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	Introduction of the TT (Triumph tribe) team

Members of the TT 
· [bookmark: _Hlk504760804]Wesley Patrick    
· Laurie Paterson (co leader)
· Daniel Martin (Leader)
· Ian Newberry
· Dean Foad
· James Cooper
· Jason Evans 
Our role in this project is to work as a team to design a “soapbox” style of car that will adhere to certain regulations. The regulations that we need to adhere to are those of the Richards Castle soapbox derby.
[bookmark: _Hlk504760828]The roles we have given each member follows.
· [bookmark: _Hlk504760901]Wesley Patrick, will be constructing the chassis system. 
· Laurie Paterson, will be constructing the breaking system, suspension system.
· Dan martin, will be constructing the wheel system, organising, logo and shirts.
· Ian Newberry, will be gathering the materials for the soapbox car.
· James Cooper, will be calculating the cost of the making of are soapbox and the material cost also.
· Jason Evans, will be crafting the external design and aerodynamics. 

The first step we decided to do is make a group chat on Facebook to organise are team with the roles chosen above. After we all was happy with the roles we were given, everyone started to design and create are soapbox with their own person ideas. 
While are ideas where on the way we had multiple team meetings to share and discuss are ideas further until we had a settlement on the final piece. Are aims where to create a soapbox no one has ever made and following with a unique design, the team worked well to perform this.
Are main goal being to get everything spot on, so we could achieve a realistic soapbox that could perform on the Richards Castle soapbox derby. 
We all uses many types of methods to achieve are goal. We used all sorts of programs like Solid works, excel, word doc, PowerPoint and true sources of research on the internet. 

In conclusion we worked extremely well as a team with many strong points such as meeting deadlines, loyalty, communication, dedication, passion, and many more. We strongly believe as a team we could build are soapbox with confidence it will go right. While we all looked back over are work we reflected on many things and how they could be improved, we did just that.
Chassis
We opted for a chassis that was made from 25mm mild steel box tubing constructed with welds at mitre joints at each intersection. We chose mild steel over any other material such as stainless steel or aluminium, so we could keep the cost lower than stainless and stronger than aluminium. We chose to weld the intersections as this also provides strength over joining the sections perpendicularly and bolting them. The roll bar and braces will be made from single pieces of bent 25mm mild steel tubing again to provide strength in the event of an accident and then welded onto the chassis as we saw no other alternative to attach them
We chose to include a ‘X’ shape under the seat to provide support for the seat and to stop it falling through. We also chose to add tapered ends to the chassis to improve aesthetics and we could improve the design of the outer shell and make it a closer fit, so it was more rigid and wouldn’t wobble and move around under the strain of the bumps and corners.
For the axles we chose to have the rear free moving mounted on pillow blocks on the rear taper of the chassis and the front axle would be independent attached to a cross beam welded onto the chassis with a system attached to the ends that allowed the wheels to move independently but also allow steering.
Having the axles mounted on top of the chassis gives us an advantage of a lower centre of gravity thus improves the stability and handling
[image: ]We attached steering column hangers off the front two braces so that the weight of the steering assemble can be moved further back and the weight supported and distributed.
The overall dimensions for the chassis are 1800mm x 950mm x 1229.5mm
[image: ][image: ]To the left is an initial sketch of the chassis design that we drew and developed into the chassis we have currently.
To the left is a CAD drawing of the finished chassis showing the roll bar and braces and part of the steering system.
To the right is a birds-eye view of the chassis from a different aspect.















Steering 
For the steering we opted to take ideas from a tony kart steering system and another soapbox that someone had built previously.
The design centres around plates hanging from the steering column with a bar attached to one side of the chassis which when turned pulls the wheel hub to either side then there is another bar attached from the one side of the chassis to the other steering hub which in turn turns the opposite wheel.
[image: Image result for tony kart steering][image: ][image: ]The steering column would be made out of 12mm mild steel tubing as stated earlier to keep the cost low but strength high and the steering rods would be made from 8mm mild steel rods with a 6mm tap set in each end and rod end bearing screwed in to allow rotational and vertical movement all of the bearings and hubs would be bolted in place with m6 x 25mm screws with nuts on the end with compression washers. The hub cylinder would be mounted on a m8 x 55mm bolt with a nut on the other side, a steering rod bracket will be welded onto the steering column so that as the bracket is acted upon it thus turns the wheel. Left shows the tony kart steering system from where we took inspiration.
Right shows the steering hub and how the steering rods are attached to the hub cylinder where the wheel hub will be mounted onto.
Left is an image of how the steering will work showing how the steering column directly acts upon the right side and then pulls or pushes the left side with it.









