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Team F soapbox race car report, as a group we were tasked to design a theoretical soapbox race car which could be used during the Redbull downhill soapbox challenge. It will be a gravity powered car occupied by a single driver only, meaning that no engines will be permitted so it needs to be pushed to a start and then gravity will take over until the race ends. The car must be able to turn, brake and steer. It will need these three main elements to remain competitive among the other cars.
The car must also be able to be both cost effective and function well as there will be obstacles during the brace course. Therefore, the car must be rigid enough to withstand the obstacles to make sure it will be able to finish. From reviewing other cars, I have come to the conclusion that durability is much more important than handling or speed.
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Introduction


As a team we are to theoretically create a soapbox race car that will eventually be produced via CAD and planning it to be able to compete competitively in the Redbull soapbox derby, which is known to be a fast paced competition for the public. Every competitor will have their own design with a little comedic value if they wish. 

Our report will give evidence to why we will be choosing each component and why we came to that conclusion. For example, why they’re cost effective and what type of impact it will have on the vehicle. 

Within the race course there will be numerous obstacles for example, ramps, hay bales and also cones. To withstand these obstacles we will need a rigid chassis, a sound suspension to handle these along with a good connection between the wheels and suspension. The cones and hay bales could easily destroy a weak vehicle if they collided with each other. To prevent this a strong bumper is needed along with a good bodywork which would help with deflection.

Obviously, the car will need brakes to come to a stop, and to be better at turning corners. Being able to brake smoothly around corners will result in a much faster finish time.

Components such as wheel design, steering and suspension need to be carefully considered to make the car as effective as can be. 

For this task we have been given a budget, this means that certain areas of the vehicle cannot take up too much of the funding as it will leave other areas deprived of its needed components.

In every individual chapter during this report we will make sure to dissect and identify all problems with our vehicle to make sure we create the best possible version we can. Also mention why we have chosen certain methods and support our choices within depth research.


Chassis


There are 3 various materials we considered using for our chassis. Steel, aluminum and carbon fiber. Both cost and difficulty to use will be a deciding factor.

After a bit of research, we decided that steel would be the material of our choice as welding is already provided through the university workshop.

We discovered that using a steel square section, mid welded frame the chassis will have a strong and durable light construction. One of the reasons for using this method is because many go kart racers to full sized circuit race cars have used this method for decades with plenty of success.

We were happy that a well-designed monocoque could be just as strong, if not stronger than a tubular frame. Unfortunately, time and cost limitations meant that our ideas had to be slightly modified as the outer shell was not structural and that the loads would be taken with an internal frame instead.
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Suspension


Suspension absorbs vibration, gravitation and impact forces from the road. There are many different suspension systems that could be used such as;

Double wishbone suspension:
Double wishbone suspension consists of vertical control arms, both upper and lower which boosts the negative chamber. This means more of the tyres surface will be in contact with the road. Also the wheels alignments remain consistent as well as the steering.
MacPherson strut suspension:
The advantages of the MacPherson strut is that it takes up less room than the double wishbone suspension system due to their smaller size, this also results in weight being saved on the vehicle which allows it to accelerate at faster speeds.
Pushrod suspension:
Pushrod suspension allows the suspension components to be mounted in the centre of the vehicle which will lower its centre of gravity which will make it handle better due to less body roll and more efficient suspension movement. It also makes the vehicle more aerodynamic as the suspension doesn’t need to be mounted next to the wheels.
We decided to go for the double wishbone suspension as it is mounted to the chassis very strongly via direct mounts allowing the racer to be more stable. For the rear suspension we will have a solid mounted hub to avoid any unnecessarily movement. 






Steering


There are many different ways for the steering of a soap box to work but the most conventional would be the steering wheel in the cockpit attached to a rod of some sort. This rod has a straight cut spleen on the end, it will be a rotating movement of the wheel into a side to side movement on from the steering rack to the wheels. This happens by pushing ‘track rod’ ends on the wheel whilst pulling the other on the other wheel and visa versa.

