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Introduction
We are tasked with the research, design, prototyping, and development of an active rear wing system for a vehicle. The vehicle that we are using is our in house morgan, with a choice of the roof up or down. Morgan cars have a rich history in motorsports dating back to the very start of the company’s beginning in 1909, first large success was in 1930s at 24 hours of Le Mans were 4/4 Morgans won in their class of 1100cc. In 1980s Morgan launched a one-make race series called the morgan challenge for their enthusiasts to complete at any skill level and in different classes.
 Aerodynamic efficiency is a key element in enhancing vehicle performance and overall track handling, with the rear wing generating downforce to improve tire grip and stability on the track. Our objective is to engineer a rear wing that dynamically adjusts to varying driving conditions to enhance aerodynamic efficiency.
The primary goal is to reduce lap times by leveraging the wing's adaptability to generate increased downforce and optimized drag at specific segments of the track. This approach is intended to improve vehicle stability and handling in high-speed sections, as well as reduce drag in straights to maximize acceleration and top speed.
Our manufacturer has specified certain contains in their technical regulations. 11 different types of regulations that need to be adhered to. Each of the regulations are more specific to certain roles for example ‘3 Wing confarreation’, one states ‘the wing can be a twisted wing concept but not multi-element.’ Our aerodynamic team will need to consider regulations like this in their design.
 All our designs and models will be justified with in depth simulations, on the morgan and off the morgan to understand its performance, downforces and drag properties. We have a budget limit of £10,000 and a maximum weight of 60 kg.

Callum Jones

Callum jones
Team Roles
[image: ]All tasks have been split into 5 different roles in these following area’s; Aerodynamics, Structural Design, Control Systems Design, Mechatronics components, Vehicle performance assessment. 
	First Name
	Surname
	Role

	Callum
	Jones
	Project manager 

	Cody
	Surridge
	Structural design

	Aeron
	Tollet
	Stimulation 

	Aron
	Evans
	Aerodynamics 

	Kowsar
	Kashim
	Control systems

	Nick
	Davey
	Aerodynamics 

	Jake
	Hicks
	Control Systems 
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AI-generated content may be incorrect.]During this project we allocated I work correct roles 4 who had previous experience in certain areas and who wanted to learn more in their specific role. Once all roles had been allocated, we had a small brainstorm about ideas and how we thought best to complete this project. After collecting all the ideas and different visions from each member we as a team decided on a loose design and the best way forward to accurately and best complete the project to the highest standard as possible. As I've previously stated there was technical regulations that we had to abide by so using this we slim down the ideas to best abide by them and trying to find ways to maximise our performance and efficiency within these regulations.

(We had a member drop out in the last weeks of the project, Jake hicks, one of our control systems members.)



Callum Jones

Project management 
As project manager, my primary focus was to ensure that all aspects of the project from initial brainstorming to final testing were carried out smoothly and accurately. This report provides a detailed account of my contributions, highlighting key moments of leadership, challenges faced, and the solutions implemented throughout the project's lifecycle.
During this whole project I scheduled weekly meetings to discuss and understand what my team members current tasks, so we were all able to see how the project was progressing and to discuss any problems or ideas that they had thought of. In these meetings I was able to set goals for the future of the projects and discuss any mistakes or problems as a team we would figure out how to find a solution or a way around the problem. Personally, I believe that during these sessions we were all able to increase workflow by keeping everybody motivated and on the right trajectory to completion of the project, in these sessions I took meeting minutes and set goals, so I was able to track how my team was progressing and clearly see what they were stuck on. Doing this I was able to obviously see what they were struggling on and how I could help do better their motivation and productivity.
At the start of the project, I asked everybody to narrow down their tasks into four parts where we were able to set dates to start and have them completed by. This was to keep the productivity of all members at even level so nobody was waiting for somebody else to finish they could start their new tasks, you can see these in the table above labelled ‘Overall tasks’. Secondly underneath the table is the completed Gantt chart displaying the timeline of these tasks in a clear order to visually show when the deadlines are and how many weeks, we have to complete them.




Callum Jones
My tasks 
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AI-generated content may be incorrect.]Personally, I did not have many tasks as I did not have a specific work during this project that I needed to complete, although I did need to create a presentation for the interim of the project and a second presentation for the end of the project, and finally this technical report. I also put my name forward to help the manufacturing of the wing this took place near the end of the project. At the start of the project, I asked everybody to narrow down their tasks into four parts where we were able to set dates to start and have them completed by. This was to keep the productivity of all members at even level so nobody was waiting for somebody else to finish they could start their new tasks, you can see these in the table above labelled ‘Overall tasks’.
I listed my personal tasks as.
1. Allocation of roles and responsibilities 
2. Group meetings and meeting minutes
3. Presentation prep 
4. Final project report 
1st tasks were simple and done in our second lesson and was only one hour as I have explained earlier. Each member already had their own idea of what role they wanted to complete so there was no arguments or hard decisions to make.
2nd, group meetings and meeting minutes. At the start of every week, I book a room in the library and speak to each member of the team. This is to make sure everyone is happy and all heading in the same direction to complete the project with everyone’s input and sheared vision. In the meetings I was there to help answer questions and gather ideas form everyone and use that to make well informed decisions to better understand each individual view of their own task and the project as a whole.  Secondly taking notes in the meetings was important as I was able to see what my team members doing form meeting to meeting and how they were getting on and if they needed any help or more tasks. Having these reference documents, I am able to capture import information and my team members personal tasks to help focus them and encourage them. Finaly as there are a register if one person cannot make it, I can speak to them at a later data one on one to see how they are doing and getting on with their work. This will take one to two hours each week and possible another hour for anyone that has missed the meeting or wants a personal meeting with me.
3rd, on the 10.12.25 we have a group presentation so show what we have completed halfway through the project. Everyone in the group will need to speak for three minutes about their person talks, I will introduce the project and finish of it at the end wrapping up the presentation. For this I will need to make a power point, and everyone will send me the personal power point to be added to mine. Secondly, I have planned a meeting to practice the presentation, so nobody is nervous, and everyone understands their own personal slides and the timing of the presentation as we are restricted on time.
4th, at the end of the project there will be a final presentation will display all our research, data and a working prototype. Most likely will take a while I have set two weeks to complete this although I will be stating the moment the next turn starts as there will be a larger amount of information to display, everyone in the group will make their own slides for the power point like the 1st presentation on the 10.12.25. I will need to compile with into one document and similar again to the 1st presentation, I will run a session running through it to ensures everyone is able to speak to the crowd secondly to ensure will finish in the correct time and finally, each member will speak coherent and care to best show there work off.


