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Sammanfattning 
Denna rapport täcker konceptframtagning av monteringen av en bakvinge till en 
Formula Student bil, samt en strukturell analys av hela vingen. KTH Formula 
Students aerodynamiska grupp begärde att detta skulle göras då det var det som 
saknades från deras arbete. 
 
Den första delen av utvecklingsprocessen skedde med att studera dagens vingar till 
bilar, och sedan göra en evaluerings matris för att hitta det bäst lämpade konceptet. 
Sedan gjordes en vidareutveckling av konceptet samt med fler evaluerings matriser 
som täckte material, montering och tillverkning. För att utföra detta krävdes 
litteraturstudier.  
 
Slutligen designades monteringen av vingen för att sedan utföra ett flertal strukturella 
analyser och sedan tolka resultaten av analyserna. Det var i själva verket resultaten 
av analyserna som formade den slutgiltiga designen av hela vingen. 
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Abstract 
This report covers the concept production of the mounts for a rear wing of a Formula 
Student racecar. A structural analysis was also executed of the whole wing. KTH 
Formula Student’s aerodynamical group requested that this would be done since this 
part would be better done if it was to be done by someone who inherits better 
mechanical knowledge. 
 
The first part of the development process was to study the mounts for different types 
of racecars, and to later do an evaluation matrix to find the best suitable concept. A 
further development of the chosen concept was later done, by also performing more 
evaluation matrix’s that covered material, attachment and manufacturing. Studying 
literature was essential for this process. 
 
Finally, the mounts for the rear wing was designed whilst also performing numerous 
structural analyses in order to optimize the results. It was essentially the results of the 
analyses that shaped the final design of the whole wing. 
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Nomenclature  

 

Ultimate tensile strength  𝜎𝑈𝑇𝑆 𝑀𝑃𝑎 

Yield strength   𝜎𝑌𝑆 𝑀𝑃𝑎 

Pressure   𝑃 𝑃𝑎 

Force   𝐹 𝑁 

Volumetric flow rate  𝑄 𝑚3

𝑠⁄  

Young’s modulus (stiffness)  𝐸 𝐺𝑃𝑎 

Distance   d 𝑚𝑚 
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1 Introduction 

1.1 Background 

1.1.1 Formula Student 

Formula Student is an educational engineering competition, where young engineering students design 

and manufacture a racecar based on certain rules and technology. The aim of the competition is to 

develop and innovate engineers, and to encourage more people into engineering.  

Each summer, hundreds of Formula Student teams compete against each other. Many competitions 

are held in different countries, including England, Germany and Italy. The teams are evaluated based 

on a scoring system that includes different types of races, design presentations, business presentations 

and cost and manufacturing presentations. 

1.1.2 KTH Formula Student 

Since the team is continuously developing and improving, the team’s aerodynamics group have 

designed and developed a new rear wing for the car. The group have requested that new rear wing 

mounts are designed and that an analysis of the structural rigidness of the rear wing is executed. This 

needs to be done before manufacturing begins next season. 

1.2 Goal 

The goal of this project is to propose a design concept for new rear wing mounts, and also to analyze 

and improve the structural rigidness of the whole rear wing.  

The project will be presented on a paper-based form of a report on the 10th of June. 

1.3 Purpose 

The purpose of this project is: 

 

To show knowledge within the chosen subject’s scientifical ground, where a literature study is 

demonstrated. 

 

Show the ability to research, apply knowledge, identify further needs, whilst doing this with a critical 

point of view. 

 

Show the ability to formulate, evaluate, handle problems and to critically discuss eventual questions. 

 

Show the ability to plan, with the help of engineering tools, and execute tasks within given timeframes 

while at the same time evaluating the work. 

 

Show the ability to handle products, processes, methods, systems or technical solutions with 

considerations to peoples circumstances and needs.  
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Show the ability to discuss information, problems and solutions with other members formally and 

orally. 

 

Show the ability to execute judgements with considerations to relevant scientifical, social and ethical 

aspects. 

 

Demonstrate such a skill that is necessary for a mechanical engineer to work independently.  

1.4 Limitations 

The group will only propose a solution, not a physical model. 

 

The project will only focus on the rear wing mounts and the structural rigidness of the whole wing. 

