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[bookmark: _Toc504748068] Abstract
[bookmark: _GoBack]The report will be conducted to research and develop a successful design of a soapbox racer. Individual team members will research component areas such as chassis and suspension design, this research will then be used to recommend specific designs for the soapbox that can be further developed in the second part of the project to produce a successful soapbox racer. After all research was conducted it was found that to produce a successful design, a steel tubular chassis was needed that would allow for a polypropylene body shell to be fitted and double wishbone suspension that would mount hydraulic disc brakes on 20” BMX style wheels that are steered using a rack and pinion steering column, the driver will be secured using a 3 point racing harness and will sit in a bucket seat made from HDPE.
[bookmark: _Toc504748069]Introduction
The task was set for the group to design and potentially build a soapbox style racer that could be entered in the Richard Castle soapbox derby event. The team set about doing this by first researching the specifications and regulations that the event has pre-set, these were recognised as important factors which would need to be considered in the design of the soapbox racer if the team was to be successful. The team consists of 8 members, different tasks and roles were allocated to each member as seen below.
[bookmark: _Toc504748070]Team Member Roles
Chassis Design- Callum Evans and Harry Grundy
Aerodynamic design- Kurt Evans
Materials- Louie Brennan-Card
Suspension Design- Sean Perks
Wheel Design- Zak Jensen (Team Leader)
Brake Design- Harry Blaser (Vice Team Leader)
[bookmark: _Toc504748071]Aims
The aims of the team were to research, develop and produce a soapbox racer which can meet all regulations of the event, be competitive in participation and demonstrate each team members understanding of how their role in their component design directly contributes to the overall performance of the soapbox racer. 
[bookmark: _Toc504748072]Objectives
To meet the aim set out by the team, multiple tasks need to be undertaken by each member. Each member must research and analyse possible design ideas for their individual tasks in the given time. The research should lead to significant knowledge and data being gathered about individuals set component design, this should then be put forward as a realistic recommendation of what they believe will be the best possible component design to produce a competitive soapbox racer which adheres to all rules and regulations set out by the Richard Castle Soapbox derby organisers and coincides with pre-set team restrictions e.g. cost and availability of resources.

[bookmark: _Toc504748073]Gantt Chart
A Gantt chart was created to efficiently allocate time to certain tasks within the project and to organise the group.
	Description
	Start Date
	End date
	Duration

	Role Allocation
	09/10/2017
	19/10/2017
	10

	Initial design ideas discussion
	23/10/2017
	25/10/2017
	2

	Primary individual topic research
	28/10/2017
	13/11/2017
	16

	Group meeting and research finalisation
	18/11/2017
	19/11/2017
	1

	Individual Research
	19/11/2019
	19/12/2017
	30

	Team Meeting and progress discussion
	20/12/2017
	21/12/2017
	1

	Project Writing
	22/12/2017
	10/01/2018
	19

	Format into report
	11/01/2018
	12/01/2018
	1

	Group Proof reading
	15/01/2018
	17/01/2018
	2

	Submission
	26/01/2018
	26/01/2018
	0.5





All team meetings were noted and recorded on word documents, these can be found in the appendices.

[bookmark: _Toc504748074]Initial Design Ideas
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[bookmark: _Toc504748076]Chassis Design


First design 
[image: ]
Here is design number one that is supposed to match the design of the body. The drawing is not to scale.
The chassis would be made out of aluminium as from my research it would be the best material to use, the design would be lightweight and strong due to the shape and the number of cross members. However, having 20 cross members may not be needed.
The roll cage is made behind the driver and would be about 30cm above the driver’s head to ensure safety. There is also a front roll cage to protect the steering wheel and driver’s hands in the event of a roll. 





[image: ]Second design


Here is design number two, I decided there was too many cross members in the first design, so I’ve reduced the amount from 20 to 10, this has now halved the weight of the chassis and would result in better acceleration and handling in the corners. I have also left a gap, so we can seat the driver and give him a comfortable driving position, 
The rear of the car has a small rear spoiler to maybe help with downforce and makes the car more aesthetically pleasing
The front of the car is sloped down to help with aerodynamics and therefore help with the performance of the car, it may help to stick the front end of the car to the road increasing front end grip.
However, the problems with this design is its too long making the wheel base of the car to long which makes the car poor in the corners. 









Third design 
[image: ]

With the third design I decided to make the car much shorter, this would decrease the overall weight and shorten the wheel base
The front nose is also more sloped downwards at more of an angle meaning it has a greater surface arear giving us better overall traction.








[bookmark: _Hlk504740240][image: ]Suspension mountings 

[image: Image result for wishbone suspension]
This is where the suspension mounts could be, they can be welded on the side depending on how high you want the ride height to be, I’ve got double wishbone suspension systems in mind. 








[image: Related image]Chassis materials consideration
 Aluminium
Aluminium is a very lightweight material but isn’t as strong as steel because it is softer. However, in a small box shape, the material is still extremely light but is 3x as strong. However, overtime and when faced with big impacts the material will still bend and could cause harm to the driver.
The material is also very cheap and easy to repair as its so soft it can be bent into shape with enough leverage. This makes it great for quick race day fixes.
This material would be perfect to make the chassis of our downhill soap box,

[image: Image result for steel pipe] 
Galvanized steel
Steel is a very strong material and would give out driver the protection he needs. However, the material is very heavy and may make our cars performance worse off the line but it could speed up towards the bottom of the run because of its increased weight giving the car more momentum. However, the extra weight could cause the car to handle poorly and roll to much and be unresponsive.
Having a steel chassis would give us less movement throughout the car and there fore could improve the handling as the whole car is more ridged, an aluminium chassis may flex more in turns causing skidding.
The steel pipe will be great to make the roll cage out of because of its strength and hardness, but steel will be to heavy to make the whole chassis out of it.











