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Introduc
on 
This assignment is a follow up on the previous assignment (Knight, 2023) which looked at a rear wing 

for a motorsport vehicle and how fluid flow affects it. In this assignment I will be looking into FEA 

technology and seeing how it can be used to help op-mise the shape and material of the rear wing. I 

will then be covering my experience of using design studio and reviewing the results from the analysis 

report. I will then touch on the legisla-on and industrial standards that can have an impact on the 

design of the rear wing. 
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Task 1: FEA Op
misa
on 

What is FEA? 

FEA stands for Finite Element Analysis. It is a computa-onal technique used in engineering and physics 

to simulate the behaviour of complex structures and systems. FEA breaks down a system into smaller, 

finite elements and analyses how these elements interact with each other to predict how the en-re 

system will behave under various condi-ons. It's widely used for tasks such as stress analysis, heat 

transfer, and fluid flow simula-ons to assess the performance and safety of designs in fields like 

mechanical, civil, and aerospace engineering. According to (NAFEMS, 2022), using FEA op-miza-on 

during the design stage embraces the ideology of “right first -me” using minimum design cycles. 

 

History of FEA 

The history of Finite Element Analysis (FEA) dates back to the mid-20th century: 

1940s-1950s: The origins of FEA can be traced to researchers and engineers looking for ways to solve 

complex structural analysis problems. Notable contributors during this period include Richard Courant 

and Kurt O. Friedrichs, who developed numerical methods that laid the groundwork for FEA. 

1960s: FEA gained momentum in the 1960s, par-cularly in the aerospace industry. According to 

(Cadfem.net,2023), Dr. Ray W. Clough is oIen credited with Coining the term Finite Element Analysis. 

Engineers and researchers started developing the mathema-cal and computa-onal founda-ons for 

FEA. 

1970s: In the 1970s, the development of commercial FEA soIware, like NASTRAN and ANSYS, marked 

a significant milestone. This made FEA more accessible to engineers and industries, leading to 

widespread adop-on. 

1980s: With the increasing computa-onal power of computers, FEA simula-ons became more 

sophis-cated and capable of modelling complex problems in various fields, including structural 

analysis, heat transfer, and fluid dynamics. 

1990s-Present: FEA con-nued to expand its applica-ons, extending beyond structural analysis to fields 

like electromagne-cs, acous-cs, and more. It has become an indispensable tool in industries ranging 

from automo-ve and civil engineering to medicine and material science. 

Advancements in Parallel Compu-ng and Solver Technology: In recent years, FEA has benefited from 

advances in parallel compu-ng and solver technology, allowing for even more complex and real--me 

simula-ons. 

Integra-on with CAD and CAE Tools: FEA soIware has become -ghtly integrated with computer-aided 

design (CAD) and computer-aided engineering (CAE) tools, streamlining the design and analysis 

process. 

Today, FEA is an essen-al tool for engineers and scien-sts, enabling them to model and simulate a 

wide range of physical phenomena and assess the behaviour of complex systems before physical 

prototypes are built. Its history is marked by a con-nuous evolu-on in both theory and soIware, 

making it a cornerstone of modern engineering and design. 

Future of FEA Op
misa
on 

The future of Finite Element Analysis (FEA) can go through many different avenues and provide us for 

many poten-al benefits: 
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Advanced Simula	on Capabili	es: As FEA con-nues to evolve with more advanced capabili-es, 

enabling simula-ons of greater complexity and more dynamic systems. This includes improved 

accuracy in modelling materials, nonlinear behaviour, and mul--physics simula-ons. 

AI and Machine Learning: The use of ar-ficial intelligence (AI) and machine learning will enhance FEA's 

predic-ve capabili-es. AI can assist in automa-ng the setup of simula-ons, op-mizing designs, and 

improving the accuracy of results. 

Sustainability and Op	miza	on: FEA will be used to op-mize designs for sustainability and energy 

efficiency, helping industries reduce their environmental impact. 

