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Known figures
W=680Kg
Y Max=0.01m
L=0.8m
E=210GPa
Formular used to derive I:
                                                  
                                                 


Using Excel, I was calculated for various diameters as shown below:
	D (mm)
	D (m)
	d (m)
	I

	26
	0.026
	0.022
	1.09327E-08

	27
	0.027
	0.023
	1.23504E-08

	28
	0.028
	0.024
	1.38858E-08

	29
	0.029
	0.025
	1.55438E-08

	30
	0.03
	0.026
	1.7329E-08

	31
	0.031
	0.027
	1.92462E-08

	32
	0.032
	0.028
	2.13E-08

	33
	0.033
	0.029
	2.34952E-08

	34
	0.034
	0.03
	2.58365E-08

	35
	0.035
	0.031
	2.83285E-08

	36
	0.036
	0.032
	3.09761E-08

	37
	0.037
	0.033
	3.37839E-08

	38
	0.038
	0.034
	3.67566E-08

	39
	0.039
	0.035
	3.9899E-08

	40
	0.04
	0.036
	4.32157E-08



D represents outer diameter whereas d represents inner diameter.
D=0.03m & d=0.026


Equations to calculate are of tube:

This equation then simplifies to:

Thickness of tube:
[bookmark: _Hlk114854833]


 Final Equation:


This shows that a 30mm tube is the smallest diameter that can be used whilst keeping deflection of the wing under the 10mm maximum specified in the brief.
[bookmark: _Toc114905804]1B) 
To make the calculations possible assumptions had to be made, one assumption was the downforce produced. After some research it was assumed that the downforce produced would be 680Kg, Jill Dunbar (2017). It is also assumed that the load is uniformly distributed across the length of the wing, this would not be the case in a practical scenario as the wing has an irregular shape. It was also assumed that the length of the wing was 800mm. This was the final assumption which allowed the calculation to be completed. To find the minimum diameter the steel tube can be whilst keeping deflection under 10mm an excel spreadsheet was created. With was to calculate the deflection for various diameters of steel tube, the deflection was increased by increments of 1mm. The limitation of this method is that it is only accurate to 1mm, to improve the accuracy of the calculation the excel spreadsheet should be in a much smaller increment, for example 0.1mm.
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[image: See the source image]The front wing is commonly used in race cars to produce downforce, it does this by using the same principles as a plane wing. A plane wing working by creating a faster airflow on the top of the wing to create low pressure above the wing and a high pressure under the wing, this causes lift. The front wing of a car does this in reverse. 

The same affect that gives planes lift also gives cars downforce with is crucial in aiding the traction of the car. To fully understand the importance of the front wing and its development the best area to look at would be F1 race car. Although the front wing can be found in other areas of the automotive industry the F1 car has greatly developed the front wing and is how an essential component in the function of the car. According to René Fagnan (2018) the front wing first appeared on the F1 car in 1968, during this period aerodynamics were not consider as much when designing a car as they are [image: The first appearance of wings on Formula 1 cars]today. This period also saw the engine size of the F1 car increase from a 1.5 litre engine to a 3.0 litre engine. This increase in power lead to slower lap times due to poor traction. The F1 car had historically relied on soft wide tires for traction, however the lotus team added a very simple front wing design to create downforce. This allowed the Lotus car to take corners at increased speeds and increased overall handling.
To increase the force on the tires of the car engineers fitted a DRS (drag reduction system) system to the rear wing of F1 cars. The moving rear wing would reduce its angle when the diver accelerates to reduce drag, when breaking or cornering the angle of the wing would increase, creating drag and improving traction. This rear wing produces essential downforce to the rear of the car just as the front wing produces essential downforce to the front of the car.