The Braking System

Hockey Stick Method:

Initially we looked at using the Hockey stick braking method on our Soap-box racer. Through research it appeared to be a very popular choice for people with experience in Soap-box racing and the simplicity of it was very attractive to us. The Hockey stick method works using a plank of wood with rubber pads situated over the rear wheels. Cables are used on pulleys to create tension causing the rubber pads to engage with the tyres thus creating friction and stopping the wheel rotation. For efficient and effective braking; the plank of wood would need to be mounted either behind the rear wheel below the centre line of the rear axle. Alternatively, you can mount it in front of the rear wheel, above the centre line of the rear axle. I found the below image in Google Images to demonstrate this technique.

                                          [image: ]

Caliper and Disk Method:

Like with the Hockey Stick method, the Caliper will still be operated by a cable running on pulleys. The cable will run from the caliper at the rear axle, under the driver to the steering column and up through the floor where it will attach to a lever in the cockpit. The disk itself will be mounted directly onto the rear axle and bolted in place using an adaptor plate. The caliper will need to be supported off of the chassis using an angle bracket. The angle bracket can either be welded into place, or a slot can be cut on the mill to allow for a more flexible positioning of the caliper in reference to the brake disk. The diagram below shows the positioning of the pulleys, disk and caliper.
                            
                                 [image: https://scontent-lht6-1.xx.fbcdn.net/v/t35.0-12/s2048x2048/23433245_1760673927276580_921658113_o.jpg?oh=5d1b73994ab97c4c3146dd358d942df2&oe=5A067F2D]




The Chosen Method:

We have decided to go with the caliper and disk method for braking. We feel that it is the best option to go for in terms of safety. Having two pads compress against both sides of the disk brake offers a far greater stopping force than that offered by the hockey stick braking system. Furthermore, the friction caused by the hockey stick braking system can cause a temperature change within the compound of the tyres, thus altering the ability to grip effectively and increasing risk of cracking and delamination. Also, if not applied gently, the act of braking could create flat spots on the tyre. This will effect the handling of the vehicle and could reduce effectiveness of braking overall. With a brake caliper and disk, you can eliminate any potential harm to handling and tyres and also increase the stopping capability, reducing the overall stopping distance.

Looking at different calipers available on the market, Wilwood offer a very good range of calipers at reasonable prices with a brand name widely recognized throughout the automotive and cycling community. After browsing through their cable operated calipers, we have settled on a 22mm, 4 piston caliper. This isn’t the cheapest product they offer however, we do not feel we want to take any risks with regards to safety and the effectiveness of stopping the vehicle.
The Google images below show the Wilwood caliper and how it works.



                             [image: ]

      [image: ]                  [image: ]

Suspension

Is suspension needed?

Suspension is a very important factor, it’s fundamental in determining the balance and handling of any vehicle. In racing it can be the difference between a win and a lose; in an everyday consumer market it can be the difference between a comfortable ride and an uncomfortable ride. When it comes to suspension on a soap-box racer, I immediately thought of three practical options that we could choose from. Option one, we could have a standard spring suspension. Option two, we could have no suspension. Option three, we could have a rubber bush/dampener suspension.

Option one:

Spring suspension is the most generic form of suspension found on vehicles. You can get Leaf spring, Coil spring and Torsion bar suspension. Normally accompanied with a sock absorber to take the majority of any impact occurring to the vehicle, the springs are capable of withstanding a large amount of force. Not only are they strong and robust but they are easy to adjust to a person’s particular needs or desires. You can adjust the springs height to lower or raise a vehicle and you can adjust the springs stiffness to either reduce or increase the rigidity of a vehicle.
[bookmark: _GoBack](en.wikipedia.org/wiki/Suspension_(vehicle))

Option two:

A soap box racer is a small one seated vehicle that’s purpose is to travel down a hill with very few turns. To have no suspension isn’t a completely crazy idea. By having no suspension, we would be reducing weight, reducing cost and reducing overall height of the racer thus, reducing air resistance and increasing speed down the hill. It could prove to be very beneficial to not include suspension.

Option three:

The third option is to have a rubber bush/dampener as suspension. This would be a cone shaped piece of rubber with ridges on, situated between the chassis and the axle. The idea of it being rubber with ridges is to allow for compression and allow the car to lean with the driver when cornering. To increase rigidity you would need to mold the dampeners out of a stiff rubber, for less rigidity you would use a soft rubber. The Google image below depicts best the dampeners I’m looking at for this idea. 
                                                                [image: ]
Which one?