Callum Jones
Methods
At the start of this project I researched ways to better improve team morale and efficiency I found a website that had a couple different examples and types of methods, one of these included a methodology call to the waterfall method.
‘This may be the most straightforward and linear of all the project management methods in this list, as well as the most traditional approach. The name is apt, as the waterfall methodology is a process in which the phases of the project flow downward. The waterfall model requires that you move from one project phase to another only once that phase has been successfully completed.
When to use it: The waterfall approach is great for manufacturing and construction projects, which are highly structured, and when it’s too expensive to pivot or change anything after the fact. The waterfall method makes use of Gantt charts for planning and scheduling.’
https://www.projectmanager.com/blog/project-management-methodology
This website states the waterfall method uses planning and Gantt charts which are two things we already have completed, this I was then able to keep the project in a structured way so there was no work being left out or pushed till the last minute.

Problem solving
Problem solving is an extremely important part of being a project manager this is because problems will and always eventually turn up and they need to be solved. There are many of little problems during this projects some include a team member dropping out in the last two weeks, multiple instances of our simulation software not working correctly and team member absences. I was able to overcome these problems with the help of my team members, for example when one of our members dropped out I was able to take up some more responsibility with our other control systems member. I helped him collect parts and help start the building process of the system and test to get all desired outcome.
Group meetings
As I've previously stated we held group meetings once a week 2 discuss our current tasks and objectives, during these meetings I took notes to better understand and track where each member was so I was able to related back to our Gannt chart. I was first unsure how I was meant to take meeting minutes and what I should be writing down so I did research on this topic and here's what I found.
‘Remember What We’re Trying to Achieve
Whenever I go into a meeting, I know exactly what I want to accomplish.
For example:
· I want to get people’s feedback on next year’s project roadmap.
· I want to capture the requirements for a particular website feature.
· I want to discuss a specific technical issue and determine concrete steps for its resolution.
· I want to map out some kind of process
Clearly defining the purpose of the meeting enables you to lead the conversation. You dig deeper into participants’ comments that relate to the meeting’s purpose, and you limit (shut down) any discussions that have nothing to do with the meeting’s core purpose.’
https://www.tacticalprojectmanager.com/meeting-note-taking-tips
In this article it states that the best way to take meeting notes is the first remember what we are trying to achieve and using this you can create a road map to capture the requirements of this. So, while I was taking notes, I took it into consideration with with noting any sort of dates tracks that's go towards the end goal. Secondly, I noted any ideas from the everyone so later the line when we had to make a decision, I had all the past information that we went through to look at to make a better judgement.



This is the first group meeting we held where we want discussed all the tasks we had to complete[image: A screenshot of a computer

AI-generated content may be incorrect.], then we decided what will be needed first and when it should be done and these the tasks for each section of the project.






In conclusion to my opinion on the final project I believe it went extremely well even though we had some problems during, we have all the data we need on the rear wing and simulation we have a 3D printed wing and the mounts we also have a completed circuit to present. Although we're not presenting a when that can be put in the car it is a great representation of if we were going to design it this is what it would look like, and this is how it would work with the data and the given lap times.
Callum Jones


Electronics – Kowsar Kashim
Initial Research
Control systems for active Aero
The control system for a rear wing consists of an electronic control unit (ECUs) which acts as the receiver to input data from different actuators and sensors.
-Types of Sensors 
Vehicle speed allows the ECUs system to adjust the rear wings angle based on the speed of the vehicle. This can be measured by a vehicle speed sensor (VSS) which uses 2 types of sensors, The first sensor which is the most widely used VSS used is the induction type which measures the speed by a ferromagnetic rotor passing through magnet Rod on top of a magnetic pin that has a fixed coil. The rotor passes by the rod creating a magnetic flux in the coil which in hand creates a voltage spike across the coil which is then measured by the engine control module (ECM) and out puts the vehicle speed. The Second sensor is the optical type which uses a light interrupting rotor and a LED with a phototransistor on the other side, as the light passes through the slits on the rotor the phototransistor detects the light, and this data is sent to the ECM to find the vehicles speed.
Steering angle allows extra down force on different areas of the car when cornering where slip is most likely to occur. A Steering angle sensor (SAS) which is also a steering wheel position sensor continuously monitors the position and rotation of the steering wheel, giving the data to the ECU. 
Brake pedal position sensor detects the position of the brake pedal and adapts the braking force accordingly. This can also be detected by the ECU to be able to trigger application such as the rear wing to increase the drag during braking.
Vehicle acceleration uses accelerometers and a gyroscope the accelerometer to measure the linear acceleration, which consists of up, down, forward, backward and side-to-side. While a gyroscope measures pitch, roll and yaw this all can be measured by an inertia measurement unit (IMU) an IMU is essential as it gives information about the vehicles position, orientation and speed even if the GPS signals.

Different Types/Uses of Rear wings System
1. Passive rear Wing systems, the rear wing is a fixed and cannot be changed dynamically while driving but can be manually altered but will stay in that configuration until its readjusted again.
 A well-known example of this would be the early models of the Audi TT especially the first generation of the MK1 which had a lot of concerns of the rear of the car lift and losing control at higher speeds or when taking sharp turns. Audi then had recalled the vehicle to address these concerns the one implemented measure was a small boot spoiler; this increased the downforce on the rear of the car increasing the stability around corners and high speed.

