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Introduction 

Our Aim 

As a team the aim is to design the fastest possible gravity racer within reason of affordability without jeopardizing the drivers safety whilst meeting all the given rules and regulations for the event in question.

Organization
The formation and structuring of the team have been launched at the first gathering. At this meeting all members of the group have aimed attention at the selection of Chairman, Secretary and experts in each field of the project, e.g. Chassis, Brakes, Bodyshell etc.
The appointed roles were as per following:
Management
Chair: David Carpanini
Secretary: Kseniya Gomzjakova
Marketing & Presentation: Elliott/Dan
Editing: Reuben Shepherdson/David Carpanini
Specialist Design
Aerodynamics: William Rowlands
Chassis & Setup: Owen Richards
Rolling Stock: Dan Richards
Safety and Driver Interface: Elliot Shaw
Steering: David Carpanini
Suspension: Reuben Shepherdson
Materials:Kseniya Gomzjakova




Management and organization
The good organization is a key for project to be successful. The Chairman has appointed the roles for each member of group and has discussed how to use available resources. Each member of group had an assigned role which has been discussed on the first meeting, therefore everyone in the team was responsible for the assigned area. The Chair monitored and summarized progress of project. Despite these assigned roles, each member of the team has contributed to the work of the whole project. 
A lot of work has been done virtually using the social media networks (Facebook group chat), as it is easier and faster way of communication. Although, also face-to face meetings has been held on every week basis with debates and discussions to put all ideas together. On the meetings we compiled and summarized the pieces of work that have been done by each member towards the project. Also, the main issues and problems were identified and analyzed, and any further improvements have been taken in to account.
directions: 


Key Cart Specs and Regulations
Maximum length 2300mm measured from front to rear of soapbox
Maximum width 1118mm measured from outside to outside.
Specification points:
· There must be four wheels, fitted with pneumatic tyres, one on each corner, (more than two “in line” wheels will not be allowed) and all wheels should be in road contact during normal running. 
· Ground clearance should be sufficient to clear the top and bottom of the starting ramp – 50mm minimum is recommended.
· Braking must work on no less than two wheels on the same 'axle'. 
·  Soap boxes must be designed to carry one person only, in a feet first direction.
·  The roll bar should be at least 35mm above the driver’s helmet when the driver is seated normally in the vehicle, and a second roll bar should extend at least 25mm beyond the driver’s gloved hands
· All soapboxes must be constructed with pedestrian friendly sympathies. Sharp edges will not be permitted. 3.4 No glass or other materials that would shatter or cause injuries to drivers and spectators in the event of a crash should be used in the construction of the soap box.
·  Gravity propulsion only – i.e. no motors, no pedals & no stored potential energy. 

Research and Design

Aero Dynamics (William Rowlands)
Initial designs
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 After thorough discussions with the group we came out with a preferred design and more suggestions. The team decided on an amalgamated design of 3 and 4 which is a Lancia stratos and a simple soapbox design.
 
· Lancia Stratos 
The Stratos was designed in the 1970s and was very successful rally car throughout the 1970s and early 1980s. The car was the first of its time to be designed purely for rallying. For the soap box project I will take inspiration from the stratos design and the man behind the work Designer Marcello Gandini. The design will closely follow similar body lines in order to create a soap box which represents the same leading rally car in the 1970s.
[image: ]Image shown is the championship winning stratos design. Our team intend on following closely with the design and work on evolving it into the soap box design regulations
Colour Scheme (1977 world championship version)
· Current design 
 [image: ]

Chassis (Owen Richards)
With the chassis being the main part of the Soapbox, two things need to be incorporated into the design; safety and simplicity. 
The design the group have gone for is similar to a space frame chassis, so once every component is bolted to the chassis, a fibreglass body can be placed over to improve aerodynamics. The driver is the priority for safety, so the spaceframe will have bars surrounding the drivers’ feet and legs, for frontal collision protection, sidebar support in-case of encountering something side on, on track. With the addition of an overhead roll bar (higher than the drivers seating position), for any reason, the Soapbox could roll, therefore the chassis will touch the floor instead of the drivers’ helmet.
To improve structure for the chassis, instead of having straight bars for the frame, they will have intentional bends for strength and shock absorption. Using bends can also tighten the width of the chassis. 
Having a simple chassis design will mean that other components, like steering and suspension, can be easily mounted to the frame. The same goes for the fiberglass body.
[image: ][image: ][image: ]
 
These pictures were taken in the UWTSD workshop to help explain what I mean in the paragraphs earlier. The pictures show the overhead bar, the feet and leg support, the side bar supports and the bends to incorporate into the chassis.
 