[bookmark: _Toc504748077]Wheel and Tyre Design

From team meetings it has been decided that the aims of the wheels are:
· Be able to provide grip for the track conditions 
· Be strong enough to not buckle or break under cornering
· Have low rolling resistance 
· Need to be securely mounted to the suspension to provide rigidity and safety
· Need to be able to have steering input quickly.
· Provide strong cornering grip to carry maximum momentum

One of the main factors that will impact the performance of the soap box racer down the course is the rolling resistance of the racer, which is greatly affected by the ‘is influenced by a number of different factors, the main ones being: pressure, temperature, road surface, wheel diameter and tyre width’ (HDRISCOLL, 2014). To choose the best possible tyre that will allow for maximum performance all these factors need to be considered. 
It has been put forward to research two different types of wheel that could be used on the racer, one being 20” BMX wheels with low tread pattern tyres (a) and the other being larger wheels with larger tyres as proposed to offer more grip and cornering ability down the course (b). 

[image: ]
(a)







https://www.firecloudcycles.co.uk/front-48-spoke-20-bmx-wheel-black-10mm-axle-includes-slick-tyre-4030-p.asp
[image: ]

(b) 







http://sejkora.cz/product/aluminium-rim-centre-for-c6-bob-car/

Wheel A
This type of wheel is large enough to minimise rolling resistance but small enough to ensure that buckling or breaking does not happen when the kart is turning etc. This has been shown by experienced gravity racers, ‘Large diameter bike wheels are simply not strong enough and will fail if you take a corner too fast’ (Association, GravityRacing.org, 2013) It has been decided that these wheels will provide a good amount of mechanical grip if the right tyre and tyre pressure is selected. 
These wheels are lighter than wheel style B. Being lighter means the wheels will keep their inertia compared to a heavier wheel as a ‘smaller wheel decelerates easier if there is a change in the courses with a shallower gradient’ (Association, Soapbox Wheels- does size matter? n.d.).
This tyre will be fitted with a tread pattern because the course has changing track conditions from concrete, to lose gravel as seen in course layout videos. This tyre choice will allow us to run the same tyre in wet conditions as the tread pattern is able to disperse water allowing for grip to be achieved, as well as saving money due to not having to have separate tyres for wet weather conditions.
 The tyres will be pumped up to around 80psi as research has proved that this is a beneficial pressure amount as ‘the tyre is able to deform around the obstacle, leaving the trajectory of the bike unaltered and preserving your forward momentum’ (HDRISCOLL, 2014). These tyres will also have minimal aerodynamic impact due to having a small frontal area to cause drag. 
This tyre allows for brake discs to be fitted which will fit in with the team’s specification of wanting disc brakes. BMX tyres also have different types of axles ranging from 10mm all the way up to 30mm, 30mm is recommended as ‘you will need a wide stub axle which will not bend or break’ (Gravity, n.d.) Plus this style of wheel provides a strong attachment point for the axle to the suspension to minimise flex and adds great strength to the wheels. Having strong axles also improves driver feel. Due to this, in the result of a crash the wheels will not break off, maintaining driver safety and the ability to be able to compete if the crash happens in practice.
The price of the wheels depends on the quality of wheel needed and the specification that is needed e.g. number of spokes and axle width and thickness. It is estimated that the formula gravity supplied wheels cost £710.92 for the wheels, tyres and inner tube, this a large cost to the project so alternatives could be researched.

Wheel B
This wheel has a larger rim profile and a larger tyre profile from wheel A, this wheel has been put forward to provide large amounts of mechanical grip thus allowing the kart to corner quickly with minimal braking. It is a suitable choice for the event that is to be entered, as the course has sharp corners and changing road conditions causing a shift in grip. It has been put forward by the group that having a larger profile tyre will help the kart in these conditions.

CAD drawing of potential wheel idea

[image: ][image: ]










This type and size of wheel can be beneficial to the gravity racer as it can help with rolling resistance from the tyre, ‘Wider tyres have lower rolling resistance than narrow ones for the same reason - the deformation of the tyre is proportionally less for a wide tyre inflated to the same pressure. However, narrower tyres tend to support higher pressures, which can more than compensate for this’ (Association, Soapbox Wheels- does size matter?, n.d.) Smaller dimensioned wheels also offer more strength as they can withstand higher side loads which is beneficial when turning at high speed or in the result of a crash.
The drawbacks to this type of wheel is that the cost of 4 wheels including tyres is £353, wheel hub and mounts are £125 which brings the total cost to £478. This is cheaper than wheel A idea, but cheaper wheels can be sourced. Another disadvantage is that the weight of the wheels it makes it harder to overcome the initial inertia if the kart was to be entered in competitions where the start is not a ramp. 

In addition to this, the weight means the kart takes longer to accelerate and to reach full speed. As the track is quite short, this may not be suitable. The way the wheels mount to the frame only allows for hydraulic disc brakes with callipers, this reduces the room for experimentation with what types of brakes will be best for the kart and track, in addition to adding overall cost to the product due to hydraulic brakes having a higher complexity of design and components. These tyres also have a large frontal area which will cause aerodynamic drag which can reduce speed (this can be overcome by shrouding the wheels)

Evaluation
Overall, both wheel types could have both positives and negatives impacts on the success of the kart on track. Wheel type A has positives attributes such as being light, has a low rolling resistance, being reasonably priced and able to provide ample mechanical grip for the kart and the conditions of the track. Wheel type B also has positive attributes such as being extremely strong and having vast mechanical grip due to having a wide tyre which will allow the kart to corner well and keep momentum.
In conclusion and after team discussion, it has been decided to pursue research into wheel type A of the 20” BMX wheel style as the wheel is best suited for the aims and objectives of the racer. 

