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[bookmark: _Toc535404207]Introduction 
This report will be analysing and researching the development of a soap box racer which adheres to the outlined specification and regulations set by Richard’s Castle soapbox derby. The report will analyse thoroughly the research, cost analysis, design and implementation of a soap box rally car. The report will further research into the materials, dynamics, design work and costs of producing such a racer. 
The team was split into sections and the following people looked at each specific area regarding production of the racer.
Breakdown of author of each section of the report:
Chassis Design- Calum McGowan Franklin (1803213)
Aerodynamics and Science of The Soapbox- Rhodri Jenkins (1801396)
Wheels Suitable for a Racebox Design- Gwydion Gwyn Clement (1804252)
Brake Systems- Jonathan Pugh (1808090)
Steering Systems- Christopher Herbert Salter (1803810)
The Body of The Vehicle- Aryan Adibmehr (1802462)





[bookmark: _Toc535404208]Gant Chart

Below Is the Gantt chart which depicts how the group organised their time effectively. 















[bookmark: _Toc535404209]Chassis Design
[bookmark: _Toc535404210]Introduction into Chassis Design
This section of the report will be exploring frame designs, looking at both the space-frame and monocoque structures and which type will be more suitable for our application as well as meet the requirements set out. 
[image: ]
Figure 2
The space frame design uses lengths of either round of square tubing to create a rigid structure that will then encase the driver in a safe cell whilst supporting the loads demanded upon it (buildyourownracecar, 2018). The essence of this design is to use cross members that will be joined at nodes to create triangles. Bracing the frame in such a way allows for substantial tension and compression loads to be acted upon it without deformation. It is said that for a successful example of this design any significant loads applied to the frame should be applied at nodes. (Seward, 2014 p.36) This reduces any bending as the loads acted upon the frame are in a state of tension and compression.







[bookmark: _Toc535404211]Torsional Rigidity.
As to get the optimal performance out of the design it must be ensured that the frame is as torsionaly rigid as possible, the reason for this is it allows us to ensure predictable handling. Derek (2014) emphasizes that to effectively tune the suspension and control the lateral loads of the vehicle whilst cornering, a rigid frame is paramount. Essentially aiming for a rigid frame with suitable suspension. (Seward, 2014p.34)

[bookmark: _Toc535404212]Ergonomics
Whilst designing the frame ergonomic factors need to be taken into consideration that will compromise optimal design for practicability. For example, the driver’s legs must have sufficient space but in turn this does not allow the use of cross members on this part of the chassis and in this reducing strength and torsional rigidity unless remedial action is taken.  Furthermore, Derek (2014) proposes that suitable remedial action for such an occurrence is the addition of structural side pod members or the use of material with a higher flexural strength in these vulnerable areas. (Seward,2014 p.38)
Moreover, another factor to be considered is the attachment point for the seatbelt as this will have dynamic loads acting continuously upon it and will need to be suitably braced. It is noted that when using triangulation of tubes those acting in tension offer superior strength than those in compression (buildyourownracecar, 2018). This will be important in this safety aspect of the design where full triangulation is not possible.

[bookmark: _Toc535404213]Centre of gravity.
For optimal performance the racer should be as neutral as possible to obtain responsive handling, A key component in achieving this is to calculate the position of the centre of gravity (SEAS, 2012). As the Racer does not have an engine or gearbox the most significant static weight is that of the driver. Therefore, a well-designed cockpit layout with regards to the centre of mass will have an important effect on the vehicles handling. It is regarded that all accelerative forces act through the centre of gravity and any force acting otherwise can unbalance the vehicle unless neutralised by another force (SEAS, 2012).  The aim is for the centre of mass to be positioned on the centreline between front and rear wheels as well as left and right wheels and as low as possible to reduce weight transfer and chieve neutral responsive handling.
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Figure 3 
[bookmark: _Toc535404214]Cockpit Dimensions.
As the cockpit is the interface between the driver and the machine it is paramount that certain aspects are dimensioned through an ergonomics study to achieve comfort to the driver whilst staying in the parameters of an optimal racer design. The dimensions regarded as crucial to this application are said to be, the angle of the seat, the angle of the legs bent at the knee, the steering location, dash and forward roll bar height and the width of the cockpit at the seat, legs and shoulders (Mariotti & Janud, 2000)
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Figure 4 
[bookmark: _Toc535404215]Materials
In order to create a well-functioning space-frame design the materials used must be sufficiently strong to carry the loads they are subjected to and be as lightweight as possible. Steel is a common material used and can come in varying grades; the way in which the steel is processed can also have an impact on the mechanical properties of the material. 
1018 steel is a common grade of mild steel used in a number of engineering applications and is usually purchased in cold drawn form offering tensile strength of 64000 psi and a yield strength of 54000psi (capital steel.net)
Steel can also be acquired in many forms, such as seamless circular tubing offering a high yield strength this type of steel is commonly used for roll cages and is recommended for high stress components (Seward, 2014p.42)
Welded circular tubing is also commonly used in automotive applications although it has a lesser yield strength than seamless tubing but is also cheaper.
Welded square tubing is another alternative although it has 20% less efficiency in compressive buckling than circular tubing but offers more strength and is easier to join.
Alloy steel tube offers an extremely high yield strength and is the lightest material of those mentioned but can be significantly more expensive and also require specialist welding (Seward, 2014p.42)
The price for 42.4x3.00mm circular hollow tubing at a length of 7.5-7.65m is £75.67, and the price for a 40x40x 3.00mm square hollow tubing at a length of 7.5-7.65m is £69.74, Although once bought in bulk these prices are reduced significantly (parkersteel, 2018).