1. Active Rear wing System adjusts the rear wings position to a different angle based on the braking, speed and driver inputs the different types of active rear wings are,
Electronically controlled wings use sensors and actuators to monitor the speed, braking and steering inputs and change the angle accordingly this control system is mostly used for high-end cars and sports car with some formula 1 cars using it for the Drag reduction System (DRS).
Hydraulically controlled wings use hydraulic actuators for more powerful and faster movements which allows more smaller precise adjustments under more pressure to be performed so the applications are more extreme as formula 1 and racing cars mostly use this with some others with extreme amounts of downforce also using them such as Pagani and Bugatti's.
Pneumatically controlled wings use condensed air to change the wings angle, the typical uses are like hydraulic while being less weight but also less precise this wing is rarely used in road cars and is more experimental but maybe found in high-tech race cars and jet-powered vehicles.

1. Drag reduction system (DRS) is a specific system that allows the driver to adjust a flap in the rear wing to reduce the aerodynamic drag hence improving overall top speed for a set amount of time. This is only used in formula 1 as it allows the driver to overtake cars that are up to 1 second ahead of the driver.

1. Air Brake System, this system uses the active rear wing to quickly change the angle of the wing to rapidly increase the downforce which allows the vehicle to increase stability around corners and when braking.

1. Adaptive Aero System adjust the wings position to optimize aerodynamics in real-time driving conditions and aims to fully balance out forces such as drag and downforce to increase stability, handling and efficiency and this can be done without the driver needing to intervene, the difference between this system and active rear wing is the cost and maintenance as adaptive would require more complex components.

1. Multi-element wing system has multiple adjustable wings to enhance the shape and airflow this is done by incorporating multiple air foil sections arranged in tandem, these wings optimize airflow to provide superior aerodynamic performance compared to a single airfoiled wing. As the multi-element allows the air from the closest wing to energise the airflow over the upper surfaces which helps maintain flow at higher angles of attack, preventing flow separation hence enabling the wing to generate more downforce without encoring a significant drag penalty. 

Cost
Real life model cost of electrical components
(All components are being bought off Amazon at 20/03/25 in the smallest quantity needed)
In our current model for the electrical components, we used 2 control system but 1 of them on our rear wing to control the rear wing more efficiently than having a single motor having to handle the load. The current components used for a single system is.
1x Arduino uno R3 - £25.06
1x Potentiometer (KY 040 Rotary Encoder Module) - £3.99
1x Servo Motor (Micro Servo 9g SG90) - £3.99
1x Breadboard wires (40 pcs multi-coloured) - £ 5.94
1x USB B to USB A (3M black cable) - £7.09
Total For the Single control system - £46.07
An improved version of our current model would include a battery pack so that the rear wing wound not be connected to an external power source such as the vehicles battery supply this would then let the rear wing be able to move independently. Further I would remove the potentiometer and change it to a 3-axis accelerometer so that the rear wing would move independently to the wanted angle instead of the driver needing to change it with a potentiometer the new price would look like. For an also further improvement we could also upgrade the servo motor as I believe the current motor would not be able to and the pressure of high-speed angle changes this will also improve the speed as the new servo has increased torque.
1x Arduino uno R3 - £25.06
1x Accelerometer (3-axis GY-291 sensor) - £5.99
1x Servo Motor (15kg digital servo motor) - £7.55
1x Breadboard wires (40 pcs multi-coloured) - £ 5.94
1x USB B to USB A (3M black cable) - £7.09
1x 4 AA battery holder case (Lanafay 4AA Battery holder case + £2 batteries) - £8.99
Total For the Single control system - £60.60
The above prices assume that the user already has a computer to program the Arduino, and the proper software already installed. Also, the extra gears and rods would need to be made/ bought in our model we 3D printed the gear which used a negligible amount of PLA filament.

Rear Wing Price Full size model
This price will just include the basics for the rear wing systems so this part will not include the wing assemblies and mounting/structural support but will include vague power and wiring as this can be embedded within the vehicle current systems.
The ECU that I would use would be a MoTeC M1 GP LITE ECU - £1,232.00 as it is regarded as a high-performance engine control unit that is known for the reliability and build quality.
The power supply for the car would need to give out 12V/24V so the PSU: 12v/24v power supply – 3.6A/1.8A, 50W - £143.00
The wires and fuse would need to be custom made so would cost different prices, but a figure would be around £216.37 for a wiring harness and relays and fuses roughly £50 for different kits and packs.
The Electric Actuators on their own would cost around - £56.39 each just for the electric linear actuators. So, for a full working system including moving parts and housings may cost of upwards of £350.00 up to £2000.00 depending on complexity.
The sensors for the car would include -
Speed sensor – Audi front and back abs sensor - £41.95
Yaw Rate Sensor – Audi VW Golf yaw sensor - £35.00
Acceleration (G-Force) Sensor – Audi A7 Rear electric spoiler control - £168.92
Total estimated cost for the construction of a basic active rear wing with custom programming and integration a rear wing would cost roughly £5,250 - £10,000 depending on all the customers specification.

Programming and Coding 
At the beginning of the project, we were using Simulink to manually program a DC motor using PID controller to move the already made wing from one angle to another at a constant rate and repeats the duty the cycle. With our current model we swapped from Simulink to the free Arduino uno IDE software as Simulink software was not properly connecting to my computer at that time whereas the current Arduino worked well no matter which computer I used so I felt that the change was necessary at that time but going forward I would use Simulink as there is less chance of making mistakes and it's a easier to use software as it uses command block instead of manually writing the code. We done a similar model in class as shown down below.
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(First image is the older version, and the second one is the newer model)
The models work the exact same, but the older model uses breadboards and resistors to control the flow of current whereas the newer model uses less components to make the system more compact thus, an easier install into the rear wing. Further the newer model uses written code whereas the older model was done by Simulink.