[bookmark: _Toc504748078]Brakes

For the Soap Box to comply with regulations, and so be eligible to race, it is essential that the vehicle must have sufficient brakes on at least two wheels from the same axle to hold the soap box stationary on the starting ramp, which has a gradient of approximately 1:8. (Richards Castle Soap Box Derby, 2017) Participants should also expect to reach 30-40mph at some points of the course, so it will be important for the braking system to be able to stop the vehicle promptly at these speeds at minimum. After Researching the track, it is evident that there will be a series of turns and so, depending on the speeds reached by the gravity racer, there may need to be braking application during the descend as well as at the finish.
The general equation for braking performance can be obtained from Newton’s Second Law: 

Where:
W   = Vehicle Weight
g     = Gravitational acceleration
  = Linear deceleration
 = Front axle braking force
  = Rear axle braking force
   = Aerodynamic drag
𝞱     = Uphill grade                                                                                         (Gillespie, 1992)

This equation tells us that braking performance is  , which, in simpler terms, means minus the vehicle’s mass multiplied by its deceleration. This can also be calculated by minus the total brake force of the wheels minus aerodynamic drag minus the uphill grade. This equation is useful as it can be rearranged to find the deceleration which can then be used to calculate stopping distance:

The formula for stopping distance will be:
    (Gillespie, 1992)
                 
The time to stop is:   Thus the time to stop is proportional to the velocity, whereas the distance is proportional to velocity squared. Meaning if you were to double velocity, time to stop doubles and the distance quadruples (Gillespie, 1992)
To determine the efficiency of different types of brakes and help to determine the most suitable brakes, these equations can be considered. However, the accuracy of the results will Depend on the availability of data, for example aerodynamic drag is usually calculated in a wind tunnel and so we will not be able to consider this as part of the equation. The total braking force is also worked out using various factors such as road friction. These factors are therefore only likely to be considered after the initial build and when data can be obtained from trial and error runs to develop the vehicle. 
To begin with however, researching the types of brakes available will determine which is likely to be most appropriate. The first idea is to use hydraulic disk brakes. Some benefits of disc brakes include greater heat dissipation, simple construction and servicing, and braking surfaces are cleaner. However, they are easily contaminated with water during wet weather and so this will need to be considered when determining stopping distance. (Stoakes, 2012)
There are also different types of discs that must be considered. cross-drilled and wavy discs are favoured over solid discs as the grooves, slots or cross-drilled holes in the disc allow a flow of cooling air to reduce the effects of overheating and reduce the surface tension of water contamination. Floating discs are preferred over solid discs as they prevent vibration at high speed braking if the mounting surface of the wheel isn’t perfectly flat. Floating discs consist of two parts: the carrier is attached to the wheel, and the disc is attached to the carrier using floating buttons. These buttons allow the brake disc to move slightly side to side which adjusts for any misalignment. (Stoakes, 2012)  The Shimano RT99 Ice-Tech FREEZA CL Disc Rotor would be an ideal choice as it contains all the benefits above. It is also made from an alloy/steel combination, allowing heat to dissipate quickly through the aluminium core, whilst the steel outer shell retains its strength. (Chain Reaction Cycles, 2015) 



The next thing to consider is the brake pads and caliper. The caliper used for the world record gravity racer design came from Hope Tech 3 V4 hydraulic disc brakes (Rush Cycles, n.d.). The standard lever system was modified to run off a single foot pedal. (Riscoll, 2014) This calliper used phenolic pistons which do not rust or transfer heat to the brake fluid like steel does, and are much lighter as they are made from plastic. (FrenTech, 2017) This gravity racer however, reached speeds of over 80mph which is over twice the estimated top speed of gravity racers at Richards castle soap box derby. These brakes therefore may be over specified for the event. 
The foot pedal modification will be necessary for the build and will involve a class 2 lever to increase the pushing force as illustrated below:
[image: ]




(Woodford, 2017)                                                                                                                                                                                                                       

Because we are using mountain bike brakes which are set up to be applied using hands, there will need to be a system which adapts the braking application to be done using the foot. The easiest and most cost-efficient way of doing this is to cut a pedal from sheet metal or plywood, and then attached to the frame in a way that when the driver pushes down on the pedal the hand lever on the brakes is pushed in. this is illustrated below from researching another build:
[image: ]



(GordsGarage Blog, 2011)




Two levers would have to be used in this design as we will have a disc on each rear wheel. The other option would be to modify the brakes to run off a single foot pedal, but it would be worth attempting the first option first due to it being simpler and cheaper.