[bookmark: _Toc535404216]Summary of research
Once driver dimensions had been established through an ergonomics study it was then possible to gather dimensions for the racer to scale with the driver, allowing optimum performance whilst providing driver safety and comfort. 
Typically, a space-frame design is braced throughout the entire structure. Offering superb rigidity and strength and able to deal with the high compressive and tension loads applied to it. As our racer will not be subjected to such high demands as an engine propelled racer it does not require bracing for such substantial loads and therefore allows for reduction in bracing whilst not compromising performance. In turn this will reduce the overall weight, cost of materials and workload.
It was decided that 20x20x2mm square hollow tubing would be ideal for the frame as this would be stronger than an equivalent in circular tubing as well as easier to cut and weld.  With the measurements established it was calculated that approximately 21.6m would be needed to make the chassis, comparing both parkersteel.co.uk(2018) and themetalstore.co.uk(2018) the lowest price for the material was £85.06, Additionally for the floor panel of the racer it was decided that 1.2mm aluminium sheet  would be ideal as this can be easily cut to shape and riveted to the base, Again comparing the two metal suppliers the best price for this was £40.32 for a 2mx1m sheet.















[bookmark: _Toc535404217]Aerodynamics and Science of the Soapbox
[bookmark: _Toc535404218]Introduction to aerodynamics
Aerodynamics is the way the air moves around things (in our case the soapbox) this helps with how much control the driver will have as his speed increases down the hill. As he goes quicker, the more air the soapbox will be going through, and this will create downforce. Downforce is when the air going around the soapbox pushes it down, this will create more grip for the tires as he turns around the corners.
The air can go through, under and over the soapbox depending on how it’s being built. To be able to create a good aerodynamic soapbox, we must make sure the air can go around the car smoothly, for example we can have uneven arches, the air could damage the arches.
[bookmark: _Toc535404219]Centre of gravity
For the soapbox, it must be able to have a good centre of gravity because this will help the soapbox be more stable as the air goes quicker around the soapbox. To be able know where the centre of gravity is, we need to be able to know the weight of the object (the soapbox). Then we need to calculate all the additional weight that will be added to the object, example is the driver, the steering, and the wheels.
Next, we need to know how long the soapbox is from the datum. Then we need to measure where all the weight is and how far they are from the datum, example the driver’s weight would be in the back. After this we need to work out the moments of all this weight, the equation for this is weight x distance = moment
Next, we have to add up all the moments we calculated together and also the weight of them all. We then divide the total moment with the total weight then this gives us the centre of gravity from the datum.