Material Design and Discovery: FEA will contribute to the development of new materials by simula-ng 

their behaviour at the atomic and molecular levels, leading to innova-ons in materials science. 

Human-Machine Interac	on: FEA may become more accessible to non-experts through intui-ve 

interfaces and augmented reality, allowing a broader range of professionals to u-lize its capabili-es. 

Industry-Specific Applica	ons: FEA will con-nue to expand into new industries, such as healthcare 

and consumer products. 

Overall, the future of FEA is characterized by increased accessibility, integra-on with emerging 

technologies, and a broader range of applica-ons. It will play a crucial role in op-mizing designs, 

improving product performance, and driving innova-on across various sectors. 
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Task 2: Crea
ng a CFRP Wing 

Wing Model Base Line 

To start the design development of the wing, I used a an exis-ng model of the wing, this was provided. 

The wing provided was made out of a steel material. The problem with this material is that it would 

be too heavy for its purpose and based off my previous assignment (Knight, 2023) I had determined 

that carbon fibre reinforced plas-c would be the most op-mal choice of material for its high strength 

to weight ra-o and design flexibility.  

 

Through the research completed in the previous assignment (Knight, 2023) it was discussed that the 

amount of force that would act upon the wing is not universally applied and will actually act upon 

different areas of the wing with varying levels. Due to this, a more realis-c representa-on would need 

to be shown in the test. 

Using the dynamic pressure calculator (Engineeringtoolbox.com, 2023) and the forces discussed in the 

previous assignment (Knight, 2023) I can work out the dynamic pressure applied to the wing. 

 

As this figure of 23.5N/M² is an assump-on it was rounded up to 25N for simplicity.  
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Without knowing exactly how much force is being applied to each individual node on the wing, it is 

impossible to avoid having to make some assump-ons. The op-misa-on can s-ll be run by using the 

assump-ons discussed in the previous assignment. 

The steel wing’s deflec-on under the forces applied was then simulated through single analysis. As 

shown in the image below, the deflec-on was coming up with a value of 9mm on certain areas of the 

wing, primarily on the leading edges of the wing. What the red sec-ons highlight is that the wing would 

suffer the greatest deformi-es/damage of this magnitude. However, since the design studio uses a 

linear solu-on, it cannot determine when a part’s elas-c limit has been reached. 

 

The material data collected from the single analysis shows the current mass of the wing is 7.53176kg. 
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CFRP Base Development 

To create a blade from CFRP, the new material had to be created using the specifica-on provided in 

the brief. Below show the proper-es of both the steel and CFRP materials.  

 

 
Steel Proper	es 

 

CFRP (Carbon Fibre Reinforced Plas	c) 

Proper	es 

 

Se+ng up layers 

As specified in the brief, the blade is to consist of 5 layers of ply’s, with a ply thickness at 0.05mm, and 

the layers set at -90 degrees, -45 degrees, 0 degrees, 45 degrees and 90 degrees. The baseline was 

then set at 5 Ply per layer. The image below shoes these figures. 

 

The material data collected from the single analysis shows the new mass of the wing is now 1.88294kg. 
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Task 3: Op
misa
on of Wing 

Objec
ves Variables and Constraints 

The results from the single analysis of both materials can be summed up by saying that the design 

without op-misa-on is unsuitable for their intended use since they both sustained enough 

deforma-on/damage from the imposed forces. The structure required will need to be op-mised in 

order for the CFRP to become viable. To begin the FEA op-misa-on process, I will need to outline three 

factors: Objec-ves, Variables and Constraints. 

Objec
ves 

My main goal for this design is to have the wing be as light as possible whilst maintaining its func-on 

to produce the drag force necessary for a sports car. The current weight of the wing is 1.88294kg as 

previously stated. However, the wing failed the analysis test at this weight, so it is an-cipated that the 

weight value will likely increase in order to provide sufficient strength. I have given a minimum weight 

of the wing to be 1.5kg, as shown in the image below. 