The other possible braking systems that can be considered are drum brakes or V-Brakes. Drum brakes have the advantage of their high brake factor which minimises the actuation effort required but they are not as consistent in toque performance as disc brakes. (Gillespie, 1992) Because we will be using a lever to increase the pushing force as well as using hydraulics the actuation effort will be minimised anyway, so along with the fact that drum brakes are more easily contaminated and would be more difficult to install as we are using bicycle wheels, means drum brakes are not a good option. V-brakes on the other hand are lighter and cheaper than disc brakes but do not provide the same stopping power, especially in the wet. They are easily contaminated with mud and water and are less likely to provide a gravity racer with as confident braking as a disc brake would. (Evans Cycles, 2016)
As a result, hydraulic disc brakes will be used and the options we have will be: 
Hope tech 3 4V hydraulic disc brakes - £304.99
Shimano RT99 Ice-Tech FREEZA CL Disc Rotor - £93.98
Total £398.97

Or the cheap option:

Clarks M2 Hydraulic Disc Brake set Bundle - £39.98

Metal sheet to be cut into a pedal will cost between £5-£20 (Ebay, 2018)



 















[bookmark: _Toc504748079]Driver Safety
Safety Aspects
· Seat design
· Safety harness
· Chassis design
· Roll over protection
An important aspect of the soap box design is safety and driver comfort. In this research I will be looking at various seat designs, analysing the pros and the cons of each and concluding to which one is best to use for our application.
[image: ]Bucket Seat 







https://www.pinterest.co.uk/pin/505388389411115990/?lp=true
Pros 
· The contour design keeps the driver more stable
· More support during a collision 
· Designed to work with multi point harnesses
Cons
· Higher weight than other designs
· Limited adjustment
· Increased cost







Bench Seat
[image: ]
https://www.pinterest.co.uk/demasc/demasc-rat-rod-interiors/
Pros
· Simpler in construction
· Lower Weight
Cons
· Not as safe as other designs
· Often seen to be less comfy that other designs
With the design of the seat we would need to consider the construction material of the seat, the features that would be desirable are ridged and light weight. I will look at the most common materials which seats are made from.
	Material
	Density (g/cm3)

	Fibreglass
	2.58

	Plastic (HDPE)
	0.95

	Carbon Fibre
	1.55


(Proporties of Carbon Fibre, 2017)  (HDPE, 2017)
From the table above, we can see that the high density polyethene is the lightest material followed by carbon fibre. The next step is to look at Youngs modulus of each material to see which material has the least compromises.

	Material
	Youngs Modulus (GPa)

	Fibreglass
	80

	Plastic (HDPE)
	80

	Carbon Fibre
	265


 (E-glass fibre, 2017)  (Marley Pipe Systems, 2017)


[bookmark: _Hlk504671167]From this we can see that carbon fibre would be the best material for us to create the seat in our soapbox. It has the highest strength to the lowest weight of all of the other materials considered but due to manufacturing limitations we have and also the cost, this is not feasible for us. The second-best material which was considered is HDPE plastic, this has a good amount of strength to a low weight and is low cost to manufacture.
Driver Restraint
There are many different restraints that could be used for the driver all differing by the number of places that the attach the vehicle. The ones I will describe will be a 2-point lap restraint, a 3 point typical seatbelt that is found in road cars and finally a six-point race harness.
When considering a driver restraint, the most important this to consider is the number of points of contact with the body, the higher this number, the more the energy in a collision will be dissipated more evenly throughout the body back into the vehicle.
A two-point lap bet is the simplest design which we could use in the soapbox, this would provide support to the lower part of the body and in a roll over will stop the driver being thrown from the soapbox. As far as the negatives, this has the least number of contact points as so could be dangerous in a head on collision.
The second design for a restraint is the 3-point seat belt, this is commonly found in production cars due to its simplicity and relative safety compared to other designs. The 3 point has a higher contact area than a lap belt but less than a race harness. This would be a good low-cost option for the soapbox.
Finally, we have the 6-point harness. As far as safety is concerned this would be the best option as there is support on the shoulders, lap and between the legs meaning that the whole torso is being protected., this is the most expensive and the most difficult to implement on to out vehicle.
[bookmark: _Hlk504671375]All things being considered the 3-point safety belt will be our best option, it has the best safety to cost factor and would be simple for us the build into our soapbox.
The final part of safety in out soapbox is to do with chassis design and roll over protection. To begin with we will discuss roll over protection, this is needed to save the drivers head and neck in the event that the soap box was to roll, this can be done simply with a hoop that sticks out above the driver’s head which is long enough to stop his head touching the ground. The strength is also important as it needs to be able to resist any impact. This will mostly be incorporated into the design of the chassis.
Finally, the soapbox may be involved in a head on collision, in this case the chassis design needs to be able the absorb the energy from this, so it is not transferred into the driver, the most effective way to do this is by having specific weak spots in the chassis called crumple zones which will absorb this energy.




[bookmark: _Toc504748080]Aerodynamics
Aerodynamics
Aerodynamics is the study of the science behind the effects of gases and fluids that deals with dynamics of the motion on the vehicle.[footnoteRef:1] For my research, I must consider the relevant aerodynamics on a gravity-based sport.  [1: ] 

Gravity based sports
[image: ]My research into other sports which require gravity as the main force of movement will assist my design as the correct type of aerodynamics will be used. The common design each sport uses is streamline. Streamline ensures that there is minimum resistance with the air we will be passing through. Streamline is used in many sports but is a main design focus for many downhill sports like bobsleigh. There are wind tunnels which teams use to ensure the least resistance with air is used. So, for my design I will base my design on a typical bobsleigh. http://www.machinedesign.com/recreation/gallery-engineering-us-olympic-sochi-bobsleds/gallery?slide=1

Air resistance 
One of the main resistance I need to consider when designing the body of the kart is wind resistance. I need to look at some of the main points where the air may slow the kart down. Using the bobsleigh, the main resistance was the driver. They overcame this by using a aerodynamic helmet but as part of the safety regulations the driver won’t be the highest point of the kart as a roll cage must be used. As the driver is still will be a part of which the wind may have resistance, I must consider ensuring this resistance is more aerodynamic. Another main part for which the kart may have higher resistance than the bobsleigh is that the kart will have 4 wheels. 
Design
I have created a mood board which helps me to put myself in the sense of where my design should be. This ensures I will be taking ideas and creating a kart where the research has been well placed. 