  Materials (Kseniya Gomzjakova)


Bodyshell

Initially we have decided to use carbon fiber for a bodyshell but, firstly this is very expensive, and secondly there is more work as fixing a mold to be done. So, we had to cancel our initial idea and look for another material. After discussion and analyzing all pros and cons, we made our choice to use a flexible plywood. 
Flexible plywood is designed for making curved parts, it’s extremely strong and light. Flexures made with use of flexible plywood are characterized by even and smooth surface and can be finished by painting and staining (which also allows a soapbox kart look aesthetically). He plywood can be easily milled, it shows good connectivity, and after final fixing it remains stiff. 
Plywood with these flexible characteristics is manufactured from specially treated veneers, usually with a thinner central core veneer and two thicker “tenderized” outer veneers. This special construction of particular species of veneers gives an unusually large degree of flexibility.
Flexible wood is characterized also by user-friendliness, since no special equipment is necessary to form the curvilinear items. Moreover, there is no need to use skeleton constructions or special support while preparing profiles.


Chassis.
Conventionally, we have choice of few chassis construction materials: steel tubes, aluminum honeycomb and carbon fiber. Let’s examine our options: 
· Steel tube has the advantage of low initial outlay (like welding facilities, some way of restraining the frame while welding, a hacksaw, a selection of files and low-tech, medium priced materials), simplicity of build and good access to reparability.
· Carbon fiber produces the lightest and strongest structure available. However, it has the drawback of requiring extensive and expensive equipment for molding the shape.
· Aluminum honeycomb board is quite dated technology, and been superseded by carbon fiber. But it has excellent strength to weight ratio, corrosion resistant, elevated temperature performance, easily machined and formed.
 it has some attraction, like no molds or jigs are required. The attachment points for suspension etc. can be drilled in the board whilst it is still flat, making life a bit easier, and there is no deformation or shrinkage of the structure. 

Suspension (Reuben Shepherdson)

 Our first thoughts for our soap boxes suspension was to have double wishbone suspension all around as we believed because of the handling characteristics it delivers and the amount of adjustability given by using such a design. 
  After having a discussion with Paul Davis in the workshop, he talked us through the chassis design, steering and suspension. He suggested that no real form of suspension would be necessary on the front or rear but to instead rely on the tires to absorb and bumps on the track, after further discussion Paul recommended we could use rubber on the front either side of the pivot for the steering for extra absorption. For the rear we thought that we would use a ‘Bushing Suspension System’ as shown in picture 1 [image: ]
Figure 1
After discussion with the group, we decided against using either of these suspension systems and to rely on the tires to absorb any possible sock that is encountered on the track similar to a go kart shown in figure 2. Flex in the soapboxes chassis will also take some of the shock that may be encountered on the track.
[bookmark: _GoBack]As there will be no suspension used we will be saving weight which should result in our soapbox being faster than our competitors who have used suspension.  [image: ]
Figure 2



Elliot Shaw (Safety and Driver Interface)


The first step of driver interface is to take an accurate measurement of the driver in question, so the chassis and surrounding roll cage are made to accommodate his/her height.
 With the roll cage and chassis put in place the next step is to design and measure the steering wheel and the seat to suit the driver in question.

After the steering wheel and the harness are in place next would be to work out the ergonomics of the brake pedals operating the front and rear brakes.
 With the ergonomics of the wheel and roll cage meeting expectations, we then have to look at the escape method for the driver both from the inside of the cockpit and from the outside via a third party, whilst maintaining the shape of the vehicle and keeping it as aerodynamic as possible
To do this, you must look at the method in which the driver may have to safely escape the vehicle say for example if the vehicle had an accident and came to a rest overturned.                                               
                                                              .
"2.9 Bodywork and controls must not impede the driver in exiting the vehicle unaided"

The most important aspect of this is the shell and five-point safety harness, to prevent the driver from being thrown from the vehicle and being exposed to external elements such as the tarmac, trees and any barriers that are present.
 When designing the shell it’s important to work closely with the aerodynamics designer so that the fairing and chassis won’t impede the drivers exit from the vehicle. For safety reasons no glass will be used nor shall there be any sharp edges of the vehicle to prevent any harm to spectators and to the driver in case an accident occurs.
 Keeping the vehicle smooth and removing sharp edges will also help keeping the vehicle streamline reducing drag and improving air flow.
 
So, the driver can exit the canopy and so external assistance can access the driver, the canopy will be fastened to the shell using a thick Velcro strap across the base as screws will require tools and will take up more time to remove if the driver for example lay unconscious inside.



