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1. Introduction
The aim of this report is to show the process of design for our team's gravity racer. In this report we will be showing how the team used CAD software, more specifically, Solid works. We used Solid Works to design both our soap box gravity racer chassis and body within the predetermined specifications to comply with the series’ regulations and maximise performance, as well as keeping costs down and sticking to our budget of £1500 to £1750. Additionally, we will discuss how and why we decided to select the materials for the chassis, and what affects that they will have on the soapbox gravity racer, both in terms of weight and cost. We will also discuss the forces and friction that will be acting upon the car and how they will affect the gravity racer on the course. 






















2. Chassis and Body Design
In designing the chassis and bodywork, we have been through several different ideas and design iterations starting with a hand drawing then implementing within a CAD software and modifying them to best fit our initial aims and objectives within the given specification and budget. 
Keeping to our original design philosophy of our F1 style open wheel layout was something we aimed to achieve. However we had to make minor changes to our original design due to part sizes and amount of material available to us so that we could match our CAD design to the original dimensions as an example we decided instead of buying a separate steering system to implement into our design we decided to buy a non-running go-kart and used the steering system, this also helped by reducing costs as we did not need to buy the components separately.
 As well as using some of the body panels from it to create our own body panels hence having to make minor changes to our design to accommodate the components from the go-kart. 
[image: ][image: ]Figure 1: Our initial hand drawn soap box gravity racer.

  Figure 2: Our initial CAD model of the gravity racer








2.1 Final Assembly 
 Getting to the final design was a process of adapting and improving from what we already had. From this it meant, more or additional components on the soapbox and then there has been improved and more detailed shaping of the overall soapbox. Despite these slight changes in the process, it has not been a complete or huge overhaul on the original sketched design. We believe the final design is the best possible design that maximizes our capabilities and the capabilities of the soapbox from following the regulations in place by the competition. By adapting and improving the initial design may just further increase the performance of the soapbox as it goes downhill.
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Figure 3: Final CAD design of soapbox car









 









3. Calculations and Analysis
As a team we decided that having the heaviest team member as the driver would be better as the cart would be able to gain momentum quicker due the effects of gravity as the heaviest member of the team is Connor he has been chosen as the designated driver. The total mass of our car is 175.30 (75kg car + 100.30kg driver) we have taking into consideration that there will be a slight increase in the coefficient of friction, but this should not impact the speed of the vehicle that much. 
Using our total mass of the car and the average height of the track we can use this to work out the potential energy of the car going down the hill using the equation P.E = mgh this being 175.30kg X 9.81 X 50m 85984.65J
Using the equation f = ma we can find out the force being exerted from the car going down the track and use the figure of force to work out coefficient of friction using the equation, however, to find out we need to use the equation  then transpose it to make a the subject it becomes  with our measurements being:
· v = 35 mph = 56.23 kph x 1000/3600 = 15.62m/s (the average top speed of the soapbox cars) down the track 
· U = 0 
· S = 550m
Therefore, the acceleration 15.62^2/2x550 = 0.22m/s^2
The force being exerted on the car down the track is F = ma = 175.30kg x 0.22m/s = 38.67N
To work out the friction we use the equation  so 
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Figure 5: forces diagram of soapbox car going down track. 



4. Evaluation
To evaluate on the design process of the soapbox, there was an original sketch that was done as a baseline that had been progressively added to. The original sketch had been improved by adding small elements to it that could possibly enhance the overall performance whilst staying within regulation. Originally the design was based roughly on Formula One spec as it’s what most of the group was used to in terms of design. This led to a very interesting, streamlined design that saw some tweaks along the way. These tweaks and changes can be seen throughout, from the original sketch to the first interpretation of the CAD model and into the final version of the CAD model. Despite the changes the overall design still stuck mainly to the F1 shape and idea as it seemed to us like the best way to go. The final design is a slight bit more simplistic than the original design, but we feel as if that was the better route to go as it would be lighter and save some parts maybe being completely ineffective, despite this it still keeps its racy and sleek design. Changes that could have been done was maybe strip some weight in more places or change some of the bodywork shape, however we are still happy with the final result.
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