This steering setup is a very effective way for our soapbox as its very lightweight and does not take up much room at all. The track rods are very useful, it's perfect for our vehicle as they are very flexible, which means if we happen to crash there is less chance that it will break and stop as from failing the race.
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Wheels


Research into possible wheel types we started at assessing the rules to see if there would be any implications in place that would limit our selection. Fortunately, there wasn’t any, so we were able to explore all possible paths in order to find which wheels offer the best results as well as fitting the budget. Due to the wide variety available we continued to narrow out different wheels that present negative attributes.  Red Bull soapbox videos on YouTube offered enough context that narrow wheels such as bicycle wheels would buckle under the weight of the soapbox at high speeds.
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Photo Available at http://scottishcarties.org.uk/resources/construction/wheels under the Heading ‘Soapbox wheels’
Because the wheels are the only points of contact between the soapbox and the gravel course, we needed to find a wide enough wheel to be able to negotiate the terrain as well as distribute the weight through corners. There are enough fellow competitors that we can expect the soapboxes before us to create grooves in the gravel especially through corners. These grooves will also challenge the structural integrity of the wheel. Wheelbarrow wheels are often used to negotiate the harsh terrains of building sites and gardens as well as managing to carry the weight of anything inside the bucket. If a single wheel can do this then having one on each corner should be able to maintain the dexterity of the soapbox. Wheelbarrow wheels also offer a centre spline for mounting onto the chassis and a tyre capable of navigating the gravel stages of the course.[image: ]
Above is an example of one of the more expensive products available and is still within the budget. Under the specifications tab of the website it lists the wheels max weight capacity being 100 kilograms which when multiplied by 4 is enough to cater to our soapboxes design.
Brakes


Brakes: 
With the course being 550 meters long and having a 50-meter descent throughout, the brakes are a key element of the carts design. The website warns that participants can expect to reach speeds of 30-40 mph, when paired with corners the use of brakes can be the make or break of the soapbox. Being a self- propelled vehicle, it relies on momentum and gravity to increase its speed, therefore the appliance of brakes limits momentum. For this reason, we will be going for a rear oriented braking system. Using hydraulics when the pedal is compressed the master cylinder will result in fluid being pushed through the line until it pushes a piston on either side with braking pads attached against the rotors inside the rear wheels. Unlike the conventional pinching action that brake calipers provide we’re hoping that simply applying friction on one side of the rotor will have less of an impact on the soapboxes momentum when still accomplishing a braking force significant enough for any corners faced. In order to reduce the amount of money spent to accomplish that we will be using a master cylinder attached to a slave cylinder on each side, by having the friction component attach directly to the slave cylinder it will take up less space as well as reducing the weight of the overall braking system. Below is a diagram of the internals and how the action is translated between cylinders.[image: ]
Body & Aerodynamics


For our design the material of choice for the body would have to be carbon fibre, unfortunately this was too expensive as it was roughly £60.00 for around 2mm of thickness at 0.50m X 0.8m*. The alternative to this was fibreglass, it’s a much cheaper and easier material to use. After conducting research, we discovered that a 2mm fiberglass flat sheet would cost around £35 for 0.6m X 0.6m*.
Numerous types of soap box race cars have been tested and used during the research to discover a new soapbox we found the best shape for speed and stability, which are two key elements to a successful vehicle is, a dart like shape with an inwards tail at the rear. This makes for a good aerodynamically fast soap box racer, an example of this being used successfully is most commonly seen in Formula 1.
In our design we have decided to integrate the wheels into the body as it will reduce drag around the front wheels. Damage will also be hugely reduced if the front wheels start to become under any impact. 
The front of the vehicle will be at a low gradually increasing in height until it reaches its height whilst being slightly being behind the driver's head. We decided on a protective cover over the drive is also a good idea, this is to add extra protection during the race. This will be made out of clear PVC as it allows clear vision for the driver and also reduce the drag. Velcro strips will be added to ensure the driver will be able to leave and enter the vehicle independently.  [image: ]



Materials & Costs


Steering
	Item
	Quantity
	Cost/Total Cost

	High quality 10mm male rose joint
	4
	£7.20/ £28.80

	      Tapered stub bearings
	4
	£6.00/ £24.00

	      10mm taper stub body
(right/ left)
	2
	£30.00/ £60.00

	      20mm hexed stub shaft
	2
	£13.20/ £26.40

	        12mm stub  king pin
	2
	£6.00/ £12.00

	              Steering Colum 
	1
	£36.00/ £36.00

	Steep angled steering boss
	1
	£13.20/ £13.20

	Caliba 300mm Steering wheel 
	1
	£28.74/ £28.74 





Brakes 
	Item
	Quantity
	Cost/Total Cost

	Disk rake
	2
	£17.75/£35.5

	Calliper
	1
	£23.65/£23.65

	Brake Pads
	1
	£224.30/£224.30

	Brake Line
	1
	£7.96/£7.96

	Master Cylinder
	2
	£18.52/£37.04

	Go Kart Brake Pedal
	1
	£49.95/£49.95





Wheels
	Item
	Quantity
	Cost/Total Cost

	Pit Bike Orange CNC Wheels Kenda Tyres SDG Hub 14" 12"
	1
	£139.99/£139.99

	Unilli Slick tyre set 12" Front and Rear Supermoto Race Pitbike Mini 100/90
	1
	£99.00/£99.00