[image: A screenshot of a computer program
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AI-generated content may be incorrect.]Code
The first 3 lines are used to define the encoder pins and defined the switch pin which resets the encoder back to zero.
 the next lines 10-12 are used to define the servo motor with the step value determining the number of degrees the servo motor would react to the encoder and the home position is the initial position the servo will go when activated.
Lines 13-16 are used to make the servo become an object so it can be controlled and then we set the servo angle to the home position, so the servo hold that position at any given moment.
Lines 18-23 the first is the serial number for plotting which can be found in the right-hand side of the Arduino IDE software, for my servo. attach we are attaching the servo to the pin and the writing the home position to the servo so in can move to that position initially.
Line 26 gives the encoder space to complete revolutions while still being able to be defined in our case we would not need a large number as the rear wing only needs to revolve slightly in-between 0-30 degrees.
Line 28-40 gives a new position in the opposite direction so that the encoder can be turned clockwise and anticlockwise then if the new position is greater than the older position, we subtract then from each other to get a positive movement, and this is then called new step. And the line below is then writing the position with the word angle into the serial monitor so we can see an angle change. We then set a limit to the servo angle so when the angle goes below 0 the servo will not change beyond that to limit any excess movements.
Line 43-53 give a similar code to line 28-40 but in the other direction so when the new position is less than the old position, we get a positive value as we are now incrementing it, which then moves the servo in the opposite direction. We set a limit to how far the servo can move in this instance we did not need the servo to exceed 45 degrees, so we limited it to that constraint.
Line 53+ is relating to the switch we then print the home position when the switch is pressed and setting it as the servo angle which makes it, so the potentiometer is reset to default position or 0 and then we move the servo to home position. Finally, we set a delay between the potentiometer and the servo so that the servo can read the encoder quickly setting the delay to fast will minimise movements as the servo cannot move fast enough to fully complete the movement whereas a slow delay will not react fully to desired positions needed at those moments.


[image: A diagram of a circuit board
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https://srituhobby.com/controlling-servo-motor-with-accelerometer/






The potentiometer is a method to apply inputs into the rear wing control system, but a better data input device would be a IMU (inertia measurement unit) such as the MPU6050 sensor would fit this control system as it can input data about the acceleration of the vehicle on the X, Y and Z axis and its gyroscopic placement in the same axis this allows the rear wing to independently move while being on the vehicle. 

References 
https://srituhobby.com/controlling-servo-motor-with-accelerometer/



Kowsar Kashim



1. Research 
1.1 Initial Research
Before any designs could be considered or tested, research needed to be carried out to gain a better understanding of the task ahead. Joseph Katz’s Race Car Aerodynamics book (Katz, 1995) was suggested by a lecturer as a good place to start alongside the aerodynamics lectures that were being held weekly. Katz’s book outlined a variety of topics such as an introduction to aerodynamic forces and terminology as well as examples of air foils and their effect on vehicle performance. The most important of the topics discussed by Katz in the context of wing design were the fluid viscosity behaviours that caused boundary layers and flow separation. These two behaviours were fundamental in the airflow becoming turbulent and would therefore be very important to understand for my analysis.
Lanfrit’s Best practice guidelines for handling Automotive External Aerodynamics with FLUENT paper (Lanfrit, 2005) proved especially useful in setting up a fully defined geometry, adequately sized domain for the Morgan Plus Four in particular and a suitable mesh size.
[bookmark: _Toc194158430]2. Experiments
No experimental tests were run during the project due to an inability to have them validated through CFD. This was because representative results could not be achieved using Workbench 16.2’s Fluent software. It was deemed that the small scale at which the wings would have to be meshed and run through Fluent to correlate with the wind tunnel models was the main contributing factor to the instability. This was because minor mesh generation inaccuracies were exaggerated by the small scale leading to highly irregular results and frequent failures to converge. This conclusion was reached after larger wings with the exact same settings converged without issue. 
[bookmark: _Toc194158431]3. Designs 
[bookmark: _Toc194158432]3.1 Initial Selection
One of the first decisions made was to use a NACA wing profile for the active rear wing. This was mostly down to the availability of peer reviewed papers that would provide a clear image of the expected results from our own CFD. My research of wing profiles narrowed the options down to three final profiles, the NACA 4412, NACA 6412 and finally, the NACA 6610; a wing I created using Airfoil Tools’ air foil generator (Airfoil Tools, n.d.). These profiles would still be run alongside the NACA 0012 as a baseline. 
The selected wing profile for the active rear wing needed to be capable of producing large amounts of downforce. Therefore, all remaining wing profiles barring the NACA 6610 had a maximum thickness of 12% of their chord length as this provided higher maximum lift coefficient and a delayed stall (Katz, 1995). A cambered wing, as all remaining profiles were, would also cause the airflow to develop turbulence at the trailing edge of the wing which reduced the abruptness of a stall (Katz, 1995). Aerodynamic stalls also couldn’t be delayed by adding more wings to re-energize the airflow as this was outlawed by the regulations which limited the number of elements to one. These downforce creating characteristics would also come at the cost of added drag (Chiplunkar, et al., 2023). 

[bookmark: _Toc194158433]3.2 Final Selection
It was originally decided that Workbench 2021 would be the software used due to its more user-friendly interface and features. However, it proved very temperamental in my experience as I repeatedly ran into a named selection issue when carrying models over from the geometry to the meshing systems. This occurred for every attempt with the NACA 0012 as well as a troubleshoot attempt with a NACA 4415 wing profile. Therefore, all future CFD would be completed using the Workbench 16.2 software. 
Although there was never any intention of using the NACA 0012 wing profile in the final wing design, it was considered important to get an accurate CFD run as a baseline. Unfortunately, I did not have a good enough understanding of Fluent’s setup process and used the wing’s X axis area for the Interim VIVA which was correct for vehicles rather than the planform area which was the necessary area for wings. This error resulted in skewed results that I did not know how to correct until consulting my supervisor.
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AI-generated content may be incorrect.]Final wing profile selection began after these teething issues were resolved. This involved running all four wing profiles through Fluent from zero to twenty degrees in increments of five degrees with identical domains and mesh sizes as well as the k-epsilon realizable model with non-equilibrium wall functions as suggested in Lanfrit’s paper (Lanfrit, 2005). However, it became apparent that the NACA 6610 profile that I had created was not going to be a competitive proposition. As seen in Figure 1, the NACA 6610 profile produced significantly more turbulence at an angle of attack of 20 degrees whilst simultaneously having lower peak pressures on both the upper and lower surfaces. These inferior characteristics could be the result of the NACA 6610 being a thinner wing profile as well as its maximum camber being closer towards the trailing edge (Lanfrit, 2005). The NACA 6412 wing profile was also doing a noticeable amount more work at its leading edge which resulted in a visibly lower pressure. Due to the gulf between the wing profiles as well as the lack of papers to support the NACA 6610 as it was a wing I made; I decided to drop it from consideration. [bookmark: _Toc194158264][bookmark: _Toc194158439]Figure 1 - NACA 6412 & NACA 6610 Turbulence & Pressure