 

No flow or aerodynamical analyses will be performed.  

1.5 Strategy 

SolidWorks 

SolidWorks is a CAD software that is used for designing. 

 

ANSYS 

ANSYS is a CAE software that is used for analyzing and FEM. 

 

PDSA (Plan, Do, Study, Act) 

PDSA is used in project groups for planning, doing, observing and acting.  

 

PUGH-matrix 

The PUGH-matrix is used as an evaluation matrix. 

 

Kesselring-matrix 

The Kesselring-matrix is used as an evaluation matrix. 

 

Activity plan 

A GANNT schedule is used to plan and track the amount of time that is necessary for the project. 

 

Guidance from experienced engineers 

The guidance is used for the less experienced engineer to receive help and knowledge from more 

experienced engineers who already has experience within the subject. 
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1.6 Requirements 

There are two rules from the Formula Student Germany rule book that the car is obliged to comply to. 

 

1. Any aerodynamic device must be able to withstand a force of 200 𝑁 distributed over a minimum 

surface of 225 𝑐𝑚2 and not deflect more than 10 𝑚𝑚 in the load carrying direction.  

 

2. Any aerodynamic device must be able to withstand a force of 50 𝑁 applied in any direction at any 

point and not deflect more than 25 𝑚𝑚. 
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2 Preliminary investigation 

This chapter will cover the preliminary design and customer needs. The purpose of this chapter is to 

get a better understanding of the requirements and the customer needs. 

2.1 Preliminary rear wing for next season’s car 

The design of the new rear wing is almost complete, the missing pieces are the mounts, placement of 

DRS (Drag Reduction System) and a structural analysis. This means that this project will also have to 

take the placement of the DRS into account.  

2.2 Customer needs 

• The whole wing (with the mounts included) needs to be rule compliant. 

• It needs to be strong enough to meet the requirements. 

• Minimal interference with the aerodynamics. 

 

Figure 1. The preliminary design of the new rear wing. 
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3 Research 

This chapter will cover the gathering of information about different types of wing mounts, their pros 

and cons and relevant information for the structural analysis. The purpose of this chapter is to gather 

information so that the final solution is as optimized as possible for the customer. 

3.1 Rear wing mounts  

There are multiple different mounts for rear wings, each better or worse than the other depending on 

the circumstances they are placed in. These are the most used ones. 

3.1.1 Traditional under-wing plate mounts  

These are mostly used on road going (street legal) cars. They offer great support, mechanically, and are 

rather cheap to manufacture. They are most often manufactured in aluminum, but steel or even carbon 

fiber is also viable options. This means that they are easy to manufacture while also having a small 

negative impact on the environment. This, in turn, means that they are sustainable options.  

 

 

Figure 2. Rear wing with under wing plate mounts. 

These types of mounts do however hinder the aerodynamics of the whole wing. A study that was 

performed in Le Mans on Mulsanne’s Corner showed that up to 34 % of the downforce goes to waste 

because of these mounts. This is because on the top of the wing, the air pressure is higher than the 

ambient pressure. Under the rear wing, the air pressure is lower with an adverse pressure gradient as 

it grows, which means that the flow is being forced forwards. This means that incoming flow will be 

disturbed by these plate mounts and in turn mean substantial losses in downforce. The figure below 

demonstrates this. 
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Figure 3. The wing seen from underneath while cornering. 

Another issue with these types of mounts are the fact that they cannot be installed with DRS. This 

means that the DRS system will have to be installed separately from the mounts. 

3.1.2 Under-wing rod mounts 

Just like the under-wing plate mounts, these are easy to manufacture, can be manufactured in the 

same materials and offer great mechanical strength. They even have a smaller impact from an 

aerodynamical point of view, meaning the losses in downforce will not be nearly as much as the plates 

since the rods are typically smaller than the plates.  

Just like the under-wing plate mounts, this type of mount does not offer the ability to install the DRS 

directly onto.  

This type of mount will also be harder to implement on the current design of the rear wing. 

