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[bookmark: _Toc115113960]Task 1
[bookmark: _Toc115113961]1a)
Calculate the minimum outside diameter which must be used (all working must be shown), for a suitable loading which you must establish. 

[bookmark: _Toc115029022][bookmark: _Toc115111080][bookmark: _Toc115113981]Figure 1: Car Front Wing Support Beam: 
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[bookmark: _Toc115029023][bookmark: _Toc115111081][bookmark: _Toc115113982]Figure 2: Point Load Cantilever Beam 
W = 200N

E = 210 GPa

Ymax = 10mm

L = 1m




Working out the slope using the maximum deflection equation for a point load on a cantilever beam: 
Y 	= 10mm 	= 0.01m 
E	= 210GPa	= 2.1x1011 Pa
L 	= Length 	= Assumption/Research 	= 1m 
W	= Load 		= Assumption/Research	= 200N
I 	= ? 



Re-arrange: 


Input values: 

Finding the minimum outside diameter: 

Using this value for i, I will create a spreadsheet on Excel (Table1 & Figure 3) using the formula shown below to find the minimum sufficient diameter.




[bookmark: _Toc115111082][bookmark: _Toc115113983]Figure 3: Screenshot of Excel Sheet Created to find the minimum diameter: [image: Graphical user interface, application, table, Excel
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[bookmark: _Toc115114007]Table 1: To show the value for i when D and d increase.
	D (mm)
	D (m)
	d (m)
	i

	5
	0.005
	0.001
	3.0615E-11

	6
	0.006
	0.002
	6.28E-11

	7
	0.007
	0.003
	1.13825E-10

	8
	0.008
	0.004
	1.884E-10

	9
	0.009
	0.005
	2.91235E-10

	10
	0.01
	0.006
	4.2704E-10

	11
	0.011
	0.007
	6.00525E-10

	12
	0.012
	0.008
	8.164E-10

	13
	0.013
	0.009
	1.07938E-09

	14
	0.014
	0.01
	1.39416E-09

	15
	0.015
	0.011
	1.76547E-09

	16
	0.016
	0.012
	2.198E-09

	17
	0.017
	0.013
	2.69648E-09

	18
	0.018
	0.014
	3.2656E-09

	19
	0.019
	0.015
	3.91009E-09

	20
	0.02
	0.016
	4.63464E-09

	21
	0.021
	0.017
	5.44398E-09

	22
	0.022
	0.018
	6.3428E-09

	23
	0.023
	0.019
	7.33583E-09

	24
	0.024
	0.02
	8.42776E-09

	25
	0.025
	0.021
	9.62332E-09

	26
	0.026
	0.022
	1.09272E-08

	27
	0.027
	0.023
	1.23441E-08

	28
	0.028
	0.024
	1.38788E-08

	29
	0.029
	0.025
	1.55359E-08

	30
	0.03
	0.026
	1.73202E-08

	31
	0.031
	0.027
	1.92364E-08

	32
	0.032
	0.028
	2.12892E-08

	33
	0.033
	0.029
	2.34833E-08

	34
	0.034
	0.03
	2.58234E-08

	35
	0.035
	0.031
	2.83142E-08

	36
	0.036
	0.032
	3.09604E-08

	37
	0.037
	0.033
	3.37668E-08

	38
	0.038
	0.034
	3.6738E-08

	39
	0.039
	0.035
	3.98788E-08

	40
	0.04
	0.036
	4.31938E-08

	41
	0.041
	0.037
	4.66879E-08

	42
	0.042
	0.038
	5.03656E-08

	43
	0.043
	0.039
	5.42317E-08

	44
	0.044
	0.04
	5.8291E-08



Analysis of Table 1: 
Looking at the table 1 on prior page, you can see that as the diameters increase down the rows, the value for slope (i) gets closer and closer to the desired value for i. 

