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1. Introduction and Team Composition


1.1 Aims
The aims of this project report are to compile and delve into all of 3 designs that have been developed in order to be used in the “Richard castle soap box derby” event. In this report there will be 3 designs all developed briefly, each design will be based around different budget levels and will therefore be more detailed than others. The areas of research that will be outlined in this report are the designs of each car, some detailed analysis of our choices for materials to construct the car, some selections for drivability and dynamic components and an analysis of costing for each design.
1.2 Objectives
The objective of this report is to come to a decision on what design of the three should be carried forward into assignment 2 for further development.
1.3 Team Composition 

Jay Dobbing – Team Manager

Ryan Calderon – Materials Researcher

Alex Miles – Designer

Munty Mohanad Rahman – Drivability Components Researcher

Will Rivers – Costing supervisor & Financier
1.4 

2. Gantt Chart
[image: ]

3.1 Car 1 (Low Budget)
[image: Diagram

Description automatically generated]Figure 1: Design for Car 1. Completed By Jay Dobbing.

3.2 Materials.
Completed by Ryan Calderon.
Frame
Pine: Pine is a very stiff and ridged piece of wood whilst being able to withstand 4800PSI of compressive force, these properties are beneficial to a frame. It’s also very easy to work with due to it being able to be cut with common hand tools such as saws. Although pine can weigh a lot once added up, I believe that this material would make a great candidate for a frame material. Pine is also very accessible and easy to find in wood suppliers with the bonus of being able to purchase long pieces.(Physical Properties of Wood - Designing Buildings, no date)
Beech: This wood is more flexible whilst being able to be stronger than pine, but beech is more prone to splitting due to its natural straight grain, Beech has a higher compressive strength of 7300PSI and a bending strength of 14900PSI. This wood is very commonly used in house/ roof structures so it’s not uncommon for this material to be applied to a framing application. This material is also known to be easy to work with as common hand tools can make work of it. It is easy to outsource, and big and long sizes can be ordered.(Physical Properties of Wood - Designing Buildings, no date)
Birch: Birch is known to be very strong and durable for impact resistance, it has a compressive strength of 8700PSI. Although birch is prone to cracking, warping, or splitting due to water absorbing properties which can be combated with a coat of lacquer. Birch is more commonly found in furniture, so the frame is not really what it is used for. Birch is expensive and hard to find due to it being mainly found in North America.(Physical Properties of Wood - Designing Buildings, no date)
Body Panels
MDF: MDF is a man-made wood that is lightweight and can be manufactured in any size. This makes it perfect for body panels. MDF is very easy to get a hold of and a very easy wood to work with. This material is suitable for the intended purpose.(Physical Properties of Wood - Designing Buildings, no date)
Cardboard: this material is super light and easy to mould making it a perfect candidate as you can get complex and more aerodynamic shapes. It is very easy to find cardboard as anyone can have it and it’s super inexpensive.
Balsa: Balsa is the lightest and the only natural material out of the three mentioned commonly used for the wings of old aircraft it is a material that can be carved into a very aerodynamic shape, but this material is harder to obtain than the two previously mentioned.(Balsa Wood Properties, Uses and Advantages - Timber Blogger, no date)

[bookmark: _Hlk93819168]3.3 Dynamic and Driveability Components.
 Completed by Muntadher Rahman.