We have decided to go with option three. We feel that having no suspension would be very uncomfortable for the driver but having springs and shock absorbers is a little bit overkill for a soap-box racer. We feel that having a rubber bush/dampener is most reasonably practical idea. Cost should be very low, integration into the design is very easy and straightforward and it doesn’t affect the ride height too much.


















Tyres and wheels  
How we decided on what to use.

 My job was to create and to construct the tyres system of the team’s soapbox car. 

As discussed, we thought as a team it will be good to have a 16-inch to 18-inch ratio on the soapbox. We thought this will be best because the soapbox will be aiming downhill, so with this ratio there will be a slight tilt on the soapbox. 
The ration will benefit with the aerodynamics of the soapbox going downhill.
[image: ][image: ]  For a set of 18 -inch two tyres it costs £30

These 18-inch wheels look like they will be grate for are soapbox because they are reasonable in price and have 50% slickness and come in a pare.

This tyre is an ideal for the front of the soapbox because it has a fair amount of grip which is good because the front is where you will be steering the soapbox, so you will want that gluey feeling that you’re stuck on the ground.





















External Design
[bookmark: _Toc504763172][bookmark: _Toc504764034]The basics
This may seem fairly straight forward but aerodynamics are very important in a soapbox racer, the only forward acceleration that is in effect is gravity pulling the racer down the hill. That means any form of opposing friction or resistance that can slow the racer down would need to be reduced as much as possible(Redbull.com, 2018). Part of creating a soapbox racer is fun as well as the competitiveness. So along with the aerodynamics of the racer it would need to be aesthetically pleasing. The ideal soapbox racer would then be a combination of them both. 
[bookmark: _Toc504763173][bookmark: _Toc504764035]Aerodynamics
	All things that move through air are affected by aerodynamics. The way air moves around objects can cause drag or friction or any other type of resistance that could cause the object to change its speed or change its direction (NASA, 2018). This would weigh heavily on the external design of a soapbox racer. At the front of the racer would be a push of high pressure air and at the back would be a something called the drag coefficient which is an area of such low pressure that it is nearly a vacuum (Science, 2018). In light of this the considerations for the design were fairly straight forward. 
The A-Team Van design had obviously low expectations for good aerodynamic properties. It would have a large surface area at the front with a large profile trying to “push” through the air. This would cause a large amount of resistance trying to go “through” the air. 
The Helmet design was inspired by the aero helmets used in competitive cycling and motorcycle helmets as they both have aerodynamics included in their design. These designs however, were made as part of the whole, taking into account the rider, the helmet and the cycle as part of one aerodynamic object. Using just the helmet part would not be as aerodynamic as it may seem. 
The simplest idea for the aerodynamics was a wedge which would allow it to cut through the air however there would be a possible drag at the rear of the wedge so it would need to be a slope at the rear which would remove a large amount of the drag. With rounded edges and smooth surfaces this would be a very aerodynamic shape. There would also need to be enough downforce to ensure that there is enough traction to allow for good handling and stability. To combat this a more cylindrical type shape with “fins” designed to give the downforce was designed. Along with the low profile design this would be the best design for aerodynamics.

[bookmark: _Toc504763174][bookmark: _Toc504764036]Aesthetics
	The look on the soapbox racer, as mentioned earlier is an important step. Not only does the soapbox racer need to look good but it needs to incorporate the aerodynamics into the design. As mentioned earlier there were several designs before a decision was made on what was the final design. Including a wedge, a “box” van type shape, and a cycle helmet. The final design was not only aesthetically pleasing but matched the aerodynamics that were required was the spitfire design. The idea behind this was to use a triumph of British engineering to possibly aid in the design of a soapbox racer.
[bookmark: _Toc504763175][bookmark: _Toc504764037]The final decision
	After each of the designs was finalised, they were looked over and there was a vote over which one suited the criteria of both, aerodynamics and aesthetics. The decision was unanimous in favour of the spitfire with a low centre of gravity and the appropriate aerodynamics in place, the spitfire would be the best choice for the group to continue the project with. This also taking into account other external parts like the “fins” or “wings” that were mentioned earlier. The smooth surfaces of the Spitfire design would allow for smooth air flow across the body and the canopy with the “wings” or “fins” giving the downforce.
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Materials
Chassis Options:
Aluminium: 
· One of the main and most well-known properties of aluminium is that it is extremely lightweight, with a density one third of steel however this does not affect it’s strength.
· It’s easy to machine, using most standard machining techniques and requiring a less energy input to machine than other harder materials, like steel or titanium.
· Relatively inexpensive, but more expensive than some steels.
· While easy to machine, it can be problematic to weld if proper techniques are not followed. 
(Source: Article titled: ‘Properties of aluminium’ taken from www.aluminiumdesign.net)
Mild Steel:
· Similar tensile strength to aluminium but higher density means heavier.
· Much more cost effective than aluminium.
· Easy to work with, machining and welding using standard techniques.
· Low carbon content gives it slightly more flex than harder metals, which is will help with the suspension & prevent potential stress fractures
(Source: Article titled: ‘Properties of mild steel’ taken from www.metalsupplies.com)
Verdict:
Final choice for making the chassis is mild steel. We chose this due to cost effectiveness. For our requirements the trade off between the lighter weight of aluminium against the lower cost of mild steel meant it was a more practical option for us. 