Steering (David Carpanini)
When it comes to firstly thinking up and then designing the steering components that will be needed in the soap box. My belief is that it should be kept as simple as possible and also as light as possible as the soap box cannot carry much weight as we want it to perform well.
This is the type of steering that will be applied to the downhill cart as it will be simple form which is pitman arm steering, this would be easy to build as would be made of only a handful of parts needed. 
[image: ]
(go cart steering, from the workshop, pitman arm style)
The steering Colum can be located anywhere on the soap box from left to right as it will then just the tie rods will then be made to size but seeing that soap box can only be a maximum of 1118mm wide, so the steering is most probably going to be in the centre with equal size tie rods on both sides. The tie rods will have adjustable ends so the toe can be adjusted and also the tracking can be done so that it goes true and straight.
Both tie rods will be attached to the steering Colum by a pitman arm on the bottom this is the simplest way without over complicating it, the Colum will be held on by bushing that will ensure that the column is held secure. 
When it comes to making the steering manageable it needs to be a minimum of a 2:1 ratio otherwise it will create a cart that is unable to travel at speed without being twitchy and wobbling. There also does not need to be a direct link between the user's hands and the wheels as this would again cause the twitchy steering. Using a larger steering wheel with also help to reduce sudden movements and be easier to control under speed. 
If the cart is still very hard to control at speed during tests a motorcycle steering dampener can be added to help reduced play and stiffen up the whole system. Another way to help reduce the twitchy steering would be when the soap box is built do not build any of the components at a 90 degrees angle to the chassis.
One component of the steering that is necessary is the king pin, this is what the wheel will attach to and pivot on. This will help prevents rubbing in the corners which would slow the cart down and not help with carrying speed through the corners and on the straights. This king pin system will also work well as there will be not too much angle needed to go down the course with an average soap box having about 10 – 15 degrees and can always be adjusted when the group goes on the testing the soap box.

[image: ]
(image of go cart steering components including the king pin)
Having an Ackerman system coming off the king pin will help with the bump steering and also make the steering a lot more controllable and again help with scrubbing off the tyres.
[image: ]
(simple diagram of how Ackermann works) 



Rolling stock for gravity racer (Dan Richards)
First, I would like to cover some of the options of wheels that are feasible for our soapbox; after looking through many different styles, materials and designs I have narrowed it down to six. The first type is a 10” height slick go kart wheel, which has the benefit of having lots of traction on a track due to being soft rubber, having a wide surface area for more grip and stability for the soapbox itself. Also, being small enough for the heat to build in the tyre quickly creating more sticky traction, this would all add up to a good option for our gravity racer. 
 [image: ]
However, I then decided to veer slightly towards quad/atv wheels giving a bigger structure overall than the go kart wheel would. The wheels range from 15” up to 27” in height and also larger widths of the tyre section equalling greater traction and stability compared to the go kart wheel. 
So a different type of tyre and slightly bigger rim may just be the very thing we need for our soapbox; more traction due to the tread on the tyre being for off road use. Since (     ) soapbox track has dirt sections and corners this might be more beneficial than slick tyres on the tarmacked stages.
 [image: ]
Taking this information, I decided to do some more comparisons on some other wheel styles. So now taking a look in to solid can dimpled aerodynamic racing wheels which reduces drag on push bikes. It will do the same for our gravity racer but these wheels use a solid rubber tyre and this would create problems for us as we are not having independent suspension on our soapbox, this would cause a lot of bouncing and juddering through the chassis and over all causing the racer to slow down.
 [image: ]
Moving on to a similar style of wheel but being made of a light weight composite material like carbon fibre and having a high-pressure air-filled tyre may bring the advantages we are looking for. The movement in the tyre gives us some form of dampening for the rough surface, but due to the high-pressure that is needed in the race wheels (over 100 psi) it acts almost the same as a solid rubber tyre so no reduction in compliance would be achieved. Even though there would be a weight reduction to the gravity racer which potentially would make it faster, the time will be lost in the poor handling and ride of the racer.
[image: ] 
So now moving on further in to my research I am now looking into downhill/dirt pushbike wheels. We are getting closer to what we are looking for in the rolling stock section. The advantages of downhill wheels are that the style and tread of the tyre is going to give us good traction off road and on the track. A lower pressured tyre is going to have more give, providing a smoother ride quality thus increasing speed and decreasing time. This is almost ticking all the boxes of what is needed but there is one more variable that is needed to achieve the full potential of our gravity racer.
 [image: ]
 I made a quick decision that the panicle would be a small wheel from a motocross bike. It has the durability of taking a fair bit of punishment without affecting the structural integrity of the wheels performance. It can give us excellent suspension type properties as a greater volume of air Is used so we can reduce the pressure. And the overall sizing of the wheel which gives better dynamics and traction for off and on the road use. Using an enduro tyre on the motocross rim will give us the best of both worlds, having a smooth ride on the tarmac, but also with deep tread so it can grip in the dirt. Therefore, our overall wheel size and option is a 17” overall diameter by 100mm width, and being a front motocross wheel, it