You can see that the desired value for i, 3.1746x10-8, should be in between the diameters 36 & 37mm for D. Highlighted in red, at 36mm the value for slope is too small. This would mean that the beam would bend past the 10mm deflection and fail the race regulations.

According to Table 1, to pass race regulations the beam would have to be at least 37mm thick in its outermost diameter. 


[image: What is the maximum span for a cantilever beam? - Quora]










[bookmark: _Toc115111083][bookmark: _Toc115113984]Figure 4: (CantileverBeamDeflectionIMG, 2022)







[bookmark: _Toc115113962]1b)
Discuss any assumptions that you have made, the limitations of your calculations and how these may be overcome. Discuss alternative principles and methodologies that could have been used. 

[bookmark: _Toc115113963]Assumptions:
Not all values needed to complete the calculation to find the minimum diameter for a maximum deflection were provided in the question. You can assume the load and the length of the beam to complete the calculation with provided evidence of research upon your values. 

Load on the Beam- 
The load on the beam is force acting downwards on the beam. This force can be a point load – a force that is applied to a concentrated point on the support (PointLoadMeaning, 2022), or a uniformly distributed load (UDL) - a load that is applied evenly over the distance of a support (UDLmeaning, 2022). 

The first assumption made is that the type of load used in my calculations is a point load on the edge the beam. Obviously once the vehicle is moving, the airflow travels over the full length of the wing acting as a UDL load. So, the reasoning for using a point load in the calculations is to replicate the testing procedures used in formula 1.

“The FIA's most recent technical directive applies a new test. Along the trailing edge of the flap, a 60N load is applied and the wing must deflect no more than 3mm.” - (AutoSport, 2022)

The second assumption made is the size of load. From the statement above, you can see that for a 3mm maximum deflection, the load is 60N. Expanding that testing procedure for a 10mm maximum deflection, the load is 200N. ((10/3) x 60 = 200N). 



[image: Aero elasticity – Red Bulls front wing | Scarbsf1's Blog]












[bookmark: _Toc115111084][bookmark: _Toc115113985]Figure 5: (WingTestingIMG, 2022)

Length of the beam – 
The third assumption would be how long the beam is. The length dictates how much the beam deflects due to leverage action of a longer beam. 

“The front wing assembly, including the endplates, runs to the full width of the car – 1000mm each side of the centreline”. - (TheRace, 2022)

From research shown in the statement above the maximum length a front wing can be front the car centreline is 1000mm. The length assumed during the calculations in part 1a is 1000mm then, as it is better to use the maximum chance of failure in finding the correct minimum diameter needed. 




Limitations of calculations used – Inaccuracy
The main limitation in the calculations shown to work out the minimum diameter required for a maximum deflection is how inaccurate the data is. The diameters used in Table 1, increase by 1 until surpassing the value for slope. The value for slope was somewhere in between 36 and 37mm. So, if you desired a more accurate beam diameter for the maximum deflection you could break down the excel spreadsheet into 0.1 or 0.001mm increasing diameter increments. This however would result in a more expensive beam requirement. So, you would have to weigh up your needs and wants.

 In a Formula 1 environment, where money doesn’t seem to have a huge value, only performance does, you would try to find the slimmest beam to use to cut down on weight.  For a more budget racing series, you would probably stick to the whole number for beam diameters as you will be able to purchase beams more easily, faster, and at a cheaper cost. 

Limitations of calculations used – Aerodynamic Profile
It was stated in the question to assume that the aerodynamic profile is non-structural. Whereas, in a real-life situation the aerodynamic profile may well be structural. Even if the wing had a support beam running through it like in the example provide, the weight and mounting positions would be something to take into consideration during your calculations. Also, in a Formula 1 environment where materials used are at the optimum the whole aerodynamics would inbuilt into the beam through carbon figure moulding. 
[image: Secrets of Formula 1 Part 3 – The role of the Front Wing - Computational  Fluid Dynamics | CFD | TotalSim]







[bookmark: _Toc115111085][bookmark: _Toc115113986]Figure 6: (TotalSimulation, 2022)
Alternative Methodology –
Instead of producing an excel spreadsheet in a trial-and-error method, an alternative way for working out the minimum diameter needed is by algebraic transposition of the below formula. You are able to do this as we know that the internal diameter is always 4mm lower than the external diameter. So, you say that D = 4 + d. 