Low Budget car: 
Our first soap box is designed to be basic and simple as we are using cheap materials and no complicated parts to the soap box. To start off with looking at brakes we decided to use a rope brake for the back two tyres as this has shown to be reasonable price and effective. 
Cable brakes must work on a minimum of two tyres, the idea is to have a rope that is controlled by a hand lever which once activated drops a piece of wood on the tyres to reduce speed. 
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Figure 3.3.1: Visual display of basic linkage(AnCk5_jUmWkP23nLyjKUwSkJskDckZHi2YVhP1mTcwcxsA7Xw8kGSktHCuDkJg0w28tlsHE=s170 (170×76), no date)
The size of this soap box is smaller than usual as this will help in different aspects for example the weight of materials will be reduced for leaving the drivers weight for momentum/ acceleration. 
For this design of the soapbox all the surfaces will be curved, and nothing will be sticking up or flat surfaces as to have the quickest soapbox we will need to minimise drag, also to increase speed the seat of the driver will be as low as possible to the frame. Allowing the driver to sit low and between the tyres is far more effective than having the driver sit more higher up as they are prone to topple over. 
The steering for the soapbox will also be rope steering as it is most suitable for our budget, although rope steering has its disadvantages, we found that it is more effective on smaller soapboxes rather than a larger sized soap box. 
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Figure 3.3.3 (right): photographic example of cable steering linkage pulley(mS_4yjRazlCF63oK7GehLVJKMe8VPv909tcmfX93_ONTJxUq0CLc3-U8IQTptNHsMHMdKQ=s128 (128×85), no date)
Figure 3.3.2 (left): Photographic example of cable steering linkage(solid - Google Search, no date)



3.4 Financial Research
Completed by Will Rivers
Budget Soap Car
Chassis 
The first soapbox that the team designed is very budget minded. The materials, manufacturing techniques and accessories for the soapbox have been chosen due to their costs in relation to their individual properties such as their strength. The design revolves around cheap but strong materials. 
 The main frame of the soapbox will be constructed of 38mmx38mm Whitewood Spruce beams. Whitewood spruce is a variety of pine meaning it is a soft wood but is still incredibly strong relative to its cost. The main chassis is a classic ladder frame design found on most body on frame vehicles such as pick-up trucks and older cars. Uses this traditional method allows us to use cheap materials and still have a sturdy chassis for our soapbox. Around 20 meters of pine is needed for the chassis to ensure it has enough rigidity to endure the soapbox course. The Whitewood Spruce 2x4 planks come in lengths of 2.35 meters and cost around £3.79 on average. For the 20 meters required for the chassis 9 planks will be needed coming to a cost of £34.11 
Other materials we looked at for the soapbox chassis was beech wood. Beech was also a good pick of material for the chassis as it is cheap and strong. However, beech tends to be more flexible than pine but is more resistant to snapping. Again, around 20 meters of 2x4 beech planks will be needed to construct the chassis of the soapbox a 2x4 plank 2.35 meters in length is around £3.45 again 9 will be needed to make the chassis coming to £31.05 making it slightly cheaper than the pine. 
Birch is the final option for the chassis of the soapbox. Birch has a few more issues than the other two woods as its prone to absorbing moisture and cracking. Around 20 meters will be needed for the soapbox. A 2x4 plank with a length of 2.35 meters is around £3.52 9 will be needed to have enough material coming to a cost of £31.68 
The material that has been chosen to construct the soapbox chassis from is the whitewood spruce due to the average cost and ease of purchasing, 
Body 
The bodywork for this design will be quite simple due to the limitations of the chosen materials. The materials for the bodywork have again been chosen due to the cost. 
MDF (Medium Density Fiberboard) is a manufactured pressed board. MDF is quite a cheap material as it is made from sawdust and a bonding agent that is pressed at high pressure to make the board. A square meter of 3mm thick MDF is around £18.22 the bodywork needs 7.68 square meters meaning 8 square meters will need to be purchased resulting in a total cost of £149.94 
The next material is cardboard, cardboard is cheap and easy to mold into shape however, there is little rigidity to this material. A square meter is around £1.36 making it drastically cheaper than the MDF which makes the soapbox more budget minded overall. As the soapbox needs 7.68 square meters 8 square meters will need to be purchased resulting in £10.88 the cheapest option by far 
Balsa wood was originally used for the wings of aircraft in the early days of aviation. Balsa is a light material will good characteristics for the bodywork application. A 6mm sheet of balsa 1m x 1m costs around £13.23 making it the second most expensive material for the soapbox. As 7.68 square meters is needed, and 8 square meters will be purchased the total cost is £105.56 
None of these materials are going to be the best for their applications they have been chosen mostly down to cost and lack of specialist equipment and expertise required to manufacture the soapbox. The chosen material is mdf due to its cost and strong qualities.
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Description automatically generated]Figure 4.1.2: Technical drawing completed by Alex Miles
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Description automatically generated]4.1 Car 2 (Medium Budget) Figure 4.1.2: Design of Car 2, completed by Jay Dobbing.