 

 

Variables 

For the variables, I have looked at the thicknesses of the layers of materials. The model was given 5 

layers, each with 5 Plys at a thickness of 0.1mm resul-ng in a layer thickness of 0.5mm and a total 

thickness of 2.5mm. In order for design studio to simulate the most effec-ve method to fill the layers, 

a minimum and maximum number of Plys were entered with a value of 0.3mm. 
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Constraints 

For the constraint, I gave a maximum displacement of 0.009mm.  

 

Op
misa
on Results 

Now that the parameters have been inpuPed into design studio, the analysis process itself can begin. 

The soIware ran the model through mul-ple cycles to get the model to meet the parameters set. I set 

a maximum limit of 15 cycles for the soIware to run, however, the soIware only ended up comple-ng 

12 cycles. By the -me cycle 3 had occurred, the constraints had been met. The following cycles had 

the variables be regularly altered to try and minimise the weight of the design.   
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The design variable history shown above shows the thicknesses of each of the layers during each cycle 

of the op-misa-on process. This shows the steps the design studio took in order to reduce the weight 

of the wing whilst also maintaining the desired maximum deflec-on. 

The table shows that during start of the op-misa-on, all the layers were iden-cal at 0.5mm thick. 

However, by the -me cycle 12 is conducted, the layers by the end have all changed quite dras-cally 

with the following results: 

Layer 1: 0.327mm Layer 2: 1.391mm Layer 3: 2.763mm Layer 4: 1.552mm 

Layer 5: 0.342mm 

Giving a total thickness of 6.375mm, around 2.5x thicker than the original design. However, it is 

interes-ng that the design has made the outer layer thinner whilst finding that the inner layers needed 

to become thicker in order to provide the strength the wing requires. 

 

Op
misa
on for Manufacturing Capabili
es 

Design studio has been able to give results that give to the nearest 0.0001mm, however, in reality this 

would be quite difficult to produce physically. For manufacturing, the wing would need dimensions 

that go to the nearest 0.1mm.  

In reality, the layers would be made to the following thicknesses: 

Layer 1: 0.3mm (3 Ply)  Layer 2: 1.4mm (14 Ply)  Layer 3: 2.8mm(28 Ply)  

Layer 4: 1.6mm (16 Ply)  Layer 5: 0.3mm (3Ply) 

Total thickness of 6.4mm 
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Task 4: Prototype Tes
ng 
 

When prototyping the rear wing, it can become expensive and -me consuming to produce mul-ple 

versions of the wings and then test them. Thanks to the model that is used in the op-misa-on tests, 

it is possible to produce scaled versions of the design using a few methods. 

The rear wing can be 3D printed to a smaller scale version. With this, the prototype can be tested in a 

lab rather than on a racecourse. As discussed in the previous assignment (Knight, 2023) the F1 teams 

use a 60% scale model of the vehicle and conduct tests in a wind tunnel (MercedesAMGF1, 2021).  The 

scaled down model would then need to have the velocity of the force increased propor-onally to the 

size reduc-on to the full-scale model. This type of tes-ng relies on the rest of the vehicle also being 

manufactured for the test. 

If only the wing needs to be tested, the prototype can be produced on it own and be tested in a smaller 

wind tunnel. This would s-ll require a fan of some sort that can produce the air flow required to 

recreate the forces that would act upon the wing. If this air velocity is not achievable, a full-scale wing 

could be produced if the rest of the vehicle is not required for the test. The wing can be installed onto 

a stand and fixed in place for the dura-on of the test. 

To measure the deflec-on of the wing, the use of laser-based measuring equipment can be used to 

get deflec-on figures of high accuracy. Scanning technology can also be used to develop a model of 

the wing. Comparisons of the ‘before’ model and the ‘aIer’ model can be made to see if any 

deforma-on/damage has occurred. 

