadn’t just made a potentially good car. 
[bookmark: _Toc40110145]Shared Responsibility
We would have used the time available better and managed tasks to be done quicker, either through use of a Gantt chart or similar. This to ensure that the project does not clash with other commitments such as exams or work. As a team, a contingency plan would have also been drawn up to deal with loss capabilities in meeting physically due to COVID 19. It has led to reduced meeting times and ideally, it is better to do it in person as it makes it easier to share ideas. If it was done sooner, there wouldn’t have been as many issues with CAD because some members of the team relied on using university computers to carry out tasks. Workloads would have also been spread more evenly if this process was done again. This is because some members did not do as much as others which meant other members had a greatly increased workload which resulted in more pressure to get tasks completed. 
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