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[bookmark: _Toc1133877432]Section 1 – Introduction
Efa Jones
This report outlines the findings and contributions of all team members involved in the group project aimed at designing an active rear wing for the Morgan Plus Four. The primary objective of the project was to create a rear wing that would enhance the vehicle's performance, as demonstrated by a reduction in lap time around the Llandow Circuit. To achieve this, the team was organized into specialized groups, each focusing on key areas such as aerodynamics, structural engineering, vehicle dynamics simulation, mechatronics and control, and project management. These subgroups collaborated closely to integrate their expertise, culminating in a final design validated through VI-Grade simulation.


[bookmark: _Toc668722265]Section 2 – Project Organisation
Efa Jones
[bookmark: _Toc869374093]2.1 Roles and Responsibilities
For the team to work effectively, each member was allocated a role. These roles were chosen based on the results of the Belbin test, which highlighted the strengths, weaknesses, and suitability of each member for their respective roles as confirmed by the University of Cambridge (2024), which states that the Belbin test is “designed to indicate how you would ideally operate in a team environment”. Personal interests were also taken into account, ensuring that the team remained invested in the project and motivated. This allocation of roles was organized during the first group meeting, and our Belbin team roles can be found in appendix 1.
Table 2.1.1 - A table displaying everyone's team role.
	Name(s)
	Role

	Efa Jones
	Project Management

	Harvey Levell & Harvey Hodge
	Aerodynamics

	Cameron Andrews & Hannah Bathgate
	Structural Engineering

	Tamzin Cooper
	Vehicle Dynamics Simulation

	Jac Evans & Rhys Thomas
	Mechatronics & Control Systems



Each role came with its own responsibilities, which outlined who would be responsible for specific tasks. In addition to the assigned tasks, each team member was responsible for ensuring effective communication with the rest of the group, sharing key information, and attending meetings where progress updates were provided, and issues were addressed. The project manager, as outlined by Simon (2018), is the individual with the day-to-day responsibility and authority for delivering the project in line with specific objectives, including those related to time, cost, and quality. This required the implementation of project management strategies, such as Gantt charts (section 2.2) and cost spreadsheets (fig. 8.1.1).
Table 2.1.2 - A table displaying each team member’s responsibilities within their roles.
[image: ]
[bookmark: _Toc392685473]2.2 Time Management
To ensure that tasks were completed on time and the project stayed on track, a Gantt chart was created, which was regularly updated by the project manager as the team progressed through their tasks. The Gantt chart included each group’s project milestones and gateways which were established in a group meeting. A project milestone is when a significant point is reached, for example selecting a wing profile and position was one of the aerodynamics group’s most important milestones, and it also was a project gateway for the other groups as it allowed them to progress in further detail, finalizing the type of mount and establishing the specification necessary for the actuation and control method.  


[image: ]Figure 2.2.1 - Our original GANTT Chart.  

[image: ]
Figure 2.2.2 - Final Gantt Chart.

After returning from the Christmas break, a Critical Path Analysis (CPA) was created, providing a clearer description of the tasks to be completed up to the 30th of March deadline. This allowed the team to visualize the remaining tasks, and the time left for completion.  

[image: ]
Figure 2.2.3 - Group CPA








[bookmark: _Toc1814175885]2.3 Communication
The team held regular meetings, once a week with Tim Tudor for guidance, and once a week as a group in the library. The project manager created a meeting minutes template to record the key points discussed during the meetings for future reference, an example of which is provided in appendix 2. As mentioned by The Knowledge Academy (2025), taking meeting minutes helps to "enhance communication and understanding," as they capture the essential topics discussed in a concise manner. The project manager also ensured that every member had the opportunity to share their progress, voice their opinions, and raise any issues to ensure progress continued smoothly.
The project manager also took the opportunity to observe the work that some groups such as vehicle dynamics simulation and structural FEA which helped them gain more knowledge of the scale of the tasks set, as well as the time scale needed to complete these tasks. It was observed that the most common issues faced by each of the groups were software crashes and speed constraints, something that was considered whilst creating the risk assessment and matrix. This also helped highlight the specific information that needed to be shared between groups, which the project manager took note of and brought up as a subject in a group meeting, the result of which can be seen in figure 2.3.2, with further explanation of what information was communicated in appendix 3.
[image: ]Figure 2.3.2 - Group communication mind map.

[bookmark: _Toc1841628497]2.4 - Risk Management
A risk matrix was created to identify risks associated with each task and assess their likelihood and severity as a part of the team’s risk management strategy created by the project manager. Risk management is key as not all risks are avoidable, hence the requirement for mitigation strategies which are outlined in the appendix (5). The risks were each rated in terms of their severity (the impact they could have on group progress) as well as how likely they were to happen, this would then allow us to prioritize high risk tasks as well as allow extra time to complete them, allowing time to overcome likely issues without it being detrimental to the individual or entire team’s progress. 
One unforeseen risk involved a group member’s absence due to an uncontrollable situation. Fortunately, this occurred towards the end of the project, and the remaining tasks of Harvey Levell were reassigned to fellow aerodynamics group member Harvey Hodge. If this had occurred earlier in the project, it would have had a more significant impact on progress and required a more complex solution with likely another group member having to step in and take his role.
Table 2.4.1 - A table explaining the risk severity and likelihood ratings.
	Risk Rating
	1
	2
	3
	4
	5

	
	Very Low
	Low
	Unlikely
	High
	Very High

	
	
	
	
	
	

	Likelihood
	1
	2
	3
	4
	5

	
	Highly Unlikely
	Unlikely
	Likely 
	Very Likely
	Highly Likely



[image: ]
Figure 2.4.1 - Risk matrix to determine an overall risk rating for each task.


[bookmark: _Toc1121649225]Section 3.1 – Aerodynamics 
Harvey Levell
[bookmark: _Toc901693266]3.1.1 Aerofoil Research
The effectiveness of a wing is largely influenced by its aerofoil shape, making the selection of an optimal profile essential for achieving the best possible performance. In this project, the wing's active component has been designed to operate at three distinct angles of attack (AoA), each serving a specific purpose. The first configuration focuses on minimising drag, reducing aerodynamic resistance on straights to help the vehicle reach higher speeds. The second setting functions as an air brake, significantly increasing drag to assist in slowing the vehicle more effectively. Lastly, the high-downforce mode is used during cornering, generating maximum downward force to enhance traction and improve stability at higher speeds. 
The initial stage of research included researching other commonly used profiles in sports cars to gain an understanding of profiles that work well. 
CFD analysis is crucial for comparing aerofoil performance. Initial simulations used wind tunnel sizes from UWTSD’s in-house wind tunnel to ensure results align with emperical testing, improving reliability. For accurate comparisons, the simulated tunnel must match the real tunnel in size and airflow velocity. This is interpreted from the equation:Figure 3.1.11 - (Wind tunnel in Ansys 2021 Space Claim)

.
Reynolds number plays a key role in the accuracy and reliability of both CFD and wind tunnel tests particularly when dealing with small scale models. This is calculated by:
 . 
The Reynolds number is used to predict the transition from laminar to turbulent flow. Laminar flow typically occurs at Re < 500,000, while turbulent flow develops at Re > 1,000,000. To ensure consistency between CFD and wind tunnel testing, air velocity must remain constant. When scaling a wing with a 300mm chord running at 40 m/s, a 1:10 scale model would have a 30mm chord, requiring an impractical airspeed of 400 m/s to maintain the same Reynolds number. Since airspeed and chord length are inversely proportional, full-scale and model-scale results will not be directly comparable. However, while absolute values may differ, similar aerodynamic trends are expected between both tests.
When conducting CFD research on wing profiles there are 2 turbulence models that should be considered: k epsilon and k omega. K-ε produces values for Cl and Cd that are more accurate to measure data at angles of attack up to ~12°. K-ω produces values closer to measured data at an AoA higher than 12° such as in figure 3.1.12(Intizar Ali et al, 2023). This is partially due to k-ω ability to accurately predict flow with separation as this will occur on wings with high AoA due to the stall generated from the trailing edge. When conducting wind tunnel tests this was shown from divergence in the solutions such as in figure 3.1.13 where a NACA 6412 profile is at 20° AoA. An SST k-ω model combines the k-ω formulation near walls with the k-ε model in the freestream to improve accuracy (Menter, 1994). Unlike k-ε, the k-ω model integrates directly to the wall to resolve the viscous sublayer without wall functions but is sensitive to freestream turbulence properties. The SST model helps this by combining k-ω (near-wall) and k-ε (far-field), for a smooth transition and reduced freestream sensitivity (Moshfeghi et al, 2012). For the following studies a k-ε model with non-equilibrium wall functions was used. This was because of its ability to reach convergence faster which will be advantageous for this project due to the large quantity of studies that will need to be ran on multiple wing profiles as well as tests of variables and devices. The k-ε models is proven to produce valid results within the industry, for devices with minimal flow separation such as wings and undertrays. However, this also means for high AoA where flow separation is prominent the results produced are not as reliable so this must be considered throughout the project. Figure 3.1.13 Residuals of NACA 6412 at 20 degrees AoA , K-epsilon model​

Figure 3.1.12 %error in Cl from various turbulence models (Intizar Ali et al, 2023)


When defining the mesh sizes for the CFD runs both time and accuracy must be considered, the mesh should be fine enough to provide accurate results but not too fine as to take an excessive amount of time to achieve convergence. The parameters used in figure 3.1.14 provided accurate results within a reasonable time frame. When the wing was tested at full scale a slightly coarser mesh was used to decrease time as the model requires as larger mesh. Two body of influence boxes (BOI), one far one near, were used around the profile. These are crucial for ensuring accurate and efficient results, done so by controlling the flow interactions with the model. Both far and near BOI have their own mesh sizes with the near BOI requiring a finer mesh as the interactions within this space have a larger influence on the wing’s performance than the far field BOI. Figure 3.1.14 table of CFD parameters used for wind tunnel scale, full size and end plate runs 

[bookmark: _Toc194153313][bookmark: _Toc1966052131]3.1.2 Results  Figure 3.1.23 Efficiency change with AoA 
Figure 3.1.22 Cd change with AoA 
Figure 3.1.21 Cl change with AoA 

The CFD wind tunnel results clearly show that GOE-304 profile can produce the most lift, least drag and is therefore the most efficient. It produces a maximum Cl of -4.07 at 14° AoA and a minimum Cd of 0.248 at -4° AoA. The other tested profiles all showed a peak AoA of ~17°. Although both NACA 6412 and NACA 4412 both showed a lower Cd at AoA higher than 16° than GOE 304, a drag penalty is worth taking to increase the Cl as its purpose is to increase mid corner downforce. 
The coefficient of lift decreases at higher angles of attack (typically 12° and higher) can be explained by trailing edge stall. This is when the flow detaches from the wings surface starting at the rear edge of the profile and works its way forwards the higher the AoA. The dark blue area in figure 3.1.24 shows this effect as the air speed has dropped to a minimum and air becomes turbulent. This happens because when the air speed increases behind the leading edge, the pressure gradient becomes too steep so the flow under the wing loses energy and cannot stay attached. Therefore, there is less of a pressure differential between the surfaces and the lift decreases. Figure 3.1.24 velocity contours around the GOE-304 aerofoil at 20 degrees AoA showing a large low velocity area at the wing tip

Due to its high efficiency the GOE-304 wing profile was selected with 14° AoA being the mid corner setting initially. It would have been thought from these results that -4° would have been the low drag setting but when the wing was implemented into the car it showed a higher drag value than 0°. For this reason, the low drag setting is defined at 0° AoA. As the technical regulations dictate a maximum of 60° change in the AoA of the profile the high drag/air brake setting will be 60°. 
[bookmark: _Toc490009884]3.1.3 Aspect ratio Study
To scale the wing to an optimum size a study was conducted into the optimum aspect ratio (AR) of the wing. Tian Y et al (2022) found that wings with an AR ratio >10 demonstrated 18-22% higher efficiencies that an AR <6 with an RE of 1-3million. This also had an induced drag reduction of 30%. This supports figure 3.1.31 that shows the higher AR is more efficient for the wing at 0° and 7°, however for 14° the middles AR is the most efficient which suggests it helps to reduce drag significantly. A high AR helps to reduce drag and due to the reduction of the effects of wing tip vortices as it allows a greater effective area. 
With limitations from the regulations on end plate size being ‘310mm longitudinally and 250mm vertically’ the chord length should be restricted into this box to ensure an efficient wing design as the end plates reduce pressure spill that creates wing tip vortices. Therefore, the maximum chord line can be reasonable assumed to 310mm. The ARs used in this study used a constant wingspan of 1600mm (the width of the Morgan, and chord lengths of 110mm, 210mm and 310mm being an AR of 14.55, 7.62 and 5.16 respectively. 
Figure 3.1.31 shows the difference in lift generated by the wing for the different AR. It clearly dictates that a smaller AR will generate a greater lift force. This is to be expected as it means there is a larger surface area for the air to interact with the profile. The larger area also means that a greater drag force is produced. Figure 3.1.31 bar chart of varying aspect rations and angles of attack vs lift force

An aspect ratio of 5.16 is the most optimal for this application so will be used throughout the remaining tests. 
[bookmark: _Toc862685494]3.1.4 End Plate Study 
End plates are a key aerodynamic device that improve the efficiency of a wing profile. Their purpose is to prevent the high-pressure air on the top side of the wing from spilling over to the bottom low-pressure side of the wing, which causes a loss in downforce and creates additional drag due to wing tip vortices. With the structural and aerodynamic section both agreeing on and end plated mounted wing, the ability to alter the end plates shape and size is limited. Research by Katz, J (2006) analysed the influence of endplate size on wing performance and demonstrated that increasing endplate dimensions resulted in a notable increase in downforce with a relatively small increase in drag, thereby enhancing the overall lift-to-drag ratio. Therefore, it was assumed the end plate size would be maxed out to the largest possible within the regulations (310mm longitudinally and 250mm vertically). So, the key study into the end plate design was focused on the profiles position within the end plate and its distance from the top. 
Figure 3.1.41 shows the shallower the profile is within the end plate the greater downforce can be generated, although between 100mm and 200mm depth there is a fluctuation. Figure 3.1.42 shows that a 100mm end plate will produce the least drag, but there is a change in force of only 0.12N of drag between all the heights which can be said to be obsolete. The most efficient depth would be 50mm from the top, but this has practical problems as when the AoA increases the wing trailing edge would exceed the height of the end plate. So 100mm was selected as the optimal depth. 
Figure X drag force from change in end plate height 

To demonstrate the effects of altering the end plate height, figure 3.1.44 and 3.1.45 show that the lowest pressure region spreads further towards the end of the winging showing a larger effective aspect ratio. This shows why the wing can produce more lift. Figure 3.1.45 100mm depth pressure contour on the underside of the wing
[bookmark: _Hlk194148361][bookmark: _Hlk194148362]Figure 3.1.44 200mm depth pressure contour on the underside of the wing
Figure 3.1.43 aerofoil efficiency from change in end plate height 
Figure 3.1.41 lift force from change in end plate height 
Figure 3.1.42 drag force from change in end plate height 

[bookmark: _Toc1590498637]3.1.5 Final Design 
The final design comprised of a GOE-304 wing profile with a 300mm chord length. The chord line sits 100mm below the top of the end plate. The low drag setting is set to 0° AoA, mid corner setting to 7° AoA and high drag setting of 60° AoA. The change from 14° to 7° for mid corner setting is explained in 3.1.6 further work. 
Figure 3.1.51 final model

[bookmark: _Toc1169045815][bookmark: _Hlk194153690]3.1.6 Further Work 
Once the wing profile and its size was determined extra work was conducted on the effectiveness of adding a gurney to the trailing edge. A gurney flap is a small aerodynamic device that can be implemented on a wing to increase the lift it produces by deflecting the flow vertically. Furthermore, this effect can allow a higher peak angle of attack as it delays trailing edge stall due to the drop in pressure rearwards of the flap. This effect energises the boundary layer to allow the flow to remain attached. 
The gurney study conducted in this project comprised of 2 size gurneys that were 2% (6mm) and 5% (15mm) of the chord length. These values are used as a sensible limit for a gurney height is 5% and it has been shown previously 2% can be the most efficient gurney size and can add up to -0.3 to the Cl of a wing profile with a small drag penalty. An experiment with a multi element wing of 500mm chord on a hill climb car showed an 8.2% increase in downforce for a 2.8% drag penalty. This was the result of a 9mm (1.8%) gurney. (Simon McBeath, 2006). 
The results showed a 2% gurney would increase downforce by 22% and a 5% gurney would decrease downforce by 5% at an AoA of 14°. However, at 0°, a 2% gurney would increase the downforce less than a 5% gurney. This could be explained by the vertical component that the gurney generates to produce a downwards force. Furthermore, when analysing figures 3.1.61 and 3.1.62 the 5% gurney flap generates a higher air velocity underneath the wing profile, this will mean a greater pressure differential is produced between the wing surfaces increasing downforce. Figure 3.1.61 2% gurney flap at 0 degrees AoA
Figure 3.1.62 5% gurney flap at 0 degrees AoA

Figure 3.1.63 and 3.1.64 show the effect of a gurney flap on the air flow at the trailing edge of the wing. The dark blue vectors in figure 3.1.64 show the generation of turbulent air created by the trailing edge stall. This means a greater AoA could be used before the flow separates and stall re occurs. Furthermore, due to the lack of turbulent air behind the wing there will be a drag reduction. Figure 3.1.63 2% gurney flap at 14 degrees AoA
Figure 3.1.64 no gurney flap at 14 degrees AoA

From these results it can be concluded a 2% gurney is most efficient. To improve on this further, runs can be completed with gurneys of similar sizes such as 1% and 3%. This would fill in gaps between the current runs as there may be a more efficient size within this region. As the addition of a gurney flap can reduce the trailing edge stall point, the gurney should be implemented at higher angles of attack past 14° as it is possible the profile could then generate even more downforce. 
After evaluating the results of the implemented active wing, it is evident that the morgan does not make enough aerodynamic downforce at the front of the car to accommodate a high downforce rear wing. This can be proven by using a 7° AoA on the Goe304 profile in the corners as it results in a faster lap time. This means that when the wing as at 14° AoA the balance is bought to far rearwards meaning there is no grip on the front tyres for cornering. To solve this problem, a further project should be undertaken to research and develop an aerodynamic package to increase the front downforce. This brings the balance closer to the front of the car allowing higher downforce to be generate at the rear of the car in turn the Morgan Plus Four can have a higher overall downforce, therefore more grip, reducing lap time further. To solve this problem for this project it was determined the mid corner setting would be reduced to a 7° AoA as it showed the best lap time from the control systems data. After this was decided, more wing profiles were investigated to find a more efficient wing profile at the same lift force of the GOE-304 at 7°. However, it was determined that the already selected profile was one of the most efficient at this lift force, so it was not practical to spend the remaining time researching for a marginal gain. 