[bookmark: _Toc535404220]Energy 
At the beginning of the race, we would be able to calculate the potential energy of the soapbox, the equation to work this is potential energy = mass x gravity x height. Then at the end or during it we could work out the kinetic energy, the equation for this is kinetic energy = 0.5 x mass x velocity (squared)
[bookmark: _Toc535404221]Vibrations 
With the soapbox, we could have suspension which will help the soapbox be more stable over bumps and through corners, this will restore the equilibrium of the components, if we don’t, this will affect the car dramatically over the bumps and could be harder to control.
[bookmark: _Toc535404222]Friction
Friction can be added into a lot of components, the friction of the body, drag, tires, all the components. All this will decrease the maximum velocity of the soapbox.
[bookmark: _Toc535404223]The design
After looking at our main chassis design, where the roll cage is behind the driver that should just be a bar going around because the air can just go through the big gap and not hit the chassis which that would slow the car dramatically. Next would be for the front of the car, for the front the car we should design the smoother front and not just a square, with a good smooth point the car can just rip through the air and it can travel smoothly around the car, for this we can use materials like carbon fibre or use ply wood because its light and cheap.
[image: ]
Figure 5 
 We can get 4 sheets of these to create a front to cut through the air. This will be extremely light and very strong to be able to cope with the weight of the air.
[bookmark: _Toc535404224]Wheels Suitable For a Soapbox Car
[bookmark: _Toc535404225]Introduction on wheels/brakes
This report will set out to find the best designs and principals to be used on a soapbox car focusing on the wheels and brakes of said design. Firstly, the consideration would have to go into the weight of the vehicle, we would need to ensure that the correct tire is used, and an adequate PSI is used to sustain the load ensuring that manoeuvrability, safety and handling of the vehicle. The axle will also be a key component in this as both the wheels and the axle will be supporting the whole load. 
Seeking to find the best solution for an efficient stopping ability while also being utilized to corner and take corners with ease. Research will have to be done on the load to ensure that the brakes are suited to the purpose. I.E disc brakes could over heat if they are over used. Beginning research should show successful attempts in previous races, by looking at designs from previous winners I will put my attention into how the brakes and wheels can be improved upon and aim to implement it into the design.
[bookmark: _Toc535404226]Literature Review
[Turnology] The wheels are the main contact patches of the car with the road surface, forces of acceleration, braking and even potholes effect the transfer grip from the tires. Wider wheels can allow you to fit fatter tires which in turn can allow you to gain lower lap times. By looking at [Turnology] we see that the wheel manufacture falls into two categories. One Piece (also known as ‘Monoblock’ and a Three-piece wheel. A Monoblock wheel, will have the greatest range in cost due to the ability to utilize a range of materials. Using this technique, the Monoblock wheel can have material added or removed at high stress areas, to save weight or to add to rigidity. There is a high stiffness to weight ratio compared to the three-piece wheel. By looking at a three-piece wheel, we see that it is designed with a centre section, the inner rim and an outer rim. An advantage to the three piece is that you can mix and match inner and outer rim widths and diameters to create wheels to suit any application. Material thickness is consistent in a three piece, meaning that you can cannot tailor any low stress areas. 
Taking the attention back to the contact areas of the vehicle [J.R Ellis] states that the tire being the main contact area means that penetration from the road surface creates a high local force, this is then reacted by the hydrostatic force which is distributed through the rubber. Another aspect that could affect sliding force is the road temperature.
[image: ]
Figure 6

[J.R Ellis} Says that the following decisions must be taken for each tire:
-Contact with the ground
-Friction decreasing speed
-Force limit on traction and braking
-Attitude angle and the functioning friction and Normal force. 
Moving on to a figure from [Vehicle Handling Dynamics] we see a car view with the centre of gravity located at a and b between the two axles. The wheelbase is represented by L

[image: ]
Figure 7
Looking at the figure 3.1 [vehicle handling dynamics] we can see the slip angles for the left and right axle are slightly different. However, this is unimportant, as the yaw velocity on the forward speed contact patch is of low order. A high yaw velocity indicated the vehicle is out of control.