Suspension
	Item
	Quantity
	Cost/Total Cost

	Suspension Wishbone
	2
	£51.38/£102.76

	Direct Mounts 
	2
	£4.99/£9.98

	Rose Joint 
	1
	£11.69/£11.69

	Shock Upsorber
	1 (2 piece)
	£36.58/£73.16










Chassis
	Item
	Quantity
	Cost/Total Cost

	12″x12″x3/16″ mild steel plate (brackets, mounting tabs)
	1
	£102.20/£102.20

	1″x1″x11ga square tubing, 9m is more than enough
	1
	£7.59 per m/£68.31

	26×20″x16ga sheet metal, for the floor pan
	1
	£20.44/£20.44

	3/4″x11ga round tubing, 18″ section used for the steering shaft
	1
	£24.62/£24.62

	5/8″ nuts and bolts are used for the axles
	1 (bag of 75)
	£4.63/£4.63

	1/2″ nuts and bolts are used for the spindles
	1 (bag of 10)
	£3.57/£3.57

	3/8″ nuts and bolts are used for the steering assembly
	1 (bag of 4)
	£1.13/£13.7

	5/16″ nuts and bolts are used for engine mounting, pedals, seat slider, and drive wheel assembly.
	1 (200 pieces)
	£4.67/£4.67

	1/4″ nuts and bolts are used for mounting the brakes and throttle linkages to the kart pedals, kill switch, steering wheel, and seat to seat frame.
	1 (60 pieces)
	£7.99/£7.99

	1/4″ round bar, a 60″ section was used for the brake rod.
	1
	£68.52 per 3m/£68.52






Project Planner


Group planning went pretty smoothly as we managed to set goals and roles to each individual group member within 4 meetings over the few months we had to prepare. 

During our first meeting we discussed general ideas that could be used to put together a good detailed soapbox race car. For ideas we looked through google and past students work for inspiration, materials and parts. Leaving the meeting we had a good idea of what we were looking for and carried on researching in our own time what materials and parts we needed and made sure we were prepared for the next meeting.

The second meeting started off with presenting our research and ideas, we then decided whose ideas were the best and most practical. After had discussed which was best for our vehicle, we went on to give each other roles and what was expected to be done by the next meeting.

Our third meeting included just a small group discussion to see how everyone was getting on and if we were on the right track, it was also a chance for someone to have some help if they were unsure on a certain part. We also met as a group to pitch our ideas in a short presentation to the tutor, we all spoke about are individual roles. The PowerPoint included photos and an in-depth discussion on what has been completed. This was a very successful PowerPoint and I believe the tutor was impressed by the work we had already completed.


For our fourth and final meeting we finalised our ideas with each other and make sure we had all completed our given roles and were ready for the report to be submitted.




Conclusion


As a team we were set out to design a theoretically competitive soapbox race car, after many meetings we decided on a steel chassis, a bullet shaped body in fiberglass panels was the best idea for our design. 

Other materials for our design were considered but our budget and difficulty of using aluminum and carbon fibre for example, restricted our ideas. We discovered steel offered the best results, it was the most cost effective, the best strength and also weight ratio. Fibre glass was similar as it was cheap enough, very durable, easy to buy and use, compared to the carbon fibre.

Moving onto wheels and brakes, we found wheelbarrow wheels will provide the perfect strength and grip. Our research showed us that these wheels would be strong enough to withstand jumps that will be at the race, these jumps are what usually end races for teams so using strong stub axles, bearings and lubrication the wheels should be strong enough and be able to take a slight bit of damage.

For brakes we decided to go with a rear oriented braking system using hydraulics when the pedal is compressed. This will provide a very strong braking system on all four wheels as the master cylinder will result in fluid being pushed through the line until it pushes a piston on either. Braking pads attached against the rotors inside the rear wheels will be used for cushioning.

When it came down to suspension we decided that a double wishbone design would be best as its perfect at allowing for good articulation in both steering and suspension travel, where we will be using shock and coil system from a pit bike.

As a team I feel like we have created a not only very competitive soapbox race car, but also a very cost effective, strong and damage resistant vehicle. This design will be slightly heavier but not to the point where it will fail during a race or it being no longer efficient.
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