[bookmark: _Toc307951563]Section 3.2 Aerodynamics
Harvey Hodge
[bookmark: _Toc1208846354]3.2.1 CFD Parameters
Aerodynamics plays a critical role in determining a vehicle's performance, efficiency, and overall design. Before vehicle analysis is conducted relevant parameters need to be found to ensure the correct calculations and results are conducted. To achieve this, research was conducted on various papers to assess which methods were most suitable for the project's goals. One notable paper was Lanfrits work on best CFD practices, which provides guidelines for handling automotive external aerodynamics using FLUENT software, making it an ideal reference for the project.



[image: ][image: A grey rectangular object with a small object on it

AI-generated content may be incorrect.]Moving forward, Lanfrits paper provides a guideline for the Computational Domain (Wind Tunnel) where all bodies are assessed. The paper mentions that the wind tunnel should be at least 3 car lengths in front and 5 car lengths behind. The displacement should also not be greater than 1-1.5% of the total cross-sectional area (figure 3.2.1.1) (Lanfrit, 2005). Using SolidWorks 2023, the required dimensions were recorded, and an Excel document was created for future reference. This process was completed withn the geometry section of ANSYS 16.2.Figure 3.2.1.1

The meshing parameters were based on Lanfrits recommendations, utilizing a density box around the vehicle to facilitate the creation of a fine mesh for precise analysis of airflow behaviour (figure 3.2.1.2). Using ICEM CFD within ANSYS 16.2, the process began with tetrahedral mesh[footnoteRef:2] generation to construct the vehicle's volumetric mesh. A base cell size of 0.05 was applied to all vehicle named selection[footnoteRef:3] surfaces, with refinement to 0.01 in critical regions such as the rear wing, while maintaining the coarser 0.05 mesh on the main body to optimize computational efficiency. [2:  Tetrahedral Mesh is the default option FLUENT provides for meshing]  [3:  Named Selection is a feature which allows you to group or label a specific geometric entity of interest] 

[image: ]Additionally, prismatic layer meshing was implemented to enhance boundary layer resolution and reduce numerical diffusion[footnoteRef:4] effects in the simulation. Prismatic Layers are extruded from the vehicles surface by an aspect-ratio where the prisms height is proportional to the size of the base triangle, by applying this model it provides a ‘gap’ between the surface of the assessed body where the particle flow is slowed due to the boundary layer, as a result a more precise simulation can be calculated when implemented. In the essence of needing to do a variety of different tests, it was not included within my simulations due to the greater amount of time required to create the mesh on ICEM CFD as well as a variety of different errors which arose due to the complexity of the chosen model. [4:  Numerical Diffusion is a CFD issue caused by discretizing equations and the numerical methods used to solve them. It artificially smears sharp gradients in solutions leading to inaccuracies.] 
Figure 3.2.1.3

[image: ]In the FLUENT Solving phase, data is extracted from ICEM CFD in a Tetrahedral format and converted into a Polyhedral cell format (figure 3.2.1.4). This conversion reduces cell skewness[footnoteRef:5] and decreases the number of cells required for solving. The K-Epsilon Realizable model with Non-Equilibrium Wall Functions is used, as stated in Lanfrits paper. This model is used due to its widespread industry use and effectiveness in providing accurate lift and drag coefficients along with stability and fast convergence[footnoteRef:6] history.  [5:  Cell Skewness is how distorted a cell is, this makes it harder to solve]  [6:  Convergence is when a numerical solution reached a stable state where the results no longer change significantly with additional iterations] 
Figure 3.2.1.4

[image: ]Boundary Conditions are set to default with all Named Selections defined for FLUENT to determine their influence. The wheels are set to rotate at 99.23 rad/s for the front and 96.82 rad/s at the rear, reflecting size differences in the model. The rotation-axis origin is determined by measuring from the wheel centre to the model origin. A moving floor is set at the models simulated speed, ensuring zero relative velocity between the floor and wheels. If wheels are not set to move, the simulation may inaccurately predict higher drag due to unrealistic flow separation, incorrect wake structures and pressure distribution. (Accademico, 2019)



Figure 3.2.1.5

[image: A graph on a black background

AI-generated content may be incorrect.][image: ]The boundary Conditions defined as ‘walls’ include the ‘inlet’ and ‘outlet.’ The inlet is specified as a ‘velocity inlet’ with a particle speed of 32 m/s, reflecting the average speed of the Morgan Plus Four around the Llandow track. A speed of 45.7 m/s was also used to determine maximum wing pressure for FEA calculations. The outlet is defined as a ‘pressure outlet.’ Under Reference Values, the frontal area is computed from the inlet. In Solution Controls, the Flow Courant number varies based upon the run type. For faster convergence in less accurate runs, the Flow Courant number, Explicit Relaxation Factors, Turbulent Kinetic Energy and Turbulent Dissipation Rate are all halved, resulting in a reduction in the Time-step[footnoteRef:7]. [7: 
 Time-step is the way the simulation reduces the gradient by making smaller predictions for the lift 7 drag coefficients] 
Figure 3.2.1.6




For FLUENT setup, calculation iterations are inputted: 500 iterations for matrix calculations and baseline runs, while 800+ or until convergence for accurate data in final runs or FEA/Simulation data. Figures (3.2.1.5-7) shows expected residuals from all vehicle runs, indicating the time-step for the coefficient of lift and drag.Figure 3.2.1.7

[bookmark: _Toc1966850645]3.2.2 Vehicle Baseline Analysis
For this project, the initial starting point involved comparing four different models of the Morgan Plus Four to determine which one was best suited for an active rear wing. A comparison below shows the roof up, roof down, roll cage and roll cage with a basic wing so baseline results can be used to work from
[image: A car with a rainbow colored background
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Description automatically generated]Figure 3.2.1.4
Figure 3.2.2.2


Figure 3.2.2.1
Figure 3.2.2.4
Figure 3.2.2.3

The analysis of airflow and velocity magnitude behind each model is shown in figures (3.2.2.2-4) highlighting the useable airflow characteristics, with figure (3.2.2.4) illustrating the changes in flow behaviour with a basic wing implemented. The roof-up model, shown in figure (3.2.2.2), demonstrates flow separation over the vehicles roof and the behaviour of particles as a wake region forms. It was determined that a laminar onset flow to the wing significantly enhances the aerodynamic devices efficiency, whereas exposure to turbulent flow diminishes it. Baseline analysis indicates that the roll cage figure (3.2.2.3) exhibits more useable flow, represented in green streamlines with a higher velocity of 26.47 m/s compared to the roof up model’s 5.82 m/s (dark blue streamlines). Although the roof-down model presents useable airflow further rearward, the wake region disrupts airflow towards the wing, therefore reducing the aerodynamic efficiency. 
[image: A table with numbers and letters

AI-generated content may be incorrect.]Moving forward, using each models lift and drag coefficients as well as efficiencies are shown in figure (3.2.2.5). Regarding the lift coefficients, it can be analysed that both the roof up and down models indicate some lift generation which could result in reduced stability at higher speeds, while the roll cage model indicates down force due to the negative value which could improve traction and stability.Figure 3.2.2.5

[image: A purple car with a green background

AI-generated content may be incorrect.]With the drag coefficients, roof down and the roll cage are quite similar while the roof up model allows for smoother airflow because of an acting leading edge from the roof of the car. With the decision to use the role cage model, figure (3.2.2.6) shows further post processing imagery of the pressure contours in the area in which the wing will be placed. The darker blue indicates the low-pressure region. The ideal wing placement with regards to pressure would be where the blue and green contours meet so the low pressure is underneath the wing and the high pressure above, as a result down force would be generated which increases the traction. With these baseline values the aerodynamic goals can be set, the more the efficiency can be increased the better the car is overall aerodynamically, to achieve this the drag needs to be reduced and the down force needs to be increased, this information can also be used in simulation to gain a baseline lap time to work from. Figure 3.2.2.6

[bookmark: _Toc1664217055]3.2.3 MIRA Car Comparison & Validation
The research methodology was validated by cross-referencing independently collected data with established industry benchmarks from the Motor Industry Research Association (MIRA), a leading UK authority in automotive engineering and aerodynamic testing. This validation process ensured the reliability of results obtained for the study of the Morgan.
[image: A pink and yellow striped object

AI-generated content may be incorrect.]



[image: A pink car with a purple and yellow stripe

AI-generated content may be incorrect.]Figure 3.2.3.1
Figure 3.2.3.2






Comparative Computational Fluid Dynamics (CFD) analysis of both the MIRA reference model and the Morgan model yielded consistent aerodynamic coefficients, as illustrated in figure (3.2.3.5). The obtained values align with published research indicating typical drag coefficients approximating 0.4 and lift coefficients around -0.0845 (Lai, 2020), confirming the validity of the computational approach
[image: A table with numbers and symbols

AI-generated content may be incorrect.]


Figure 3.2.3.5

[image: A yellow car with a rainbow colored wheel

AI-generated content may be incorrect.]Additional validation was also conducted through detailed flow visualisation techniques, Figures (3.2.3.1-4) presents characteristic vehicle streamlines, while accompanying pressure contour plots to demonstrate comparable flow patterns between the MIRA benchmark and Morgan data. The visual data confirms proper simulation of fundamental aerodynamic processes, including flow separation and pressure distribution characteristics.[image: A colorful car with wheels

AI-generated content may be incorrect.]Figure 3.2.3.4
Figure 3.2.3.3


[bookmark: _Toc1287969174]3.2.4 Aerodynamic Wing Position Matrices
[image: A cartoon of a car

AI-generated content may be incorrect.]The wing’s optimal position was determined through computational analysis of three AoA[footnoteRef:8] positions (0°,7°,14°) across a defined evaluation zone extending 453mm vertically from the cockpit reference and 712mm rearward shown in figure (). A MATLAB-generated aerodynamic matrix provides lift, drag, CoP[footnoteRef:9] and efficiency characteristics through 27 CFD simulations shown in figures (3.2.2.2/6/7/9). [8:  Angle of Attack]  [9:  Centre of Pressure] 

Figure 3.2.4.1

[image: A graph of a graph showing different colors

AI-generated content may be incorrect.]The critical performance matrices include the 0° lift plot to support straight-line drag minimisation, the 7° lift and drag matrices for cornering performance improvement and the 14° drag plot for maximum braking effectiveness. The selected position represents an engineered compromise satisfying all operational requirements.
Figure 3.2.4.2

Computational analysis of the 0° drag matrix reveals a direct correlation between wing position and the drag coefficient. Proximity to the cockpit increases drag due to a greater exposure to laminar onset flow passing through the roll cage structure. In contradiction, the elevated positions demonstrate reduced drag as the wing becomes shielded by the higher section of the roll cage, resulting in in-direct airflow interaction.
[image: A purple car with colorful lines

AI-generated content may be incorrect.]CFD post-processing validation (figure 3.2.4.3) illustrates high-velocity streams passing through the roll cage and enveloping the wing, the curled lighter blue streamlines indicate the turbulent recirculation zone. The Velocity magnitude contours (figure 3.2.4.3) further demonstrate the aerodynamic behaviour across different positions.



Figure 3.2.4.3


[image: A rainbow colored image of a plane

AI-generated content may be incorrect.][image: A rainbow colored background with a white wall

AI-generated content may be incorrect.]Model 3 analysis (figure 3.2.4.5) reveals significant downstream turbulence generation when the wing functions as a cockpit surface extension, exposing it to low-energy turbulent flow and resulting in peak drag conditions. Comparative analysis of an alternative position (figure 3.2.4.4) shows improved performance, with the wing positioned within the roll cage wake region, facilitating a smoother airflow passage and as a result lowering the drag generation. The data supports the strategic positioning behind the roll cage structure to optimise drag performance by leveraging the wake shield effect while avoiding turbulent cockpit outflow regions. Figure 3.2.4.5
Figure 3.2.4.4







[image: A screen shot of a graph

AI-generated content may be incorrect.]Figure 3.2.4.6

[image: A chart of a graph

AI-generated content may be incorrect.]The aerodynamic performance matrices for lift and drag coefficients (figures 3.2.4.6) were analysed to characterise wing behaviour at 7° AoA. The results demonstrated that this configuration provides an optimal compromise between aerodynamic efficiency and performance requirements, achieving a 22% reduction in drag coefficient compared to the 14° configuration while maintaining 78% of the maximum downforce capability.[image: A rainbow colored image of a plane

AI-generated content may be incorrect.][image: A screen shot of a graph

AI-generated content may be incorrect.]
Figure 3.2.4.7

This balance enables effective straight-line speed preservation while delivering sufficient downforce (Cl = -1.24) for cornering traction when the wing is actuated. The drag coefficient (Cd = 0.43) at this deflection represents a 17% improvement over the baseline configuration, confirming the designs effectiveness in both efficiency and performance objectives. With this data it can be decided that the wing will not be positioned no more than 400mm from the rear of the cockpit due to no significant gain in downforce and no reasonable change in drag if positioned further.
[image: A screen shot of a graph

AI-generated content may be incorrect.]

Figure 3.2.4.9


[image: A cartoon of a robot

AI-generated content may be incorrect.]The 14° drag matrix shown figure (3.2.4.9) specifies where the wing produces the highest amount of drag, used for airbrake analysis. Similar to the 7° matrix, the high drag zones are close behind the cockpit and furthest rearwards. The high drag in the rearwards area can be explained by the turbulent recirculation of the airflow as it separates from the rear of the vehicle and comes back into contact with the wing.
The ideal wing position was determined to be 400mm rearwards and 100mm vertical as shown in figure (3.2.4.8), providing performance benefits across all angles of attack. Figure 3.2.4.8

[image: A rainbow colored sky

AI-generated content may be incorrect.][image: A rainbow colored object with a white background

AI-generated content may be incorrect.]Airbrake analysis revealed greater breaking effectiveness at higher deflection angles. Simulation data demonstrated that 60° deflection offers the optimal compromise, shifting the aero balance by -7.87% (from 20.82% at 0°), compared to -25.01% at 50° and -28.24% at 40°. While this still creates lift at the front, the effect is lower than other angles. If a front splitter is implemented calculations suggest the overall balance would shift to 28.73% which would greatly enhance the stability during braking and cornering.


Figure 3.2.4.11
Figure 3.2.4.10

[bookmark: _Toc1375788191]3.2.5 Final Wing Model Analysis
[image: A table with numbers and symbols

AI-generated content may be incorrect.]Figures (3.2.5.2/3/5/6/8/9) illustrate the pressure contours on the wing at three angles of attack. Figure (3.2.5.2/3) at 0°, figure (3.2.5.5/6) at 7° and figure (3.2.5.8/9) at 60°. The pressure distribution ranges from dark blue (-280pa) to red (+280pa)

Figure 3.2.5.1


[image: A rainbow colored tube

AI-generated content may be incorrect.][image: A close up of a colorful object

AI-generated content may be incorrect.][image: A rainbow colored sky

AI-generated content may be incorrect.]At 0ׄ°, the minimal pressure difference between the upper and lower surfaces indicates optimisation for low drag, aligning with the goal of minimising rear wing resistance for straight-line speed. According to Bernoulli’s principle, “High velocity equals low pressure” this can be depicted in figure (3.2.5.4) where the velocity magnitude contours show a high velocity at the leading edge and in figure (3.2.5.3) it shows the low pressure in that area. On an aerofoil the underside is longer, this results in the airflow moving faster on the underside which reduces the pressure on the upper surface therefore generating lift (Physics Library, 2019). This is evident in figure (3.2.5.4), where the velocity contour lightens, indicating increased flow speed on the aerofoil’s underside, resulting in a small amount of lift due to the low angle of attack. The lower the lift in this configuration, the more optimal the wing performs. Figure 3.2.5.4
Figure 3.2.5.3
Figure 3.2.5.2


[image: A close up of a screen

AI-generated content may be incorrect.][image: A blue and green gradient

AI-generated content may be incorrect.][image: A rainbow over a blue sky

AI-generated content may be incorrect.]At 7° figure (3.2.5.5/6) illustrates the change in pressure contours as the AoA is increased. It can be seen that there is a significant change in pressure between the upper and lower surfaces which indicates that as the angle of attack is increased the flow speeds up along both surfaces. Figure (3.2.5.1) shows the change in the coefficients of lift and drag as the AoA changes, as well as this the table also shows the downforce upon the wing to increase by 77.26N. This position is chosen amongst others due to having the ideal efficiency, it was analysed that as the AoA is increased the efficiency dropped this is because the drag value kept increasing while the downforce plateaued.Figure 3.2.5.7
Figure 3.2.5.6
Figure 3.2.5.5

[image: A rainbow colored background

AI-generated content may be incorrect.]At 60° a significant change in wake structure and pressure distribution can be seen. Producing a coefficient of drag of 0.635, figure (3.2.5.10) illustrates how the wing interacts with the flow and why the coefficient of lift decreases at this angle, this can be explained by trailing edge stall. This is when the flow detaches from the wings surface the higher the AoA, the dark blue indicates this as the flow has slowed down and become turbulent. At this angle wing tip vortices are also produced which further increase the drag value. This is caused as the high pressure on the top of the wing spills over the trailing edge into the low region which creates a rotating vortex[image: A blue rectangular object with yellow and green stripes

AI-generated content may be incorrect.][image: A red and yellow rectangular object

AI-generated content may be incorrect.]Figure 3.2.5.10
Figure 3.2.5.9
Figure 3.2.5.8


[bookmark: _Toc1326947443]3.2.6 Further Research
The rear wing design presents further optimisation potential. CFD results in figures (3.2.6.1) reveal the longitudinal pressure distribution, providing useful insights for wing twist performance enhancement. Further development would focus upon balancing downforce requirements with drag reduction through design refinement.
[image: A graph of a pressure
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Figure 3.2.6.1


The aerodynamic team can leverage this data to identify regions where wing twist may enhance performance. Wing twist involves varying the angle of attack along the span, increasing it in specific sections to generate additional downforce. This modification would be most effective where it is exposed to laminar onset flow, as illustrated in figures (3.2.6.2). These post-processing images show the red streamlines maintaining a velocity of approximately 32 m/s, matching the inlet speed, indicating minimal flow disruption prior to wing interaction.
[image: A blue vehicle with colorful lines
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Figure 3.2.6.2


[image: A blue window with rainbow colored lines

AI-generated content may be incorrect.]Figure (3.2.6.3) provides a detailed view of the flow over the wing. At 0° AoA the primary objective is to minimise drag for optimal performance. With further research it would be beneficial to reduce the angle on the wing near the endplates to balance the pressure distribution. Currently the flow is still creating a significant amount of pressure on the end sections compared to the centre of the aerofoil. By reducing the AOA in these sections the pressure differential would decrease, reducing overall drag and improving aerodynamic efficiency. Figure 3.2.6.3

[image: A graph with red lines

AI-generated content may be incorrect.]Figure (3.2.6.4) illustrates the spanwise pressure distribution across the aerofoil at 60° airbrake deployment. A pressure drop is observed on the right side of the distribution, traceable to roll bar interference and driver positioning

Figure 3.2.6.4

To maximise drag generation, increasing the angle of attack near the endplates could enhance local pressure and overall drag production. However, this modification would introduce design trade-offs with the 0° twist configuration. With further computational analysis the optimal twist distribution that balances all angles could be found to meet aerodynamic requirements. 

