We know that:


Plug in for D:


From here, knowing your value for slope, you could transpose the above equation to find d. 
[image: A person writing on a chalkboard
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[bookmark: _Toc115111086][bookmark: _Toc115113987]Figure 7: (mathtutorIMG, 2022)
[bookmark: _Toc115113964]Task 2 
 Discuss different types of automotive front wings, how they have developed historically and how you think they may develop in the future. 

Considered by a vast number of people to be the greatest automotive sporting tournament, Formula 1, really is the best example to look at. Due to the F1 car being an open wheeled vehicle, it relies heavily on the aerodynamics of the front wing to diffuse the airflow under and around the car’s wheels and body. Like any sport over the years there is always changes and improvements but maybe in Formula 1 this can really be seen in a comparative way the most. 

Front Wing Introduction:
The first wings appeared on Formula 1 cars back in 1968, where Colin Chapman of Lotus F! looked at the features of Jim Halls Chaparral 2F sports car and fitted much simpler wings on one of his Lotus 49 at the 1968 Monaco Grand Prix. Chapman knew he needed to balance his F1 car and decided the fit small winglets at the front of Graham Hill’s Lotus and a curved sheet metal at the rear.
[image: A person standing next to a race car

Description automatically generated with medium confidence]








[bookmark: _Toc115111087][bookmark: _Toc115113988]Figure 8: (LotusIMG, 2022)
Hill captured pole position on the streets of Monaco with an advantage of six-tenths of a second over the second placed Johnny Servoz-Gavin in a Matra-Cosworth. Hill also won the race, sending a clear signal all along the pit lane. (motorsport, 2022)
Evolution of the Front Wing in F1:
From its initial introduction, the front has improved and changed dramatically over the years. As seen in the image below, you can see that front wing is becoming more and more complex with more components and features being added each decade. 

The most obvious changes of an F1 wing over the years, is its capacity to capture and divert a larger volume of airflow. Essentially making front wings more efficient than their older versions. The two main differences over the years are the reduction of ride height and increase in number of wing flaps.  

[image: Non è stato fornito nessun testo alternativo per questa immagine]


















[bookmark: _Toc115111088][bookmark: _Toc115113989]Figure 9: (aeroformula, 2022)

Wing flaps: 
Modern Formula 1 has broken the front wing up from a single solid wing to multiple wing flaps. Having multiple wing flaps means that there is less deflection of each flap and therefore more accurate control of airflow.

Wing flaps have however been exploited from the initial intended use of a front wing – downforce, to a savvier idea – outwash of turbulent air. The many wing flips as shown on the left in the image below direct the airflow outside the wheel of car, causing more issues to the chasing car behind. Formula 1 have responded to these teams’ ideas by limiting the number of components in the front wing to only 5 since the 2019 season as shown on the right below. Reducing the number of components in the front wing, means that teams can’t control the airflow around the vehicle as much for outwash, but means have use the wing more for its downforce properties instead. The reasoning for this is to make Formula 1 a more competitive sport by making overtaking a little easier than before. 


[image: Non è stato fornito nessun testo alternativo per questa immagine]

[bookmark: _Toc115111089][bookmark: _Toc115113990]Figure 10: (AeroIMG, 2022)

What I think may happen in the future: 
Formula 1 can one of many ways soon with ever growing funding, innovation, and rule changes we really do not know what will happen. But I’d guess that the FIA will make the car more competitive in the way that would allow for easier overtaking to simply keep it’s fan base growing with great racing spectacles. 