In order to decide upon the final wing profile, both remaining wings were run through the original tests alongside the NACA 0012 as a baseline. The Quad Dominant and Patch Dependent meshing parameters were used with the Octree mesh. These settings were used because they were given to me by my supervisor after continued struggles with running the Morgan Plus Four model and were successful in solving those problems. Therefore, I wanted to retain them for continuity across all tests to ensure all results were comparable. This meant that the results gathered were different to most sources, however, all tests were comparable to each other as they ran the same settings. 
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AI-generated content may be incorrect.]The cambered nature of the NACA 4412 and NACA 6412 became apparent at zero degrees as seen in Figure 2. Whilst the baseline NACA 0012 had identical pressure contours on both upper and lower faces, the NACA 4412 and NACA 6412 were displacing much more airflow on the lower face and therefore generating downforce even at zero degrees. This was expected as cambered air foils generate downforce at an angle of attack of zero (Chiplunkar, et al., 2023). The NACA 6412’s added camber in comparison to the NACA 4412 also meant that it generated the most downforce of all three wing profiles at zero degrees angle of attack. [bookmark: _Toc194158265][bookmark: _Toc194158440]Figure 2 - NACA 012, 4412 and 6412 pressure contours at zero degrees angle of attack

Displayed in Figure 3 were the downforce coefficients of all 3 wings from zero to twenty degrees angle of attack. The first thing to note was how much later the NACA 6412 wing profile stalled and gained no further downforce coefficient with increased angles of attack (Katz, 1995). Both the NACA 0012 and NACA 4412 wing profiles stalled between ten and fifteen degrees angle of attack and reached a noticeably lower peak downforce coefficient. Their downforce coefficient had also begun to reduce due to separation before the NACA 6412 even began to stall. The gulf between wing profiles suggests that the NACA 6412’s stall may have been an anomaly. However, it still would have produced the highest downforce coefficient based on its performance between zero and ten degrees angle of attack.









[bookmark: _Toc194158266][bookmark: _Toc194158441]Figure 3 - Downforce Coefficient against Angle of Attack
The drag coefficient was also a surprising result as presented in Figure 4. As long as the airflow remained attached, the NACA 6412 had the largest drag coefficient which was consistent with prior research; within which it was suggested that a thicker and more cambered wing would[bookmark: _Toc194158267][bookmark: _Toc194158442]Figure 4 - Drag Coefficient against Angle of Attack

carry the penalty of increased drag (Chiplunkar, et al., 2023). However, as soon as the airflow separated from the NACA 0012 and NACA 4412 wing profiles, their drag increased at a higher rate than the NACA 6412 which still had attached airflow. This is why the highest drag at twenty degrees actually came from the NACA 4412 rather than the NACA 6412 as expected. 
Based on the observed characteristics of both the NACA 4412 and NACA 6412 wing profiles, it was decided that the NACA 6412 would be the wing profile used for the active rear wing. This decision was made based on the increased downforce potential of the wing which came with a minimal drag penalty as observed in Figure 4. 

[bookmark: _Toc194158434]4. Development
[bookmark: _Toc194158435]4.1 Endplate Selection
With the final wing profile now selected, development opportunities could be pursued in order to further improve the NACA 6412 wing profile. The most obvious addition to add performance was an endplate. An endplate would seal the tip of the wing thus preventing the high pressure on the top face of the wing from spilling over into the low pressure on the lower face. This would lead to a reduction in the wing tip vortices generated by the large pressure difference. These vortices reduced the effective angle of attack which in turn reduced the downforce generated by the wing (Toosi, et al., 2024). An endplate would therefore improve the wing’s efficiency and add performance. 
[image: A grey rectangular object with a black border

AI-generated content may be incorrect.][image: A grey rectangular object with a black border

AI-generated content may be incorrect.][image: A grey rectangular object with a shadow

AI-generated content may be incorrect.]Three endplate designs were created. One was a simple square, the second had a triangular cutout starting at the leading edge and the third a triangular cutout starting at the trailing edge. The square shaped endplate was intended to make use of all the space given by the regulations while the second and third options had more consideration. The second design’s cutout was intended to reduce the immediate frontal area and introduce more of the endplate’s height along its length. The third design was intended to allow the maximum space for the low pressure generated on the lower face of the NACA 6412 as seen in Figure 2. [bookmark: _Toc194158268][bookmark: _Toc194158443]Figure 5 - Endplate design 1, 2 and 3 from left to right


	
Wing
	
Cl
	Downforce Coefficient
	
Cd
	Lift Force 
(N)
	
Downforce
	Drag Force (N)

	NACA 6412
	-1.163
	1.163
	0.102
	-212.309
	212.309
	18.600

	Square
	-1.276
	1.276
	0.104
	-236.534
	236.534
	19.294

	Downwards Slant
	-1.314
	1.314
	0.1027
	-243.447
	243.447
	19.042

	Upwards Slant
	-1.299
	1.299
	0.1032
	-240.785
	240.785
	19.128


[bookmark: _Toc194157677]Table 1 - Endplate design results
All three endplates were run through Fluent attached to a NACA 6412 at a 10 degree angle of attack and the second endplate design proved to be the best option. It provided the biggest downforce and downforce coefficient gain with the smallest drag penalty in comparison to the NACA 6412 on its own.  This could have been due to its smaller immediate frontal area as previously stated. 
[bookmark: _Toc194158436]4.2 Performance Comparison
[image: A screenshot of a graph showing the temperature of a heat wave

AI-generated content may be incorrect.][image: A screenshot of a computer

AI-generated content may be incorrect.]This provided a good opportunity to compare the NACA 6412 results with and without endplates. As displayed in Figure 6, the endplate was succesful in stopping the overlapping of pressures across the tip of the wing even at fifteen degrees angle of attack. The wing tip vortices were also reduced but continued to occur around a larger radius. This was likely to be undisturbed airflow being sucked into the low pressure void left by the underside of the wing in a circular manner. Figure 7 further displays the improvement in pressure retention along the lower face of the NACA 6412 at fifteen degrees angle of attack. This pressure retention is what allowed the wing to generate a larger amount of downforce with the endplate attached. [bookmark: _Toc194158444]Figure 7 - Low pressure on the lower face of the NACA 6412
[bookmark: _Toc194158269][bookmark: _Toc194158445]Figure 6 - NACA 6412 Vortices