[bookmark: _Toc910322897]Section 4 – Structural Engineering
[bookmark: _Toc860281629]4.1 Material Selection
[bookmark: _Toc2144472541]4.1.1 Research
Cameron Andrews
The initial stage of the wing mount design process involved an evaluation of materials to determine what material will be suitable for its structural requirements. The main criteria to be assessed were strength-to-weight ratio, corrosion resistance, manufacturability, cost-efficiency and load durability. 
A high strength-to-weight ratio is essential to ensure structural integrity while minimising mass, preventing excess load and balance disruptions to the vehicle, both negatively impacting vehicle performance. 
Corrosion resistance was necessary to protect the mount from environmental exposure, as the rear wing is subjected to moisture, debris, and temperature variations. 
Manufacturability was considered to enable the production of custom, aerodynamically optimised designs without introducing excessive complexity or fabrication difficulties.
Cost-efficiency was crucial in selecting materials and manufacturing methods that balanced performance with budget constraints. 
Finally, load durability was assessed to ensure the mount could withstand sustained aerodynamic forces and vibrations without excessive deformation or failure, maintaining the wing’s stability and effectiveness.
After extensive reading into material properties, current and past motorsport applications, and the structural needs of a rear wing, a shortlist was formed, on which more rigorous research would be undertaken.
1. Aluminium 
2. Steel
3. Titanium 
4. Carbon fibre




[bookmark: _Toc1834769203]4.1.1.1 Aluminium
Aluminium was a strong contender for a wing mount due to its advantageous mechanical and economic properties. It offers an excellent strength-to-weight ratio, ideal for an active rear wing system as it can withstand high loads while not disrupting the rear balance of the car (ASM Aerospace, 2025).
Aluminium is highly accessible and machinable, making it optimal for producing a complex and versatile wing mount and aerodynamic profiles. Due to its wide availability and cost-effectiveness, it is frequently employed in mid-tier sports cars, entry-level motorsport, and aftermarket aerodynamic systems (Kingsbury, 2023).
Alloys 6061 and 7075 are commonly used in performance engineering due to their favourable properties. 7075 is known for its superior tensile strength, making it an ideal choice for structural application. However, its poor weldability and corrosion resistance make it less suitable for a wing mount exposed to varying environmental conditions. In comparison, 6061 provides a balanced profile between mechanical features and ease of manufacture, making it a more practical choice for this application.
To craft the alloys to be more specific to your requirements, different heat treatments can be applied to aluminium that allow the manipulation of its mechanical properties. In this case, a T6 treatment was desirable as it enhances strength, hardness, and corrosion resistance without compromising on weight (Spira, 2021).
 
Table 4.1.1. Mechanical properties of 6061-T6 and 7075-T6 aluminium alloys (ASM, 2025).
	Property 
	6061-T6
	7075-T6

	Density, g/cm3
	2.70
	2.81

	Ultimate tensile strength, MPa
	310
	570-600

	Yield strength, MPa
	276
	503

	Young’s Modulus, GPa
	68.9
	71.7

	Elongation at failure, %
	12-17
	11

	Fatigue strength, MPa
	96 
	159

	Shear strength, MPa
	~200
	~330

	Hardness
	~95 
	~150

	Corrosion Resistance 
	Excellent
	Moderate poor

	Weldability
	Excellent
	Poor

	Machinability
	Good
	Fair-good

	Formability 
	Good
	Limited


 
Initial comparison of the mechanical properties of the alloys (table 4.1.1) suggest that 6061 is not as optimal as 7075. 7075 boasts a higher strength and hardness, and a lower elongation at failure. 
 

Table 4.1.2. Comparison of best aluminium alloy for each criterion. 
	Selection Criteria
	Best Alloy

	Strength
	7075-T6

	Corrosion Resistance 
	6061-T6

	Weldability 
	6061-T6

	Cost
	6061-T6

	Machining Flexibility
	6061-T6

	Fatigue Resistance 
	7075-T6

	Environmental Durability 
	6061-T6


 
However, when considering the key criterion, 6061 reveals itself as the most optimal for the needs of the rear wing (table 4.1.2). Furthermore, despite losing out in strength and fatigue resistance, the yield and fatigue strength of 6061 is still far greater than would be realistically achieved by the rear wing. Thus, were aluminium to be the material of choice, 6061-T6 would be the most optimal alloy to use.
[bookmark: _Toc857337637]4.1.1.2 Steel
Steel and its alloys were another consideration due to their combination of good mechanical strength, durability, and versatility. Steel alloys possess great strength and notable fatigue resistance, making them suitable for components enduring high loads and structural stresses (Amerdeep Steel Centre, 2023).
Due to its wide use across industries including aerospace, automotive chassis development, and motorsport engineering, steel remains a reliable and cost-effective material for structural components. While its higher mass presents a trade-off, its superior mechanical properties can justify this in high-load applications.
Common types of steel alloys:
1. Mild steel (AISI 1018) (AZO Materials, 2012)
2. Stainless steel (Grade 304) (AZO Materials, 2001)
3. Chromoly Steel (AISI 4130)












Table 4.1.3: Material property comparison of steel alloys (Shane, 2025a)
	Property
	Mild Steel (e.g 1018)
	Stainless Steel (304)
	Chromoly 4130

	Tensile Strength, MPa
	~440
	~505 
	560-700, but can be heat-treated to > 1100

	Yield Strength, MPa
	~370
	~215
	460 – 620

	Density, g/cm3
	~7.85
	~8.00
	~ 7.85

	Corrosion Resistance
	Poor
	Excellent (self-passivating)
	Moderate (needs coating / paint)

	Weldability
	Excellent 
	~ Good (clean surface required)
	Very good

	Machinability
	Easy
	Harder than mild steel
	Fair

	Cost
	Low
	High
	Moderate 

	Common Uses
	Frames, brackets, basic structure 
	Exhaust, decorative good grade parts
	Roll cages, suspension arms, motorsport chassis


 
After reviewing the alloys’ characteristics, AISI 4130 chromoly was selected as the most appropriate material for the wing mount. It offers the highest tensile and yield strength of the three, especially when heat-treated, making it well-suited for high-stress structural applications such as motorsport-grade mounts. Its good weldability and compatibility with common fabrication methods make it practical for final manufacturing.
While not as corrosion resistant as stainless steel, chromoly steels surface can be effectively protected through coatings or paint. Compared to stainless steel, it offers a better balance of strength, fatigue resistance, and cost. When weight is not the most limiting factor, but performance and durability are critical, 4130 emerges as the better choice.
[image: ]
Figure 4.1.1.2.1. Graphical comparison of the properties of different steel alloys.
 
Figure 4.1.1.2.1 presents a visual comparison of the alloys and reinforces chromoly as the most suitable choice for the active rear wing. It leads in strength and weldability, making it ideal for high-performance use. Stainless steel excels in corrosion resistance but falls short in yield strength and cost efficiency. Finally, mild steel is the most cost-effective and machinable but has lower performance in strength and corrosion resistance.
As such, chromoly 4130 would be the superior steel alloy, should we choose to progress with this material.
 
[bookmark: _Toc258540188]4.1.1.3 Titanium 
Titanium’s strength and high-temperature performance present it as another potential candidate for the rear wing. Titanium alloys provide higher strength than aluminium while maintaining a lower density than steel, offering a notable compromise between key properties for a high-level motorsport application (KDMFAB, 2025).
However, these benefits come with limitations. Titanium alloys are substantially more expensive than common metals such as aluminium or steel. Additionally, titanium exhibits low thermal conductivity and high hardness, complicating manufacturing (AZO Materials, 2002). Specialised tooling and careful heat management are required to avoid tool wear and deformation during production.
 
Table 4.1.4 Properties table comparing different grades of titanium (Shane, 2025b) (Rolled Alloys, 2023).
	Property/ Grade
	Grade 2 (cp)
	Grade 5 
	Grade 9 
	Grade 23

	Type
	Commercially pure
	Alpha-beta Alloy
	Alpha-beta Alloy
	Alpha-beta Alloy

	Tensile Strength, MPa
	~345
	~900 
	~620 
	~860 

	Yield Strength, MPa
	~275
	~830
	~500
	~795 

	Density, g/cm3
	4.51
	4.43
	4.48
	4.43

	Fatigue resistance 
	Moderate
	High
	High
	Very high

	Machinability
	Easy
	Difficult
	Moderate
	Moderate-difficult

	Corrosion Resistance 
	Excellent 
	Excellent 
	Excellent 
	Excellent

	Weldability
	Excellent 
	Good
	Very good
	Good

	Cost
	Low
	High
	Medium-high
	High

	Applications
	Marine, tubing
	Aerospace, Formula 1
	Tubing, bike frames 
	Medical implants 

	Sustainability for wing mounts
	Not strong enough 
 
	Ideal choice (high strength to weight ratio)
	Good compromise (lighter easier to form)
	Similar to Grade 5, better fatigue 


 
Grade 5 Titanium (Ti-6Al-4V) presents the most balanced and high-performance profile for an active rear wing mount. It offers:
1. Exceptional tensile and yield strength at a relatively low density
2. Superior fatigue resistance, enabling it to endure cyclic aerodynamic and vibrational loading
3. Compatibility with both CNC machining and advanced manufacturing techniques
Although Grade 5 presents higher material and processing costs, its mechanical superiority, longevity, and structural resilience justify its use in performance-critical components where low weight, stiffness, and fatigue life are crucial.

[bookmark: _Toc1820195658] 4.1.1.4 Carbon Fibre 
Carbon fibre reinforced polymer composites are widely recognised in aerospace, motorsport, and performance vehicle engineering for their superior strength-to-weight ratio, high stiffness, and excellent fatigue resistance.
In the context of a rear wing, carbon fibre provides several benefits: 
· Low density (~1.75–1.80 g/cm³) enables significant weight reduction compared to metals.
· High tensile strength and modulus resist aerodynamic loading and limit structural deflection.
· Corrosion immunity ensures long-term durability without the need for coatings or surface protection.
· Fatigue resistance supports long-term use under vibrational and cyclic stresses. (Mirdehghan, 2021)
These advantages make carbon fibre the material of choice in Formula 1 and Le Mans prototypes, where component stiffness and precision directly influence aerodynamic performance.
Table 4.1.5 Table contrasting the properties of different moduli of carbon fibres (Shelly, 2018).
	Type 
	Tensile Modulus, GPa
	Tensile Strength, GPa 
	Density, g/cm3
	Flexibility 
	Cost
	Key Features 

	Standard modulus 
	~230 - 250
	~3.5 - 5.0
	~1.75
	High
	Low-medium
	Good all-rounder used in automotive Sports

	Intermediate modulus 
	~290 - 350
	~4.0 - 5.6
	~1.78
	Medium
	Medium
	Higher stiffness for performance application

	High modulus 
	~400 - 600
	~2.4 - 3.5 
	~1.80
	Low
	High
	Extremely stiff - more brittle 

	Ultra-high modulus 
	600+
	~1.75-2.5
	~1.80
	Very low
	Very high
	Aerospace use 


 
For a balance between performance and cost, standard modulus prepreg twill is recommended. Intermediate modulus unidirectional carbon fibre provides higher stiffness while remaining lightweight. High modulus offers extreme stiffness and low deflection but is brittle (figure 4.1.5). For a cosmetic finish twill weave with standard modulus and clear epoxy is preferred (Olliges, 2019). 
 Table 4.1.6 Carbon fibre configurations (Szymiczek and Buła, 2022) (Audi, 2025)
	Configuration category 
	Variants 
	Effects.

	Weave Pattern 
	Plain, twill, unidirectional 
	Unidirectional = max strength in one direction
Twill = balance + aesthetics 

	Prepreg vs Wet Layup
	Prepreg = resin-impregnated 
	Prepreg offers better strength, less variability 

	Resin Systems 
	Epoxy (common), polyester, vinyl ester 
	Epoxy gives best mechanical and thermal properties 


 
After evaluating different moduli, further information was gathered based on the varying classifications of carbon fibre, seen in table 4.1.6. For this application, an intermediate modulus unidirectional and twill combo that is a 60-40 mixture would likely be the most optimal. This type of carbon combination offers a desirable yield strength and strength-to-weight ratio. A wet layup is a great method to achieve the desired characteristics, and a mixture of unidirectional plies and 45° weaves will offer ideal shear and main load resistance, covering the weaknesses of the wing mount.
[bookmark: _Toc1081510063]4.1.1.5 Conclusion
For motorsport applications, titanium or carbon fibre are most used due to their durability and lower weight, while aluminium is seen in both street and track cars. For the rear wing, carbon fibre presents itself as the most optimal material, that trumps others on the shortlist with both isolated properties, and as a compromise between them. 
However, many motorsport teams utilise a combination of materials to achieve the best strength-to-weight ratio, for example, using a carbon wing with an aluminium or titanium wing mount or carbon fibre with metal reinforcement. A notable example is the Renault R23 Formula One car from the 2003 season, which utilised a chassis constructed from moulded carbon fibre combined with an aluminium honeycomb composite monocoque (F1 Technical, 2004). Such designs influenced the decision to investigate aluminium or titanium reinforcements on a carbon fibre wing.
To further solidify this decision, the next step was to begin FEA on the materials to experimentally validate the studied properties in line with the wing's requirements.
 
 
 
 
[bookmark: _Toc1805470385]4.1.2 Beam Testing of Materials
Cameron Andrews
To compare the key strength characteristics of the selection of materials, beam testing was undertaken in FEA software, using a 10 x 10 x 100 mm solid rectangular cantilevered beam (figure number), with a uniform load of 1500N, a value taken from both the maximum downforce and drag loads determined by the aerodynamicists with a 1.5 safety factor included. This allowed for an experimental evaluation of the materials specific to the load requirements of this application, and thus a more precise decision could be made. 
 
[image: ]
Figure 4.1.2.1 Model of beam used for material testing – all dimensions are in mm.










 
Table 4.1.7 detailing Ansys beam testing results on potential materials.
	Material
	Mass, kg
	Deformation, mm
	Strain
	Stress, MPa

	
	
	Min
	Max
	Average
	Min
	Max
	Average
	Min
	Max
	Average

	Aluminium 6061
	2.71 x10-2
	0
	1.066
	0.433
	8.10 x10-7
	2.11 x10-3
	4.98 x10-4
	5.62 x10-2
	147.71
	33.84

	Structural steel
	7.85 x10-2
	0
	0.0375
	0.153
	2.90 x10-7
	7.32 x10-4
	1.74 x10-4
	5.75 x10-2
	146.01
	33.86

	Stainless steel
	7.75 x10-2
	0
	0.0389
	0.158
	2.99 x10-7
	7.61 x10-4
	1.81 x10-4
	5.75 x10-2
	146.47
	33.86

	Titanium alloy
	4.62 x10-2
	0
	0.0775
	0.316
	5.86 x10-7
	1.56 x10-3
	3.64 x10-4
	5.55 x10-2
	148.85
	33.83

	Carbon fibre UD
	1.54 x10-2
	0
	0.798
	3.248
	6.50 x10-6
	1.90 x10-2
	4.55 x10-3
	5.55 x10-2
	148.85
	33.99

	Epoxy CF woven
	1.48 x10-2
	0
	0.845
	3.447
	1.07 x10-5
	1.63 x10-2
	3.93 x10-3
	9.23 x10-2
	141.32
	33.86

	Epoxy CF UD prepreg
	1.56 x10-2
	0
	0.0531
	0.216
	4.04 x10-7
	1.05 x10-3
	2.475 x10-4
	5.644 x10-2
	147.39
	33.85


 
The maximum stress values did not approach the respective yield strength of each material, as seen in table 4.1.8, allowing for a greater focus on the deformation and strain against weight of the materials.  

Table 4.1.8 - Table highlighting the difference between yield strength and maximum experimental stress in materials.
	Material
	Max stress, MPa
	Yield strength, MPa

	Aluminium 6061
	147.71
	280

	Structural steel
	146.01
	250

	Stainless steel
	146.47
	207

	Titanium alloy
	148.85
	930

	Carbon fibre UD
	148.85
	1979

	Epoxy CF woven
	141.32
	829

	Epoxy CF UD prepreg
	147.39
	2170


 
The material with the best midground between weight and strain would be ideal for this application. To help visualise the results, graphs were crafted comparing average strain and deformation against weight as well as the respective maximum values.
 
[image: ]
Figure 4.1.2.2 - Graph comparing mass and average strain of materials.
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Figure 4.1.2.3 - Graph comparing mass and average deformation of materials.
[image: ]
Figure 4.1.2.4 - Graph comparing mass and maximum strain of materials.
While both steels had the lowest deformation, their weight was too high to be justified in the rear wing. The light mass of all carbon fibres was desirable, but only epoxy carbon fibre UD prepreg had the crucial low strain and deformation required. Thus, aluminium and epoxy carbon fibre UD prepreg present themselves as the front runners, showcasing an ideal low weight and strain.
[image: ]
Figure 4.1.2.5 - Graph comparing mass and maximum deformation of materials.
 
However, when comparing the maximum deformation experienced by each, it becomes clear that aluminium does not perform as well under high stresses as the carbon fibre option, henceforth providing the optimal material to use on our wing; epoxy carbon fibre UD prepreg.
This experimental testing helped to solidify the research findings, specifically in terms of the strength-to-weight ratio. Readings suggested that while steel and titanium were a front-runner in terms of strength, the weight was likely too high to be justifiable, and the beam testing confirmed this to be true. It did not offer a significant enough strength advantage, seen in the deformation (figure 4.1.2.3) and strain (figure 4.1.2.2), to warrant the excessive weight.
Similarly, beam testing confirmed the choice of carbon fibre configuration and modulus, as in all figures, the results of epoxy unidirectional prepreg was substantially improved than that of the two other forms tested (figure 4.1.2.5).
Overall, the practical comparison of the shortlisted materials helped to validate the research done and confirm which material would be most optimal for the rear wing.
 
 
 

[bookmark: _Toc1134171064]4.1.2 Validation
Hannah Bathgate
To validate these results, McCauley’s Method was utilised on the same sized beam and force magnitude, using the Young’s Modulus listed in Ansys Granta Edupack for each material (appendix _).  The calculations yielded only maximum deformation figures, however, if the results were similar, it was agreed that all results from the analysis can be considered valid.
Table 4.1.9 - showing the results from max deformation hand calculations.
	Material
	Max deformation, mm

	Aluminium 6061
	1.071

	Structural steel
	0.375

	Stainless steel
	0.38861

	Titanium alloy
	0.7813

	Carbon fibre UD
	0.7937

	Epoxy carbon Fibre woven
	0.8333

	Epoxy Carbon Fibre UD prepreg
	0.53178


 [image: ]
Figure 4.1.2.11 Graph comparing the hand calculated and Ansys max deformation
 
As shown in figure 69, raw calculations are largely the same or very similar to the figures produced by Ansys, establishing the accuracy of the software, thus allowing confidence in the program’s outputs.
 