I think the days of there being a single team/driver who dominates the whole season by a yard, and here are the days of a closer scoreboard. This could mean that Formula 1 almost takes a step backwards in the complexity of its front wing and really makes the wing all about downforce. To do this F1 would continue to limit the number of components in the front wing.



[image: A car engine with its hood open

Description automatically generated with low confidence]
[bookmark: _Toc115111090][bookmark: _Toc115113991]Figure 11: (MotorsportWeek, 2022)

[bookmark: _Toc115113965]Task 3
 Discuss the manufacturing processes and materials used in the development of the automotive wings and relate this to task 2. 

Always with developing a part in engineering, the design stage is the most crucial. You want design a wing with the future in mind, and to what is suitable for your requirements. 

[image: Design casts the longest shadow. If you thought design is a cost head… | by  Cosire | Medium]















[bookmark: _Toc115111091][bookmark: _Toc115113992]Figure 12: (DesignShadowIMG, 2022)

Setting up a qualified and suitable engineering team would be first on the list. This team would then need to familiarise themselves with the rules, regulations, and specifications of the front wing racing requirements. Once the team understand what they can and cannot do, then they can start to sketch the beam profile. This sketch can then be drawn onto a CAD software, where it is easily transferrable and changeable. 

Adding a CAD into your manufacturing process is a fundamental in modern engineering. Depending on the CAD software, you can manipulate the model to theoretically undergo the desired stresses and strains that the wing would really undergo in Finite Element Analysis (FEA) which is a numerical technique used to solve engineering problems with an array of physics-based calculations. (FEAblog, 2022)   You can also simulate the aerodynamic airflow digitally known as Computational Fluid Dynamics (CFD), which provides users with the ability to simulate the products performance under a wide array of operating conditions. This gives engineers an understanding of the pressure, flow and thermal characteristics of their product in order to ensure performance and reliability. (autodeskCFD, 2022)

[bookmark: _Toc115111092][bookmark: _Toc115113993]Figure 13: [image: ] (StressAnalysisIMG, 2022)
[image: Aerodynamics of F1]










[bookmark: _Toc115111093][bookmark: _Toc115113994]Figure 14:  (FluidFlowIMG, 2022)
Once the design has been designed and approved digitally then it is time for prototyping and in order to achieve rapid changes during the prototyping design phase of the complex shape of the F1 nose, it can be divided into several components that are assembled with screws between them. This way the costs of manufacturing a complete element are reduced. To change the exterior shape of the nose, it is enough to change only one or a few parts part of the assembly. Based on the results of the aerodynamic tests of the car the final shape of the front end of the chassis can then be determined and produced a less modular, more finalised way. 

To start building the actual front wing, the design process must pass each design gate beforehand. With everything looking ok so far, you are ready to manufacture the real thing. Looking at the high-end side of the spectrum, formula 1, you would most probably manufacture your wing out a carbon fibre material. To manufacture out of carbon fibre, you would first need to design and purchase a mould made out Ureol. This mould what the layers of carbon fibre are laminated to, giving the final shape. (ResearchGate, 2022)
[image: What is Carbon Fiber? | Innovative Composite Engineering]













[bookmark: _Toc115111094][bookmark: _Toc115113995]Figure 15: (CarbonFibreIMG, 2022)

Once the wing has been made, and the sub-assemblies have been assembled then it is down to assembling to the car itself. And once it is on the vehicle, it can undergo inspection and final testing before being put into actual use. The manufacturing process is never complete once achieving a final part because you must also reflect and analysis what went well, what went bad, and look for ways on improving the design/manufacturing process to cut down on wastes and improve performance. 

[image: Continuous Improvement (CI) Definition]
[bookmark: _Toc115111095][bookmark: _Toc115113996]Figure 16: (CIcycleIMG, 2022)






[bookmark: _Toc115113966]Task 4
In order to verify your calculations, it is proposed that a prototype is to be produced and tested. Explain how you think this should be done and how you would interpret the experimental results. 