Mood board
 [image: ../../../../../Desktop/caterham-seven-team-_800x0w.jpg][image: ../../../../../Desktop/download.jpeg][image: ../../../../../Desktop/2011-morgan-three-wheeler-2.jpg][image: ../../../../../Desktop/1200px-2008-10-05_Red_Plymouth_Prowler_at_South_Square.jpg][image: ../../../../../Desktop/Nissan-seven-seater-bobsleigh-Design-Sketch.jpg]

[image: ../../../../../Desktop/nissan-x-trail-bobsleigh-5.jpg][image: ../../../../../Desktop/images.jpeg]





Designs
I have narrowed my designs down to two designs that I believe I can evaluate. My evaluation of these designs, I will consider the pros and cons of each.





Design 1
[image: ../../../../../Downloads/IMG_9869.JPG][image: ../../../../../Downloads/IMG_9870.JPG]
[image: ../../../../../Desktop/Screen%20Shot%202018-01-24%20at%2017.01.0]
With this design, I concentrated on creating a design where the whole body made the kart aerodynamic as there will be no open areas where the air has high resistance. The body will have a main part with two side skirts where the skirts cover the wheels. 
Pros
· The body has a simple design which will make easy production
· No main parts that will have a high resistance



Cons
· A heavy design. With the kart, we must use minimal materials 
· With the track being a rough surface. The strength of the body must be strong.




Design 2 
[image: ../../../../../Downloads/IMG_9871.JPG][image: ../../../../../Downloads/IMG_9875.JPG][image: ../../../../../Desktop/UNI%20PROJECT/Screen%20Shot%202018-01-23%20at%2016.44]
This design consists of a three-wheel design but will have 2 narrow wheels at the back due to the regulations specifying that 4 wheels is a necessity. This design has a much more potential aerodynamic design with the production methods available. Also, with the materials this body can use, the kart will be the more lightweight option. With the safety side of the regulations, I have designed a way where the roll cage can be integrated into the body for both safety and aerodynamics.

Pros
· Most aerodynamic
· Lightweight
· More options available
· Safety has been considered

Cons
· Complex chassis needed


[bookmark: _Toc504748081]Materials
Materials introduction:
It is vital that we take great care and attention in terms of selecting appropriate materials for all separate components related to our soap box project. A spectrum of factors must be taken into consideration. For example, a major influence is cost. We have a budget to work around, which immediately puts many materials off limits. Simply because they are not economically viable to use. Another Factor we will have to allow for is, environmental implications. This does not only go as far as selecting materials which are more environmentally friendly than others, but can really be taken as far as you deem appropriate. For example, the specific material supplier’s environmental impact and sustainability. As well as their manufacturing methods etc. You can even consider the company’s they outsource from and their environmental approach and impact, to influence your decision. Similarly, the actual function/properties of the materials are equally, if not more important. Simply because if the materials do not function and cannot do the job they are intended for then the product will fail. It’s all well and good having a soap box with the smallest carbon footprint, but if it collapses when the driver gets in it, it is a failure. This also explains why each factor must be consider and cross examined at each stage, however we feel functionality must be prioritized as it is essential the product does what it needs to. 
Chassis:
The chassis could be considered to have the biggest impact on the overall performance of the soap box, this is because the proportion of the overall mass it contributes towards. The chosen material shall influence performance as well as all other factors being considered. Cost immediately influences our choice of building material for our chassis, due to our lack of funds expensive metals are off the cards. For example, titanium is a strong and lightweight metal, but is not economically viable to use. To simplify, the criteria for our chassis material is a relatively low cost but strong metal. Therefore, we have concluded that the most appropriate option would be steel. To give some perspective into cost, at the time this was written and according to the online market site www.quandl.com steel billet was priced at $300 per metric ton. Where in contrast aluminium was priced at $2,224 per metric ton according to the same source as before. As you can see the price difference is substantial. Obviously, we won’t be using anywhere near a ton of steel and the steel we do use will have been processed. Obviously processed material is marked up in price due to the manufactures costs, so it becomes more expensive relative to weight. In comparison to aluminium steel is a heavy metal. Although we do not want our soap box to be too heavy, neither do we want it too light, this is because the soap box will be propelled by gravity. This makes steel an ideal building material. The actual design of the chassis can also help to manipulate the overall weight of the soap box, whether weight is required.  
Another factor which aided our decision to use steel was that of what the material is like to work with, mainly regarding joining methods. The most common methods used for joining steel are braising and welding. Steel can be welded relatively easily, by a person of little experience. A common type of welding used on steel is “MIG welding” which stands for metal inert gas. It works through creating an ark between the work piece and filler metal. The arc is then shielded by a layer of inert gas, this produces a strong weld due to the absence of oxygen. The absence of oxygen means iron oxide cannot from during the welding process, iron oxide weakens the steel. MIG Welding can be carried out by a wider range of skill levels thanks to the design of the welder itself. They operate through using a wire fed gun, in comparison to TIG welding, which stands for tungsten inert gas. This method of welding is commonly used for joining aluminium. It requires more experience because the tungsten electrode must be fed in to the weld pool by hand while the operator holds the gas feed with their other hand. Therefore, you could say that steel is easy to weld compared to other metals. This factor has influenced our decision to use steel as the material for our chassis. 
[image: ][image: ]MIG welding diagram:                                                                  TIG welding diagram:
Source: www.farmweld.co.uk
Source: www.mech4study.com