 
[bookmark: _Toc1307092447]4.1.3 Conclusion
By starting with material research and finding an idea for what materials to use, the research collected showed us that carbon fibre and a select few metals would be a good starting point for beam testing. By using the tools of SolidWorks and Ansys a good base line of material tested was gathered allowing a thorough investigation to be done, this allowed a great cross referencing between the research and actual data gathered. Plus using hand calculations to validate the gathered simulation data allowed a confidant selection of material that will meet the criteria needed.
Upon analysis of our collated results, epoxy carbon fibre UD prepreg was decided to be the most suitable for the rear wing mount requirements. It is an ideal compromise between high strength and low weight, making it ideal for motorsport applications and the rear wing. Even due to the cost of making a mould and laying up carbon fibre into it the strength to weight ratio out ways the financial aspect.
After some collaboration with the mechatronic group, it was established that aluminium 6061-T6 would be the best choice for the wing’s actuators, a thin device which requires a more robust housing for the electronics, as well as needing to be mobile. After already doing extensive testing and research into aluminium the ideal material was easy to select meeting the needs of the actuator 
The next stage of the project is to test materials and wing mount designs to find the most optimal design for the required aerodynamic loads.
[bookmark: _Toc870160497] 4.2 Mounting System Designs
Hannah Bathgate
Latterly, the design of a variety of styles of wing mounts was begun. Inspiration was sourced from systems used previously in various motorsport scenes, notably Formula 1 (Tharakaram et al., 2022), Rally1 (Luis, 2023). The basis of the designs stemmed from the swan neck, underside and endplate styles of mounting.
Initially, all mounts were designed around a 1600mm wide, 200mm chord NACA6412 aerofoil, as was the aerodynamicists primary contender, to ensure a baseline between all designs. Once the final aerofoil, GOE 304 with a chord length of 300mm and 1600mm width had been selected, the designs pivoted to be reciprocal to this choice.
[bookmark: _Toc1406554032]4.2.1 Underside
Underside mounts provide a direct structural connection to the vehicle chassis, improving load distribution. These mounts offer a strong, low-profile attachment, minimising additional bending moments on the supports. From a structural standpoint, underside mounts are generally more resistant to flexing compared to swan neck designs, as the forces are applied closer to the chassis rather than being cantilevered (Verus Engineering, 2024). 
However, underside mounted wings heavily disrupt airflow over the lower surface of the wing, reducing aerodynamic efficiency. As such, the aerodynamics and simulation teams advised again pursuing this option.
[image: ] 
Figure 4.2.1.1. Underside wing mount, with slots.  
Actuation for active aerodynamics is more complex as well, as the actuators must be placed in a confined space while still allowing for precise control over wing angle adjustments. This can lead to packaging challenges, particularly in vehicles with tightly packed rear-end layouts.
As such, only designed one underside wing mount was designed, due to the haste at which this option was discarded. Figure 6 shows a basic slotted design, mounted centrally to the wing, which was structurally feasible, but the aerodynamic trade-off was too high to be seriously considered.
 










Table 4.1.10 - Results of FEA testing of an underside wing mount with three basic materials.
	Material
	Model
	Mass, kg
	Max strain
	Max deformation, mm
	Max stress, MPa

	
	
	Ansys
	Solid-Works
	Ansys
	Solid-Works
	Ansys
	Solid-Works
	Ansys
	Solid-Works

	Epoxy Carbon Fibre UD prepreg
	Underside
	5.99
	7.82
	1.74 x 10-4
	1.38 x 10-4
	15.0
	13.4
	130
	110.1

	Aluminium 6061
	Underside
	9.55
	11.09
	1.94 x 10-4
	1.51 x 10-4
	16.5
	14.2
	134
	112.6

	Chromoly 4130 steel
	Underside
	27.56
	65.04
	7.66 x 10-5
	4.12 x 10-5
	6.07
	5.32
	104
	76.2
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Figure 4.2.1.2 - Graphic comparison of the underside mount’s maximum strain results in Ansys vs SolidWorks.
[image: ]
Figure 4.2.1.3 - Graphic comparison of the underside mount’s maximum stress results in Ansys vs SolidWorks.

Running simulations in both Ansys and SolidWorks with the same parameters allowed for the validation of our results, and to solidify the decisions that were made based on these results. Seeing as the results were similar, with a slight but uniform offset in the SolidWorks results, further work could be conducted in just one software to reduce time spent on the task and ensure that comparison between wing mounts was done under the same model.
[bookmark: _Toc1409392586]4.2.2 Swan Neck
Swan neck mounts offer significant structural and aerodynamic advantages. By mounting the wing from the top, these mounts reduce the disruption of airflow over the underside of the wing, which is the primary downforce-generating surface. Structurally, swan neck designs require strong and rigid mounting points to prevent flexing under high aerodynamic loads. The high mounting location can introduce bending moments on the uprights, necessitating reinforced materials or additional bracing.
Swan neck mounts are also advantageous from an actuation point of view, as they allow for relatively simple movement mechanisms. The actuators can be placed within the arch of the neck, reducing the complexity compared to other designs. However, the structural drawback is the increased moment arm, which can lead to higher stress concentrations at the mounting points (Archetype Racing, 2020).
Our initial front swan neck design (appendix 6) aimed to provide a rigid mounting solution while maintaining aerodynamic efficiency. However, aerodynamic analysis revealed a reverse swan neck would be more advantageous, thus this design was discarded.
We thus created three variations of reverse swan neck mounts, comparing their structural integrity and aero performance as determined by the aerodynamicists (appendix 7).
Designed to facilitate active aero adjustments, our final design (figure 4.2.1.4) integrated actuation mechanisms near the mounting points, reducing mechanical complexity compared to endplate-mounted actuators. We also implemented an aerofoil shaped structure, to further reduce drag.
 
[image: ]  
Figure 4.2.1.4 - Final reverse swan neck design, with actuators.  















Table 4.1.11 - Results of FEA testing of an underside wing mount with three basic materials.

	Material
	Model
	Mass, kg
	Max strain
	Max deformation, mm
	Max stress, MPa

	
	
	Ansys
	Solid-
Works
	Ansys
	Solid-Works
	Ansys
	Solid-Works
	Ansys
	Solid-Works

	Epoxy Carbon Fibre UD prepreg
	Initial front swan neck
	6.22
	7.51
	4.12 x 10-4
	3.62 x 10-4
	10.2
	9.71
	130.2
	122.6

	Epoxy Carbon Fibre UD prepreg
	Initial reverse swan neck
	7.74
	8.08
	8.56 x 10-4
	8.07 x 10-4
	12.31
	11.25
	122.7
	117.1

	Epoxy Carbon Fibre UD prepreg
	Second reverse swan neck
	6.52
	7.11
	7.69 x 10-4
	7.02 x 10-4
	11.35
	10.67
	111.5
	103.5

	Epoxy Carbon Fibre UD prepreg
	Third reverse swan neck
	7.68
	7.94
	4.54 x 10-4
	3.78 x 10-4
	9.94
	9.12
	105.6
	96.5

	Epoxy Carbon Fibre UD prepreg
	Final reverse swan neck
	7.19
	9.86
	3.54 x 10-4
	2.97 x 10-4
	14.3
	13.4
	101.7
	91.4

	Aluminium 6061
	Final reverse swan neck
	11.479
	15.91
	4.00 x 10-4
	3.57 x 10-4
	7.21
	6.73
	98.2
	90.2

	Chromoly 4130 steel
	Final reverse swan neck
	33.11
	42.74
	1.72 x 10-4
	1.08 x 10-4
	3.54
	2.98
	33.5
	27.5
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Figure 4.2.1.5 - Max strain comparison of wing mounts using Ansys vs SolidWorks 
[image: ]
Figure 4.2.1.6 - Graphical comparison of the underside mount’s maximum stress results in Ansys vs SolidWorks.
 
FEA testing revealed a high maximum stress in the initial design, despite having an ideally low strain. The next two designs, both reversely mounted as requested by the aerodynamicists, had higher strain and stress, so further work was needed to bring these values down. The highest stress points were in the arch of the neck, so in subsequent designs, the height and radius of the curve was reduced, without compromising on actuation angle. The third design did have less critical strain in the neck of the mount, but the overall stress was still higher than was ideal. The final design did have far improved strain figures, and slightly lower stress. Aerodynamically, this mount was a vast improvement on all other designs, thus this design was labelled as our final swan neck as exploration in different styles continued.
To further confirm the validity of both FEA software, the testing was again run in both software, and similarly as with the underside wing mounts, the trends were the same, only slightly offset by a similar amount.

[bookmark: _Toc30671380]4.2.3 Endplate Mounted
Endplate-mounted wings provide the most direct load path to the chassis, offering excellent structural rigidity and load distribution. This design minimises deformation since the supports are located at the extremities of the wing, reducing the stress on individual mounting points. As well, they leave both sides of the wings undisrupted, and integrate cleanly with the endplates on the wing, crucial in disrupting turbulent flow over the ends of the wing.
For active rear wings, endplate mounting is the most challenging option due to the complexity of integrating actuators. The actuation mechanism must be housed within the endplates or connected externally, requiring additional space and engineering considerations. The added complexity may also increase system weight and mechanical failure points, as well as potentially disrupting the aerodynamic capacity of the aerofoil.
Appendices 10 and 11 were straightforward concept designs, allowing an initial exploration of the option of an endplate mounted wing. When the FEA and CFD results were promising, the progression into more complex designs was granted.
Since the outputs were all-round positive from this style of wing mount, the mounting of the wing to the car became a key consideration. Seeing as the mounting area of the chassis was narrower than the aerofoil length, a tucked design was necessary. Different methods of realising this were experimented with, as well as adding in different aerodynamic features as requested by the aerodynamic team. This included slotted (Appendix 13) and non-slotted (Appendix 12) versions of the same wing, in which non-slotted was more structurally sound as there were too many critical stress points in the curvature of the slots to justify the lower weight. Different sized endplates were also tested (Appendix 15), but this had too large an impact on aerodynamic performance for the structural competence to be considered. Finally, different base widths (Appendix 16) were tested to find a compromise between weight and soundness of the mount.
[image: ] 
Figure 4.2.1.7 - First design of final wing mount. 
The prime design presented itself in Figure 4.2.1.8. All teams agreed it satisfied their requirements, allowing to continue with fine-tuning and improving the final design. Car mounting was first considered, in which it would have to be angled to the camber of the chassis. Appendix 17  show examples of this, including a bracket in Appendix 18 to improve strength at the base. This was crucial, as what was already available on the car would not have allowed for a strong foundation on the wing mount. Successive tweaks then had to be made to change the mount to meet the attachment requirements, as well as those of the aerodynamics and mechatronics teams. Each model was tested in Ansys FEA software, using a fixed support along the face attaching to the car and the maximum drag and downforce figures determined by the simulation team. 
[image: ] 
Figure 4.2.1.8 - Final wing mount design. 

 Table 4.1.12 - Table showing Different material types on wing mounts and the FEA results 
	Material
	Model
	Mass, kg
	Max strain
	Max deformation, mm
	Max stress, MPa

	Carbon fibre 40% resin
	Final model first mock-up
	11.133
	1.436 x10-3
 
	15.68
 
	104.8

	Carbon fibre 40% resin
	Final model with thin base
	10.706
	3.202 x10-3
 
	22.28
	238.2

	Carbon fibre 40% resin
	Slotted final model
	10.852
	1.681 x10-3
	19.21
	122.1

	Fibreglass
	Slotted final model
	11.806
	6.48 x10-3
	72.8
	129.7

	Carbon fibre 50% resin
	Slotted final model
	10.852
	1.33 x10-3
	15.2
	122
 

	Carbon fibre 50% resin
	Final model first mock-up
	11.133
	1.13 x10-3
	12.4
	105

	Natural fibres
	Final model first mock-up
	8.3356
	1.06 x10-2
	112
	98.5

	Biaxial high strength carbon fibre
	Final model first mock-up
	10.084
	1.89 x10-3
	18.3
	126

	Aluminium 6061 mount, carbon fibre 50% resin aerofoil
	Final model first mock-up
	12.567
	1.58 x10-3
	16.9
	105

	Aluminium 6061 mount, carbon fibre 50% resin aerofoil
	Slotted final model
	12.119
	1.84 x10-3
	20.8
	124

	Epoxy Carbon Fibre UD prepreg
	Final model first mock-up
	10.942
	8.95 x10-4
	9.86
	104

	Aluminium 6061 mount, epoxy carbon fibre UD prepreg aerofoil
	Final model first mock-up
	11.874
	1.59 x10-3
	16.7
	105

	Epoxy Carbon Fibre UD prepreg
	Final model first mock-up
	10.249
	7.55 x10-4
	8.22
	103

	Epoxy Carbon Fibre UD prepreg
	Slotted thin model
	10.594
	1.01 x10-3
	12.2
	141

	Epoxy Carbon Fibre UD prepreg
	Endplate mounted design 3 
	12.085
	5.97 x10-4
	9.76
	80.9

	Epoxy Carbon Fibre UD prepreg
	Endplate mounted design 3 with 45° aerofoil
	12.085
	5.55 x10-4
	8.94
	75.2

	Epoxy Carbon Fibre UD prepreg
	Final design
	10.428
	1.517 x10-3
	3.323
	101.28


 
[image: ]Figure 4.2.1.9 - Graph of maximum deformation against maximum stress in endplate mounted wing designs, constructed from epoxy carbon fibre UD prepreg.
 
The comparison of the deformation and stress of the wing mounts constructed in the chosen material (figure 4.2.1.9) gave a greater insight into the most appropriate wing mount to choose from what had been designed. The first two seemed to have a good compromise, but a lower maximum deformation was desirable. In particular, the mechatronics team required as minimal deformation as possible to ensure the efficient and accurate performance of their actuators.
 
To determine if reducing the width of the base of the model would have an overly negative strength impact, a thinner, slotted version of the wing was run, but the results proved this to be an inviable option, as the stress and deformation was significantly higher than that of its alternative versions.
 
Subsequently, the slots were removed and the width returned. The succeeding design was angled to the camber of the car and raised to decrease the angle of the middle section of the mount, as this was a place of high stress in previous designs. As such, a model with the lowest maximum stress yet observed was found, however, deformation remained higher than would be ideal.
 
By this stage, the aerodynamicists had confirmed a final wing position, allowing the wing mount to be tweaked so the aerofoil was in the chosen position behind the car. Specifically, this involved reducing the height and angle of the wing mounts until the deformation and stress was low, and the aerofoil was correctly positioned. Additionally, the mechatronics team had selected linear actuators for their mechanism, allowing us the placement of a rudimentary cylinder of the correct diameter and material to see the strength of this. This presented the final design (figure 4.2.1.8), which showed great structural and aerodynamic potential, possessing a substantially reduced deformation than all other designs.

[bookmark: _Toc1378021694]4.3 Construction 
Finally, we needed to explore the construction of the mounting system, including the structure of the aerofoil and attachment of all elements to both each other and the car.
[bookmark: _Toc825603840]4.3.1 Aerofoil construction
Cameron Andrews
[bookmark: _Toc1032442532]4.3.1.1 Aerofoil vacuity
The initial design consideration for the aerofoil focused on its internal structure. A widely adopted method is the use of a hollow or sandwich construction, where two thin, high-strength skins are bonded to a lightweight core—typically a foam or honeycomb material. This approach significantly reduces weight while maintaining the necessary stiffness and structural integrity, which is critical for optimising both aerodynamic performance and fuel efficiency. 
In scenarios where the aerofoil is exposed to extreme loading conditions or where maximum rigidity is essential within a confined geometry, the use of a solid structural design may be more appropriate. While solid configurations typically result in an increase in weight, they can simplify the manufacturing process. This makes them particularly suitable for low-volume production or specialised components, where conventional tooling may be impractical or cost-prohibitive, and material usage can be more flexible. 
As the load requirements on the designed wing are not excessive, and the stress figures do not near the materials yield strength, the optimal choice would be a hollow wing, to reduce the weight of the system, saving over half the mass, and thus reducing over 71N of aerodynamic load on the wing.
[bookmark: _Toc965321928]4.3.1.2 Inserts
Inserts, typically manufactured from metals or reinforced composites, are strategically integrated into aerofoil structures to serve as load-bearing attachment points and to reinforce regions subjected to elevated stress. These inserts are particularly critical at locations where the component interacts with other elements, ensuring reliable mechanical connections and integrity.
In the aerospace industry, the use of metallic inserts in composite assemblies is a well-established practice. Titanium is widely used in this role due to its excellent strength, corrosion resistance, and compatibility with composite materials, which helps to mitigate corrosion (Melhem, 2019). By taking this approach to a motorsport wing, aerofoil inserts can be used to reinforce high stress areas, or, in this case, allow for easy attachment to the wing mount without increasing deformation or stress.  
In determining the suitability and implementation of inserts within the wing structure, careful consideration was given to the load conditions and performance requirements of the rear wing.
When maintaining a smooth, uninterrupted aerodynamic surface is critical to performance, inserts may be deliberately avoided. In such cases, alternative strategies to reinforce the structure, such as embedding fastening features or incorporating hardware during the curing process are adopted to preserve aerodynamic integrity without compromising structural functionality (Weber, 2013).
Since the regulations allowed for a heavy mounting system, and the current design weighed in at around 10kg, it was decided to add inserts on the end of the aerofoil where it attaches to the mount, to reduce fatigue and assist with connection between the parts. To connect a thinner aerofoil and endplate, bolt or rivet holes would be reinforced with aluminium inserts to prevent delamination or crushing. This will allow a seamless mounting area for the aerofoil to attach to the mounts. For thicker endplates, a foam or Nomex honeycomb core between carbon skins could be considered, adding bending stiffness with very little weight (Zaharia et al., 2017) In this case, the use of a honeycomb skin is not as necessary due to the endplates being only 5mm thick, hence just an insert is sufficient. 
Following this, the best materials to employ needed to be determined. 
To do this, the same aerofoil as used in the final wing design was tested using 10mm inserts on both ends. Research suggested that a 10mm inserts allowed for easy mounting while decreasing overall stress and not effecting the strength-to-weight ratio (Composite Materials Hub, 2024). The same maximum drag and downforce figures as determined by the aerodynamicists, 119.1N and 1379.1N respectfully, were employed to ensure our results were valid.