More times than expected do theoretical calculations align perfectly with real life scenarios. So, it is crucial to build a prototype in your design and testing phase. 

“A prototype is a first or preliminary version of a device or vehicle from which other forms are developed.” - (GoogleDictionary, 2022)

The prototype would provide the design team with all the relevant information to have faith in the actual finished live product. Initially the prototype would develop from an idea to a sketch to a CAD model. Once the CAD model has been fully constrained, you are able to apply theoretical testing methods on your model. One type of digital prototype testing is computational fluid dynamics (CFD), which is shown in the image below. In a CFD software analysis, the examination of fluid flow in accordance with its physical properties such as velocity, pressure, temperature, density and viscosity are conducted. To virtually generate an accurate solution for a physical phenomenon associated with fluid flow, those properties must be considered simultaneously. (CFDsimscale, 2022)

[bookmark: _Toc115113997]Figure 17: (simscale, 2022)





[image: F1 Front Wing CFD Analysis with SimScale ]


Real Model Rapid Prototyping: 
To generate a real model to test your design in many ways such as ease of assembly, airflow, aesthetics you could create a foam model. However, coming from an additive manufacturing industry I may be biased towards using a 3D printed model. You may have to separate the model into further sub assembles to manufacture on a printer bed, or you could simply scale the model down for prototyping. But I do believe that creating a complex formation such as a front wing will be done best on a metal additive manufacturing machine.


[image: Williams Racing F1 team uses 3D printing for new car development - 3D  Printing Industry]

[bookmark: _Toc115113998]Figure 18: (printedIMG, 2022)


[bookmark: _Toc115113967]Table of Figures: 

Figure 1: Car Front Wing Support Beam:	3
Figure 2: Point Load Cantilever Beam	4
Figure 3: Screenshot of Excel Sheet Created to find the minimum diameter: 	5
Figure 4: (CantileverBeamDeflectionIMG, 2022)	7
Figure 5: (WingTestingIMG, 2022)	9
Figure 6: (TotalSimulation, 2022)	10
Figure 7: (mathtutorIMG, 2022)	11
Figure 8: (LotusIMG, 2022)	12
Figure 9: (aeroformula, 2022)	13
Figure 10: (AeroIMG, 2022)	14
Figure 11: (MotorsportWeek, 2022)	15
Figure 12: (DesignShadowIMG, 2022)	16
Figure 13:  (StressAnalysisIMG, 2022)	17
Figure 14: (FluidFlowIMG, 2022)	17
Figure 15: (CarbonFibreIMG, 2022)	18
Figure 16:(CIcycleIMG, 2022)	19
Figure 17: (simscale, 2022)	20
Figure 18: (printedIMG, 2022)	21










[bookmark: _Toc115113968]Table of Tables:

Table 1: To show the value for i when D and d increase.	6



























Bibliography

aeroformula. (2022, 09 19). https://www.linkedin.com/pulse/aerodynamics-formula-one-front-wing-its-evolution-thomas-oggioni. Retrieved from https://www.linkedin.com: https://www.linkedin.com/pulse/aerodynamics-formula-one-front-wing-its-evolution-thomas-oggioni
AeroIMG. (2022, 09 19). https://www.linkedin.com/pulse/aerodynamics-formula-one-front-wing-its-evolution-thomas-oggioni. Retrieved from https://www.linkedin.com: https://www.linkedin.com/pulse/aerodynamics-formula-one-front-wing-its-evolution-thomas-oggioni
autodeskCFD. (2022, 09 18). https://www.autodesk.com/solutions/simulation/cfd-fluid-flow. Retrieved from https://www.autodesk.com: https://www.autodesk.com/solutions/simulation/cfd-fluid-flow
AutoSport. (2022, 09 12). https://www.autosport.com/f1/news/f1-technical-analysis-new-fia-flexi-wing-test-explained-5006519/5006519/. Retrieved from https://www.autosport.com: https://www.autosport.com/f1/news/f1-technical-analysis-new-fia-flexi-wing-test-explained-5006519/5006519/
CantileverBeamDeflectionIMG. (2022, 09 18). https://qph.cf2.quoracdn.net/main-qimg-79729ad65a9f1da6d2ea5b9e8d52cafe.webp. Retrieved from https://qph.cf2.quoracdn.net: https://qph.cf2.quoracdn.net/main-qimg-79729ad65a9f1da6d2ea5b9e8d52cafe.webp
CarbonFibreIMG. (2022, 09 18). https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.innovativecomposite.com%2Fwhat-is-carbon-fiber%2F&psig=AOvVaw2uWfXlG5LdmzUCL9N3i2fv&ust=1664232637902000&source=images&cd=vfe&ved=0CAkQjRxqFwoTCPjZnPCDsfoCFQAAAAAdAAAAABAT. Retrieved from https://www.google.com: https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.innovativecomposite.com%2Fwhat-is-carbon-fiber%2F&psig=AOvVaw2uWfXlG5LdmzUCL9N3i2fv&ust=1664232637902000&source=images&cd=vfe&ved=0CAkQjRxqFwoTCPjZnPCDsfoCFQAAAAAdAAAAABAT
CFDsimscale. (2022, 09 18). https://www.simscale.com/docs/simwiki/cfd-computational-fluid-dynamics/what-is-cfd-computational-fluid-dynamics/. Retrieved from https://www.simscale.com: https://www.simscale.com/docs/simwiki/cfd-computational-fluid-dynamics/what-is-cfd-computational-fluid-dynamics/
CIcycleIMG. (2022, 09 19). https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.isixsigma.com%2Fdictionary%2Fcontinuous-improvement-ci%2F&psig=AOvVaw3ikwkEsoIRV2ayGtsWYIN_&ust=1664232967149000&source=images&cd=vfe&ved=0CAkQjRxqFwoTCNjNjIyFsfoCFQAAAAAdAAAAABAI. Retrieved from https://www.google.com: https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.isixsigma.com%2Fdictionary%2Fcontinuous-improvement-ci%2F&psig=AOvVaw3ikwkEsoIRV2ayGtsWYIN_&ust=1664232967149000&source=images&cd=vfe&ved=0CAkQjRxqFwoTCNjNjIyFsfoCFQAAAAAdAAAAABAI
DesignShadowIMG. (2022, 09 19). https://www.google.com/imgres?imgurl=https%3A%2F%2Fmiro.medium.com%2Fmax%2F1100%2F1*VzpYyx4__TJTbtBzPVM0Tg.jpeg&imgrefurl=https%3A%2F%2Fmedium.com%2F%40cosire%2Fdesign-casts-the-longest-shadow-e40efe878169&tbnid=UVrueWXuvj5l8M&vet=12ahUKEwiz4qXO_LD6AhWlg8. Retrieved from https://www.google.com: https://www.google.com/imgres?imgurl=https%3A%2F%2Fmiro.medium.com%2Fmax%2F1100%2F1*VzpYyx4__TJTbtBzPVM0Tg.jpeg&imgrefurl=https%3A%2F%2Fmedium.com%2F%40cosire%2Fdesign-casts-the-longest-shadow-e40efe878169&tbnid=UVrueWXuvj5l8M&vet=12ahUKEwiz4qXO_LD6AhWlg8
FEAblog. (2022, 09 19). https://blog.spatial.com/what-is-fea. Retrieved from https://blog.spatial.com: https://blog.spatial.com/what-is-fea
FluidFlowIMG. (2022, 09 19). https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.formula1-dictionary.net%2Faerodynamics_of_f1.html&psig=AOvVaw36OM4MOQ4LWrob3D2YSsj6&ust=1664230980396000&source=images&cd=vfe&ved=0CAkQjRxqFwoTCJjNgtj9sPoCFQAAAAAdAAAAABAU. Retrieved from https://www.google.com: https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.formula1-dictionary.net%2Faerodynamics_of_f1.html&psig=AOvVaw36OM4MOQ4LWrob3D2YSsj6&ust=1664230980396000&source=images&cd=vfe&ved=0CAkQjRxqFwoTCJjNgtj9sPoCFQAAAAAdAAAAABAU
GoogleDictionary. (2022, 09 18). https://languages.oup.com/google-dictionary-en/. Retrieved from https://languages.oup.com: https://languages.oup.com/google-dictionary-en/