Brazing is another common joining method used for steel, it is in a sense soldering. It involves using a blow torch to heat the work material and then apply a filler material. It differs from welding because the work material is not melted and part of the join, the filler metal acts more like an adhesive, however it is still a very effective joining method and produces strong joins, in fact it is commonly used in the manufacture of bicycle frames. Steel can also be drilled with ease making it suitable for other less permanent joining methods such as nut and bolt. To reiterate an earlier point. The steel we will used will be processed. This is another factor that has influenced our decision, simply the level of steel available. Ranging from tubular lengths to threaded rods. We will most likely use all of the mentioned joining methods apart from TIG welding for the reasons brought up earlier.
In terms of the environmental impact and sustainability of steel, the main impact comes from the mining and forging. Steel is an alloy, consisting of different metal elements. The main element being iron. Iron, is produced from iron ore which is mined. Mining can be an un environmentally friendly process for many reasons. Firstly, the machinery typically used in the mining process are powered by internal combustion engines which run off fossil fuels. The exhaust fumes produced are realised into the atmosphere causing environmental damage. Another negative impact on the environment mining has, is the destruction of environments and habitats. It normally requires a large area of land to mine effectively. It is possible that a site selected for mining could be home to multiple habitats and or eco systems. In order to retrieve the material from the area these environments must be destroyed to enable access. This destruction can contribute to the extinction of species as well as increasing levels of deforestation. Secondly the forging of metals requires a large amount of heat. This heat is also created through the combustion of fossil fuels such as coal. Unfortunately, this is simply a reality of the industry, however there are ways that you can help to cause less damage to the environment. One example is using recycled metals, these products have been re processed from discarded products, this saves mining more of a finite resource such as iron ore. Another option is to simply obtain the scrap metal yourself. This can often be obtained for a very low price and possible even free of charge. A win for you and the environment.
The last factor to be considered is aesthetics. Steel itself is not particularly aesthetically pleasing. Although it can be polished to a high shine, this is however difficult to maintain and is time consuming to achieve in the first place. Thankfully there are many other options available to protect and alter the appearance of steel. It is vital that the steel is protected to prevent the formation of iron oxide. Iron oxide can greatly compromise the structure of the steel and therefore its functionality. This is why most steel products are protected with layers of primer and paint. Steel holds paint well so colour options are in a way limitless. Paint is the most common way of protecting and altering the aesthetics of steel however there are other methods such as powder coating. This method is rapidly growing in popularity thanks to it durability. The process involves forming a layer of thermoplastic over the steel itself. This is achieved through spraying a thermoplastic powder over the workpiece and then curing the work piece to form a solid protective skin over all areas. Smaller work pieces can be powder coated by heating the workpiece and then dipping it in thermoplastic powder also referred to as dip coating, thermoplastic powder is available in a range of colours. Painting can be completed affordably with a small amount of equipment such as aerosol cans, however outsourcing a service from a professional in the industry will result in higher finish standards, this is because they will use high quality paint, a paint gun, and a painting booth. Unless access to equipment is available, if you wish to powder coat, an industry specialist is required especially when the items that need finishing are large. Due to the nature of the process. We will prime and paint our chassis ourselves to reduce required time and costs.
[image: ][image: ]Visual examples of powder coating and painting:
[image: ]Source: www.gillpowder.com
Source: www.paintspraypro.com
Source: www.metaldomination.com

Body panels:
The panels for a soap box racer only serve one real purpose, this is to create an aerodynamic shape. Therefore, this must be prioritised during material selection. The soap box must create as little drag and air resistance as possible and must also produce as little lift as possible. We want it to stick to the track. Curved surfaces are common in aerodynamic shapes because the air that makes contact meets little resistance and is simply pushed around the surface. Because we know this the material we use for our panels must be able to achieve a curved shape. Similarly, to the chassis expensive materials are off limits due to the budget. 
one example that isn’t economically viable is carbon fibre, it is a popular option for body panels due to it being light weight and strong. It also has an attractive appearance without a finish being applied. Another option we have decided not to use is sheet aluminium. Aluminium in sheet form is a flexible metal in comparison to a metal such as steel. Therefore, it can be bent and shaped. Depending on the shape an additional frame may have to be constructed to support the panels, the panels could be attached to the frame through the use of rivets, nuts and bolts or machine screws. However, this would result in a significantly heavy body. From this we concluded that we should use a polymer to manufacture our body panels. In terms of deciding what polymer was suitable to use we considered manufacturing methods, as we want production to be as simple as possible. In terms of producing large curved plastic panels there are many ways to approach it. Firstly, you could use a thermoforming plastic such as high impact polystyrene. If you have access to a vacuum former large enough you could then produce a mould for the shape off each panel, even with a large former each panel would probably have to be moulded in separate sections and assembled later. However, we will not be using this method. Another option would be to use injection moulding. For this we could use polypropylene. This method would be a poor choice because it is used for mass production. Moulds are expensive to produce, and it is not economically viable to produce a mould for a one-off product. Considering all the previous points we have decided to use polypropylene but not for injection moulding, but in sheet form. Polypropylene sheets can be cut easily and are flexible. This will allow us to shape the sheets around the chassis. The sheets could be secured by a range of methods. We have decided the best option is machine screws as these can be counter sunk into the plastic. This will not only be more aesthetically pleasing but it will also mean nothing is extruding and causing unnecessary air resistance. In terms of environmental impact, conventional polymers are as bad as it gets. This is because crude oil is required to make polypropylene. Crude oil is a finite resource and the process of extracting it from the earth is very un-environmentally friendly for many reasons. Polypropylene is also not biodegradable. Therefore, the only way we can make our product sustainable is by using recycled polypropylene to produce the body of our soap box racer. In terms of aesthetics, polypropylene is available in a range of colours and can also be painted to the desired colour. We shall order our sheeting the desired colour as this will save money and time.
 




