Development of Front Wing in F1 Cars
[image: Non è stato fornito nessun testo alternativo per questa immagine]With the development in aerodynamic technologies the front wing of car quickly developed from a simple wing to complex components that would need to product downforce for the car but not create too much turbulent air that would negatively affect the rest of the car. The down force produced by the front would also have to be balanced with the downforce produced by the rear of the car. Over the years engineers have been adjusting the size and angle of the wings to produce the desired downforce. At the end of the wing the areas of high and low pressure meet creating turbulence. If the humidity and temperature are at the certain conditions water may condense or even freeze in the case with some aircraft. This led to the first major design change with the addition of end wing plates in 1979. The end major design change then occurred in 1989 when two parallel wings were used rather than one. 1999 saw the big design change in the top wing, in more recent times the number of wings and end plates have increased, and the designs become more complex.
[image: See the source image]The drastic changes in the front wings design can be seen in the image, it shows the development of the wing in just four years. The development shows the engineering trying the find the optimal layout of wing flaps and endplates to make the car more efficient. The front wing has been developed with the aim of making the wing as low to the ground as possible to reduce drag, in modern F2 cars the front wing can’t get any lower to the ground as it runs the risk of blocking airflow between the bottom of the wing and the ground.
One of the latest design changes in recent years is the addition of strakes, these are vertical fences under the wing that help to direct airflow. These very in number, length and direction in different car but all have the same purpose of turning turbulent air into a vortex on the outer part of the wheel and to reduce the wake (waste airflow) which would increase drag.
When looking at the development of the front wing from 1968 to present day in the early development that drastic changes were made regularly but in recent years more focus is on refining the layout of the flaps and end plates of the wing rather than redesigning it. Because of modern technologies it is becoming increasingly difficult to improve the design whilst staying with the F1 parameters, however progress is still being made in the wings design ever year. With technologies advancing I believe the further development of the wing can come from new composite materials with different properties to the current materials, this change in properties may even warrant a design change in the wing. Although the current F1 parameters are restricting the development they are essential to creating a fair race, there parameters are also constantly being reviewed and updated which will allow engineers to improve the design.
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Manufacturing Processes and Materials 
During the early years of F1 the body of the cars were made from aluminium sheet metal, which would have been a very suitable material at the time due to its great strength to weight ratio. The aluminium would have to be pressed into the required shaped or even used panel beating in the very early days of F1. Aluminium whilst being light weight and strong also offers flexibility, a race car will undergo sudden changes in acceleration and direction. A rigid body may fail under these sudden changes in force, meaning the material will need some degree of flexibility. To manufacture an aluminium front wing a press would need to be used, a mould with the desired shape of the wing would need to be manufactured, aluminium sheet metal will then be places in the mould and a force big enough to permanently deforming the aluminium to the desired shape will be applied. The wing would likely be fixed to the body of the car using rivets. This is likely how lotus manufactured the first front wing back in 1968. Pressing is more suitable for mass production as the die can be used numerus times, this would make the manufacturing process expensive.
G.P. Thomas (2013) states that the first use of carbon fibre in an F1 car was in 1980 when McLaren used carbon reinforced composites for their chassis. The use of carbon based composites have made formula one cars lighter, faster and safer over the years. It has also introduced more manufacturing processes. Carbon fibre manufacturing is both mechanical and chemical, long fibres of carbon are heated to extremely high temperatures, oxygen can not be present during this stage for the fibres will burn. During the heating process the fibres vibrate, removing most non-carbon atoms. The next stage is stabilizing the fibres, this involves chemically altering the fibre to more thermally stable ladder bonding. When the fibres have stabilised the carbonizing sate begins, the fibres are heating ages to temperatures from 1800 to 5000 degrees for several minutes. This further expels non-carbon atoms, the remaining atoms for tidy bonded carbon crystals. The fibres can then be mixed with the bonding agent in the required shape.
The benefits of using carbon fibre in cars is that it greatly reduces the weight, despite being extremely strong, offering a lighter and stronger alternative to aluminium. Another benefit to using carbon fibre is that it can be moulted into any shape, meaning there are almost no design limitations in terms of manufacturing capabilities. Carbon fire also doesn’t corrode like alternative materials, meaning the components do not need to be regularly replaced, another factor in the longevity of carbon fibre components is that they do not deform due to its rigidity.
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The calculations in task one can be verified by producing a prototype of the wing. The first step in producing a prototype is to first make a design which considers all the specifications. From the brief we know that the thickness of the tube that is attaches to the main body of the car is 2mm thick. The calculations shown in task one state that the outer diameter of this tube is 30mm. It is also stated that the length of the length of the wing is 800mm, the brief also states that the structural section which runs to the end of the wing is made from Steel. Considering all these factors a 3D model of the wing can be produced using CAD.
After the CAD model has been produced the first stage of testing can begin. CAD software will allow the user to simulate various conditions that the component would encounter in a real world scenario, in this case the airflow can be simulated as well as the downforce which will reveal any turbulent airflow and where the component will flex. The stress and strains can also be pinpointed after these simulations which will give the user an indication of where the component will be weakest and most likely to fail. Adjustments to reinforce the design can then be made to improve airflow and the strength of the component which will increase efficiency.
When happy with the final design after various simulations a prototype can be manufactured, the prototype can be physically be tested. One way that the wing should be tested is using a wind tunnel. When testing in a wind tunnel numerous pieces of string can be attached to the component, the movement of the string when an airflow is introduced will indicate smooth or turbulent airflow. Smoke can also be used to produce a visual of the airflow.
A strength test will also be necessary before using the wing. This can be tested by fixing the wing to a solid body which would mimic how it will be fixed to the car. Force can then be applied to the wing and recorded, for the optimal results of this test the prototype should be fatigue tested by applying and removing the force repeatedly. The prototype could also be destructed to failure to give the tester the total yield strength of the component. If the prototype meets standards expected in the tests a more permanent method of manufacturing the wing can be developed to increase production and lower costs.
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Air Moves Faster Over Top of Wing

Below particle *A" moves faster than particle "B" and travels not only the increased distance over the top surface.
(moving over the curved top surface is a much further distance), but moves so much faster than particle B that it
armives well past the trailing edge at the same time that particle B reaches the trailing edge.
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