LotusIMG. (2022, 09 19). https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.snaplap.net%2Flotus-49-a-milestone-formula-one-car%2F&psig=AOvVaw0JxxhNCvLzg6gQA-Qn6URR&ust=1664298434147000&source=images&cd=vfe&ved=0CAkQjRxqFwoTCOCX4Yz5svoCFQAAAAAdAAAAABAU. Retrieved from https://www.google.com: https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.snaplap.net%2Flotus-49-a-milestone-formula-one-car%2F&psig=AOvVaw0JxxhNCvLzg6gQA-Qn6URR&ust=1664298434147000&source=images&cd=vfe&ved=0CAkQjRxqFwoTCOCX4Yz5svoCFQAAAAAdAAAAABAU
mathtutorIMG. (2022, 09 16). http://www.mathtutor.ac.uk/images/disks/algebra_sideimage.png. Retrieved from http://www.mathtutor.ac.uk: http://www.mathtutor.ac.uk/images/disks/algebra_sideimage.png
motorsport. (2022, 09 19). https://us.motorsport.com/f1/news/1968-first-wings-f1-1000902/1389076/. Retrieved from https://us.motorsport.com: https://us.motorsport.com/f1/news/1968-first-wings-f1-1000902/1389076/
MotorsportWeek. (2022, 09 18). https://www.motorsportweek.com/2020/08/24/tech-101-how-does-a-formula-1-front-wing-work/. Retrieved from https://www.motorsportweek.com: https://www.motorsportweek.com/2020/08/24/tech-101-how-does-a-formula-1-front-wing-work/
PointLoadMeaning. (2022, 09 10). https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwj6k7PM27D6AhWIg1wKHTW4DJ8QFnoECBIQAw&url=https%3A%2F%2Fwww.federalbrace.com%2Fcontent%2F306-point-load-vs-uniform-distributed-load&usg=AOvVaw0IsnjCMiPC0tx1H2_YFdHK. Retrieved from https://www.google.com: https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwj6k7PM27D6AhWIg1wKHTW4DJ8QFnoECBIQAw&url=https%3A%2F%2Fwww.federalbrace.com%2Fcontent%2F306-point-load-vs-uniform-distributed-load&usg=AOvVaw0IsnjCMiPC0tx1H2_YFdHK
printedIMG. (2022, 09 19). https://www.google.com/imgres?imgurl=https%3A%2F%2F3dprintingindustry.com%2Fwp-content%2Fuploads%2F2017%2F03%2FEOS-Williams-Front-Wing-cascade-mock-up.-Photo-by-Michael-Petch.jpg&imgrefurl=https%3A%2F%2F3dprintingindustry.com%2Fnews%2Fwilliams-racing-f1-t. Retrieved from https://www.google.com: https://www.google.com/imgres?imgurl=https%3A%2F%2F3dprintingindustry.com%2Fwp-content%2Fuploads%2F2017%2F03%2FEOS-Williams-Front-Wing-cascade-mock-up.-Photo-by-Michael-Petch.jpg&imgrefurl=https%3A%2F%2F3dprintingindustry.com%2Fnews%2Fwilliams-racing-f1-t
ResearchGate. (2022, 09 19). https://www.researchgate.net/publication/274194090_DESIGN_AND_MANUFACTURING_METHODOLOGY_FOR_F1_NOSE_CAR. Retrieved from https://www.researchgate.net: https://www.researchgate.net/publication/274194090_DESIGN_AND_MANUFACTURING_METHODOLOGY_FOR_F1_NOSE_CAR
simscale. (2022, 09 18). https://www.simscale.com/blog/front-wing-f1-car-optimize/. Retrieved from https://www.simscale.com: https://www.simscale.com/blog/front-wing-f1-car-optimize/
StressAnalysisIMG. (2022, 09 19). https://assignmenthelps.co.uk/7ent1131-finite-element-analysis-of-a-red-bull-f-1-wing-assignment.php. Retrieved from https://assignmenthelps.co.uk/: https://assignmenthelps.co.uk/7ent1131-finite-element-analysis-of-a-red-bull-f-1-wing-assignment.php
TheRace. (2022, 09 12). https://the-race.com/formula-1/gary-anderson-how-f1-front-wings-are-changing-for-2022/. Retrieved from https://the-race.com: https://the-race.com/formula-1/gary-anderson-how-f1-front-wings-are-changing-for-2022/
TotalSimulation. (2022, 09 16). http://www.totalsimulation.co.uk/wp-content/uploads/2016/07/F1-FW.jpg. Retrieved from http://www.totalsimulation.co.uk: http://www.totalsimulation.co.uk/wp-content/uploads/2016/07/F1-FW.jpg
UDLmeaning. (2022, 09 10). https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjihf_12rD6AhUMSUEAHWsPDo4QFnoECA0QAw&url=https%3A%2F%2Fwww.federalbrace.com%2Fcontent%2F306-point-load-vs-uniform-distributed-load&usg=AOvVaw0IsnjCMiPC0tx1H2_YFdHK. Retrieved from https://www.google.com: https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjihf_12rD6AhUMSUEAHWsPDo4QFnoECA0QAw&url=https%3A%2F%2Fwww.federalbrace.com%2Fcontent%2F306-point-load-vs-uniform-distributed-load&usg=AOvVaw0IsnjCMiPC0tx1H2_YFdHK
WingTestingIMG. (2022, 09 18). https://scarbsf1.files.wordpress.com/2010/07/wing_flex_test.jpg. Retrieved from https://scarbsf1.files.wordpress.com: https://scarbsf1.files.wordpress.com/2010/07/wing_flex_test.jpg