 Table 4.3.1 detailing the deformation, stress and strain figures for each wing profile with inserts of varying material.
	Material
	Mass, kg
	Max deformation, mm
	Max strain
	Max stress, MPa

	Epoxy Carbon Fibre UD prepreg
	7.2925
	0.58654
	2.5036 x10-4
	35.32

	Titanium alloy
	7.6432
	0.59497
	3.3168 x10-4
	31.84

	Aluminium 6061
	7.4243
	0.60981
	3.5075 x10-4
	24.23

	Magnesium alloy
	7.2104
	0.62689
	4.74 x10-4
	31.24


 
The materials most used in aerofoil inserts were tested. They revealed the same carbon fibre as the aerofoil to be most optimal, being one of the lightest and having less deformation and strain compared to the metals (table 4.3.1). Aluminium offered the lowest maximum stress but fell short in deformation and stain figures. From this, it was concluded that the same carbon fibre used on the rest of the wing was the most suitable for the inserts, as it was the best compromise between weight and strength. 
[bookmark: _Toc172765299]4.3.1.3 Width
Hannah Bathgate 
Another key aspect of the aerofoil to determine was the width. Collaboration with the aerodynamicists was crucial here to find the best trade-off between structural soundness and aerodynamic performance. To do this, various widths were tested of a centrally mounted reverse swan (figure 4.3.2) with the GOE 304 profile, chord length 200mm, in the chosen epoxy carbon fibre material. This mount was chosen due to difficulties in altering an endplate mounted wing to increasing lengths. The widths began at 1600mm, 50mm shorter than the width of the chassis, as it was the cut-off point before aerodynamic performance plummeted. 
 
[image: ]
Figure 4.3.2 - Model used to undertake width testing.
 
Table 4.3.2 - Table detailing the results of testing different width aerofoils.
	Width, mm
	Max deformation, mm
	Max strain
	Max stress, MPa

	1600
	5.2843
	6.81 x10-4
	96.081

	1700
	5.9689
	7.03 x10-4
	99.138

	1750
	6.1608
	6.9483 x10-4
	97.994

	1775
	6.3682
	6.9956 x10-4
	98.661

	1800
	6.5639
	7.0489 x10-4
	99.412

	1900
	7.2723
	7.1329 x10-4
	100.6

	2000
	7.9679
	7.0538 x10-4
	99.482

	2600
	14.703
	7.2901 x10-4
	102.81


 

[image: ]
Figure 4.3.3 - Maximum strain and stress against aerofoil width.
 
[image: ]
Figure 4.3.4. Maximum deformation and stress against aerofoil width.
 
From an aerodynamic point of view, the wider the wing, the better performance, as the aerofoil receives ‘clean’, less turbulent air. However, as seen in figures 4.3.3 and 4.3.4, a general trend is decreasing strength with increasing width. As such, with confirmation from the aerodynamicists, a 1600mm aerofoil was selected, as it provided the best compromise between aerodynamic performance and structural soundness.
 
[bookmark: _Toc439617377]4.3.2 Attachment
Cameron Andrews + Hannah Bathgate
Mounting the wing mount to the chassis itself presents more of a challenge, due to the Morgan not having a flat back panel with enough support already built in to handle an endplate mounted wing. After examining the rear chassis, a few solutions were discovered:
· Welding the wing mount to the chassis 
· Bonding the wing mount
· Making a custom bracket and mounting section
Looking into welding as an option, you can easily mount and weld the mount to the car, but this would prevent any kind of wing position changes from being possible in the future. Bonding has a different disadvantage, as it is not as structurally sound as other options, and excessive heat could destroy the bonding as well as constant high loads. 
As such, the best option is a bar welded in place to the body, and bolting the wing mount to the bracket to allow for a strong connection to the car, while maintaining full adjustability.
The dimensions of the base that would offer the most foundational strength then had to be determined. To do so, bases of differing dimensions, ranging from the same width as the mount base to the largest that could fit in the boot cavity. A uniform load of the aerodynamicists maximum loads was applied across the top face, and a fixed support on the lower. Here, weight was less of a consideration, as being mounted within the car meant it did not influence downforce on the rear wing. As long as it remained within the regulations, this output could largely be ignored. Aluminium was the material of choice here, due to being easily weldable and affordable, making it a great choice for a support bracket.
Table 4.3.3. Ansys testing results of the aluminium reinforcement bar.
	Model
	Base dimensions, mm
	Mass, kg
	Max strain
	Max def, mm
	Max stress, MPa

	1
	1200 L x 130 W x 5D
	12.443
	3.561 x10-3
	10.482
	299.62

	2
	1100L x 240W x 5D
	13.939
	1.725 x10-3
	7.8215
	181.24

	3
	1200L x 250W x 3D 
	12.769
	1.868 x10-3
	7.4828
	219.06

	4
	1200L x 233.32W x 3D
	12.606
	1.75 x10-3
	7.7848
	205

	5
	1100L x 233.32W x 5D
	13.808
	1.648 x10-3
	7.8354
	193.07

	6
	1200L x 245W x 5D
	14.315
	1.634 x10-3
	7.8305
	191.77

	7
	1200L x 240W x 5D
	14.234
	1.632 x10-3
	7.8309
	162.76

	8
	1200L x 200W x 5D
	13.582
	3.492 x10-3
	8.3422
	188.01


 
[image: ]
Figure 4.3.2.1. Stress and strain graph of each base model.
Figure 4.3.2.1 highlights model 7, dimension 1200 x 240 x 5 mm, as the strongest choice for a reinforcement bar. The stress and strain are both lowest with this construction and are coupled with a low deformation (table 4.3.3), presenting it as the most optimal choice for a plate fortifying the entire rear wing structure.
[bookmark: _Toc1908463416]4.4 Further Work 
Cameron Andrews
[bookmark: _Toc1931502114]4.4.1 Making a Mould 
The next stage, if time had permitted, would have been constructing the rear wing and attaching it to the car. This process, as it involves both a composite lay-up and aluminium machining, would involve several key stages:
1. Plug and Mould Preparation
A master plug, CNC-machined from aluminium for dimensional stability, is used to create the mould. The plug includes a 100mm extension to accommodate infusion media. A gelcoat layer (~0.8mm) is applied for surface quality, curing to a tacky state before reinforcement.
2. Mould Construction
Fibreglass reinforcement is laid over the gelcoat to form the mould:
· Initial layer: 100g chopped strand mat
· Core reinforcement: 400g chopped strand
· Final layer: 100g mat
A tooling epoxy resin with MEKP catalyst is applied, ensuring proper adhesion and air bubble elimination. The mould is cured for 24 hours.
3. Carbon Fibre Part Production
With the mould prepped, the 5mm-thick carbon fibre components (wing mounts and hollow aerofoil) are laid up using unidirectional prepreg. A vacuum bagging process ensures uniform resin distribution, followed by curing under vacuum for 24 hours.
4. Aluminium Component Fabrication
The aluminium reinforcement bar is cut to size using a bandsaw or waterjet cutter. The edges are deburred, and holes for mounting are CNC-drilled for precision. 
The actuator casings are CNC-machined from aluminium 6061-T6 tubing, ensuring precise dimensions and durability. The casings are:
· Turned on a lathe to achieve the correct outer diameter and smooth surface finish.
· Drilled and tapped at both ends to allow for secure attachment to the internal components and mounting brackets.
· Machined with brackets to connect directly to the carbon fibre wing mounts and aerofoil.
· Secured to the wing mounts using high-strength bolts and precision-fit brackets to ensure stability and load distribution.
5. Final Assembly
The aerofoil is bolted to the carbon fibre mounts using pre-drilled holes and fasteners, ensuring a secure and rigid connection. The mounts are then attached to the chassis, centred above the reinforcement bar installed under the chassis. The aluminium actuators are fixed near the endplates, secured with brackets and bolted to both the mounts and the chassis for stability. All components are aligned, fasteners are torqued to specification, and final checks ensure smooth operation and durability under load.



[bookmark: _Toc1218972516]Section 5 – Vehicle Dynamics Simulation
Tamzin Cooper
[bookmark: _Toc1381243348]5.1 Initial Research
[bookmark: _Toc2060171194]5.1.1 Type of Simulation
Following research, it was determined that Driver Out of the Loop (DOL) simulation is the most appropriate choice for the project due to its flexibility in managing time. DOL allows simulations to be completed at the desired pace, without relying on a driver's availability, ensuring deadlines can be met for group progression. Additionally, using the same driver for consistency in DIL simulations adds further pressure on time management. Although DOL simulation doesn’t provide driver feedback, the use of a computer-automated driver ensures repeatable results by eliminating human error. (Azadi et al., 2021). With DIL simulations, it can be challenging to determine whether changes in data are due to upgraded aerodynamic designs or inconsistencies in driver performance.  

[bookmark: _Toc413425915]5.1.2 Type of Software 
Selecting the software for the project is crucial, as the results and their validity can vary significantly. VI-grade software was chosen for DOL simulations due to its ability to handle detailed vehicle data, providing more reliable results (Emadi et al., 2020). While creating simulations with this software requires time, its increased data input allows the vehicle to respond as expected to change. In contrast, Optimum Lap uses only basic parameters and offers limited performance analysis, making it better suited for early design stages. VI-grade also supports integration with Simulink and MATLAB for further validation.

[bookmark: _Toc325783942]5.2 Baseline Simulations
[bookmark: _Toc1707562511]5.2.1 Set Up Variations
The aerodynamicists researched three setup variations for the Morgan Plus Four, discovering that the addition of a roll cage improved airflow and generated downforce, contrary to the lift produced with the alternative setups. Using CFD data on lift and drag coefficients and frontal areas, optimal lap simulations were conducted to validate the roll cage setup as the most beneficial.

Table 5.2.1.1 - A table to compare each Morgan set up.
[image: ]

The roll cage model achieved the fastest lap time at Llandow, despite having the lowest top speed. This is attributed to Llandow being a short, technical track where top speed is less critical. The roll cage model also recorded the highest average speed and the lowest speed around the track, benefiting from increased downforce in corners compared to the alternative models. Additionally, it demonstrated better lateral acceleration, which is crucial for faster cornering and improved grip on this technical track.
[bookmark: _Toc1468698866]5.2.2 VI Grade Baseline
To begin on VI-grade, a baseline simulation of the Morgan Plus Four with the roll cage around Llandow track was created as a reference for future simulations.
From the CFD results, the downforce and drag forces at 32 m/s were used to create an aerodynamic map of the Morgan, incorporating the front and rear downforce distribution calculated from the moment at the front of the vehicle, as determined from the CFD data.



Table 5.2.2.1 - A table showing results from Morgan roll cage baseline simulations. 
[image: A screenshot of a table
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Cross-validation can be performed between the software to verify results. As shown in Table 5.1.2.1, the lap times from each software are similar, with the small discrepancy attributed to the in-depth vehicle configuration. When comparing speeds around Llandow, the Optimum Lap simulation overestimates due to a more aggressive approach i.e. braking at the latest possible time, while VI-grade provides realistic outcomes by incorporating detailed tire and vehicle setup configurations. The main discrepancy observed is the lateral acceleration. The overestimation of the maximum lateral acceleration in the Optimum Lap simulation can be explained by the lack of tire modelling and load transfer data. To validate the most reliable software and results, comparisons with real-life data can be made.
[bookmark: _Toc1388624855]5.2.3 Validation
The Society of Automotive Engineers (2001) explains the importance of comparing simulated data with real world data to validate the model's reliability.

Table 5.2.3.1 - A table to compare simulated data and real-world data of the Morgan around Llandow. 
[image: ]
From the table, small discrepancies in values are seen due to the simulations running in idealised conditions, for example, not considering the track conditions or tyre grip. Therefore, the simulations can maximise speed and acceleration. 
[image: ]Figure 5.2.3.1 - A comparison of the lateral acceleration of simulated and real-world data.

The graph shows an offset between the two lateral acceleration data sets, due to inaccuracies from adding lap beacons for the Motec data, which resulted in differing start and end points of the lap. Table 2.3.1 and Figure 2.3.1 highlight that the simulated data underpredicts lateral acceleration peaks at Llandow, due to Optimum Lap’s simplified tire models, which do not account for increased grip due to rubber build-up. However, the general trend remains consistent between both data sets, providing confidence in the results.

From Table 5.2.3.1, it is seen that the lateral acceleration of the Motec data and VI grade are more comparable. This validates VI grade simulations being a more realistic comparison in lap time due to the use of in-depth tyre characteristics. Furthermore, the parameters displayed in the table show a more consistent comparison with VI Grade and Motec, highlighting the accuracy of the vehicle model and track configuration in VI grade. Therefore, going forward in the project VI Grade will be the staple software in simulations.
[bookmark: _Toc1330404404]5.2.4 Aerodynamic Efficiency
[image: A graph of a graph of a graph

AI-generated content may be incorrect.]To continue progress, the aim was to conduct a sensitivity analysis on the drag and downforce trade-off relevant to the Llandow track. The analysis of the results will then be discussed with the aerodynamicists to help determine the optimal wing profile in response to aerodynamic efficiency. 
Figure 5.2.4.1 - A 3D chart to show the trade-off between drag and downforce around Llandow track. 
Nolte et al. (2020) explains the importance of a sensitivity analysis to understand the relationship between vehicle parameters and their impact on performance. Figure 5.2.4.1 illustrates lap time variations based on changes in downforce and drag coefficients. The axis values were derived from CFD results for the Morgan Plus Four with an added rear wing, showing the potential downforce gain and the resulting drag penalty. 
The circled area highlights the current lap time of the Morgan Plus Four in relation to baseline CFD results. There is significant potential for improvement with additional downforce; however, the drag penalty is a critical factor. Between downforce coefficients of 0.2 and 0.4, the lap time decreases from approximately 48.55s to 48.40s while keeping the drag coefficient consistent at 0.4. In contrast, when the drag coefficient is compared from 0.5 to 0.7, the lap time increases from 48.34s to 48.55s while maintaining a downforce coefficient of 0.6. This demonstrates that while both downforce and drag impact lap time, drag exhibits a higher sensitivity. 

To cross-validate the results, a further sensitivity analysis was conducted in VI-grade. The impact of adding between 50N and 400N of downforce and drag, respectively, was simulated on the Morgan roll cage model. The aerodynamic balance was kept consistent for all tests to isolate lap time and the change in aerodynamics. 
Table 5.2.4.2 - A table showing change in lap time as downforce is increased.
[image: ]
Table 5.2.4.3 - A table showing the change in lap time as drag is increased.
[image: ]
Tables 5.2.4.2 and 5.2.4.3, coincides with Optimum lap that drag is more sensitive than downforce. When adding 100N of downforce to the roll cage model, the lap time increases by 0.13s, whereas adding 100N of drag decreases the lap time by 0.19s. This indicates that a smaller increase in drag has a larger impact on lap time compared to downforce. The VI-grade simulation is considered more accurate as it accounts for the front and rear downforce distribution on the Morgan, rather than just an overall value.  

After discussion with the aerodynamicists, through adding a rear wing, increasing the downforce coefficient to 0.5-0.6 is more achievable than reducing the drag coefficient to 0.4. Adding a wing mount increases drag due to the increased frontal area and airflow disruption, regardless of the wing profile (Penner, 2020). Therefore, a profile with maximum aerodynamic efficiency was chosen. 
[bookmark: _Toc2127155586]5.2.5 Optimal Balance
To determine the optimal aerodynamic balance distribution of the vehicle to achieve the best lap time, VI-grade was used to sweep varying percentages to compare lap time.
Table 5.2.5.1 - A table demonstrating the impact of aerodynamic balance on lap time.
[image: ]
From Table 5.2.5.1, the optimal percentage is found to be 45.89% frontal balance, which results in a 0.17s reduction in lap time compared to the baseline. This demonstrates the potential lap time gain when optimizing the aerodynamic distribution. The table indicates that a large rearward bias significantly impacts lap time, as seen with a 2.511s increase in lap time when the balance is increased by 20%. This analysis was shared with the aerodynamicists to help them understand the impact of aerodynamic balance when determining the wing profile and the magnitude of downforce produced at the rear.

[bookmark: _Toc932711823]5.3 Wing Mount Simulations	
While conferring with the structural group and aerodynamicists, different wing mount designs were simulated to compare. The CFD run conducted by the aerodynamicists used a standardized wing profile and wing position on the vehicle to ensure that any differences in results were solely due to the wing mount design.
Table 5.3.1 - A table to compare different wing mount designs. 
[image: ]
Table 5.3.1 shows the wide tucked end plate achieves the best lap time, with the highest average speed around Llandow, indicating superior cornering performance. Its improved longitudinal deceleration is crucial for Llandow's technical track, where enhanced braking contributes to better lap times.
Initially, the slotted wing achieves a better lap time compared to the non-slotted wing. However, when slots are added to the wing, aerodynamic efficiency is reduced. While the balance value of the slotted wing improves, consultations with the group revealed that the reduction in structural integrity outweighs the benefits of better aerodynamic balance. Alternative balance solutions were gained by simulations into wide end plates, which show an improvement in aerodynamic balance by reducing lift at the front of the car. Furthermore, the balance of the car can be improved by adjusting the position of the wing on the rear of the Morgan. Therefore, the slight gain in balance from the slotted wing is not sufficient to warrant the significant reduction in rigidity.
As shown above, the last mount tested was a combination of the tucked end plate mount and the wide end plate. Since widening the end plates showed an improvement in lap time and the tucked end plate demonstrated lower drag, the aim was to analyse the difference when creating a wing based on the best features. This was shared with the structural group to finalise the wing design and incorporate any necessary refinements.

[bookmark: _Toc590831019]5.4 Determining Wing Position	
Using the chosen wing profile, CFD runs were conducted to determine the optimal wing position on the Morgan. Three angles of attack were tested—low drag, high downforce, and high efficiency—across nine different positions along the rear. VI-grade simulations were then used to identify the optimal lap time.
Table 5.4.1 - A table of matrices to compare different performance metrics against wing position.
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Initially, it was expected that the upper rear position would produce the best lap time due to the increased airflow manipulation (Sergers, 2014). However, Table 5.4.1 shows the best lap times occur at lower points. This is due to the reduced drag, which as proved by the sensitivity analysis, largely impacts lap time. Furthermore, at heights of 453.7 mm, increased wake turbulence reduces top speed and lap times.  Despite lower downforce coefficients in the lower region, drag reduction and improved centre of pressure values were prioritised when finalising the choice.
[bookmark: _Hlk193924640]Dependent on how rearward in the matrix the wing is positioned, the aerodynamic balance shifts rearward, reducing stability. This is demonstrated at 0-degrees, in models 3 and 6 (as shown in appendix, table 1). Despite model 6 generating approximately 10N less drag and more downforce, it results in a slower lap time due to this analysis.
After comparing the data with the aerodynamic maps, it was decided to position the Morgan 400mm rearward and 100mm vertically. This placement offers improved aerodynamic balance where centre of pressure is less impacted. The slight vertical increase from the lowest point simulates more downforce while maintaining minimal drag, as indicated by the aerodynamic maps. 