[bookmark: _Toc504748082]Suspension
The steering and suspension is a vital part of any vehicle. On a soapbox especially if it’s a rough surface suspension can make a huge difference when it comes to stability and control. 
Suspension
The design of the suspension should be simple yet effective. There is no need for fancy suspension on a soapbox, and it doesn’t even have to travel a whole lot. The whole idea of a soapbox is to keep costs down ideally, so any fancy suspension would be pointless. However, if there was an unlimited budget you may decide to put fancy suspension on. 
My design for the suspension is simple. Dual wishbones with a small shock. This will come from a mountain bike as that will be enough to complete the required task. This is my budget friendly option. The more extravagant option would be to again have dual wishbones but have pushrod suspension with a fancy damper and spring. Pushrod suspension works by a suspension arm pushing on a rocker arm which in turn pushes on a damper or a coil over depending on the intended use and setup. This option would be harder to make, more expensive and in my eyes pointless on a soapbox. Pushrod suspension would be slightly heavier due to there being more components, on a soapbox this is not much of an issue as the heavier the soapbox is the faster it will go but the longer it will take to get to that speed.
[image: ]










This picture shows how I intend on designing the suspension. Very simple but still very effective. The shock would be a mountain bike shock of course to keep the costs down but generally the idea.
[image: ]

This picture in an example of pushrod suspension. There is a suspension arm pushing on a rocker which in turn pushes on a shock. This would be very possible on a soapbox, but I don’t think it would be necessary. However, it does look good. 
Steering
The steering on a soapbox should be simple yet effective. There are four types of steering that could be used. Ackerman steering, Bell-crank steering, Rack and pinion steering and short rack and pinion steering. 
The steering that is the simplest is Ackerman steering. It is very simple and would be very easy to make. However, it isn’t precise. The most precise and in my eyes the best steering system is rack and pinion. On a soapbox rack and pinion steering is possible. It gives the driver the best feedback of all the other steering systems and is the most precise. In terms of complexity it isn’t that difficult. A steering rack could be bought and fitted with relative ease. 
[image: ]  This picture shows how a rack and pinion steering system works. As is visible it is very simple in design but very effective.












[bookmark: _Toc504748083]Methodology
The importance of gathering data from a variety of sources is vital in order to get the most diverse collection which is beneficial to filter out bias or incorrect information. We also stressed the idea that the more recent information is the most valuable source as it is more likely to comply with getting the most advanced technologies and ideas to use in our current objectives. However, it is often the case that recognised and established theory is often best taken from its original source in order to obtain the most accurate information and apply with referencing guidelines. This has resulted in gathering primary and secondary sources from different time periods as well as from a variety of websites, blogs and academic books to name a few.     

[bookmark: _Toc504748084]Conclusion
After recommendations had been made by each team member regarding their choice of component design, it was decided that research and the evidence gathered of each component should be analysed further to give credible and accurate recommendations of design to be able to achieve a successful design and build of the soap box racer.
For chassis design, after all considerations, it was decided that the chassis would be made using steel pipe or bar that was welded into position, this was chosen as the designer decided the material could provide all the aspects needed from the chassis such as strength and rigidity, whilst also keeping costs low. The designer’s consideration for the aerodynamic profile of the soapbox racer is also evident in the research/analysis taken and can be seen in the research section. For driver safety, it was put forward after looking at the data on different materials and analysing this that carbon fibre would be the best material to design the drivers seating unit. But due to manufacturing limitations we have and the cost, this is not feasible. The material put forward as the suitable alternative was HDPE plastic which still has all the positive attributes of carbon fibre such as strength and low weight but maintains a low cost. The driver constraint was also decided to be a 3-point safety harness as this will be our best option as it has great safety properties whilst remaining low cost. 
After group discussion involving the presentation of individual research it was decided for suspension that dual wishbones with a spring shock that has the ability to be fully adjustable would be most suitable for the soapbox racer. This was decided as the design is lighter than other possible suspension designs as well as being cheaper to produce and manufacture, resulting in an overall lower cost of build. The recommendation for steering column design from designer is to use a rack and pinion steering column. This would provide the soapbox with sharp and precise steering with minimal input from driver, whilst also being keeping costs low.
The braking of the system was recommended to be hydraulic disc brakes fitted on the rear axles on both two wheels which would be used by the driver by using a modified mountain bike brake handle, that is squeezed using a fabricated brake pedal that actuates the brake handle. The use of Clarks M2 Hydraulic Disc Brake set Bundle which costs £39.98 was recommended to keep the build to a low cost but if the budget was available, Hope tech 3 4V hydraulic disc brakes and Shimano RT99 Ice-Tech FREEZA CL Disc Rotors would be used to provide maximum braking power. The total cost of this option equals £398.97.