4.2 Materials.
Completed by Ryan Calderon.
Frame
Carbon Steel: Carbon steel is a great tubing metal for a chassis of a soapbox car, carbon steel has many benefits for a chassis. Carbon steel can achieve a compressive strength of 45,000PSI and has a bending strength of 74,400 PSI. Although steel need more heavy-duty tools to work with once the correct tools are in hand it can be relatively easy to work with, welding, cutting and bending shouldn’t be an issue. Carbon steel is very abundant and very much so recyclable so finding a good supply of carbon steel will not be an issue. The biggest problem with carbon steel is that it does weigh a lot due to it being so dense.(AISI 1065 Carbon Steel (UNS G10650), no date)
Aluminium: Aluminium can make a fantastic frame tubing material for a chassis of a soapbox car. Aluminium has many benefits for the use of a chassis. Aluminium has a compressive strength of 40,600PSI. Aluminium is easier to cut than carbon steel but is a lot harder to weld as a TIG (Tungsten Inter Gas) Welder is required but bending aluminium tubing is very easy due to its ductile and bending properties. Although Aluminium cannot be found as easily as carbon steel.(Aluminium - Element information, properties and uses | Periodic Table, no date)
Body Panels
Aluminium sheet: Aluminium sheeting is a great body panel material for the intermediate car because of its natural properties and workability. Aluminium can be bent around to form more aerodynamic and complex shapes. Thin aluminium can be welded, bolted or even riveted onto the frame of the soapbox car so mounting it will not be an issue it’s also very lightweight and strong.(Aluminium - Element information, properties and uses | Periodic Table, no date)
Fiberglass: Fiberglass can be a fantastic choice as it’s in expensive and can be mate into what you want very easily as long a mould has been made thus giving it a super aerodynamic and smooth look, its super light but rather brittle so impacts can make it shatter into many little pieces. Mounting a fiberglass body can be done very easily because you can implement mounts for chassis during the construction of the mould. It is also very easy to work with as common hand tools and protection is required.(» Properties of Fiberglass Fabrics, no date)
Lexan: Lexan is a good choice for a body panel material due to its flexibility and ease of workability all it requires is heat and some bending to form it into a shape you desire. Lexan is flexible and very easy to obtain but it may not have a lot of structural integrity so it may flap whilst approaching high speeds. It doesn’t require much to secure it to a soapbox as drilling it and securing it via rivets is a viable option.(Material Properties of Polycarbonate Lexan - a Thermoplastic, no date)



[bookmark: _Hlk93819337]4.3 Dynamic and Driveability Components.   
Completed by Muntadher Rahman
Medium Budget Car

The first soap box I will be introducing is our financially manageable idea, as a group we decided that for our affordable soap box the most suitable material would be wood, this is as wood would be the easiest material to access as well as fitting into our price budget. The shape we decided to make the soap box is to have a pointy front and a wider back this is because aerodynamically it would potentially give us that slight advantage to be faster than the competing soap boxes. We took the best aspects of previously created soap boxes, bicycles and go karts as we found that using parts that have already been created and tested is a lot more suitable as we do not have to spend money on manufacturing and testing for the safety of the part. 
The steering technology we are going to use is a simple linkage from a go-kart as go-karts also have 2 wheels as the front and are known to be safe and responsive as it is done manually. This is important as minor late delays can cause us to be beaten. The steering we went forward with has the same function as a go-kart, the steering wheel will be attached to the steering shaft which is has to tie rods for turning left and right, one the steering wheel is turned the spindle turns and ensures that the kart turns to the direction it is being turned to. 