[bookmark: _Toc194158437]5. Testing  
Much troubleshooting occurred to get a representative run of the Morgan Plus Four car as a baseline with many settings changed. These changes involved changing mesh type from Delaunay to Octree as well as being more specific with named faces to avoid overlapping boundary layers. Eventually, the problem was found to be seventeen broken faces within the Morgan’s Solidworks model. After this was rectified with the previously mentioned settings given to me by my supervisor, the Morgan was run with rolling wheels and a moving floor. 
Following the selection of a wing profile and endplate design, the Morgan was run again with rolling wheels and a moving floor. This time however, there was the addition of the final NACA 6412 with endplates at zero degrees angle of attack. [image: A screenshot of a computer generated image of cars

AI-generated content may be incorrect.]Despite the wing being at zero degrees angle of attack, the airflow approaching it was at a downwards slope as seen in Figure 8. This was due to the airflow flowing over the roof and separating due to the sharp drop of the roofline. This meant that the rear wing was at an artificial angle of attack. Consideration for the wing’s default angle for low drag to be negative would need to be taken in light of this discovery. [bookmark: _Toc194158446]Figure 8 - Airflow over the Morgan


	Version
	Cl
	Cd
	Lift Force (N)
	Drag Force (N)
	CoP (m)

	Base Morgan
	0.344
	0.423
	231.192
	284.804
	2.569

	Morgan + Wing
	0.0244
	0.449
	16.692
	306.503
	2.847


[bookmark: _Toc194157678]Table 2 - Morgan Characteristics
Observing the differences in characteristics between the two Morgan runs showed a dramatic decrease in the lift coefficient with the wing removing the lift generated by the Morgan almost entirely. This was done with only a 0.026 increase in the drag coefficient meaning that the wing also didn’t come with a large drag penalty. The same trends were present in the lift and drag forces with the lift force being slashed by 214.5N and the drag force increasing by 21.699N. However, these improvements in performance would be worth nothing if they resulted in an undriveable car. The base Morgan cad an aerodynamic centre of pressure 2.569m or 67% down the length of the vehicle. The wing pushed the centre of pressure a further 7% to 2.847m or 74% down the length of the vehicle. The position of the centre of pressure was cause for concern as it could be pushed even further back with the wing at a higher angle of attack. This could cause severe understeer with the vast majority of the car’s downforce being generated at the very back. 
It was my intention to run the Morgan Plus Four and the wing from an angle of attack of negative ten degrees to twenty degrees. This was to observe where the wing was at an angle of attack of zero in relation to the oncoming airflow as well as where it stalled. However, running the wing at any angle other than zero caused catastrophic failure in Fluent before convergence was reached. As of writing this report, this problem had not been resolved despite troubleshooting attempts. 
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[bookmark: _Toc194257657]1.0 Introduction to Role – Nick Davey
1.1 [bookmark: _Toc194257658]My Role – Aerodynamics & CFD 
I was assigned to the ‘Aerodynamics & CFD’ of this project along with another team-mate. Together our goal has been to design and analyse the wing’s aerodynamic performance to ensure its efficiency enhances both downforce and drag when needed. 
This involved selecting and/or designing a sufficient aerofoil profile, determining the optimal wing placement and evaluating different wing configurations to maximize performance gains while minimizing any unnecessary aerodynamic resistance.  My partner on Aero will conduct Computational Fluid Dynamics (CFD) simulations using ANSYS Fluent which will help us gauge a better understanding of the aerodynamic capabilities. For example, we were able to investigate the drag and downforce coefficient at various angles of attack, the impact of the wing on the vehicles overall Aerodynamic balance; and the Flow separation and Stall characteristics to optimize performance. 
[image: A green car with a large spoiler on the roof

AI-generated content may be incorrect.]Taking all of this into account, the next step was to decide what materials would best suit this design making sure it would be strong enough to perform under pressure and not fail. Research was needed to analyse various materials as this would be a crucial part into the performance, safety and durability of our design. Figure 1, Rear Wing Example, ‘RuskiWeldFab’s Time Attack Clio 



[bookmark: _Toc194257659]2.0 Research 
Extensive research was essential before designing the rear wing to ensure it improved both downforce and braking performance. This involved studying various aerofoil profiles and analysing how different wing configurations affect vehicle stability.
Equally important was investigating mounting solutions used in high-performance and motorsport vehicles. Mount placement and rigidity directly influence aerodynamic efficiency, as excessive flex or poor positioning can disrupt airflow. Different mounting strategies—such as central pylons, swan-neck, and endplate-mounted designs—offer unique advantages and trade-offs in structural integrity, weight distribution, and aerodynamic efficiency. Understanding these factors was crucial for optimizing rear wing performance.


[bookmark: _Toc194257660]2.1 Wing Profiles / Considerations 
Different wing profiles had to be analysed to determine the optimal wing for our vehicle. Typically, in motorsport application NACA aerofoils, Bespoke racing aerofoils and multi-element designs are used to find the perfect balance between downforce and drag. However, due to rules and regulations, a multi-element wing would not fit within the restrictions of this project. 
[bookmark: _Toc194257661]2.1.1 NACA 0012
The NACA 0012 is a symmetrical aerofoil, producing equal lift/downforce at both positive and negative angles of attack. This makes it ideal for motorsport applications, allowing an adjustable wing to generate high downforce for cornering stability and reduce drag for straight-line speed.[image: NACA 0012 symmetric airfoil geometry | Download Scientific Diagram]
Figure 2, NACA0012 Wing Profile, (Ozdemir , 2021)
Unlike cambered aerofoils optimized for one-direction airflow, the NACA 0012 ensures predictable performance in both directions. Its 12% thickness balances structural rigidity and aerodynamic efficiency. A thicker aerofoil (NACA 0020) generates more downforce but increases drag, while a thinner one (NACA 0006) reduces drag but may not provide sufficient downforce at low speeds.
Its smooth stall characteristics ensure a gradual reduction in downforce as the angle of attack increases, preventing sudden losses that could cause instability in high-speed corners. Additionally, its moderate thickness allows for lightweight carbon fibre construction without excessive reinforcement, ensuring rigidity and minimizing flex under aerodynamic loads.