 

Figure 4. Under-wing rod mounts. 
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3.1.3 Swan neck wing mount 

This type of mount is most common among Le Mans cars or other racing classes. Just like the other 

two mounts, this can be manufactured in aluminum, steel or carbon fiber, with carbon fiber being the 

most frequently used material. This type of mount offers better mechanical strength than the other two 

but is however harder to implement on the current design. 

They offer more downforce as well since the plates are no longer underneath the wing and is no longer 

within the region of critical adverse pressure. This is the main reason why swan neck mount exists, 

simply because you do not get flow separation around your wing mounting points. 

The swan neck also offers the ability to implement DRS on the mount, this can often be seen on 

Formula 1 cars. 

 

Figure 5. Swan neck mounts on a rear wing. 

3.1.4 Formula 1-style wing mount 

This type of mount is used by a variety of teams in Formula 1. It is a great solution, from an 

aerodynamic point of view. Which is why all teams, that use this mount, use this mount with a 

combination of another. Where the end plates of the wing are usually mounted onto the diffuser, and a 

single swan neck is used in the middle for added mechanical strength plus a position to implement the 

DRS. Many of the teams also implement a monkey seat onto the swan neck for added aerodynamic 

benefits. They are usually manufactured in carbon fiber but can, theoretically, be made in both 

aluminum or steel depending on the need. 

 

Figure 6. Formula 1 rear wing, team Sauber. 
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3.2 Selection of rear wing mount 

A weighted Kesselring-matrix was used to evaluate the best applicable type of concept. The four 

different concepts were evaluated on seven different criteria ranked 1 to 5.  

The matrix suggests that the concept that should be further investigated should be the F1-style type of 

mounts. The results have also been approved by the aerodynamics group. 

 

Figure 7. Kesselring-matrix of the four concepts. 
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4 Further development of the F1-style rear wing mounts 

This chapter will cover the further development of the concept, how it can be implemented on the car, 

how DRS can be implemented on the wing. The purpose of this chapter is for the group to develop the 

solution further, learn from eventual limitations and solve eventual problems. 

4.1 Brainstorming 

A brainstorming session was fundamental for the project since there were a lot of vital questions that 

needed answers. By brainstorming and discussing with experienced engineers, a preliminary design 

could be drawn that could be used in SolidWorks for mounting points, dimensions etc. 

4.2 All components 

This part of the chapter will cover the different components necessary for this type of project 

(excluding the parts that already has been designed by aerodynamics group). 

4.2.1 Attachment onto the car 

There are several types of ways to connect the wing to the car, these are some of the most usual and 

most suited for the car. 

4.2.1.1 Rods 

As been covered before in chapter 3, rods provide good mechanical strength and small aerodynamical 

interferences. They are easy to manufacture and implement and can be implemented in a way that 

connects the swan neck and end plates to the car. The “room of error” can also be larger since the rods 

are highly configurable. 

 

Figure 8. Rods being used to hold a swan necka onto the car. 
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4.2.1.2 Permanent welding 

Welding is another way to connect the swan neck and end plates to the car. They offer even better 

mechanical strength and less aerodynamical interferences than the rods. They are however a 

permanent solution which means that once the wing has been welded onto the car, it stays onto the car 

until removed (e.g. by grinding off the welding). 

 

Figure 9. Two exhaust pipes welded onto an assembly plate. 

4.2.1.3 Bolts 

Bolts offer great mechanical strength and minimal aerodynamical interferences just like the welding. 

Unlike the welding however using bolt does not result in a permanent solution, this means that the 

rear wing can be removed simply by loosening a few bolts and nuts. This solution does however 

require high precision of the assembly and in turn leaves a smaller room of error than the rods. 

 
Figure 10. Illustration of how the end plate/swan neck can be bolted onto the chassis. 
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4.2.1.4 Selection of the attachment  

After researching about the different types of ways of attaching the wing assembly onto the car, a 

PUGH-matrix was created in order to evaluate the best type of solution for this project. 

 
 

Figure 11. Kesselring-matrix of the different types of ways to attach the mounts of the rear wing to the car. 

4.2.2 Material 

There are different types of materials that can be used as a mount for the wing, each with different 

characterizations and traits. All material data were taken from Dupont and Matweb material data 

sheets. 