[bookmark: _Toc535404227]Methodology/Discussion/Conclusion
A Monoblock and a three-piece wheel may have the same fatigue strength but the Monoblock is a stiffer wheel meaning that it will deflect less under high cornering. Weight savings on a Monoblock can also be an advantage ranging from 1 – 3 pounds. The other point to take not of would be the reparability of a three-piece wheel, due to the nature of its design it can be easily repaired whereas the Monoblock would tend to need replacing. 
Concerning the positioning of the wheels we can see in Fig 3.1 we can see that the Centre of weight should be places between the two axles to keep the yaw velocity at a low order to keep the vehicle in control.
[bookmark: _Toc535404228]Costing 
Through the research provided the common trend shows us that finding and stripping down old go karts or buggies would be the most cost-effective way to find the ideal wheels. To buy the Wheels as single pieces we can see through a search on eBay that the price range would be between £10-£40. However, if we were to look at taking a vehicle the price range would be from £50 - £1000. The one benefit of this is that buying a vehicle may provide us with additional parts that we may need for our design. 
[bookmark: _Toc535404229]Conclusion 
By seeing the trend in previous soapbox winners and having a better understanding of how wheels are put together we can see that Monoblock and a three-piece wheel may have the same fatigue strength but the Monoblock is a stiffer wheel meaning that it will deflect less under high cornering. This along with its ability to behave better under heavier loads would make it the ideal wheel for a sturdier frame. Weight savings on a Monoblock can also be an advantage ranging from 1 – 3 pounds. The other point to take not of would be the reparability of a three-piece wheel, due to the nature of its design it can be easily repaired whereas the Monoblock would tend to need replacing.  
Concerning the positioning of the wheels we can see in Fig 3.1 we can see that the Centre of weight should be places between the two axles in order to keep the yaw velocity at a low order to keep the vehicle in control. This would be the case with whichever wheels we decide on as it will be important for us to keep our Yaw velocity low for the race.  
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Brake Systems
For the braking system there were a few ideas thrown around from a soap box usual design a friction plate to fully carbon discs. In the end we went for the more practical and efficient hydraulic disc brakes setup. The hydraulic disc brake that were the best choice for the project as the cost and efficiency were the most balanced. Hydraulic disc brakes are more commonly used on bicycles but seeing as we will be using bicycle wheels, bicycle brakes seemed a wise fit.
[bookmark: _Toc535404231]Disc materials
The material for the disc is usually made from cast iron but another element type is a man-made composite Carbon-Carbon. Carbon discs are used in F1 and in missile manufacture, as the makeup of the carbon can dissipate heat much better than cast iron and weigh 50% less. Carbon discs were a great idea to show off the advancements that the industry has over the last decade. However, the cost of the carbo-carbon discs outweighs the benefits for this project.
Cameron, K. “Carbon discs, which continue to deliver smooth braking performance at extreme temperatures, are features. The material is called “carbon - carbon” because it consists of a framework of high-tensile carbon fibres impregnated by amorphous carbon. Carbon discs are several thousand dollars each because their manufacture requirements long residents in specialized high-temperature ovens already crowded with aircraft, missile and f1 parts.”

[image: ]
Figure 8
[bookmark: _Toc535404232]Hydraulic Braking System
A hydraulic brake is a braking system that uses brake fluid, brake fluid usually consists of glycol ethers. It transfers pressure from the controlling mechanism, usually a pedal or lever to the braking mechanism: the calliper pistons.
“A hydraulic bicycle brake system comprising a master cylinder having dual chambers and dual pistons associated respectively therewith, with each operating in sequence the rear and front wheels against different tension springs on the respective wheel brake unit, with provision in the master cylinder construction for operating either wheel brake in the event fluid should leak from the other cylinder”.
[bookmark: _Toc535404233]How Brakes Work
[bookmark: _Toc535404234]Braking systems use friction in order to decrease the speed of a desired vehicle or object. The braking system does this by combining components and systems. For example, depressing the brake pedal essentially creates friction between moving objects and a stationary one. In this case the moving object is the disc and the stationary one is the brake pad. Eventually when enough friction is created the soapbox will come to a complete stop. Performance Online (2012)
[image: ]
Figure 9 
Adding Hydraulic systems to brakes
Modern braking systems have the added advantage of a hydraulic system to assist in the braking process. This additional feature helps by reducing the amount of force needed from the driver on the brake pedal. When depressing the brake pedal, it moves the master cylinder piston to create pressure in a closed system through a network of lines to the brakes, thus creating enough force to push the pistons into the brake pads. This process ultimately creates friction and stops the vehicle with a lot less effort from the driver. Performance Online (2012)

[bookmark: _Toc535404235]Braking on the Course
Braking on the course is something that needs great consideration due to the fact that we don’t have any assisted power on the way down, however we still need to brake at certain points and one final time at the bottom of the course.
Stuff.com recommends that “brake wisely, going fast is easy; making sure you don’t lose speed is a real skill. Practice taking the racing line, going slower into the corners and only braking when necessary not too much, and not too little.”
[bookmark: _Toc535404236]Costing
The cost of the brakes can vary from cheap to extremely expensive and not gain much performance for example we can find used bike brakes for around £10 where as carbon brakes would cost in the region of £1000. Therefore, they become unfeasible to this project.
In an ideal world we would love to use the carbon brakes but for a project like this it’s a bit of overkill, plus the cost severely outweighs the benefit. So, to sum up, because of all this information the logical result would be to use bicycle hydraulic disc brakes as they're the most cost effective and efficient way to slow down and ultimately stop the soap box. The hydraulic brakes can be easily adapted to the wheels and would reduce the time we spent in manufacturing a correct fitment.
[bookmark: _Toc535404237]
Steering Systems