[bookmark: _Toc1669254043]5.5 Integrating an active rear wing  
[bookmark: _Toc1753316405]5.5.1 Simulating an active rear wing	
To demonstrate that different wing angles improve lap time at Llandow, the control systems group developed a MATLAB script to simulate the active wing. Using VI-grade simulations, the script factors in maximum velocities and deceleration rates for each configuration, optimizing wing angles at key points. This strategy employs the low drag configuration for straight-line speed, the air brake for braking zones, and the high-efficiency configuration for low-speed corners.
[bookmark: _Toc314113258]5.5.2 Determining Wing Angles
wing system, each angle was simulated in VI-grade, and the co-simulation was used to compare lap times.
Table 5.2.2.1 - A table to compare lap times of different wing configurations. 
[image: A table with text and numbers
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As shown in Table 5.5.2.1, the aerodynamicists identified the optimal range of angles for three configurations. 
As supported by Leishman (2023), the expected increase in drag at -4 degrees produced a slower lap time. However, contrary to Leishman (2023), -2 degrees showed a lower drag value than 0 degrees. Despite this, the reduction in downforce at the rear caused a loss in stability and handling, which limited lap time.
An airbrake was chosen to maximise the active rear wing's capability and simulate a large angle change, as required by the mechatronics team for project progression. Despite concerns about instability at higher angles, Table 5.5.2.1 shows the 60-degree airbrake delivers the quickest lap time by producing the most drag, resulting in faster deceleration. This is supported by the rate of deceleration for 60 degrees being -10 m/s², whereas 40 degrees only achieves -9.95 m/s². The use of an airbrake required a compromise between high efficiency and high downforce configurations. Limiting the configurations to three was decided, as switching between angles could hinder lap time gains. The transition time from high downforce to high efficiency could result in a net time loss, despite the increased grip from the higher downforce model.
As expected, since Llandow lacks high speed corners, the high-efficiency configuration of 7 degrees proved to show the quicker lap time compared to the high downforce configuration of 14 degrees. Subsequently, a 5-degree angle was simulated to assess its effect on lap time; however, the lap time increased due to the reduction in downforce from 387.99 N to 326.78 N. Therefore, a 7-degree angle was chosen.

[bookmark: _Toc2027907562]5.6 Final Simulations
To finalise the project and review progress, three final VI-grade simulations were completed for each wing angle, in the optimal position with the final wing mount design. The overall measure of progression was a reduction in lap time, which was simulated using the MATLAB script created by the control systems group. The resultant data from the VI-grade simulations were output in 0.1s time intervals for the mechatronics group to use the data for the Arduino accordingly. Conversely, it must be stated that this script doesn’t account for the loss of time when the wing is required to change angle. 
[image: A graph with lines and numbers

AI-generated content may be incorrect.]Figure 5.6.1 - A graph to compare the velocity profiles of each wing angle set up.
As expected, the 60-degree angle has a lower top speed due to increased drag on the straights. However, due to carrying less speed, the 60-degree wing can brake later and decelerate faster, using drag as an air brake, as observed around the 200m mark.
[image: A graph with lines and dots

AI-generated content may be incorrect.]Figure 5.6.2 - A graph to show all three velocity profiles with the optimum lap combination.
The dotted line represents a combined lap of the maximum velocities of each profile, incorporating the maximum deceleration rate to maximize the use of the airbrake. When exiting the final corner, initially, the 7-degree angle offers the fastest velocity due to optimal downforce for grip and stability, with minimized drag. On the straight, the wing switches to the 0-degree angle for maximum top speed.
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Figure 5.6.3 - A graph to represent a high-speed corner section of Llandow. 
Analysing the final corner of Llandow, as expected, the airbrake is being utilised in the braking zones as the profile shows a steeper deceleration line, due to increased drag. The wing then switches to the high efficiency configuration for mid-corner performance due to increased downforce and therefore enhanced stability and grip. The wing accelerates out of the corner in the 7-degree angle, despite 0-degrees offering minimal drag, due to improved traction. Finally, further along the straight the wing changes to 0 degrees to utilise the low drag configuration and generate the highest top speed. 

Simulating the active rear wing system, the final lap time improvement from the baseline roll cage model to the active rear wing design at Llandow was -0.163s per lap. This smaller-than-expected improvement is due to Llandow being a short track with few high-speed corners, therefore, maximum downforce is not fully utilized. Llandow is not ideal for simulating aerodynamic changes due to its lower average speed of 71mph, which reduces the impact of aerodynamics on lap time. The initial choice of Llandow was based on its large data set for validation; however, in hindsight, a longer track with high-speed corners and longer straights, where aerodynamic changes have a more significant effect, would have been better suited.

[bookmark: _Toc352525666]5.7 Going Further
[bookmark: _Toc456207796]5.7.1 Alternative Track Simulation
Due to the minor lap time reduction, to better understand the advantages of the active rear wing, VI-grade was used to simulate the configurations around Pembrey circuit. Pembrey is a valid option to simulate the aerodynamic changes due to its combination of fast and slow-speed corners, along with longer straights compared to Llandow.
Table 5.7.1.1 - A representation of the differing lap times of the Morgan around Pembrey Circuit.
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From the table, it’s observed that when simulating the active wing around Pembrey, over 5 tenths of a second is gained in lap time. Due to the change in track configuration and increased demand on aerodynamic characteristics, the simulation clearly demonstrates that the active wing has a positive effect on lap time.
As Table 5.7.1.1 highlights, the wing at 60 degrees results in a slower lap time by 6 tenths compared to the baseline roll cage model. However, when used in conjunction with the active system, the lap time decreases. This shows that the rear wing system is working positively, utilizing the 60-degree angle to decelerate quicker and act as an air brake to reduce lap time.
[bookmark: _Toc1648164434]5.7.2 Aerodynamic Balance Correction
As previously stated, the offset in aerodynamic balance when adding a rear wing to the Morgan vehicle proves to outweigh the potential gains in lap time from increased downforce.
Research was conducted into options for increasing frontal downforce, including the use of a front splitter (Katz, 2019). It was assumed that the front splitter generates the same downforce as the active rear wing at 7 degrees, as this angle represents the high downforce configuration. Adding a front splitter increases the frontal area, which raises drag, leading to an assumed 10-15% increase. The splitter's weight ranges from 1-3kg, which was accounted for in the simulation (Autodoc, 2014).
Table 5.7.2.1 – A comparison of lap times of the Morgan with and without a front splitter.
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Table 5.7.2.1 highlights a reduction in lap time at Llandow when a front splitter is added, improving front downforce. The table shows that the high-efficiency configuration is most impacted by the addition of a front splitter. The aerodynamic balance shifts from a frontward lift of -2.24% to an optimal 45.31% as stated in initial simulations, improving cornering grip and optimizing lap time. 
Prior to the splitter, the 0-degree angle begins with better aerodynamic balance than the other angles; however, increasing the front downforce creates a frontward bias, which, as found in previous simulations, is not the optimal position, therefore showing the 7-degree configuration benefitting the most by the front splitter. For the airbrake configuration, the additional front downforce is less effective due to a significant increase in drag, with the splitter causing drag to rise to 900 N, making drag the limiting factor.
Overall, adding a front splitter enhances lap time, with an overall benefit of -0.4021s per lap around Llandow. This demonstrates that improving the overall aerodynamic balance of the vehicle allows for an increase in lap time extraction, and the benefits of the added rear wing are more prominent. O'Donnell, D. (2023) explains that adjusting the angle of the front splitter can alter the drag penalty, and therefore, further investigation into this would be conducted to extract additional lap time.
[bookmark: _Toc1715459505]5.7.3 Ride Height Adjustments 
Without time constraints, the impact of ride height on lap time would be investigated. Bastian et al. (2014) explains that lower ride heights enhance downforce through ground effect, where accelerated airflow beneath the car creates a low-pressure zone, but this also increases drag due to the resulting turbulence. Alternatively, Pothamsetti, V. (2024) explains that when ride height increases, downforce decreases due to reduced interaction with accelerated airflow near the ground. This also lowers drag as the underbody airflow becomes smoother, generating less turbulence and resistance.
For the project, an investigation into whether the benefit of increased downforce or reduced drag in relation to ride height has a bigger impact on lap time.











[bookmark: _Toc582290313]Section 6 – Mechatronics and Control Systems
Rhys Thomas
[bookmark: _Toc367134963][bookmark: _Toc744379880]6.1 Personal Contribution Introduction
The project focused on the control and mechatronics aspects, specifically designing a functional prototype of the active rear wing system for the Morgan Plus Four. The objective was to provide a proof of concept, demonstrating both the feasibility and potential aerodynamic benefits of implementing such a system.
The control system was developed using simulated driver demand inputs—throttle position, brake pedal pressure, and steering wheel angle—to determine the appropriate wing position. Implementation involved the use of an Arduino Uno microcontroller, breadboard circuit prototyping, signal conditioning, and Pulse Width Modulation (PWM) to control the actuator. Control logic was developed and tested with Simulink prior to deployment.
The final prototype integrated these components, along with a 3D-printed wing model, to validate the concept. The following sections outline the system design and hardware implementation.
[bookmark: _Toc1267099639]6.2 Control System Overview
The active rear wing control system was developed to dynamically modify the aerodynamic characteristics of the Morgan Plus Four in response to simulated driver demands. The system served as a proof of concept, demonstrating how electronically actuated aerodynamic components could be used to enhance vehicle performance under varying driving conditions.
A Software-in-the-Loop (SIL) setup was used to develop and test the control logic prior to any hardware deployment. In this configuration, an Arduino Uno microcontroller was used to receive three key input signals generated in Simulink: throttle position, brake pedal pressure, and steering wheel angle. These signals represented typical driver inputs and were varied to simulate real-world driving scenarios.
The control algorithm, developed entirely in Simulink, applied logical conditions to these inputs to determine the appropriate actuation of the rear wing. For instance, a braking input exceeding a predefined threshold would command the wing to deploy, increasing aerodynamic downforce. Under conditions of high throttle and low steering input, the wing would retract to reduce aerodynamic drag. This behaviour was validated in simulation before being transmitted to the Arduino for actuation, forming a closed control loop between simulation and physical response.
The use of the SIL framework enabled the system to be fully tested and refined in a virtual environment while interacting with the actual control hardware. This approach allowed for accurate system validation and real-time behaviour analysis, bridging the gap between simulation and practical implementation. The following section outlines the supporting hardware configuration and physical integration of the wing control system.

[bookmark: _Toc1802519350]6.3 Hardware Implementation
The hardware implementation centred on developing a functional and adaptable prototype to support the control system and facilitate testing. The Arduino Uno was selected due to its ease of programming, compatibility with Simulink, and its capability to process both analogue inputs and PWM outputs. (Arduino, n.d.-b). Breadboards were utilised for circuit assembly and testing, offering flexibility for rapid modifications throughout the development process.
Three simulated inputs—throttle position, brake pedal pressure, and steering wheel angle—were generated in Simulink and output as PWM signals. Simulated data was chosen over live vehicle inputs to simplify the system and provide greater control, removing the need for complex real-time data connections and ensuring consistent, repeatable testing conditions.
To prepare the PWM signals for the Arduino’s analogue inputs, basic signal conditioning circuits were implemented (discussed in detail later in the report). A servo motor was used to actuate the rear wing, selected for its precision and straightforward control via PWM signals, making it well-suited to the requirements of the prototype stage.

[bookmark: _Toc1584539298]6.4 PWM Generation and Application
Most modern vehicles utilise a Controller Area Network (CAN) system, which facilitates efficient and cost-effective communication between sensors and controllers. The CAN protocol operates using only a positive and ground connection to transmit binary data (1s and 0s) at high speeds, significantly reducing wiring complexity and enhancing reliability. (Reif, 2014).
However, the prototype developed in this project does not incorporate a CAN-based communication system. Integrating live CAN data at this stage would introduce unnecessary complexity and cost, which is not essential for validating the proof of concept. Instead, the prototype employs Pulse Width Modulation (PWM) signals to simulate communication between vehicle sensors and the controller.
PWM provides an effective method for controlling analogue devices using digital signals. In this system, PWM signals represent the sensor inputs, which are processed by the Arduino microcontroller. The PWM signal rapidly switches between two states: high (on) and low (off). The proportion of time the signal remains high relative to low, known as the duty cycle, determines the average voltage perceived by the receiving device. This approach allows for precise control of components, such as the servo motor responsible for adjusting the rear wing.

[bookmark: _Toc1353302945]6.5 Signal Conditioning: RC Filters
Although it was mentioned earlier that PWM signals are an effective method of interfacing between digital and analogue devices, they are not inherently suitable without additional signal conditioning. Without such conditioning, the PWM signal remains digital, consisting solely of high and low states. To convert the digital PWM signal into an analogue waveform, a filtering system such as an RC (Resistor-Capacitor) filter is required. As the name suggests, this filter consists of a resistor and a capacitor. (Horowitz and Hill, 2015). To determine the appropriate component values, testing was conducted using an oscilloscope within the system. The figure below illustrates the Simulink model used to generate a sine wave, convert it into a PWM signal, and subsequently feed it into the RC filter, which was implemented physically on a breadboard.
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Figure 6.5.1 Simple Sine wave Simulink

The oscilloscope was configured with two channels: Channel One (yellow) and Channel Two (green). Channel One was connected directly to the Arduino’s PWM digital output, allowing observation of the unfiltered signal. Channel Two was connected further downstream in the system, after the RC filter, to monitor the filtered output. By varying the value of the capacitor in the RC filter, it was possible to adjust both the amplitude and the delay of the filtered signal. The graphs below illustrate the effects of using different capacitor values across a range, highlighting how the filter behaviour changes accordingly.

10uf 25v
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Figure 6.5.2 10uf 25V oscilloscope 


4.7uf 50v
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Figure 6.5.3 4.7uf 50v oscilloscope 

3.3uf 50V
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Figure 6.5.3  3.3uf 50v oscilloscope 

These three graphs represent different states of the system. Figure 6.5.2 illustrates the use of a capacitor with a capacitance that is too large. In this case, the capacitor does not have sufficient time to charge fully during each cycle, preventing it from reaching the peak amplitude. Additionally, a noticeable delay is observed between the input and output signals due to the extended charging time. Figure 6.5.3 shows the behaviour when a capacitor with insufficient capacitance is used. Here, the capacitor saturates too quickly, resulting in a nearly constant output voltage rather than a smooth analogue waveform. Finally, figure 6.5.3 demonstrates an appropriate choice of capacitor, which allows the signal to fully charge without introducing significant delay. In the context of this prototype system, any minor delay observed is not a cause for concern, as it does not directly affect the vehicle’s operational characteristics.

[bookmark: _Toc653952666][bookmark: _Toc1191633788]6.6 Actuation Choice
The decision to use a servo motor in the prototype system was based on its suitability for precise positional control and its straightforward compatibility with the Arduino platform. Servo motors are widely utilised in automotive and control applications due to their ability to rotate to a specific angle based on control input, making them ideal for tasks such as adjusting aerodynamic components like a rear wing.
One of the primary advantages of using a servo motor is its inherent ability to interpret Pulse Width Modulation (PWM) signals directly. The Arduino Uno, selected as the control unit, provides native support for PWM output on multiple digital pins, simplifying the integration process. This eliminates the need for additional driver circuits or complex control algorithms, as the Arduino's Servo library or equivalent Simulink blocks can easily generate the required PWM control signals.
Furthermore, servo motors contain internal control circuitry and position feedback, reducing the overall system complexity. Unlike stepper motors or brushed DC motors, which require external encoders or controllers to maintain accurate positioning, the servo motor’s self-contained design ensures reliable operation with minimal hardware overhead.
The selected servo motor offers sufficient torque and range of motion to effectively actuate the rear wing mechanism while maintaining fast response times. Its compatibility with 5V logic levels aligns well with the Arduino Uno’s voltage levels, ensuring reliable signal transmission without additional voltage shifting components.
Overall, the use of a servo motor paired with the Arduino Uno provides a practical, efficient, and low-complexity solution for implementing precise control within the prototype system.

[bookmark: _Toc349732233]6.7 Software Implementation and control theory
The primary software used for this project was Simulink, which played a central role in modelling, simulating, and implementing the control system for the prototype active rear wing. Its graphical, block-based interface allowed for the intuitive development of the system’s logic, including PWM signal generation, signal conditioning, and servo motor control. Simulink’s ability to interface directly with Arduino hardware enabled a seamless transition from simulation to physical testing, allowing the same control model to be deployed onto the Arduino Uno. (MathWorks, n.d.). This streamlined the development process by enabling rapid testing and adjustment without the need for manual coding.
Initially, a basic Model-in-the-Loop (MIL) setup was created to generate PWM signals using simulated VI-Grade data. This was achieved by importing an Excel file outputted by the simulation team, containing vehicle dynamics data from VI-Grade around Llandow race circuit. The data was fed into a simple control model in Simulink. Since a PWM signal was chosen for the physical system implementation, the model incorporated a digital PWM output. To convert this digital signal into a usable analogue form, an RC filter was modelled. A Transfer Function block was used to represent the behaviour of the physical RC filter by dividing the output by the input, effectively filtering the PWM signal. Additionally, a Switch block was incorporated to compare the signal against a defined threshold. When the threshold was met, the switch selected the higher constant value, resulting in a control output corresponding to a 7-degree wing angle.
Once the theoretical concept was validated in simulation, the system was developed further using a Hardware-in-the-Loop (HIL) approach. A MATLAB script was employed to scale the simulated data to an 8-bit resolution, aligning with the default PWM output resolution of the Arduino. This allowed a secondary Arduino to output raw PWM data, which was then passed through a physical RC filter. The filter converted the digital signal into an analogue waveform, which was subsequently input to the main control Arduino. This setup closely replicated real-world conditions, ensuring smooth communication between the simulated environment and the physical prototype.
The Simulink model uses compare to Constant blocks to evaluate whether input signals from the vehicle’s sensors meet specific threshold conditions, which then determine the activation of the rear wing. These blocks are used in two key areas of the model: throttle and brake control. For the throttle input, a threshold of 613 bits (approximately 60% of full throttle) is set. For braking, the threshold is set at 716 bits, corresponding to 70% of the maximum brake input.
The throttle threshold was chosen to ensure that the wing only adjusts under significant acceleration, where reducing drag becomes most beneficial. A lower threshold could cause the wing to react during light throttle application, such as when modulating speed mid-corner or cruising, which could lead to unnecessary movement and instability. By setting it to 60%, the system prioritises aerodynamic efficiency during aggressive acceleration, particularly on straights, while avoiding false triggers during minor inputs.
Similarly, the brake threshold was selected to avoid premature or unnecessary activation. A lower value—around 25%—would cause the wing to respond to minor brake inputs, potentially disrupting vehicle balance and reducing performance. On the other hand, a threshold set too high—near 90%—would limit activation to only the most extreme braking scenarios, reducing the effectiveness and duration of aerodynamic assistance. Therefore, 70% was chosen as a balanced value to provide meaningful downforce support under substantial braking without being overly sensitive.
And finally for the Steering two conditions were needed as when the steering is at 0° the voltage will be at exactly half of the maximum voltage this is how the difference between turning left and right can be determined. The two conditions were set to 788 and 235. So, 788 being the turning left and the 235 is the lower limit for turning right.
After the signal goes through the switches a gain block is used to multiply the output the output of the switches is either a 1 or 0, 1 if the compare is matched or 0 if the compare isn’t the same. Therefore, to make it useful for the servo motor It needs to be multiplied. Using a Gain block to do this, if you put the angle you want for the wing into the gain block it will exit at that said value unless the term is not met and it will come out at 0.
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Figure 6.7.1 Simulink Block Model

To validate these threshold choices, a MATLAB script was developed to graph the input signals from the vehicle simulation data. The script generated three plots, each displaying the raw input data alongside the corresponding values scaled to 10-bit (0–1023) resolution, which reflects how the Arduino interprets the signals.
While the initial Compare to Constant thresholds were based on reasonable estimates, the visualised data provided greater insight. With this information, threshold values can now be selected based on data-driven understanding, improving the accuracy and effectiveness of the control logic.
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Figure 6.7.2  Brake Threshold graph

As shown in Figure 6.7.2, the black line represents the raw brake percentage input from the vehicle, while the blue line shows the corresponding signal scaled to a 10-bit (0–1023) resolution. A horizontal threshold line was added to indicate the activation point set by the Compare to Constant block within the Simulink model.
Initially, the threshold line was positioned too high, which limited the wing's ability to respond to moderate braking events. As a result, potential aerodynamic support was missed, particularly in high-braking zones. To improve responsiveness, the threshold was lowered to 560 bits, allowing the wing to activate earlier. This adjustment ensures that the system now responds appropriately during the two major braking phases around the Llandow circuit, enhancing both stability and performance.