4.2.2.1 Aluminum 

Aluminum is a strong and light material. Some aluminum alloys can be made as strong as steel ones 

whilst also weighing less. It is a sustainable option since the material can easily be recycled and reused 

in further applications. However, since the stiffness of the material is too weak compared to its high 

density, this material will not be investigated further. 

4.2.2.2 Steel 

Steel is often stronger than aluminum but comes with the disadvantage of retaining a higher weight. 

One of the advantages however is the low cost compared to carbon fiber or even aluminum. The 

stiffness of the material is also an important advantage. Since the stiffness of the material is too weak 

compared to its high density, this material will only be used for reference. 

 

4.2.2.3 Carbon fiber 

Carbon fiber is a material that is derived from coal that is woven into a fabric. This fabric is then 

pressed upon more carbon fiber fabrics, this creates layers (with each fabric being one layer). A carbon 

fiber part usually consists of 2-10 layers that have been pressed together with epoxy. It retains a higher 
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strength and stiffness than aluminum or steel whilst weighing only a fraction of either of those two 

alloys.  

 

4.2.2.4 Glass fiber 

E Glass is the most used glass fiber but is also the weakest fiber in terms of both stiffness and strength. 

S Glass is the strongest of the two. Glass fiber is a material that is quite similar, mechanically, to other 

types of fibers, such as carbon fiber. Although it is not as stiff as carbon fiber, it is much cheaper, can 

be stronger and less brittle. This makes it a viable option for many types of appliances. 

4.2.2.5 Kevlar 

Kevlar inherits a higher ultimate tensile strength than carbon fiber, but lower than S Glass. The 

stiffness is greater than both S Glass or E Glass, but much lower than carbon fiber. Kevlar29 and 

Kevlar49 are two materials that are often used on aircraft appliances and bullet proof vests where the 

strength and low density are two crucial factors, however this comes at the cost of a great price just like 

carbon fiber.  

4.2.2.6 Selection of material 

After researching about the different types of materials that the mounts can be manufactured in, a 

diagram was made that shows each materials strength and stiffness in relative to their own weight. The 

reason for this is because these two factors are ultimately the most crucial for this type of project.  

 

 

Figure 12. A diagram of each material that shows their strength and stiffness relative to their own weight. The diagram was 

made by Kyle Engineers for educational purposes. 



 15 

 

In this type of appliance, the material (of which the structure is based on) will mostly be affected by 

forces that exerts the structure in an orthogonal way, i.e. bending will occur. For that reason, carbon 

fiber has been chosen since its stiffness to weight ratio is greater than all of the materials researched.  

4.3 Manufacturing 

Since carbon fiber was the chosen material for the mounts, this investigation will solely focus on the 

manufacturing of carbon fiber (with considerations taken to eventual limitations). 

Layers of carbon fiber will have to be brought in from external companies since KTH lacks the 

equipment necessary to produce carbon fiber fabrics. Usually, 2-10 layers are used for a single part, 

however after speaking with experienced engineers and the lead engineer of the aerodynamic group, it 

was decided that two carbon fiber layers, a layer of foam, and two more carbon fiber layers is enough 

to create a strong build. The structure will be held together with a resin and will later be vacuum sealed 

and put into an industrial oven in order to heat treat the material, thus strengthening it. The resin used 

is a special type of epoxy. 

 

Figure 13. A “sandwich structure”, X layers of carbon fiber that surrounds a foam core. 

  



 16 
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5 Results 

This chapter will cover the analyses performed, the results and information gathered, the mounts and 

material data. 

5.1 Swan neck 

The swan neck will be held together at the bottom by a bolt and nut. The brackets that holds the swan 

neck together is going to be welded onto a node on the chassis, this complies with the rules that states 

that any aerodynamical device must be fastened on a node.  

 

Figure 14. The swan neck being held together at the node by the rear suspension. 

The top part of the swan neck will be joined together with main flap by glue. Using bolts was an idea at 

first but was quickly diminished since carbon fiber is very sensitive to drilling because since it loses 

much of its strength and stiffness when the fibers fracture. 

 

Figure 15. The swan neck being held together by glue on the main flap. 
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5.2 Lower end plates 

Lower end plates have been designed in a way, so they can be joined together to the car by four bolts 

and nuts on each end plate. The jacking assembly is an ideal part that the end plates can be fastened 

onto.  

