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[bookmark: _Toc125965504]Introduction:
For this project, our team was tasked with designing a cost efficient, well-built soapbox car, using, and following the rules and guidelines set by the Richards Castle Soapbox Derby (RCSD), with the penultimate goal being to make and design a soapbox car which would be able to compete in the RCSD. This meant we had to think about a lot of factors which would come into play when deciding the looks, materials, and mechanical sections of the soapbox car, as we wanted to make our soapbox car not only stylish and appealing but also fast, lightweight, and controllable.
[bookmark: _Toc125965505]Aims and objectives:
Our main aim for this project is to create and design a soapbox made to compete in the Richards Castle soapbox Derby.
To complete this goal, we were determined to create a lightweight soapbox to increase our chances of high speed and to also gain a close to professional steering system. 
[bookmark: _Toc125965506]GANTT chart:
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We produced a GANTT chart to keep our team on track and on target for our deadline. This also benefits splitting the work equally between all members of our team. 
[bookmark: _Toc125965507]Research

Before starting our research, we made sure to read the rules and regulations thoroughly. From there we discussed how to split the work up evenly and to everyone’s best abilities. We first decided to focus on the exterior design of our soapbox as we wanted to make sure that the materials chosen were capable of being both light weight and durable. 

[bookmark: _Toc125965508]Materials and costing:

For the material research, my first decision was to find out more information on previous soapboxes made, and the thinking behind the materials used for their project.
I found many interesting builds from various amounts of soapbox races. Within this research I discovered that many teams focused on different points when building a soapbox. For example, in some competitions several teams decided to focus more on strength and the durability of their soapbox frame, rather than the weight. This can be because of the substantial number of crashes that happen during races, which can be a huge risk to the driver’s safety. However, as a team we decided to go more with a lightweight frame to increase the speed of our project and to have more control over movement. We did discuss the safety to provide for our driver. As a result of our discussion, we felt confident that because of the safety gear that the driver will be wearing and that we are looking more towards a design that protects the driver’s full body, the driver would have enough safety for us to concentrate on the performance of our soapbox. 

 During my research, I found a lot of interesting designs and builds for soapboxes. With the many unique designs seen, I decided to list the pros and cons of some of the materials that have been used. 

[bookmark: _Toc125965509]Spare parts 
Spare parts would be the easiest material to use for the Soapbox frame. However, this can cause some issues. Whilst using spare parts you would have to consider the amount of damage already caused to the part, making it weaker. This could also cause some problems for sizing regulations. Despite the cons, spare parts would still be very efficient when preparing for harsh weather and potholes. Not only that but sourcing spare parts can often be a lot cheaper than making/ buying brand new parts, which would mean we can spend that little bit extra on better material for the chassis or bodywork.
[bookmark: _Toc125965510]Objects
During my research I discovered that large objects such as barrels have been used for soapbox racing. This can be cheap and time efficient considering the little number of materials you would need to find. However, this can mean that the barrel could break easily considering it would be mostly made from wood. You would also have to consider the sizing when buying a large object considering it could break the rules for the soapbox derby. 
Some objects like barrels have also been used for the wheels and not just thought of for the body of the car. If we decided to use large objects this would also put a big restriction on our freedom of designs.
[bookmark: _Toc125965511]Aluminium
Another option and what I believe would be our best one, is aluminium. Considering this is lightweight, it would be perfect for a soapbox and the weight would not affect the speed of our car. A downside of using aluminium is that it can warp when in high temperatures. However, I do not believe that this is a weakness that we would have to consider for this project. This would also leave us in full control of choosing our own design. 
[bookmark: _Int_uWyMdP2h]As for the cost for aluminium, there are multiple options, the main two being either scrap metal or brand new. Scrap metal aluminium costs roughly £1.20 per kg. And brand new metal would cost roughly £2.13 per kilogram, there isn't a lot of difference in the price, but it means that the cheaper option is available if we need to go for the cheaper material for any reason.
[bookmark: _Toc125965512]MDF Wood 
MDF wood would be a suitable material to use for the framing of our soapbox. It is simple to design, cheap and easily obtainable. A downside to using MDF wood would be that it is easily damaged through crashes and weakens depending on the weather. 
 Considering all our options for the frame design of our soapbox, we agreed that MDF wood would be our best option. This is primarily due to the cheap price of MDF wood, how MDF is lightweight and durable, meaning it would benefit the steering of our car and that we would easily be able to create our own design using this. 
When considering the materials we would need for our soapbox, I also needed to think of the interior design, mainly the skeleton for our frame. Our team believes that welding steel poles together within the correct measurements and shape would best hold our soapbox together, and with the poles being hollow, it would also decrease the weight keeping the speed of our car. 