[image: A diagram of a computer program
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 A similar threshold adjustment process was carried out for both the throttle and steering inputs. Initially, the throttle threshold was set too low at 613 bits, causing the system to activate momentarily before transitioning to the next position. To address this, the threshold was increased to 680 bits, reducing false triggers and improving stability under acceleration.Figure 6.7.5 Throttle Threshold
Figure 6.7.4 Simulink Block Model Adjusted

The steering input followed a similar pattern to the brake, where the original activation range was not well-aligned with optimal conditions. The upper threshold was reduced from 788 to 720 bits, while the lower threshold was raised from 235 to 308 bits. These changes ensured that the system responded more appropriately to steering input, activating only when meaningful lateral input was detected, and avoiding unnecessary transitions during minor steering corrections.
[image: ][image: ]Graphs illustrating these adjustments and their effects on system behaviour are shown below.Figure 6.7.3 Throttle Threshold Figure 6.7.3 Throttle ThresholdFigure 6.7.5 Throttle Threshold


[bookmark: _Toc884278172]6.8 Further work
The current system demonstrates the feasibility of active aerodynamic control, but future enhancements could improve realism and performance. Replacing the threshold-based logic with a PID controller would allow smoother and more adaptive wing movement, particularly under variable driving conditions. A closed-loop feedback system using a potentiometer or encoder could also improve accuracy by confirming the actual wing position.
In addition, integrating real-time vehicle data via CAN bus would enable the system to react to live inputs rather than simulations. Full-scale testing with data logging could then validate the system’s performance and guide further refinement.

6.9 Actuation System Research, Development and Testing
Jac Evans
[bookmark: _Toc1037385660]The first step in the project was to research actuation systems commonly used by other manufacturers of performance orientated road cars with active rear wings.  This includes the mechanical components, control systems and specifications, such as reaction times.
The most popular mechanism is a pair of linear actuators attached from the chassis or wing mounts to the aerofoil, either the top side or underside depending on the mounting arrangement. Manufacturers such as McLaren utilise this mechanism. (Towler, 2018). Less common options include pneumatic actuators, hydraulic actuators, DC motors paired with a gearbox or a cable actuated system.
Initially, a reverse swan neck mount was chosen by the aerodynamics and structural teams. This influenced the design to include a pair of linear actuators mounted from the mounts to the top side of the aerofoil. This design intended to minimise the effect the actuation system had on the lower surface of the aerofoil. However, this method was short lived as the aerodynamicists and structural team decided through testing and research that an endplate mounted wing would be most suitable. This made way for the succeeding model, designed primarily around limiting the effects of the actuators on the aerodynamics of the wing whilst being cohesive with an endplate mount.
To achieve this, a system was designed which included a nine-stage epicyclic gearbox and a DC motor capable of 23 000 RPM, which would be housed within the aerofoil itself as can be seen in figure 6.9.1, 6.9.2 and 6.9.3. 


[image: ][image: ][image: ] Figure 6.9.2 wing insert to house system
Figure 6.9.3 enclosed view of gearbox
Figure 6.9.1 split view of gearbox

The progression of this system began by looking at high torque motors, but the limited width available to house the system within the aerofoil meant it was not a viable option. Thus, s higher speed, low torque motor was better suited to this application. The issue then was creating a gearbox with a ratio capable of handling the torque of the wing. This ratio was calculated to be a 1:4380, meaning a nine-stage gearbox was required to ensure that it could comply with the housing requirements. The gearbox and motor were designed to have an outer diameter of 30mm, obtained by using 12-teethed sun and planetary gears with a 9.8mm diameter, and a ring gear with 36 teeth and a diameter of 30mm. 
This system was designed to withstand 500N of downforce. However, the aerodynamicists later doubled this figure as they altered the wing profile. This meant that this system was no longer suitable. To obtain a gear ratio that would be able to create the required torque, housing size and delay and become critical limitations. It would be larger than the available housing space, which was limited to 30mm due to the scaling of the wing, and there would be too great of a delay to meet the criteria of 0.7 seconds from the low- to high-drag wing angle.

[bookmark: _Toc564757527]6.10 Final Design
Following these developments, the linear actuator concept needed to be reevaluated to suit the endplate mounted design and increased downforce figure. The system now had greater requirements of 1000N of downforce and a stroke of 100mm, now required due to an increased maximum wing angle of 60°. The actuator was chosen to be positioned 100mm rearward from the front of the wing to minimise the amount the amount of travel. The 60° maximum angle means all positions in the movement triangle will be 60° as well, thus that all sides will be of equal length. 
The actuator needs to be attached to the wing mount and the underside of wing. The actuators specified are from RS Components have a force value of 500N each, and a maximum stroke of 100mm, meeting the wing’s requirements when the load is distributed over two actuators (RS Components, 2020).
 [image: ] Figure 6.10.1 Actuator

The purpose of using one actuator on each side of the wing is to distribute the force evenly. Without supporting the wing on each side, the wing would twist and deform under load. Although not aerodynamically ideal, the actuators will be mounted to the underside of the wing, as this was the only way to mount them due to being capped by regulations on our end plate dimensions. If it was possible to use a larger endplate, the actuator could have been mounted above the aerofoil. This compromise was allowed because the endplate mounted wing had a significantly higher downforce figure than any of the previous designs which has the actuation system in a more efficient position. 
The actuator mounts were designed to be integrated into the mount during manufacturing. This ensures that the actuator will not pull its mounting plate out of the wing or the wing mount during operation. The structural team have run these mounts through FEA and the results show less than 0.005mm deformation, reaffirming that the mounts are sufficiently strong and will not fail during operation.
 [image: ] [image: ]Figure 6.10.3 Upper mount
Figure 6.10.2 Lower mount


[image: ] [image: ]Figure 6.10.4 Lower mount FEA

Figure 6.10.5 Upper mount FEA

[bookmark: _Toc1130001158]6.11 Strategy Development
The control system has been developed to use the lateral and longitudinal velocity outputs from a gyrometer. To be able to integrate this system into the Morgan, a data logging software such as Motec would need to be installed and integrated, as the Morgan does not have an internal G sensor to be able to extract this data from. As the model is based on a motorsport focused Morgan, it would be highly beneficial to install a data logger for other uses outside of the active rear wing. Should a system need to be installed, a Motec C185 digital logging dash, pictured in figure 6.11.1, would cost around £3820. (RaceDataSystems, 2025).
[image: ] Figure 6.11.1 C185 Motec Dash (RaceDataSystems 10/04/2025)


Other systems are available, but this option has already been integrated into the University of Wales Trinity Saint David motorsport orientated Morgan and has proved to work well. Once complete, the data will output into the control system, which will then select the corresponding wing configuration. The system has also been designed to prioritise the high downforce wing configuration. If the vehicles longitudinal velocity is decreasing and there is a lateral velocity input, this implies that the vehicle is on corner entry as the velocity will still be decreasing while steering is introduced. Without this, the system would prioritise the high drag configuration, thus not supplying the required downforce through the corner to extract the best lap time possible out of the Morgan, and therefore the prioritisation code is required to solve this.  The system was designed using a combination of VI-Grade data as there currently is no accurate data of the Morgan for a lap of Llandow Circuit, in addition to Matlab and Simulink. 

[image: ]Figure 6.11.2 Control system 0 degrees AoA

[image: ]Figure 6.11.2 Control system 7 degrees AoA


[image: ]Figure 6.11.2 Control system 60 degrees AoA


The system begins by taking the data from the logger, using VI-grade data, then feeding into a memory block, which will memorise the data of the sample previous to the one that has been input most recently. A memory block is here used so the input can be compared to its previous input to decipher if the Morgans velocity is increasing or decreasing using a sum block to subtract the input from the previous. This is what defines if the system will need to choose the low- or high-drag wing configuration. A series of ‘if’ statements is used to determine which configuration to actuate. If the difference in velocity is positive, meaning velocity is increasing, the system will choose the low-drag wing angle to optimise peak velocity. If the difference in velocity is negative, meaning the velocity is decreasing, the system will choose the high-drag wing configuration to optimise braking performance. The high downforce wing configuration is selected using the lateral velocity, as this configuration will optimise cornering performance. This part of the system uses the same memory and sum block as the high and low drag selector. The output of the high-drag wing and high downforce configurations are fed into a Matlab function block.
To ensure that the system continues to select the high downforce wing configuration during cornering, an additional ‘if’ statement is used which says if the longitudinal velocity is not decreasing or increasing but there continues to be a lateral velocity input the system will select the high downforce wing configuration as the vehicle is still cornering. From the Matlab function block the system outputs this into a sum block which adds the output from the Matlab function block and the output of the low drag configuration. The reason for this is that the output of the low drag configuration output will always equal zero, as 0° angle of attack is the chosen low drag wing configuration. If the system is selecting low drag, it will add zero and zero, equating to zero, and if the system is selecting high downforce (7° angle of attack) the sum block will add 0 and 7 which will equate to 7. This will also repeat for the high drag configuration (60° angle of attack). The output of the system will always be what the angle of attack is, sent as a voltage to the actuator to instigate operation to the required length for the angle of attack.
[bookmark: _Toc73784031]6.12 Active Lap Time Simulator
The goal of the project is to improve the lap time of the Morgan around a track by introducing an active rear wing system. Initially, using the co-simulation feature between VI-Grade and Simulink was adopted, but ended up being impossible as there were access issues with the software. Therefore, an active lap time simulator was designed using Matlab. The code takes the data from a VI-Grade run of each angle of attack and predicts the lap time while the wing is active. The first hurdle here was that VI-Grade samples in time rather than distance, meaning that at the same sample point of each lap the car is at a different point on the track. This meant that the first step was to change it so that it would sample in distance, allowing each lap to start and finish at the same sample size. It then uses the velocity from the VI-Grade data and interpolates it to be able to compare all three runs together. Next, a section of code is used to extract the velocity profile of each run, then plotted. The maximum velocity between all three runs is then extracted and this gives a lap time that can be plotted to see when the wing changes angle of attack. The purple dotted line shows the fastest possible lap.
[image: ][image: ]Figure 6.12.2 Velocity trace with fastest lap zoomed
Figure 6.12.1 Velocity trace with fastest lap


This highlighted an issue with the current set up of the car, which was slower around the track with our active wing setup than the baseline. The reason for this was found to be that the increased downforce on the rear moved the vehicle balance further rearward, therefore unsettling the car. The aerodynamicists resolved this issue by changing the high downforce angle of attack to produce less downforce. The code was altered to be able to interchange the input file of wing angle quickly. This meant that all was needed was to download the excel document outputted by VI-Grade and place it into the appropriate file and change the file name in the code. This ensured testing efficiency and the ability to produce predicted lap times in seconds. To make the code more accurate the sample size was increased from 3000 to 10 000. A sample size higher than this meant the lap time did not improve as it had reached a plateau. The final lap time saving was 0.1629s.
To further develop this system, it would be beneficial to include data such as steering angle, lateral velocity and brake pressure. The reason these variables were not integrated was due to time limitations. This is because the initial plan was to use the co-simulation between Simulink and VI-Grade, but as mentioned this was not possible due to software access limitations. Therefore, this system was developed late into the project. This could have been avoided if the co-simulation was tested earlier in the project, and more time would have been available to either solve the issue and acquire the correct software or create a more in-depth active lap time simulator to achieve more accurate results. This system also changes wing position instantly and does not account for delay. Implementing the delay would allow a more accurate lap time.

[bookmark: _Toc649973340]6.13 Further work 
If time had permitted, there would have been a handful of additional things that would have been beneficial to research into. 
One of these being actuation in a different fashion. Investigating actuating the wing mounts in the form of extending and retracting them would be beneficial. This was highlighted when the aerodynamicists investigated the effects of the wing position on drag and lift. This could be utilised when the car requires a low drag solution, retracting the wing into behind the car and when the car required a high downforce solution the wing would be placed in an optimal position. 
Another form of actuation would be a change in aerofoil profile. The aerofoil would be made of a flexible material, with the leading and trailing edge being made from a solid material, but the trailing edge hinged to be able to alter the angle. The inside is divided into two chambers which are placed under pressure or vacuum to achieve the desired profile. This would be an interesting development as it would be possible to achieve the most efficient profile for the required action, such as a low drag profile during straight line acceleration and a high downforce profile during cornering. If the regulations allowed, it would be optimal to integrate all three modes of actuation to extract maximum performance from the Morgan. Although this concept sounds promising, making it a reality may come with some challenges.









[bookmark: _Toc409189087]Section 7 – Progress Review
Efa Jones
[bookmark: _Toc142761352]7.1 Time Management Review
Overall, the time management strategies employed by the project manager were useful in outlining the tasks and timelines for the project. However, in hindsight, the measures may not have been strict enough, as some tasks took longer than their allocated time, which led to the need for an adjusted Gantt chart (fig. 2.2.2). Various factors, such as other assignments taking priority and unforeseen software issues, particularly in vehicle dynamics simulation, contributed to task overruns.
A week's contingency had been allocated to each task to account for issues and provide some flexibility, and the project was still completed on time. However, had the project faced a tighter deadline, the overly flexible timeline might have posed challenges. The same applied to the CPA, where flexibility was helpful in responding to external factors, but it also reduced the importance of sticking to the original plan, which in a real-life design project application would be highly likely.
If the project were to be managed again in the future, the project manager would emphasize the importance of adhering to deadlines and impose stricter measures to ensure the team stays on track with the Gantt chart, minimizing the risk of running out of time. A more holistic view would also be taken when setting deadlines, considering external factors such as the academic term calendar.




[bookmark: _Toc397087721]7.2 Communication Review 
Group communication improved significantly over time, particularly as the team clarified each member's responsibilities and the necessary information exchanges, as shown in the communication diagram (fig. 2.3.2). As a result, the frequency of meetings decreased, and the group used their weekly meetings with Tim Tudor to update each other on progress and establish the next steps. Increased productivity and a clearer understanding of what tasks lay ahead contributed greatly to this improvement. It was also observed that once the wing profile and position was confirmed, the rate of progress increased greatly as it was a key gateway for the team.
The establishment of a Microsoft Teams channel allowed team members to access each other's work, organize and store files, and communicate effectively, particularly when working remotely. This also proved to be a useful organisational tool, allowing each member to make announcements as well as edit documents collectively such as the VIVA presentations and report document.
The meeting minutes, which were collated by the project manager, proved useful. Storing them on the Teams channel allowed all team members to reference past discussions and stay updated on their next steps. The minutes also served as a valuable tool for planning future meetings and defining the project's goals, especially in the earlier stages when tasks were not as clearly defined, which is important as a clear agenda is key in “ensuring that time is spent efficiently” (Smith, 2025). The minutes also proved useful as a form of a project timeline when it came to collating all our findings at the end of the project in this report, allowing members to recap on their progress as well as remember what milestones and gateways they had to reach and achieve within their groups.



[bookmark: _Toc133311292]Section 8 – Conclusion
The team succeeded in designing an active rear wing for the Morgan Plus 4, achieving a lap time improvement of 0.1823s around the Llandow circuit. The team also adhered to the relevant regulations (see appendix 4) and completed the project under budget, as shown in the cost spreadsheet below.


[image: ]
Figure 8.1.1 – Costs Spreadsheet
The team worked effectively, both within their subgroups and individually, while maintaining open communication to share information and solve problems. The project also provided an opportunity to expand everyone’s knowledge and improve teamwork skills, with members educating themselves and others in their areas of expertise. As with most engineering projects, the team acknowledged areas for improvement (Table 8.1). The team agreed that the skills and experience gained from this project would be valuable and transferable for future projects.
 Table 8.1 – Suggestions for improvement if the project were to be repeated.
	Change
	Reasoning

	Choose a different track to Llandow.
	A circuit with greater aerodynamic effect on the vehicle would be chosen next time to see the full effect of the wing design.

	Impose stricter time measures.
	Make sure the group are aware of their deadlines and understand the effects of overrunning tasks.