After doing research we had decided to put cable brakes as it is responsive, the brakes will be added to the front tyres as research shows that brakes at the front wheels are known to be a lot more effective than brakes on the rear. Although it is better the downside is that they are found to be harder to set up as there are couple of aspects that need to be avoided. For example, the ‘brake steering’ effect can cause your soap box to drift to a side and this is done by heavy braking therefore the brakes need to equally balanced. With cable operated brakes it is known that you can apply more force using foot pedals rather than doing it by hand. 
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Figure 4.3.2 (right): Digital 3d model of a wood 3 wheeled soap box car (Wood Chassis for 3-wheeled Soapbox Kart : 5 Steps - Instructables, no date)
Figure 4.3.1 (left): Photograph of three wheeled soap box car (three wheel soap box racer - Google Search, no date)


4.4 Finance and Costing
Completed by Will Rivers
Chassis 
For the second soapbox design budget was less of an issue so more suitable materials have been chosen to construct the chassis and bodywork 
The first material that has been chosen is Carbon Steel. This is a cost effective and sturdy material to choose for the chassis. Carbon steel can be found in many motorsport applications from full tubular chassis to roll cages. For the second design 22.5 meters of material is required to construct the chassis. One meter of material that is 12.7mm x 1.6mm costs £3.12 a meter, with 22.5 square meters required the cost of the material is £70.20, this is more than the teams' budget minded designs. 
The other material option is aluminium, this material is a lot lighter than the steel options but can be weaker than the steel which may be problematic in high stress applications. Aluminium is mostly used in motorsport applications for bodywork due to its lightness. One meter of 15.8 x 1.6 aluminium tubing costs £3.77, 65 pence more than the steel. As 22.5 meters of material is required the overall cost is £84.82, almost £15 more than the steel. 
Steel has been chosen for the chassis due to its ease of manufacturing, cost and ease of purchase. 
Body 
There are 3 options for the body material on the second soapbox design these include aluminium sheet, fiberglass and Lexan. 
Aluminium sheet is light, easy to work with and doesn’t require specialist equipment. On average a square meter of aluminium sheet is going to cost around £39.92 making it a lot more expensive than any of the other materials chosen for the budget minded first design. The second car is going to require a total of 3.09 meters squared meaning 4 meters squared will need to be purchased resulting in a cost of £135.68making this the most expensive overall. 
The second material that has been chosen is fiberglass. Fiberglass is relatively cheap but requires both the glass mats and a special resin to be purchased. A total of 1 kilograms of resin is required per square meter of fiberglass resulting in a cost of £10 per square meter, with 18 square meters needed for the body the total cost comes to £180.
Lexan sheeting is the 3rd option for the intermediate car, this material is light and easily bendable into the require shapes. A square meter of 2mm Lexan is £33.99 again, a total of 3.09 square meters is required for the body making an overall cost of £135.96 as 4 meters squared will need to be purchased. 
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Description automatically generated]4.1 Car 3 (Endless Budget) Figure 4.1.2: Technical drawing for car 3, completed by Alex Miles
Figure 4.1.3: Technical drawing for car 3, Completed by Alex Miles
Figure 4.1.1: Technical drawing for Car 3 (High Budget), Completed by Jay Dobbing