2 Selig S1223
[image: DIY Selig S1223 Wing – Occam's Racer]The Selig S1223 is an aerofoil known for its exceptionally high lift coefficient which makes it a great example where the application requires maximum downforce. Commonly observed on vehicles such as time-attack cars, endurance prototypes and other high downforce motorsport vehicles. Figure 3, (occamsracers, 2023) S1223 used to improve lap-times – Hyundai Veloster N 

One of the key advantages is its ability to generate negative lift / downforce even at low angles of attack. This would mean that high cornering grip can still be achieved without needing extreme wing angles that would increase drag in response. 
Additionally, the S1223 has been optimized for low Reynolds number, to help maintain effective aerodynamic performance at speeds experienced in higher speed scenarios. 

[image: Selig S1223 airfoil (Imumbhon et al. 2021; Selig and Guglielmo 1997) |  Download Scientific Diagram]
Figure 4, (Imumbhon et al., 2022) Selig S1223 Wing Aerofoil
The Selig S1223, while effective in some applications, has significant drawbacks that limit its suitability for motorsport. Its high drag coefficient makes it unsuitable for vehicles that need a balanced trade-off between downforce and straight-line speed.
Additionally, the aggressive camber increases its susceptibility to flow separation, which can cause unpredictable aerodynamic behaviour at higher angles of attack or in turbulent airflow.
Lastly, the thin trailing edge and complex shape may require extra reinforcement, making it heavier and more difficult to manufacture compared to simpler aerofoils.


[bookmark: _Toc194257663]2.2 Mount Design / Considerations
Having a well-designed mount is also important for our application to ensure effectiveness, stability and durability across our wing. Our mounts must be capably of withstanding extreme aerodynamic loads while maintaining its structural integrity and minimizing unwanted flex that would affect performance. 
A various number of mounting structures and designs have been built to aid performance in specific areas of motorsport. These factors include aerodynamic efficiency, weight distribution, chassis constraints and adjustability. 
[bookmark: _Toc194257664]2.2.1 Chassis-Mounted Design  
A Chassis-Mounted Design would be mounted directly to the frame of our vehicle rather than the bodywork like the boot lid, and is another example used in high-performance cars such as Time-Attack builds as they provide a greater structural strength factor, with more stability and aerodynamic efficiency. 
As the chassis is the strongest part of the vehicle, they tend to be stronger and have more rigid mounting. The forces from the wing are distributed much more efficiently which prevents and flexing and instability. 
[image: Day of reckoning: Ford GT road car vs GTE LM racer]In addition, chassis mount designs aid for cleaner airflow along the wing which reduces the drag and improves overall dynamics. With this they are also able to handle significantly higher loads of downforce without risking damage mounting points. Finally, these mounts tend to be adjustable allowing the angle of attack and downforce levels to be fine-tuned for specific applications across motorsport. Figure 5, (Taylor, 2018)

However, they come with their own drawbacks. While the mount itself with stronger, the extra reinforcement and material can increase weight. These mounts also tend to require complex fabrication due to being different from traditional bolt-on bolt-off boot lid mounts. This includes custom mounting brackets or tubular from support. 
[bookmark: _Toc194257665]2.2.2 Swan-Neck Design 

The 'Swan-Neck' mount extends outward and hooks over, allowing the wing to hang from the topside. This design redirects airflow to create different forces on the wing's surface, particularly addressing airflow separation. The Swan-Neck minimizes turbulent air on the underside during cornering by shifting it to the topside, improving efficiency.
[image: Acura ARX-02a, Sebring WDWT, 2009]By removing struts from the bottom, it prevents low-pressure areas and turbulence, reducing flow separation and enhancing performance at high angles of attack. The design also enables precise angle adjustments, making it ideal for active aero systems requiring dynamic wing movement.Figure 6, (Fuller, 2012) Swan-Neck Mount


However, the Swan-Neck design is structurally complex. The arms need to be stronger to support the wing, which can lead to manufacturing challenges and precise attachment requirements. Additionally, due to the need for stronger materials, this design may be slightly heavier than traditional bottom-mounted struts.


[bookmark: _Toc194257666]2.3 Endplates 
 
Endplates are crucial components that significantly impact aerodynamic efficiency, downforce generation, and drag management. Positioned at each end of the wing, they control airflow, reduce turbulence, and maintain pressure differentials to enhance performance. Without endplates, high-pressure air on the upper surface would spill over to the low-pressure side, creating wingtip vortices that increase drag and reduce downforce. By preventing this, endplates improve wing efficiency, generating more usable downforce for better stability and cornering grip.
Additionally, endplates help direct airflow around the rear of the vehicle, reducing turbulence and improving balance. In some designs, they feature curved or slotted elements that further optimize airflow by allowing controlled air bleed between pressure zones.
[image: Audi R18]Figure 7, (Collins, 2015) Endplate design in Audi and Porsche Le Mans Cars 



[bookmark: _Toc194257667]2.4 Material Research  
As previously stated, a wing ands its mounting structures must be intricately designed to balance its strength, weight and aerodynamic efficiency which is why the choice of material is so important. 
[bookmark: _Toc194257668]2.4.1 Carbon Fibre 
[image: Why Carbon Fiber is Used in Cars?] Carbon fibre is a popular material in motorsport wings due to its strength, lightweight nature, and superior tensile strength compared to steel. It is also very stiff and rigid, minimizing deformation under applied loads and offering excellent structural integrity under stress. With outstanding fatigue resistance, it can withstand repeated loading and unloading without significant degradation, making it ideal for our project. Its low density also allows for lightweight structures, which is crucial for performance.Figure 8, Carbon Fibre example

However, carbon fibre has drawbacks. Its high cost limits production, making custom units expensive. Additionally, it is brittle under impact and difficult to repair. These factors must be considered when choosing the best material for optimal performance.
 