Joshua Ashcroft 2114692

2

image1.jpeg
Home Insert Draw Pagelayout Formulas Data Review View  Tellme

L\‘]V & Calibri (Body) A 20, Wrap Text v [
@~

e B wergeaconre v €5 v

1

2 Ymax 0.01

] w 200 3.1746€-08
4 L 1

5 E 216411

6

7

8 D (mm) D(m) d(m) i

9 5 0.005 0.001]

0 6 0.006 0.002

1 7 0.007 0.003 1.13825E-10
2 8 0.008 0.004 1.884E-10
3 9 0.009 0.005 2.91235€-10
4 10 0.01 0.006 4.2704€-10
5 11 0.011 0.007 6.00525E-10
6 12 0012 0.008 8.164E-10
7 13 0013 0.009 1.07938E-09
8 14 0.014 0.01 1.39416E-09

aE| YT YTy 3 TRCATE DO




image2.png




image3.jpeg




image4.jpeg
Endplate
(FWEP)

Main Plane
(FWMP)

Turning Vane
(FWTV)

FIA Control
Section

Flap

Cascade/Upper
(FWUF)

Endplate
Foot





image5.png




image6.png




image7.png




image8.png




image9.jpeg




image10.jpeg
HADOW?

INFLUENCE %

)
2

N g




image11.png




image12.jpeg




image13.jpeg




image14.png
IDENTIFY

THE

REVIEW CONTINUOUS
. IMPROVEMENT

CYCLE

Measure





image15.jpeg




image16.jpeg




image1.gif




image2.gif