4.2 Materials.
Completed by Ryan Calderon.
Frame
Carbon Steel: Carbon steel is a great tubing metal for a chassis of a soapbox car, carbon steel has many benefits for a chassis. Carbon steel can achieve a compressive strength of 45,000PSI and has a bending strength of 74,400 PSI. Although steel needs more heavy-duty tools to work with once the correct tools are in hand it can be relatively easy to work with, welding, cutting and bending shouldn’t be an issue. Carbon steel is very abundant and very much so recyclable so finding a good supply of carbon steel will not be an issue. The biggest problem with carbon steel is that it does weigh a lot due to it being so dense.(AISI 1065 Carbon Steel (UNS G10650), no date)
Titanium: Titanium is a good material for a soapbox car, Titanium tubing has many benefits for a chassis such as a high compressive strength of 63,000PSI and titanium is very flexible making it very good for a frame material because frames have a lot of bends. Titanium is infamous for it being hard to work with and extremely hard to weld but once made into the piece that you want it can be very strong and its incredibly light weight another issue is that titanium is difficult to obtain.(titanium | Element, Meaning, Symbol, Density, Properties, Uses, & Facts | Britannica, no date)
Carbon Fibre: Carbon fibre can make a great material for a frame due to its high strength, flexibility and its capabilities to be formed into complex shapes. Carbon fibre tubing had a compressive strength of 126,038PSI and it has a bending strength of 44,208PSI making it very flexible. Carbon fibre is relatively easy to work with as long as you have a mould to base it off, but the equipment required to make carbon fibre is very expensive. Although the process to make carbon fibre is hard to get the raw materials it is reasonable easy to obtain.(Bhatt and Goe, 2017)
Body Panels
Carbon Fibre Sheets: Carbon fibre sheets can make a great material for body panels as it can be moulded into any shape you want making it perfect for complex or smooth shapes. Carbon fibre is super lightweight and ridged and is relatively easy to work with as long as you have a mould to base it off, but the equipment required to make carbon fibre is very expensive. I t also won’t be very hard implement mounting posts onto it.(Bhatt and Goe, 2017)
Titanium sheets: thin titanium sheets could be a very good option for bodywork on a soapbox car as it is highly malleable so you can form it into shapes around the soapbox relatively easily. Although it may be hard to work with it can also be cut and bent with common hand tools and mounting this material can be installed onto the body with rivets or nuts and bolts. Titanium is a very strong material whilst being super lightweight.(titanium | Element, Meaning, Symbol, Density, Properties, Uses, & Facts | Britannica, no date)
Carbon Kevlar: Carbon Kevlar is very similar to Carbon fibre, but it is infused with Kevlar, so the workability properties are the same as carbon fibre, but carbon Kevlar is more heat resistant and stronger than carbon fibre.(Fibermax Composites - Carbon Kevlar Hybrid reinforcement, no date)

4.3 Dynamic and Driveability Components.   
Completed by Muntadher Rahman.
We designed the soapbox which had the most money spent on, therefore we used the most effective materials we were able to find. To start off with we decided to use carbon fibre for the design of the soapbox, the reason for using carbon fibre is because carbon fibre is a polymer also known as graphite fibre and this material is very strong as it is 5-times stronger than steel and twice as stiff. Although it is known to be stronger than most metals it is also very light which makes it an ideal manufacturing material. Carbon fibre has exceptional durability as it has superior fatigue properties compared to other metals meaning it will not wear out when is used under constant use. It will be good to use for our soapbox as it can be moulded into shape. 
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Figure 4.3.1: four wheeled soap box car (eC_OAGaYrLpbql3uilZ7mnHYgTqezimEX7H1UKlyeW4bL0a9FC2q9Tu0aGMrb0msHpFXV-U=s154 (154×85), no date)
Designing the brakes, we decided to use hydraulic disc brakes this is because hydraulic disc brakes are known to be effective in all kinds of weathers. An alternative was rim brakes but after researching I believe hydraulic disc brakes will work better as not only are they sharper but also, they are known to last longer although they are heavier, we can use this as an advantage for weighing the soapbox down. 
Here are some advantages of hydraulic disc brake 
· Less heat builds up
· You a ride faster 
· Safer than rim brakes 
· You rarely must clean 
· More technologically advanced 
[image: ][image: A close-up of a robot
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Figure 4.3.3 (right): hydraulic disc brake slave piston cylinder (semi hydraulic disc brake - Google Search, no date)
Figure 4.3.2 (left): hydraulic disc brake (tektro hydraulic disc brakes set - Google Search, no date)
4.4 Financial Research