Strain gauges can be located on key loca-ons of the wing, the digital values can be fed into soIware 

so that the results of the prototype and the FEA analysis can be compared. If the values are comparable, 

this would validate the soIware model as reliable. However, if the results are starkly different, this 

could be a result of a factor missed in the prototype tes-ng or it may indicate that the inputs in the 

model may require revision. 
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Task 5: Industry Standards 

Standards 

The field of Finite Element Analysis (FEA) adheres to several industry standards and guidelines to 

ensure the accuracy, consistency, and reliability of simula-ons. Some key standards and organiza-ons 

related to FEA include: 

Interna-onal Organiza-on for Standardiza-on (ISO): 

ISO 13773: Provides guidelines for calcula-ng aerodynamic performances of road vehicles, including 

parameters that rear wings may impact. 

ISO 11555: These standards specify methods for measuring the aerodynamics of ground vehicles. They 

can be relevant for evalua-ng the aerodynamic performance of a rear wing on a vehicle. 

 

The Federa-on Interna-onale de l’Automobile (FIA): 

The FIA has standards that cover all aspects of vehicles used in motorsports. This would stand to reason 

that they will have regula-ons on the specifica-ons of the rear wing of a vehicle. The FIA has standards 

that detail the allowable types of materials that can be used as well as dimensional parameters such 

as wing size and where the wing can be posi-oned on the vehicle. 

 

Industry-Specific Standards: 

Various industries, such as aerospace, automo-ve, and civil engineering, have their own specific 

standards and guidelines for FEA, oIen tailored to the unique challenges and requirements of those 

sectors. 

It’s important to note that the specific standards and codes used in FEA can vary depending on the 

industry, applica-on, and loca-on. 

 

HSE Legisla
on 

HSE (Health, Safety, and Environment) legisla-on and regula-ons play a cri-cal role in ensuring the 

safe and responsible use of Finite Element Analysis (FEA) technology, especially in industries where 

safety is paramount. While specific HSE regula-ons can vary by country and region, there are some 

common principles and considera-ons: 

 

1. Occupa	onal Health and Safety: Employers are oIen required to ensure the health and safety of 

their employees when using FEA soIware, which may involve ergonomic considera-ons, training, and 

providing necessary safety equipment. 

2. Environmental Regula	ons: Some FEA simula-ons involve the study of environmental impacts. In 

such cases, regula-ons related to environmental protec-on and impact assessments may apply. 

3. Materials and Chemical Safety: When FEA involves the analysis of materials or chemicals, 

compliance with regula-ons governing their safe handling and disposal is essen-al. 
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4. Export Control Regula	ons: For companies that develop or use FEA soIware with poten-al military 

or dual-use applica-ons, export control regula-ons can apply. 

5. Quality Management Systems: Many industries, such as aerospace and automo-ve, require 

compliance with quality management standards (e.g., ISO 9001) to ensure the reliability of FEA results. 

6. Industry-Specific Regula	ons: Various industries, including nuclear, pharmaceu-cal, and avia-on, 

have specific regula-ons and standards that must be adhered to when using FEA for design and 

analysis. 

7. Cer	fica	on and Licensing: In some cases, professionals who use FEA technology may need specific 

cer-fica-ons or licenses to ensure their competence and compliance with industry standards. 

8. Product Liability and Safety Standards: For industries producing physical products, adhering to 

product liability laws and safety standards is crucial. FEA helps in ensuring products meet safety 

requirements. 

It’s important for organiza-ons and professionals using FEA technology to stay informed about the 

specific HSE regula-ons and standards that apply to their industry and region. Compliance with these 

regula-ons not only ensures safety but also helps in preven-ng legal and ethical issues related to FEA 

simula-ons. Consul-ng with legal and HSE experts is advisable for comprehensive compliance. 
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Conclusion 
Thanks to the FEA soIware, I have been able to analyse the exis-ng wing model and improve upon it 

through its design and material choices. The soIware is very effec-ve in helping with the design stages 

of any project and I can see the benefit it can have on cost and -me factors. The final design has come 

out much lighter but will s-ll maintain the strength required to perform its func-on. The wing will also 

be easily manufactured using 3D prin-ng technology, providing a more complex shape that would 

normally be difficult to produce whilst also crea-ng less waste material. 
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