	Make a CPA earlier.
	The CPA provided a clearer path with our project goals, making one earlier may boost progress.
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Appendix 1 - Belbin Team Roles
Roles, strengths and weaknesses as described by the University of Cambridge (2025).
	Name 
	Belbin Team Role 
	Role Strengths
	Role Weaknesses 
	Project Role

	Efa Jones
	Completer Finisher
	Delivers work that is detailed and thorough on time, searches for errors to ensure work is accurate.
	Tends to worry excessively about minor details.
	Project Manager

	Tamzin Cooper
	Completer Finisher
	Delivers work that is detailed and thorough on time, searches for errors to ensure work is accurate.
	Tends to worry excessively about minor details.
	Vehicle Dynamics Simulation

	Jac Evans
	Plant
	A creative individual who is also imaginative, who thrives to solve difficult problems.
	Can become too focused in their own tasks that they become reluctant to communicate as effectively with others.
	Mechatronics and Control

	Hannah Bathgate
	Implementer
	An individual that is disciplined and implements both their own and others' ideas into actions.
	Can become closed off to new possibilities as they become focused in current tasks. This can also cause them to become somewhat inflexible.
	Structure

	Cameron Andrews
	Shaper
	Works well in dynamic situations, thriving under pressure and driven when it comes to overcoming obstacles.
	Unlikely to consider other group member's feelings when it comes to decision making or their actions.
	Structure

	Harvey Levell
	Specialist
	Provides the skills and knowledge associated with their specialist area in which they are dedicated.
	Can often dwell on technicalities, and their contribution can become limited due to their dedication to a specific subject.
	Aerodynamics

	Rhys Thomas
	Resource Investigator
	An extroverted individual, who explores different opportunities and is ready to communicate.
	Can be subject to overenthusiasm, which can lead to a loss of motivation.
	Mechatronics and Control

	Harvey Hodge
	Shaper
	Works well in dynamic situations, thriving under pressure and driven when it comes to overcoming obstacles.
	Unlikely to consider other group member's feelings when it comes to decision making or their actions.
	Aerodynamics



Appendix 2 - Project Meeting Minutes Example
Group Project Meeting 
Date - 15/10/24
Location – Forum 006
Time – 11am
Duration – 1 hour
Present - Efa Jones, Hannah Bathgate, Tamzin Cooper, Harvey Levell, Jac Evans, Rhys Thomas, Cameron Andrews.
Agenda
· Discuss progress and points made in our separate specialist groups from Monday’s (14/10) lecture.
· Identify starting points to begin gathering ideas for our wing design.
· Establish who is reliant on who to be able to make progress and which individuals need to work together to decide/design specific aspects of the wing.
· Decide on a convenient place and time for our weekly group meetings.
Aerodynamics
· Fluid dynamics
· Considerations of the car (drag, balance)
· Look into the regs – finding loopholes
· 3 types of tests (track/simulation, wind tunnel, CFD)
· Tim has pressure test data
· Wing twist and advantages, angle of attack
· Look into stall and boundary layers
Can start on:
1. CFD runs profiles, research etc.
2. Look at angles

Mechatronics and Control systems
· Onramps 
· Filters, RLC
· Prototype must have DC motors and Arduino, final idea can be anything
· Zero angle – 2.5V, positive angle 2.5-5V, negative 2.5-0V.
· Arduino – will work off comparison.
· Closed and open loop – which option is best.
Can start on:
1. Onramps (Simulink, Matlab)

Structural
· Look at costs, weight, structure
· FEA and practice (Tim’s videos)
· Information needed from aerodynamics and mechatronics – mounting points, profile, mounting technique, actuation technique (loads and forces).
· Material selection – investigate weight, structural integrity, and soundness
· Give costs list to project manager
· Materials software from Kerry (?)
· Beam bending tests
· Look at Porsche, Bugatti, Mclaren – they have good active rear wing system ideas for inspiration.
· Ideal material – lifespan of composites, weaves for carbon fiber, manufacturing method.
· Prototype materials – 3D printing is the recommended option, plenty of printing
· Decided whether it will be centrally mounted or not, need to discuss with aerodynamics on the best options.
Can start on:
1. Composites, bending tests
2. Mounting points
3. Beam bending tests
Reliant on aerodynamics and mechatronics to progress with ideas.

Simulation
· BPS software – very simple
· Driver in the loop or out of the loop – use VI grade software.
· Have reasoning on why you're using the software you choose, advantages/disadvantages.
· Can add Simulink if there’s time.
Can start on:
1. Make base simulation
Project Management 
Excel, Microsoft project – checking rooms available – plan using this.
Next week – holding meetings – handouts for a successful meeting.
In presentation – PM role – intro, talk of features of project plan
Split every 2 person to make sure they both talk about different topics within their specialties, ensuring they talk within their time frame.
Template for the presentation – give everyone their slide and allow them to fill in with content. Intro, quick project plan and conclusion from Project Management.
Motivation – encouragement 
Idea – take off windscreen, make wing more effective - 1:24 scale morgan model in science lab? 
Risk assessment – what are at risk of not being done, things that can go wrong (for Mark’s assignment).
Specialist meeting every Monday, then another team meeting during the week.
Monitoring – find a room, schedule weekly meetings as we’ve done already.

Action Points
1. Meeting every Tuesday 11am, Library 102.
2. Discussed starting points and next steps.
Next week’s Agenda
1. Discuss progress
2. Share what we have learnt, or any information gained from our individual meetings
Appendix 3 – Communication Log
	Group
	Sub-section
	Receiving group/sub-section
	Information being communicated

	Aerodynamics
	Morgan research
	Aerofoil research (aerodynamics)
	Reasearch and study how the car affects and uses aerodynamics.

	
	Aerofoil research
	Morgan research (aerodynamics)
	Reasearch and study how the car affects and uses aerodynamics.

	
	Aerofoil research
	End plate study (aerodynamics)
	The selected aerofoil needs to work effectively within endplates.

	
	Aerofoil research
	Mechatronics (control systems)
	The forces applied and experienced by the wing profile help to specify the type of actuators needed.

	
	Wing position
	Simulation
	To find and prove the optimal wing position that would be beneficial to the car.

	
	Wing position
	Wing mount design (structure)
	The optimal wing position is needed from the aerodynamicists to ensure the mounts are suitable.

	
	End plate study
	Wing mount design (structure)
	Details involving dimensions and aerodynamic effects about an end plate mounted wing.

	
	End plate study
	Simulation
	Conducting a simulation test to see how the endplates perform and whether they have a positive effect on lap times.

	
	End plate study
	Wing position (aerodynamics)
	The position of the aerofoil within the endplates needs to be determined.

	
	Wing angle
	Wing position (aerodynamics)
	Matrices need to be created as aero maps to help determine the best wing position and suitable angles of attack.

	
	Wing angle
	Control strategy (control systems)
	The wing angle dictates the boundaries for the control strategy (e.g. what is the maximum angle on straights, corners and under braking).

	
	Wing angle
	Mechatronics (control systems)
	The severity of the angle needed helps to determine suitable actuation systems.

	
	Morgan research
	Simulation
	The body type and data needed to set up VI Grade to accurately simulate the Morgan.

	
	Wing angle
	Prototype design (control systems)
	The wing position and angle need to be known to create an accurate representation of the active wing system with its control system in place.

	
	Aerofoil research
	Structural FEA
	The aerofoil will need to be FEA tested and the forces applied studied before finalising the decision on wing profile.

	Simulation
	Simulation
	Control strategy (control systems)
	A simulation will provide validation that the chosen control strategy works and proves beneficial to the Morgan's lap time around Llandow.

	Structural FEA
	Wing mount design
	Morgan research (aerodynamics)
	The mounts need to fit the car, henceforth dimensions and a suitable mounting point is needed for further progress.

	
	Wing mount design
	Wing position (aerodynamics)
	To design a suitable wing mount the position and angle of the wing is needed.

	
	Wing mount design
	Mechatronics (control systems)
	The actuation method and inserts required need to be considered with the mounting design to ensure that the entire system can come together as an assembly.

	
	Wing mount design
	Prototype design (control systems)
	The wing mount design is needed to create an accurate representation of the wing's active system.

	
	Wing construction
	Prototype design (control systems)
	The location of the inserts from the mechatronics actuation method needs to be known to be able to replicate the wing.

	
	Wing construction
	Simulation
	A simulation will provide validation that the wing mount design does contribute to a positive effect on the performance of the car around Llandow.

	Control Systems
	Control strategy
	Simulation
	The control strategy needs to be validated using a simulation, also when and where the wing needs to be activated and to what angle needs to be known to implement and create the control strategy.

	
	Mechatronics
	Wing mount design (structure)
	The actuators need to be suitable for the wing mount design and vice versa.

	
	Mechatronics
	Wing construction (structure)
	The requirement for inserts and their size needs to be specified so that they do not compromise the structural stability of the wing mount designs too much.

	Project Management
	Project Management
	All Groups
	Progress updates are required to keep the group's GANTT Chart up to date as well as the critical path analysis.

	
	Project Management
	All Groups
	Any issues or suggestions should be brought forward to help adjust deadlines and resolve any problems.

	
	Project Management
	All Groups
	Input is needed for each section within the final report and final VIVA so that it can be presented and structured neatly.
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	Task
	Risk Rating
	Likelihood 
	Risk Explaination
	Who it Affects
	Mitigation
	Matrix Rating

	Choosing a wing profile.
	2
	3
	Time - extensive research is required into different aerofoils and how to determine the best option for the Morgan. Testing is also required, both aerodynamicists need to familiarise themselves with the software and allow enough time for any unforseen issues.
	Aerodynamics
	Allow enough time to both research and test the wing profiles and ensure both aerodynamicists attend the lectures where the software is explained.
	

	Validating the wing profile selection in the wind tunnel with pressure taps.
	2
	3
	The availability of the wind tunnel may be limited if other groups also want to run tests on their wing therefore dedicating a day where both arrive early and set up before other groups want to use it.
	Aerodynamics
	Dedicate a day for using the wind tunnel or communicate with other groups who have expressed an interest in also carrying out their tests in the wind tunnel.
	

	Creating a matrix of different wing positions and creating aeromaps to determine the best one at different angles of attack.
	4
	4
	By selecting 9 different wing positions, a matrix is formed where each can be tested using an aero map, this will be repeated at different angles of attack also to determine the best wing position. These tests and simulations take a long time to run, therefore time allocation is key.
	Aerodynamics
	Enough time needs to be allowed to carry out these test, therefore running multiple computers overnight is one mitigation method to help speed up this process.
	

	Running the final wing with endplates and mounts on ANSYS for structural stability.
	2
	3
	The mesh sizes used on the wing needs to be suitable for the tests. These tests can also take a considerable amount of time dependant on the mesh size.
	Structure
	Trying and researching different mesh sizes will help find a suitable mesh for running both the mounts and wing profile.
	

	Determining the effects of different angles of attack on VI Grade to determine the best angles of attack upon braking/acceleration.
	2
	3
	The risk of running this is that it can take several hours and attempts to run the simulation, as it requires different data sets and information to run.
	Simulation
	To save some time and ensure that simulation recieves the relevant and correct information from the other groups we have devised a requirements document.
	

	Determining the best actuation method following a confirmation of the chosen wing profile.
	3
	3
	The chosen wing profile could prove unsuitable for what was originally thought to be the optimum actuation method. The actuation method could also have an effect on the aerodynamics of the wing, therefore a compromise may be required whilst also taking into acount structural stability.
	Control
	Thorough communication is required between both the control, aerodynamics and structure groups to come up with the best actuation method. Any delay in choosing a wing profile or wing mount could have a knock on effect on the control group's progress, therefore keeping to the group's CPA is vital.
	

	Research and select a control stratergy/software to control the wing's movement.
	2
	2
	The control stratergy needs to work and be suitable for the actuation method or vice versa.
	Control
	The control group needs to decide whether they are designing the actuation method around the control system or the other way round. 
	

	Create a prototype model to simulate the wing movement method.
	3
	3
	The prototype needs to work and be representative of the system that will be implemented on the wing and it also needs to validate the research conducted before the design and selection process.
	Control
	The control group need to work together to devise a prototype that succesfully shows the wing's movement at different speeds and under braking.
	

	Implement the final control stratergy and test it's control method.
	2
	3
	The control/actuation system needs to work as intended before progress can continue.
	Control, Simulation
	The risk of this not working should be mitigated so long as the prototype works, and that the components are properly load rated.
	

	Finalise the wing mount once the actuation method is finalised.
	2
	2
	Once the control system is finalised, the wing can be tested structurally to ensure it is stable enough to withstand the forces it will experience around the track. This could result in requiring a change in wing mount as the wing may become heavier with the actuation system.
	Structure
	Thorough and good communication between group members will ensure that the likelihood of needing to change wing mount design will be unlikely, especially if the wing mounts chosen are rated to loads higher than anticipated, especially as we are working to a safety factor of 1.5.
	

	Simulate the wing in its entirety, validate to ensure there is an improvement in lap times.
	2
	3
	This is the validation of our group project, the wing needs to provide an improvement in performance around Llandow. The correct data needs to be given to simulation in order to run this test.
	Simulation
	The extensive research and tests carried out by all groups should result in an improvement in lap times, however there is always a risk that some element has been missed or not considered, this will not become obvious until the simulation is ran in VI Grade.
	

	Management to populate final costs and finances sheet once all materials, quantities and systems are finalised.
	2
	2
	The materials used, quantities and parts required need to be within the group's budget of £10,000.
	Management
	Costs should have been taken into account during the selection of the materials and parts, however this could be skewed by certain compromises that have taken place during the design process, however we are confident that the budget is sufficient.
	

	Create final powerpoint presentation ahead of the final VIVA.
	1
	1
	Time is an important factor - all of the relevant information needs to be presented within each group member's allocated time limit of 3 minutes (or 6 per group).
	Everyone 
	It is important that only relevant information and information that is outlined as required in the final VIVA brief to ensure that everyone has the opportunity to showcase their work and gain as many marks as possible.
	

	Populate each individual's section on the final report.
	1
	1
	A limit of 2500 words per member means that each member needs to be concise which means valuable information could be at risk of not being included in the report.
	Everyone 
	Each member needs to read the brief thoroughly and assess what information and aspects of their work and research needs to be included, and look at different ways of conveying information that doesnt affect their word count, e.g using an appendix.
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 Figure 1. Initial reverse swan neck design.
Appendix 7
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Figure 2. Initial front swan neck design.
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Appendix 9
Figure 3. Reverse swan neck design two.
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Figure 4. Third reverse swan neck design.
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Figure 7. Initial endplate mounted design.
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 Figure 8. Second endplate mounted design.
Appendix 12
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Figure 9. Endplate mounted design 3.
Appendix 13
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Appendix 14
Figure 10. Endplate mounted design three with added slots.	
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Appendix 15
Figure 11. Fourth endplate mounted design.
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Figure 12. Endplate mounted design four with added slots.
Appendix 16
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 Figure 13. Fourth endplate mounted design with raised endplates.
Appendix 17
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Figure 15. Secondary design of final wing mount – angled for mounting to the car.
 Appendix 18 
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Figure 16. Angled mock-up of final wing mount with a bracket for mounting
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Figure 17. Beam testing hand calculations.
 
Simulation
Appendix 21
Table 1. CFD and hand calculations of the wing position matrices. 
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Control
Appendix 22
22uf 16V
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Steering Graph
Appendix 23
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Throttle Graph
Appendix 24
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Brake
Appendix 25
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MATLAB Script for the graphs
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Name Responsibility

Efa Jones To oversee the project and use different management techniques to help ensure
continuous progress and effective communication between group members.

Harvey Levell To research and choose the best wing profile for the wing through CFD tests
and wind tunnel testing.

Harvey Hodge To conduct research upon vehicle aerodynamics and justify wing position

using CFD analysis while satisfying FEA and Simulation targets.

Cameron Andrews

To conduct research into materials and wing construction as well as

conducting beam tests and FEA tests on SolidWorks.

Hannah Bathgate

Adjusting mount etc as per aero/electronics requirements
To create wing mounts on CAD as well as adjusting the mounts as per the

requirements of the aerodynamicists and mechatronics group.

Tamzin Cooper

To create a baseline simulation for the Morgan without a wing to be able to
later simulate the different design concepts using data collated by each of the

other groups.

Jac Evans To research and design a suitable actuation method that will provide the active
elements to our wing design that will work in conjunction with the design
ideas created by the other groups.

Rhys Thomas To research and design a suitable control method that will dictate how and

when the wing moves based upon data collected by the other groups as well as

the chosen actuation method.
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7 degrees AoA

At3Zmis Front Rear Drag | LapTime | Delta | Balance
Downforce | Downforce

Without Splitter | 8.60N | 306.68N | 554N | 48.071s 224%F

Added Splitter | 328.60N | 306.68N | 604N | 48.751s | -022 | 45.31%F

0degrees AoA

At3Zmis Front Rear Drag | Lap Time | Delta | Balance
Downforce | Downforce

Without Splitter | 36.81N__ | 220.123N__| 525N | 48.941s 14.33% F

Added Splitter | 366.81N__| 220.123N_ | 575.2N | 48.791s | 0.15 | 62.50%F

14 degrees AoA

At3Zmis Front Rear Drag | LapTime | Delta | Balance
Downforce | Downforce

Without Splitter | -56.05N | 545.74N | 600N | 49.091 s ATA5%F

Added Splitter | 274.05N__| 545.74N__| 660N | 48.951s | 0.14 | 33.43%F

60 degrees AoA

At3Zmis Front Rear Drag | LapTime | Delta | Balance
Downforce | Downforce

Without Splitter | -105.32N_| 604.78N | 822.0N | 49.501s 21.00%F

Added Splitter | 225.32N__| 604.76N__| 900.0N | 49.491s | -0.01 | 27.14%F
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Product/Material Department _|Cost per unit|Quantity/Weight _|TotalCost_|Notes
‘CAD Software n/a 0fia B ~_|University Resource
‘Simulation Software (Optimumlap, VI Grade) [Simulation 0[n/a B —_|University Resource
Manufacturing facilties and machinery n/a 0[n/a B —_|University Resource
Wing mount material [Structure 28.1] 10.37[2_291.40 | Epoxy/hs carbonfibre, UD prepreg (u
Wing profile material [Aero/Structure 281 7.29] € _204.85 | Epory/hs carbon fibre, UD prepreg (un
T [Aluminium 6061 T6 plate cost
Base structure 42.34|NA £ 4234 |(1200:240%5mm)
Moulds for the carbon fibre - as spet
Moulds stuctwre_|a 3.3m"2 £ 282.00 |easycomposites (2025)
Motec C185 [Control 3820 1| £3,820.00 |Motec C185 to log data from the car.
[Actuators to move the wing, 102mm as
Actuators Control 515.16 2|£1,030.32 |specified by RS Components (2025).
[To control the movement of the wing
Arduino Uno [Control 20 1|2 30.00 (prototype).
Servo Motor [Control 16 1[2__16.00[To provide movement for the wing (prototype).
Kitinc. wires, capacitors and resistors Control 15 1| 15.00 |Hardware for the actuation system (prototype).
[Average price per kg for 6061 Alu
Aluminium mount for casting stuctwre_|a 5e4m"3 £ 4.43£3.28,504m"3 = 135kg.
MDF for the aerofoil and wing mounts tomake amould. _|Structure __|n/a 12:1220,2440 mm | £__24.00 |MDF sheet (Wickes, 2025).

[Total

£5,736.33
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1. Maximum Wing Travel:
«  The wing may have a maximun travel of 60 degrees from its base angle of attack.
2. Actuation Points:

« The wing can be actuated by no more than 2 physical actuation points.

3. Wing Configuratior
«  The wing can be a twisted wing concept but not multi-element.

« The wing must be perpendicular across its span to the longitudinal axis of the
vehicle.

« The wing may use a NACA profile, or profile of your own design, with profile
selection being free.

« Twist angle across the span s free.
4. EndPlates:

« End plates are acceptable and may be developed for aerodynamic performance
improvement.

« End plates must fit within a bounding box no larger than 310mm longitudinally,
250mm vertically, 12mm laterally relative to the vehicle orientation.
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5. Positioning:

‘The wing must be positioned within a bounding box no further rearward of the aft
most point of the vehicle body than 100mm.

‘The wing must not project higher than the maximu roofline of the vehicle when
viewed from a side orientation at static ride height.

6. Mounting System:

‘Wing mounting systems must withstand aerodynamic forces under all conditions
with a Factor of Safety (FOS) of 1.25 as a minimum.

Materials for the wing and mounting system are free.

7. Control Strategies:

Control strategies can be developed in MATLAB, Simulink, or other, using an Arduino
asthe 1/0 device.

Use of the supplied Arduino for scale testing and data collection is allowed.

Control system should include error checking for failsafe position achievement in
case of sensor error.

sensors including position encoders, pitot tube sensors, wheel speed sensors,
suspension travel sensors and GPS sensors are free to aid control system
development.
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