Rubber for bush suspension:
Fluorocarbon rubber (FKM)
· Higher density than most other rubbers, making it stiffer.
· Lower tensile strength than most other rubbers.

(Source: Article titled ‘Properties of fluorocarbon rubber (FKM, FPM)’ taken from www.makeitfrom.com)

Silicon:
· Lower tensile strength then most other rubbers.
· Lower density, making it softer and more malleable than a lot of other rubber compounds.

(Sources: Article titled ‘Properties of natural & synthetic rubber’ taken from www.sciencing.com)

NR – Natural Rubber:
· Medium density. 
· Good tensile strength. 
· Much more cost effective than other options. 
(Sources: Article titled ‘Properties of natural & synthetic rubber’ taken from
 www.sciencing.com)
Verdict:
We opted for NR rubber, it has the perfect blend of strength, malleability and cost efficiency. FKM is to rigid and not strong enough to with stand the potential forces acting on the suspension bushes, leading to potential failure. Silicon, while not as rigid as FKM is at the other end of the scale meaning it is to soft to actively dampen potential bumps and potholes on the circuit. Both silicon and FKM cost more to produce than naturally occurring rubber.

Bodywork options:
Carbon Fibre:
· Extremely good strength to weight ratio, making it a good option for our needs.
· Good tensile strength but can be brittle.
· Properties can be altered depending on fibres used during manufacturing process.
· Expensive to produce in relation to alternatives.
· Can be difficult to produce requiring specialist skills and equipment.
(source: Article titled: Carbon Fibre Characteristics – 
appearing on: www.christinedemerchant.com)
Fibre-glass:
· Reasonable strength to weight ratio.
· Easy to work with and produce.
· Much more cost effective than carbon fibre.
· Can be bought in preformed sheets ready to apply.
· Tensile strength and rigidity will be more than suitable for our needs.

(Source: Article titled: Glass Properties – appearing on: www.bgf.com) 
Verdict:
While carbon fibre would offer the best strength to weight ratio, making our kart light & potentially faster the difficulties in production and the costs incurred mean it is simply not a viable option when compared to fibreglass. While not as light or strong as carbon fibre it is strong and light enough for our needs. Since it can be bought in preformed sheets it can be laid out on a premade wire frame and have the hardener painted onto it in situ. This would only take a few days to manufacture the whole body, whereas carbon fibre would be much more suited to mass production. 
The below chart shows that while the strength to weight ratio of carbon fibre is almost double that of fibreglass, fibreglass is actual the next best material.

The following figures are offered for comparison only and will vary depending on composition, alloy, type of spider, density of wood etc. The units are kN.m/kg.
	Spectra fiber
	3619

	Kevlar
	2514

	Carbon Fibre
	2457

	Glass Fibre
	1307

	Spider Silk
	1069

	Carbon Epoxy Composite
	785


(source: Article titled: Carbon Fibre Characteristics – 
appearing on: www.christinedemerchant.com)
Cockpit windscreen:
Finally, for the cockpit windscreen we opted for a sheet of acrylic. This is extremely easy to manufacture and can be bought to spec. It comes in a range of varieties one of which is completely clear. It is rigid, which will help strengthen the fibreglass body around it and has good impact resistance that will prevent stone chips becoming an issue for the driver.
(source: Article titled ‘Acrylic’ taken from www.upcinc.com)













[image: ]Are team had a discussion on getting 7 shirts one for each member to represent we are a team. 

We brain stormed on multiple ideas on a design for the shirt. we managed to settle on a design that not only represents us as a team, but shows respect to the fighters in the air in 1914-1945 (WW2) 
The British spitfire was an amazing plane that managed to do a great thing, win us the war. Now we are not hoping for are soap box to end a war, but we are hoping it will be as successful as the spitfire. 
The TT team shirt in remembrance of the Spitfire.





[image: ]	Are shirts will cost around £5 each and around £10 each for us to print are logo on.
The logo will be placed on the back of the shirt and a smaller sized logo on the front, placed on the left.