Minutes of team meetings
October 18th  2017
Members: David Carpanini, Owen Richards, Kseniya Gomzakova, Elliot Shaw, Reuben Shepherdson, William Rowlands, Dan Richards
We had created a group conversation on Facebook so that we could talk about ideas that we find in our research and also discuss when the group will meet up so that we can discuss roles and work that we had done. We also agreed on the first group meeting which was to be held in MLB09 at 12.30 on the 23rd of October.

October 23rd 2017
12:30-13:30
Members: David Carpanini, Owen Richards, Kseniya Gomzakova, Elliot Shaw, Reuben Shepherdson, William Rowlands
In this meeting we discussed what were the key spec points that we needed to have a successful soap box, we looked at existing soap boxes that had entered the competition to get some inspiration and also what the requirements and regulations for the soap box was. We left the meeting with a rough idea of what had to be done but did not yet know our roles as we had to do a bit more research into what was needed for the project and what was needed for the soap box. 
We also decided to meet up the week after in the library.

October 30th 2017
12:30-13:30
Members: David Carpanini, Owen Richards, Kseniya Gomzakova, Elliot Shaw, Reuben Shepherdson, William Rowlands
We met up after doing some research to go through and allocate roles with in the group, these were given out on past experiences (if someone had done one of the parts such as designing or been doing chassis work) they would do the role like that, this meant we all had roles to do with in the group 
Elliot and will - aerodynamics/ safety and driver interface
Owen -chassis and setup 
Reuben –suspension
David - Steering  
Dan- Rolling stock
Kseniya - materials

November 13th 2017
Members: all 
This meeting was to get the group together so that we could all go through what we had found out and also done when it came to the individual parts of the group e.g. chassis. We could then go through the separate parts and make sure everyone was on track and not doing something that they shouldn’t as this would set the group back if it wasn’t found at this time. We also used this time together to go through the designs that Will and Elliot had come up and help pick a final design that could then be advanced on to get the final design that everyone was happy with.
November 29th 2017
Members: all 

We had organised via our Facebook group chat that we would have another meeting the downstairs library, this meeting was to help the group finish off their technical part of the project, as some technical parts would overlap so we had to make sure that the group was in sync and that the ideas that were coming through would be possible and not have something that would never work and have components that did not fit with the style or overall build of soap box.
As a group we had also decided how we would present the project so had to assign parts to people to write up as this seemed the fairest way to do it. These separate parts would be  things such as introductions and the conclusion and with a good idea we agreed to meet up soon but would arrange it on the face book chat.

December 14th 2017 
Members: all 
We met up in the mount pleasant library so that we could discuss what was the next step in getting the project completed, with most of the group not yet completed the writing part of the essay, it was decided that we would finish it over the Christmas break so that we could make up a presentation with everyone's work in it ready for when we needed to hand it in, this meant we would then have time to go over the presentation individually and add notes and more input and not be rushed for time.

Monday 22nd January 2018
Members: All
In this meeting we were going over peoples write ups to check if they were all making sense and working with each other and all linking up. This meeting was our last meeting as we had all sent our stuff off ready to make it into one document.


Conclusion
In conclusion we as a team feel that we have made a good start to our soap box project regarding research and design. We believe that our soapbox will be safe and competitive soap box. Our team has encountered problems concerning organisation of team members as not all of them have been committed as others, we have overcome this and on the last few group meetings all team members have been turning up. The team as a whole have been getting on well and have been meeting all deadlines set. 
Furthermore if our soapbox gives us any engineering challenges in the future, the team will overcome these which will in turn bring us closer together and help us work better as a group.
    

Gantt Chart  
	Name
	18/10/17
	23/10/17
	30/10/17
	13/11/17
	29/11/17
	14/12/17
	22/01/18

	Organizing group
	 
	 
	 
	 
	 
	 
	 

	Collecting ideas
	 
	 
	 
	 
	 
	 
	 

	Assigning roles
	 
	 
	 
	 
	 
	 
	 

	Discussing research
	 
	 
	 
	 
	 
	 
	 

	Academic roles
	 
	 
	 
	 
	 
	 
	 

	Group catch up
	 
	 
	 
	 
	 
	 
	 

	Evaluating writeups 
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