The steering system is one of the most important system to have on this soap box, to be able for the soap box to be able to manoeuvre quickly and safely down the course it will need to have a reliable, light, cheap and strong to be able to do this successfully.
[bookmark: _Toc535404238]Method 1 (string)
There are many ideas and design that are available but one system that is mostly used and recommended is the string axles method.
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Figure 10
This is an easy way of how to steer our soap box, have a separate axle which is through a plank of ply wood and then can rotate freely, get a sturdy blank that is a suitable distance for the driver to have the steering wheel, at the end of that plank, create a metal structure where the rope can go around and also have a slot for a steering wheel, and this will be able to steer the soap box left and right because as the driver turns left there will be less tension on one side and this will turn the axle on the bottom to the direction the driver wants to go.
[image: /var/folders/km/gw7b0kms3bzfx8wkdtcjpg840000gn/T/com.microsoft.Word/WebArchiveCopyPasteTempFiles/aid450124-v4-900px-Make-a-Soapbox-Derby-Car-Step-9.jpg]




Figure 11 
[bookmark: _Toc535404239]Method 2 (Pitman Arm)
Another method of steering others use is a pitman arm steering, pitman arm is used on simple go-karts.
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Figure 12



Scottishcarties (2018) This pitman arm is a single tie rod between the arms on the steering and this means the ratio for the steering can be adjusted without it affecting the wheel alignment.
to be able to steer this system the driver will only need to turn very gently to whatever direction for the car to steer in that given direction. This is all dependant on the steering ratio the driver prefers, for example if he doesn’t want to turn the wheel much the soap box will still turn but for this it will be very sensitive, or have a bigger ratio which means the driver will need to give more steering input for the soap box to steer which will be easier and less sensitive but can be harder to control. Scottishcarties (2018)
After doing the steering system the additional accessories the driver will need is the steering wheel, for the 2 methods any sort of steering wheel can be used, for example a PlayStation steering wheel or a real sparco car steering wheel.  But these steering wheels will need to be considered within the costing of the system and the steering wheel and also what sort of tyres the soap box will be using.
[bookmark: _Toc535404240]Conclusion 
After doing all of this, the better option would be to go for the pitman arm system (method 2) because its more reliable and the safest way to control the soap box. Even buying a second hand go kart chassis, this comes with most external parts needed for the soap box which will keep the cost down.
But for only the steering system and cost the method 2.1 is the method that should be used for the soapbox.

[bookmark: _Toc535404241]The Body of the vehicle
An outer shell is going to be used to enclose and streamline the structural frame of the vehicle in a classic body-on-frame construction. This shell is solely for aerodynamic purposes and is not structural in any way, all the loads being taken by the frame.
The shell must be as light as possible while minimizing aerodynamic drag. It needs to be rigid enough to span unsupported sections where attachment to the chassis is not possible. It must be easy to tailor the shape to accommodate the vehicle without the need for exacting dimensions and design to allow the team the freedom to alter the shape of the frame should the need arise.
There are several materials and construction techniques that could be used to build an outer shell for the project car. Of these, glass fibre reinforced plastic stood out for being highly adaptable and customizable, simple and inexpensive and not requiring any special and expensive tooling to construct, which is the reason it is widely used in prototypes and low volume production runs in the auto industry (G Motors, 2010).
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                             Figure 13
The photo above shows the Bodrodz “Atomic Splinter” chassis without its external aerodynamic shell (Bodrodz Extreme Gravity Racing, 2011).
[image: ]
Figure 14
Above the same vehicle is shown fitted with its plywood laminate body (Bodrodz Extreme Gravity Racing, 2011). Although it is not a glass fibre plastic body, it illustrates the point and the overall construction of the chassis and body are similar to how the project car will be made.
To create the basic shape of the body, station formers cut out of plywood are placed along the length of the chassis. How many station formers are used and where they are placed depends on the exact profile of the body, the more complex it is the more section formers are required to create the desired outline. The gaps between the station formers are covered and smoothed with urethane foam to create a complete and smooth surface, which will act as a mould around which the glass fibre polyester composite material can be applied to assume the exact shape created by the mould and left to cure (Riley, 2018)
[image: ]
Figure 15

Shown above is the bare chassis of the ‘Tri-Magnum’ car (Riley, 2018) being prepared to receive its glass fibre reinforced plastic body. The plywood station formers can be seen placed along the length of the chassis.
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                                   Figure 16
The foam panels should be aligned in respect to the long axis of the chassis is unique to the design of chassis and body being used (Riley, 2018).
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