High Budget Soap Car

The Frame.  
The Frame for our High budget soap box car is going to be constructed from Carbon Steel Tubing, listed in the following is the total cost of materials to build the frame.
Total length of Carbon Steel Solid Tube (accounting for excess): 18m
3x 6mtr x 35mm: £271.94 (total)
 (£90.65 per 6m tubing)
This will give us a total of 18m of Pegler Yorkshire uncoated galvanised tube to construct the frame.

The Body.
The body panels for our high budget car will be constructed out of Carbon Fibre from Easy composites. listed in the following is the cost of constructing the body panels of the High budget soap box car.
Total Required m^2 of carbon fibre: 5.65m^2 
18x (T)3mm, (L)580 (W)580mm: £4113.00
(£228.50 per sheet of Carbon fibre) 
This will give us a Total amount of Carbon fibre sheet which is 6.12^2, which will help to account for potential excess.

Total
The total cost of constructing the body will come to approximately £158.48. 

6. Conclusions and Reflections

In conclusion, this report contains 3 concept avenues for a soap box car, each of which delves into the different factual research relevant to each of our designs such as material research and the financial cost of materials as well as research into driveability and braking component options for each design. To reflect on our work through this project, a large proportion of the work of my groupmates was completed close to the deadline that was outlined at the beginning of the project, this is not an efficient use of our time, henceforth time management is one area my group can improve in. One area my group excelled in is its designs, our designs, in my opinion are of a high quality roughly resembling digital technical drawings adequately.
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8. Meeting Minutes

October 11th, 2021
Y Fforwm Library, SA1 Waterfront Campus

Attendees: Jay Dobbing – Team Manager, Alex Miles – Team Designer, Will James Rivers – Team Financial Organiser, Ryan Calderon – Team Materials Researcher, Munty Mohanad Rahman – Dynamics and driveability researcher.
1.00pm – Team Manager Jay Dobbing Calls Online Introductory Meeting.
1.15pm – All members of the team have arrived at the meeting and have begun introducing one and other.
1.25pm – Team Manager Jay Dobbing provides a briefing of the project and outlines the soap box car rules and conditions we must obey when moving forward with our project.
1.39pm – The entire team agrees to have a second meeting to allocate roles and go further into depth about the vision for the first design.
1.47pm – The meeting is adjourned.

October 14th, 2021
Y Fforwm Library, SA1 Waterfront Campus
Attendees: Jay Dobbing – Team Manager, Alex Miles – Team Designer, Will James Rivers – Team Financial Organiser, Ryan Calderon – Team Materials Researcher
11.00am – Team Manager Jay Dobbing Calls Meeting.
11.05am – All members of the team have arrived at the meeting.
11.15am – Team members discuss and agree on selected roles for one and other to fulfil.
11.25am – The entire team begins outlining a rough vision for the first design and agree on a basic idea to build upon.
11.40am – Team Designer Makes rough pencil sketches outlining some concepts for design and presents them to the other members of the group.
11.45am – team members discuss the concepts, and the team moves forward together with one basic idea.
11.55am – other fine details regarding the features of the car are discussed.
12.00pm – All team members know their assignments and tasks.
12.06pm – The meeting is Adjourned.

November 15th, 2021
Y Fforwm Library, SA1 Waterfront Campus

Attendees – Jay Dobbing (Team Manager), Alex Miles (Project Designer), Munty Mohanad Rahman (steering and dynamics researcher), Ryan Calderon (Materials Researcher).
10.57am – Team Manager Calls Meeting.
11.02am – Team members all discuss their progress in the project.
11.08am – Team manager and members discuss and agree on a time frame and target to complete each stage of the project by.
11.15am – Each team member agrees on the next stage and tasks to proceed with in the project.
11.17am – Meeting is Adjourned.
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