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Introduction

The aim of this project was to collaborate as a team to create a soapbox racer to compete in the Richard’s Castle Soap-Box Derby 2021. The team comprised of S.Cashell acting as team manager, A.Pashoja as project organiser, C.Campbell as chief designer, O.Wilcox as material costings and E.Chaves as final illustrator. The project required a detailed planning stage to ensure all group members were completing their assigned tasks on time, minimising delays, and working efficiently up until the event. The main objective was to design a couple of concept soap-box racers to hypothetically compete in this event, successfully completing the course in a quick time whilst also taking costs, resource availability, and Richard’s Castle Derby’s strict regulations into consideration. Of these 3 designs one would be taken further into the design phase ready for development. This would be the racer that the team felt met all the criteria, was best suited to the course, and was the best designed in relation to the production cost. 
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The Soap box derby is due to be held on Sunday 27th June 2021 depending on Covid 19 restrictions. The inspection period is held on Saturday the 26th at 6.30pm – 8.30pm to ensure that all Gravity racers meet the strict regulations. If a racer does not meet the requirements, then officials can refuse the team to race. Once completed all teams are required to register for the race at 7.30am on the Sunday after which they will each be allowed one practice run. The event itself is held at 10am on Sunday the 27th June with both the car and driver undergoing a final inspection in the pits before their run. The Gravity racer will be started from a raised platform and must be released under its own momentum without any assistance. Once the run is completed the driver is expected to apply the brakes and pull the car off the track in a controlled manner. Each team will be allowed up to 3 runs to complete their quickest time.
The track itself is a length of 550m with racers reaching speeds up to 40mph depending on the soap box design. The course is held on a thin road consisting of uneven tarmac, a sharp corner, and a tight chicane. It is up to teams to create a soap-box racer that can handle these conditions. Based on previous years contestants the track appears favourable to thin racers with thin, cambered tyres that allow the racer to be nimble yet still provide stability. 
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[image: ]This was the first phase of the project once S.Cashell assigned job roles to each team member. Arguably this was the most critical phase as it involved creating a step-by-step schedule for the team to work to. A.Pashoja led this phase by developing a Gantt chart determining which jobs were to be started, a rough estimation of their completion date and the progress made within each members phase. This chart was created from the project start date and runs until the design phase is completed in March, ready to progress to the development phase. Figure 1 below is the Gantt chart depicting the timescale for “Project Gravity Assisted Soap-Box”, abbreviated to “Project GAS” 
[bookmark: _Toc65870202]Figure 1: Gantt Chart of project estimations, A.Pashoja



[image: ]Alongside figure 1, A.Pashoja also developed risk assessment and risk management charts. The risk assessment chart predicted what issues the group could encounter during Project GAS’s development and the impact that each factor could have. These were given an overall number calculated from a combination of their likelihood of happening and the severity of their impact. 
[bookmark: _Toc65870203]Figure 2: Risk assessment, A.Pashoja
[image: ]The risk management chart, shown below in figure 3, directly correlated to the risk assessment chart; however, it described the potential problems in greater depth and offered preventative measures to be taken. This minimised the risk of delays to Project Gas. 
[bookmark: _Toc65870204]Figure 3: Risk Management Chart, A.Pashoja
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The planning stage was started by Chief Designer C.Campbell who researched into soapbox designs, gaining inspiration for potential designs to be implemented into Project GAS. Using a combination of his own engineering knowledge and the research conducted, he designed 2 concept racers with rough proportions and scaling to present to the team. S.Cashell scheduled a team meeting where C.Campbell presented his designs along with an explanation of each concept and his own recommendations. Based on the presentation, the team chose the concept which seemed the most competitive yet also realistically achievable with costs and part acquirements. From the concept designs, the decision was made to have a budget of around £600 with a 15% float to cover unexpected costs.
To confirm this, O.Wilcox worked alongside C.Campbell to create a Cost Analysis chart based off of the designed concept. This is shown below in figure 4. This step was implemented at this stage to ensure that the chosen design was feasible and fell within the team’s budget, as well as to confirm the parts C.Campbell planned to use were available.
[image: ]This concluded the Planning stage, the results were conveyed back to the team and given the go ahead to proceed into the design phase. [bookmark: _Toc65870205]Figure 4: Cost Analysis, O.Wilcox, C.Campbell
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Figures 5 and 6 show the 2 concepts the team chose between. Figure 5 shows various angles of Concept 1 including an isometric view of the chassis. This was the initial design however the team chose to proceed with concept 2, shown in figure 6, as it was deemed to be better designed and more suitable to the track.[bookmark: _Toc65870206]Figure 5: Concept 1, C.Campbell
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Description automatically generated with medium confidence][bookmark: _Toc65870207]Figure 6: Concept 2, Designed by C.Campbell, Illustrated by E.Chaves
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The design phase consisted of C.Campbell finalising the chosen concept racer by adding correct dimensions, detailed scaled drawings and implementing both steering and brake systems into the racer. The sections that follow portray C.Campbell’s work towards defining Concept 2 ready for the development stage.
[bookmark: _Toc65870195]Chassis

[image: Diagram, engineering drawing

Description automatically generated]The key to this initial development was engineering a chassis which would be strong enough to support the weight of the vehicle whilst also being able to withstand torsional forces during cornering. In figure 7, C.Campbell created a sturdy 2-dimensional floor plan that used Box section iron due to its strong nature, low cost, and the ease of which pieces can be welded together. 