MDF wood is sold in sheets, at varying thicknesses, lengths, and widths. We decided a 6mm thick sheet would be best as it is still light but also thick enough to provide protection where needed, it also means it will not fall apart going over bumps/potholes. On average, a 6mm thick sheet of MDF wood costs approximately £23.00 for a sheet that is 2.5 metres long and 1.2 metres wide.

[bookmark: _Int_FPX8okAQ]Of course, our driver would need a seat for the race, which the cheapest option would be to buy a second-hand desk chair, remove the bottom half of the chair and secure it to the interior of the soapbox. Or better yet find an office chair, or any usable chair, that someone is getting rid of as scrap, most likely it will be free which is even better for our costs.

[bookmark: _Toc125965513]Design:

[bookmark: _Toc125965514]Soapbox shell design

For the exterior design of our soapbox, we decided to go with a mystery machine design from scooby doo as most soapboxes go for a fun theme. As shown below I based it of the cartoon version of the vehicle as it is simpler and easier to construct compared to the realistic version while also providing plenty of visibility to the driver through the three large windows. Although the design will have poor aerodynamics it will be able to pick up momentum quickly and it will be entertaining to watch which after all is the goal of soapbox racing. In my initial design for the soapbox, I focused on getting the overall shape of the soapbox as close to the mystery machine as possible including the features like the (fake) spare wheel at the front and rear windows. However, in doing this I exceeded the max legal length of the soapbox of 2500 as the spare wheel extended beyond that distance. I also missed out some key features for example the wheel arches. You can find the drawing for my initial design below.
[image: ]


After getting a good idea of what I was going for I began the final design. On this version of the design, I made sure to shorten the length of the cab so that the spare wheel would not extend the maximum length making our soapbox legal to race, I also added the wheel arches in the side to allow room for the frame and wheels. something I decided to change from the original design was to reduce the overall thickness of the soapbox to allow for more room and make it less bulky, this also means we require less material to construct the soapbox making it cheaper to build. Another feature common with other soapboxes is that our soapbox will have the ability to crumple if involved in a collision. This is due to the shape, thickness and the material of the exterior shell which will help provide protection to the driver by taking most of the impact out of a collision. The windows require a cover of some kind like thin pieces of plastic to reduce the drag of the vehicle but still allow the driver to see. To enter and exit the soapbox you will have to lift the entire exterior shell from the front which is attached to the frame at the rear by door hinges. However due to the shell being made from wood it will be easy for either the driver or someone outside the soapbox to open and close the shell. There would be clips on the front of the shell which would allow the soapbox to be secured at the front to the frame while racing but easily removable for when exiting the vehicle or in case of emergency. Overall, the benefits of the mystery machine shell are that it provides plenty of room for the driver and even a roll cage, it provides loads of visibility for [image: ]the driver, can crumple in case of a crash and it will look good while doing it. 

[bookmark: _Toc125965515]Chassis design

Before starting the design of the chassis, the team first had to decide on which material would be used as this would affect the amount of bracing required throughout the frame to get it as strong as possible. After deciding on a steel tubular frame, we were able to start on some design. We took inspiration from looking at previously made soapboxes and a design produced by Red bull show in figure bellow.
[image: ]This design was a good starting point, however, after the bodywork design was made i realise it would not work due to the shape of the mystery machine. This meant that we had to make our own. I started off by making a rectangular base to build up from that would allow for the mounting of a seat and the steering components. I then created a frame that matches the bodywork goes up to the point that it starts to come inwards. This will allow for the body panels to be easily mounted onto the cassis while providing protection for the driver in the occurrence of a crash while completing the course. I also added a roll hoop as this is required under section 2.14 of the soapbox race regulations. When making the chassis I had to ensure that I took 20mm off the lengths of the bodywork dimensions to account for the thickness of the pannels. figure  bellow is the completed drawings of the chassis.
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[bookmark: _Toc125965516]Seat, steering, braking, and wheels