 

Figure 16. The red circles indicate the brackets for the fasteners. 

5.3 Brackets and bolts 

The brackets that were designed are made out of steel and are 1,5 𝑚𝑚 thick. These types of brackets 

are easy to manufacture by hand but can also be water cut and then flanged accordingly. They will be 

joined with the chassis by welding them together. M5 bolts are going to be used together with lock nuts 

and washers. The bolt, accompanied by a washer, needs to be made of either titanium or special steel 

alloys. Aluminum and stainless-steel fasteners are not viable options since these alloys expand when 

exposed to temperature extremes, which in turn can cause a clamping load on the carbon fiber thus 

making it crack. 

 

Figure 17. Metal bracket for the lower end plates. 
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5.4 Static structural analysis in ANSYS 

Before committing to a finite element analysis in ANSYS and then optimizing the product, there are a 

number of steps that is mandatory to complete in order to fulfil a successful analysis of the rear wing. 

1. Import CAD model. 

2. Assign material to all components. 

3. Assign a thickness to surface models. 

4. Create a mesh for the model. 

5. Check connections and contact regions.  

6. Add constraints and loads. 

7. Evaluate the results. 

8. Remodel and optimize accordingly. 

9. Repeat process until desired value is achieved. 
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5.4.1 Import CAD model 

The CAD model imported was the first design concept made for the rear wing and mounts. The end 

plates, lower end plates and swan neck were all solid models whilst all the flaps were surface models. 

5.4.2 Assign material 

The material assigned was the weakest carbon fiber in the ANSYS directory. This was chosen because it 

can be used as a safety factor. When manufacturing carbon fiber, some minor issues are inevitable that 

will cause the material to lose some of its strength and stiffness. By assigning the weakest carbon fiber, 

the chances increase that the final solution will be strong/stiff enough. 

  

 

Figure 18. Material data of Epoxy Carbon UD (230 GPa), taken from ANSYS 2019 R1. 
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5.4.3 Assign thickness to surface models 

A thickness of 1 𝑚𝑚 was assigned to all the surface models, i.e. the flaps. This value was set since this 

is the thickness that the final product will have. 

5.4.4 Create a mesh 

Two different meshes had to be used in order to complete an analysis successfully. All parts except for 

the two lower flaps and the main flap had an element size of 17,366 𝑚𝑚 (default size), the elements for 

these components had to be changed for a finer element size of 3 𝑚𝑚. All parts could be meshed with 

quads except for the main flap which had to be meshed using triangles. The reason behind why quad 

meshes were not successful on the main flap was never understood. 

 

 

Figure 19. Mesh data for all components. 

5.4.5 Check connections and contact regions 

Some issues were faced with the connections and contact regions when trying to run the analysis. The 

software would give an error stating that some parts were in contact with other parts that was causing 

an error. This problem was fixed however by creating automatic connections and changing the auto 

detection for face/face to yes, face/edge to yes and edge/edge to yes. 
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Figure 20. Contact and connections tree. 

5.4.6 Add constraints and loads 

All the drilled holes where the wing is going to be fastened were set to fixed, this means zero degrees of 

freedom.  

The force applied had a magnitude of  200 𝑁 and was set to exert on the end plate. The reason behind 

this is because the end plate is the weakest link of the whole structure since it is the furthest away from 

the mounting points (drilled holes) and has an area of over 225 𝑐𝑚2. If the structure is strong/stiff 

enough to deflect less than 10 𝑚𝑚, with the force exerting on the end plate, then one can know for 

certain that the whole structure is strong enough. 
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5.4.7 Evaluate results 

After executing the first analysis, it became clear that the wing was to be deemed mechanically weak. 

This conclusion was drawn after realizing that the maximum deformation reached a value of 67 𝑚𝑚 

and the maximum stress reached a value of 1138 𝑀𝑃𝑎. 

 

Figure 21. Deformation figure of the first analysis. 

 

Figure 22. Stress figure of the first analysis. 
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5.4.8 Remodel and optimize accordingly 

A number of optimizations followed by several analyses were essential for the wing to be optimized, 

since adding too much material too quickly to strengthen the structure can impact the weight 

significantly and thus slowing the whole car down during cornering and acceleration.  