After research it was recommended for wheel design, that 20” BMX wheels with semi grooved tyres pumped up to 80PSI would be used, as explained, this design provides good strength whilst maintaining a low rolling resistance which will allow for maximum velocity to be achieved in the fastest time possible. The cost of these put forward was concluded to be excessive as the formula gravity supplied wheels cost £710.92 for the wheels, tyres and inner tube. Other 20” BMX style wheels can be substituted to keep costs low but maintains all the benefits this wheel design provides to the soapbox.

The aerodynamic profile of the soapbox was considered one of the most important aspects of design of the soapbox which would impact on the success and competitiveness of the soapbox in competition. The aerodynamic profile was first established in the initial design idea stage, the design was based on a bobsleigh as this will minimise air resistance of the racer, resulting in higher speeds and faster lap times. 
Material choice was a very important aspect of design for the team, doing extensive research on materials and their properties led us to understand which materials would be most suitable for the aims and objectives that we formed as a group to produce a successful soapbox racer. Materials for components such as chassis and body panels were researched (as shown in the materials section). It was recommended after extensive research that for the chassis, steel was the most viable option due to being cheap compared to aluminium, having great strength attributes and being easy to work with production methods such as brazing and MIG welding. Allowing for a high-quality chassis to be designed and built for the soapbox. Environmental considerations were also accounted for and the idea for use of recycled steel was pushed for by the researcher to reduce the environmental impact our soap box racer has. Regarding body panel design different materials were researched and evaluated against each other, these materials include carbon fibre, sheet steel and polypropylene plastic. After consideration, it was decided that polypropylene would be used as the main material for body work due to having beneficial attributes to the project such as being cheap, having good strength, having a low friction surface for air to pass over resulting in reduced aerodynamic drag of the soapbox racer. The main reason in this selection stemmed from cost, using carbon fibre would be extremely costly due to the manufacturing process of creating moulds etc, sheet steel was also seen to be too expensive, so the decision was made to use polypropylene plastic.

[bookmark: _Toc504748085]Recommendations for further study 
The project has had limited progress as time has mainly been focused on research and so there is a lack in development. This means further progress has not been made by producing a prototype and testing various aspects to achieve the required results. There will also be problems encountered during the building process and to limit these errors the group needed to collaborate with one another to ensure everyone’s final suggestions would comply with those of other members to ensure all the components would work with one another to produce a final, robust design. Some members failed to collaborate on numerous occasions which is essential and needs to be rectified.

The equations that had been researched to calculate performances could be of great benefit if certain machinery, equipment and possibly a prototype or scale model was available. These could be used, for example, to calculate aerodynamic drag and stress analysis. To ensure the project objectives are achieved some members will need to research further in their area and gather components to ensure they can be fitted together and are operational to the required standard.
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Meeting time: 11:30-12:00
Date: 10" November 2017
Location: Mount Pleasant Library

Present: Harry Blaser, Zak Jensen, Oliver Wilde, Louie Brennan-Card, Sean Perks, Callum Evans, Kurt
Cooper

Absent: Harry Grundy

Minutes from 10" November 2017 meeting. Final Preparation for presentation to lecturer at 12:30.
Group members ensured they know how and where they will go about their research, and how to
present their ideas to the lecturer.
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7 November 2017

Location: Weatherspoon's

Present: Harry Blaser, Oliver Wilde, Zak Jensen, Louie Brennan-Card, Sean Perks

Minutes from the 7" November 2017 meeting. Discussed what individuals are doing what
tasks/subjects.

Announcement: Presentation to lecturer on Friday, every individual of group should know what task
they are researching for the project, and each person to have an initial design idea sketch that they
can elaborate to the group and explain why they think we should pursue.

Project report observation: The project is quite small for a group of eight individual. The project
should be split into eight smaller subsections, so each member has a task/subject to research.

Project report completion: Should have a short presentation ready for Friday.

‘Agenda for next meeting:

«  Elaborate Design ideas
«  Each individual to show work/ research on each topic.
« Discuss any problems they have with the group and work to resolve this.
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Meeting time: 12:20-13:30
Date: 8" December 2017

Location: Mount Pleasant Library

Present: Zak Jensen, Harry Blaser, Oliver Wilde, Louie Brennan-Card, Callum Evans
Absent: Kurt Cooper, Harry Grundy

Minutes from 8" December 2017 meeting. Show Research o far and collaborate ideas to ensure the
group is on target to achieve the overall goal collectively.

Announcements: Al research needs to be sent to Zak Jensen and Harry Blaser by the 15" January to
add to the final report.

Project Report observation: some members are yet to have produced evidence of research.
Project Report completion: Should have final research done by 15" January

‘Agenda for next meeting:

*  Evaluate research and suggest amendments
«  Evaluate group member’s strategies to include in final report
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Team Comet
Meeting time: 2:30pm-4:30pm
15% January 2018
Location: Mount Pleasant library workroom
Present: Harry Blaser, Oliver Wilde, Zak Jensen, Louie Brennan-Card, Sean Perks, Callum Evans, Kurt
Copper
Absent: Harry Grundy
Minutes from the 15 January meeting. Proof read each other's work for spelling mistakes and
improvement areas were recommended
Announcement: Submission date is approaching; all work needs to be completed and organized into the
project report format. This role was given to Zak Jensen and Harry Blaser. Individuals should submit their
workto his email address in word document format.
Project report observation: Some individuals need to make changes in their work, ranging from spelling
mistakes to a lack of detail.
Project report completion: Due in 11 days.
‘Agenda for next meting:
Once submitted, recap on how we performed as a group and how the report could have been
improved, in preparation for the second part of the project.
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