For this section of the car, we have decided to use go kart parts as they can be found brand new at a low cost online. To start off with the seat. We found this seat online for £12.49 excluding VAT. This 
Seat is perfect for the application as it has predrilled holes in the base that can be used to mount it onto the base of the car. 
https://www.fonefunshop.com/replacement-seat-for-driftkart.html[image: ]








For the steering system we have gone for a kit made for go karts/ off road buggys. The kit comes complete with: Tie rod, rack, adjustable shaft, steering wheel, 4 stud wheel hubs, 17mm front steering knuckle. I have looked at the size of the components to ensure that they fit will fit to our soapbox car. The kit costs £161.84.
[image: ]
( Steering system Ebay link )



For breaking we have gone for a rear axle kit which will allow for braking on the back wheels aswell as giving us a way of mounting the rear wheels. This kit includes: a 810mm axle, brake disk, break calliper and master cylinder, bearings, and wheel hubs for the cost of £148.76.
 (Braking System Ebay Link)
[image: ]
We will also require a brake lever, for this we will be using one sourced of a bicycle and its cables. The lever will be mounted on the cross bar Infront of the driver that the steering wheel is located on. The reason for this is that the break is only there to be used in an emergency as gravity is the only source of acceleration of the car, meaning the driver will need to keep his momentum up through corners to get a good, competitive time on the course.
 [image: ]
Brake Level Ebay Link
[image: ]
https://www.ebay.co.uk/itm/144519010511?hash=item21a60118cf%3Ag%3AD20AAOSwaeJiPQBu&amdata=enc%3AAQAHAAAA4A96yIoEiEQSVyHMVlDMmyNNo6BQGq92V%2FEdXlYvapIjOhFdfgu1gDFJrrF3Naa92Qmq6gniRzb%2BCxjx2bPYGkAt4Gz4J9ryL0ZnDa9x8zWeKgdrkMt%2FXFKJCOHHJy0gFBL648C%2BPNUmv%2BQrL9vivtBXcSmMNSAFU7Ds0%2BUk89%2BQswmlk5U6mX4VZYFjhZvFOls3XBz5y44Jh6SbWhUtHpI9f5XZ6KxHjY%2B0vq4Jtl89QBPqpdPSjuX1F2bW8fZuL8hH3YCn%2FPe9r7ggvbAYlzdgeGujPsO9uES1fzdnLz8N%7Ctkp%3ABFBMrr2JjsBh&LH_ItemCondition=1000

The price for the brake lever is £7.01 and the cable £6.42. These are prices for new parts as that is all that is available online, we should be able to find them cheaper from a scrap bin at a bicycle shop.

We will be fitting the car with 13x5.00-6 tyres on a 6-inch rim. These will fit nicely into the space we have for them. They are very inexpensive to purchase with the rim and tyre only costing £11.99 each when bought as a set of 4. these tyres have a load rating of 200kg each, which is enough for the weight of the car and will withstand any extra forces exerted on them.
[image: ]
(https://www.ebay.co.uk/itm/233935727499?hash=item3677a7eb8b:g:yhQAAOSwv~1jZFS8&amdata=enc%3AAQAHAAAAoEsrDsHLelAMufUlpzpegW%2B8I82rKVhnBMLDd08FWC1hl%2FyMDVxJV8GMhheUcySv%2BqXDIoOfklfmBM37IoJPNTZU7i3eUBl9axsrbebx2dehk2QFitC1oOyakwQQekC90qQ%2F6%2FU8UYoOTHbi5uVU%2BrWIeoKjXuusTz%2B86LJD0cBlX9JT3WJD9sbbecdlXMWZ4oJAbVx4KwmgHdog4FbWMLA%3D%7Ctkp%3ABk9SR5r0zo7AYQ)
 
[bookmark: _Toc125965517]Conclusion
In conclusion, our team believes we have made a soapbox car which is lightweight due to our choice of materials, fast due to how light the soapbox car will be, stylish due to the shape, look, and design of the soapbox car, and cost-efficient due to how cheap yet useful the materials we picked are, and also we have decided to use alternative cheaper methods for obtaining  some parts, I.e. wheels or a drivers chair. Furthermore, we believe that our soapbox car fully complies with the Richards Castle Soapbox Derby rules and regulations.
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