An example of the optimization was adding a beam between the lower end plates, this lowered the total 

deformation by over 50 % and the equivalent stress by 90 %. 

 

Figure 23. The red circle indicates the test beam added between the lower end plates. 
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6 Conclusion and discussion 

The main purpose for this thesis was for the student to demonstrate such a skill that is necessary for a 

mechanical engineer to work independently. This project was separated into different pieces, the 

design and the analysis. The main goal was to design the mounts, analyze and eventually optimize the 

whole rear wing so that the requirements and customer needs are met.  

6.1 Final design proposal and analysis 

As the wing was deemed mechanically weak in the early stages of designing, the characteristics of the 

analysis was essentially what shaped the final design of the rear wing. The final design features: 

• Thicker end plates, both lower and upper (increase from 5 𝑚𝑚 to 12 𝑚𝑚). 

• Thicker swan neck (increase from 5 𝑚𝑚 to 12 𝑚𝑚). 

• Mounting points for the swan neck and lower end plates. 

• Extension of the lower flaps. 

This design, together with brackets, bolts and nuts, will be joined together with the car. The chosen 

bolts are M5x20 steel bolts, together with lock nuts, and washers with a radius of 10 𝑚𝑚. 

 

Figure 24. Rendered image of the final design. 
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The last structural analysis was performed in ANSYS. With the base material being Epoxy Carbon UD 

(230 𝐺𝑃𝑎), fixed degrees of freedom on all the mounting points, and a force acting on one of the end 

plates with a magnitude of 200 N. With the constraints, forces and meshes set, the analysis could be 

performed. The results were: a maximum deflection of 3,79 𝑚𝑚, and an equivalent stress of 

66,22 𝑀𝑃𝑎. The epoxy carbon that was chosen has an ultimate tensile strength of 2231 𝑀𝑃𝑎 and 

Young’s modulus of 121 𝐺𝑃𝑎, this means that the results shows no risk of permanent deformation, 

fracture or even fatigue. 

By interpreting the results of the analysis, a conclusion could be drawn that: 

• A beam in airfoil shape between the two lower end plates was enough to lower the total 

deformation and maximum stress by approximately 80 % and 90 % respectively. By increasing 

the size of the beam, the total deformation lowered exponentially. The beam was finally set to 

be as big as the lowered flaps, which means that the lower flaps now are one long flap that 

extends from one end plate all the way to the other. 

• Increasing the thickness of the end plates, swan neck and lower end plates reduced the total 

deformation and maximum stress by only a small margin compared to the beam. 

 

Figure 25. Analysis of the total deformation of the final design. 
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Figure 26. Analysis of the equivalent stress of the final design. 
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6.2 Discussion 

An interesting analysis would be to compare the swan neck mounts, rod mounts and Formula 1-style 

mounts in ANSYS and evaluate the results. This would be great for the project but would however 

require a significant amount of time just for running the analyses and modelling each concept. By 

doing this, one would easily understand which concept that is the strongest. 

If one were to delve deeper into this project, a recommendation would be do delve deeper into how the 

DRS can be implemented onto the wing. Doing a research on how active rear wings on road cars and 

race cars would be a great start to get a better understanding of why and how. 

If the project had a larger budget of time, looking into inserts and fasteners deeper would be great 

since the maximum stress is located on the top fastening point on the lower end plate. Since carbon 

fiber is very delicate to different fasteners, this further increases the significance of this type of 

investigation. 

When running these analyses, everything is optimal and as strong as the material can be, but when 

manufacturing the carbon fiber, some minor issues are inevitable that are going to weaken the 

structure. This is something that is extremely important and must be taken to account in order to 

minimalize the total strength/stiffness loss of the material.  

Convergence tests were tried multiple times but was never successful because of fatal errors. This was 

worked with, for a long time, in order to fix but never succeeded. If there were more time for the 

project, a convergence in ANSYS would have been executed.  

By increasing the thickness of the end plates, and swan neck, the deformation and stress value 

lowered, however it is not known by exactly how much since there was not enough time to run an 

analysis of the wing where only the thickness was changed.  
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