Daniel martin managed to craft a logo for are group. 
This will be used on all of merchandise, but mainly the body of the soapbox. And the shirts.
The spitfire had 2 colour schemes “A” and “B”
A was applied to even numbered aircrafts while B was discontinued (this was to speed up production time)

We have gone for a camo that represents the pattern “A” 
















Costing Approximations

After the delegation of tasks within the group it came to me to price up materials and the overall cost of the build in the regards to our Soapbox, using the right parts to ensure it will be structurally sound and be able to be fixed easily on race day, whilst remaining cost effective. Below shows a price list of parts necessary to make the kart a reality.

	MATERIAL/ PART
	PRICE (£)

	Entry Fee 
	30.00

	3 Point Clip Seat Belt 
	8.58

	Bucket Seat
	21.06

	(6x) Team TT Logo T-Shirts
	45.00

	(2x) 2mm Pillow Blocks 
	17.10

	(2x) 2mm Flanged Blocks 
	21.20

	(3x) 25mm x 2mm x 3000mm 
Mild Steel Box Section Tubing 
[Parts – X; A-G, R; A-D, F; A-D, M; A-D: Total Length 11,313.51mm, Rounded up]
	70.95

	(x12) 25mm x 2mm x 500mm 
Mild Steel Cylindrical Tubing 
[Parts – Roll Bar; Harness, Middle and Front Brace: Total Length 5966.49mm, Rounded up]
	52.75

	(x1) 8mm x 2mm x 2000mm
Mild Steel Cylindrical Tubing 
[Parts – Rear Axle, Steering; Tube (x2), Rod Long + Rod Short: Total Length = 1997mm, Rounded up] 
	12.91

	(x1) 12mm x 2mm x 1000mm 
Mild Steel Cylindrical Tubing 
[Part – Steering Column]
	16.29

	(x1) 3mm Sheet 1000mm x 250mm
Mild Steel Sheet 
[Parts – Steering Hanger; Front + Rear, Rod Brackets, Hub Bracket, Total Length = 626.07mm x 215mm, Rounded up] 
	26.45

	(x2) m6 x 55mm Bolts
	4.96

	(x6) m6 nyloc Nuts
	16.44

	(x4) m6 x 25mm Bolts
	0.88

	BMX Front + Back Wheels 
	51.91

	Fibre Glass Shell – Fibre Repair Kit (3m²)
	22.99

	Perplex Plastic (1000mm) 
	36.99

	22mm 4Pot Brake Calliper
	149.00

	Brake Cable (Renault Clio) 
	22.49

	Brake Disc
	23.99

	Nr Rubber Suspension 
	37.08

	(x4) POS6 6mm Male Rod end Bearing M6 Right Hand Steel
	15.34



The total running cost is estimated to be at £704.36, most parts and materials were sourced from online auction site eBay, with a few exceptions being the steel; which got quoted from Steelscout.com, a trading name for Tata Steel UK. A few other specialist sites were utilized such as Wych Bearing & Engineering Supplies for the pillow blocks.

To raise funds for the project, three possibilities seemed to make sense and jump as being the most plausible. The first of which being was using a crowdfunding source; secondly seeking sponsorship collections which can raise awareness for the derby, advertising UWTSD and exposure for larger companies such as Red Bull & Monster Energy. A third option can be to solicit local businesses for support, contacting Swansea’s Chamber of Commerce, using a formal letter to explain; the costs of Team Kits, educational benefit of our project, the above price list, the opportunities that they gain from sponsorship through advertisement and finally details of where they can find more about the event. 




[image: ]




















Gant Chart
The below Gant chart shows the timeline of events throughout the project. As with any project, not everything stuck to the times we had hoped. Certain things took a lot longer than we had hoped and others didn’t quite take as long.

We took longer than expected to divide up the work between the team. This was due to a member of our team being missing and eventually we found out we was no longer a part of the course let alone our team. We quickly overcame this and were able to divide up the work and get back on track.

Week 5 we had to present the work we had done so far. We had mostly completed our sections in the lead up to this but there was still a lot of decisions to be made as to which ideas we would be going with and the percentage of completion for each section depicts this.

Once we had presented our work in week 5, we cracked on with our final designs for our assigned sections. Certain areas such as the steering and body design took a while to complete due to uncertainty as to which style we were going with and how we could incorporate it in our final design. Other such areas as the suspension and wheel design took a lot less time and were reasonably simple to complete. 

All in all, the project was successfully turned in on time. Everyone enjoyed working together to create our final design and we are all happy with how it’s turned out. We had no major disagreements and got on well as a team, working with each other to create a common end goal. 
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