[bookmark: _Toc65870208]Figure 7: 2-Dimensional floor plan, C.Campbell

[image: Diagram

Description automatically generated]This design was then expanded upon in figure 8, creating a 3-Dimensionmal structure to calculate the racer’s length, breadth, and height. Strengthening bars were added to the sides, creating a triangle, to prevent chassis flex; Pythagorean theorem was used to calculate the length of bar needed. This chassis had to incorporate a sturdy roll bar, front and rear, to keep the driver of the vehicle safe in the event of a crash as stated by the Richard’s Castle Rules and Regulations booklet. The steering column support doubles as the front roll bar whereas the rear roll bar is an isolated component attached to the rear of the racer’s chassis. Figure 9 displays the steering column support.[bookmark: _Toc65870209]Figure 8: 3-Dimensional Chassis, C.Campbell
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The chassis was designed to incorporate independent axles at the front of the Racer, and a solid axle for the rear. Go Kart “Steering Knuckles” were used, one on either side of the front which have built in axles. The front track is 0.4m wider than the rear, 0.2m each side. This will increase front end turn in response at the cost of mild oversteer. 
The rear axle shown in figure 10 was chosen due to it being easy to manufacture and is relatively low cost in comparison to an independent setup. However, it does have some draw backs. Due to the nature of a solid axle, it theoretically acts as a locked differential, meaning the rear wheels are unable to rotate at different speeds to each other. This will negatively affect the handling at the rear by causing understeer with one wheel skipping during tight turns. This was purposely designed to counteract the oversteer induced by the wider track at the front. 
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Description automatically generated][bookmark: _Toc65870211]Figure 10: Solid rear axle, C.Campbell
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Figure 11 shows how using a pre-manufactured steering column, C.Campbell designed a steering system similar to that of a pitman arm design. This system would link with the steering knuckles previously mentioned with the aim of creating toe-out-on-turns (TOOT), officially known as Ackerman’s Principle. The benefit of this system is that the inside tyre turns into the corner at a greater angle resulting in less tyre slip, therefore, greater cornering ability. 
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Description automatically generated][bookmark: _Toc65870212]Figure 11: Pitman arm steering mechanism, C.Campbell













The regulations state that a racer’s braking system only needed to hold the weight of the vehicle at the start and bring it to a controlled stop at the finish. Due to this, a decision was made by the team to only incorporate brakes at the rear of the racer as it was felt there was adequate braking force to slow the vehicle in a controlled manner. The braking system in figure 12 consists of a pair of mountain bicycle disk brakes and callipers with a cable system running to the driver’s footbrake. This foot brake was to be manufactured from the remaining sheet metal and box steel from the chassis of the vehicle. This brake design has the added benefit of variable braking pressure depending on the cable tension to the driver’s foot brake. 
 [bookmark: _Toc65870213]Figure 12: Braking system, C.Campbell

























[bookmark: _Toc65870198]Final Illustrations

The final illustrations represent the final look and aesthetic design of the racer. This section of the project was carried out by E.Chaves. She created a final design based off C.Campbell’s concept 2 chassis structure. Figure 13 below shows a front and rear isometric view of the design. It shows the body layout and shape of the racer, ready for a team livery to be added. 
[bookmark: _Toc65870214]Figure 13: Final Illustrations, E.Chaves












[bookmark: _Toc65870199]Conclusions

To conclude, all the aims and objectives set by the team at the beginning for the defining, planning, and designing stages have been completed. Project GAS kept within both the target time and the target cost range. The chosen design was engineered to be light enough not to compromise cornering ability, yet structurally stable with enough weight to maintain momentum. All parts were researched thoroughly for price, reliability, and availability; all whilst complying to Richard’s Castle’s rules and regulations. 
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Although the team kept to the timescale on the Gantt chart, there was a lack of organisation at the beginning of the project. This led to the initial start date of the project being delayed by 2 weeks. There was also some confusion on week three (February 8th – 14th) as to what some people’s job roles were and the direction that the project was heading. If we were to repeat this project, we would ideally look to have the team management complete within the first week of assignment start which would drastically increase our timescales for individual job roles. There was also a lack of communication from certain group members towards the end of the project resulting in difficulty writing the technical report. 
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