[bookmark: _Toc194257669]2.4.2 Fibreglass
[bookmark: _Toc194257670]A fiberglass rear wing is a cost-effective alternative to carbon fibre, ideal for projects with budget and manufacturing constraints. Made from woven fiberglass cloth embedded in polymer resin, it offers a strong and lightweight composite structure.
While significantly cheaper than carbon fibre, fiberglass provides good strength, making it suitable for moderate downforce applications. Its easier production and repair process also make it more accessible and simpler to fix, as it doesn’t shatter like carbon fibre.
However, fiberglass has some drawbacks. It is heavier than carbon fibre, adding weight and negatively affecting balance. Though structurally rigid, it’s not as stiff, which can lead to more flex under high aerodynamic loads, reducing efficiency. Additionally, without proper protective coating, fiberglass can degrade over time due to UV exposure and moisture absorption, compromising its structural integrity.
2.4.3 Aluminium  
[image: A close-up of several metal tubes

AI-generated content may be incorrect.]Down to the balance of weight, strength and affordability, another consideration can be made for Aluminium. While it doesn’t equal the lightweight and stiffness of carbon fibre, Aluminium offers excellent durability and is easy to manufacture. The wing could be fabricated using sheet metal, extruded profiles or even CNC-machined billet sections for a more complex configuration. Figure 9, Example Aluminium 

Although, Aluminium while still lightweight, is heavier than carbon fibre which has an impact on overall vehicle weight and balance. It is also more prone to deformation under larger aerodynamic loads or impacts. While the damage is repairable, it is hard to get it back to the original shape. 


[bookmark: _Toc194257671]3.0 Design Ideas 
[bookmark: _Toc194257672]3.1 SolidWorks mounts 
The next step was to engineer mounts and bracket points that attached to the wing. Using SolidWorks, these intricate designs be turned into 3D models to be printed that can be redefined if needed to achieve the end goal being an active rear wing. 

[bookmark: _Toc194257673]3.1.1 Reverse Swan-Neck 
[image: A black question mark on a white background

AI-generated content may be incorrect.]An initial design was a reverse Swan-Neck mount. As seen in figure 10, this design is very basic using only simple ‘straight-line’ features to create the arch. 
A Sketch was made and extruded to make the arms of this prototype on a base representing the morgan. However, this design failed as the wing didn’t sit here intended and had difficulty moving on the hinge provided so adjustments had to be made to improve aerodynamic performance. 
[bookmark: _Toc194257674]Figure 10, Initial Mount design

[image: A metal object with holes

AI-generated content may be incorrect.]In figure 11, we a better example of what the mount should represent. It uses the revolve feature to create the arch of the mount while maintaining distance from the rest of the mount for an active aero system to be installed. Sections have been cut out to reduce the total weight of the mount in a circular pattern, however, with this weight reduction, some areas are under higher stress levels which proved too weak down too aerodynamic effects on the wing.  When referring back to research of swan-neck designs, holes like these significantly affect the overall strength while also having a drastically negative effect on aero elements. Figure 11, Design 2

[bookmark: _Toc194257675]3.1.2 Swan-Neck
The next design was a standard Swan-Neck mount which had been refined using unique features. A sketch was created on the base and mirrored to create equal spacing between the two mounts. It was then revolved around a chosen axis at a 30° angle and extruded 250mm to attain the ‘arm’ feature. To get the final curve, it was revolved around another axis and set so that the wing could sit at a higher angle further from the ‘Neck’. 
[image: A drawing of a curved object

AI-generated content may be incorrect.]This was a preferred choice between our group due to its more aerodynamic features and mounting position for the wing so further development had to take place to refine the design. The mount had to be extended so the wing could sit higher up and the initial 30° revolve point had to be altered so the wing could sit further back in the flow of air. 
Figure 12, Updated Design

[bookmark: _Toc194257676]4.0 Design Developments 
[bookmark: _Toc194257677]4.1 Chosen Mount / Hinge Design 
[image: A circular object with a hole

AI-generated content may be incorrect.][image: A black object with a curved edge

AI-generated content may be incorrect.]Here is a much more developed design of a mount and hinge system that would work in line with each other to create an active aero system. The mount uses an initial revolved base at 25 , with an arm that extends 575mm and is filleted for design and performance purposes. A sketch is the created on top of the mounts and revolved on an axis further out to create a bigger arch which allows for more wing movement for the system. Figure 13, Developed design

At the bottom ends of the mounts there are holes that will be used to connect hinges for the wing so that an active aero system can be installed. Slits were made for the hinges to sit in under each mount and the idea was for the base of each hinge to fit into sections cut from the wing to have the least effect on aero, however, due to concerns with the structural rigidity, we then decided to have four hinges, one either side of each mount that would be fixed to the wing. The active aero system would be placed within the mount itself with small motors that would activate the hinges, thus moving the wing. 
To improve this design further, the edges of the mount should’ve been filleted and rounded off to ease the aerodynamic effect. The base plate of the hinges could also be wider which would strengthen the design and distribute the stressed areas more evenly to maintain durability Figure 14, Hinge Mount for wing



[bookmark: _Toc194257678]4.2 Wing design
Figure 15 is a developed design representation of a NACA0012 wing. This design has a section on the top of the wing that has been cut out which shows where the hinge mount would sit, providing it was adapted into one singular base plate. This idea would help to maintain the benefits of aerodynamic performance with the least interference possible to the effects. This design provides the most structural rigidity so that the wing would be able to cope with the aero forces experienced in motorsport application. 
[image: A grey folder with a square design

AI-generated content may be incorrect.]However, a different wing was chosen for the final design to help with mounting positioning which had been created by another team member. 
Figure 15,

[bookmark: _Toc194257679]5.0 Analysis
The aim of this project was to create an active rear wing system for a car to improve cornering stability while aiding deceleration through drag. This required extensive research, testing and co-ordination as a team to achieve this goal. 
Various aerofoils were analysed through CFD simulations, including NACA and Selig-series, to assess flow separation, pressure distribution and lift-to-drag ratios. Adjustments to angle of attack, endplate design, and airflow management were made to maximize efficiency. Additionally, space had been made for an active aero system to be integrated to transition between high-downforce and low-drag configurations, improving handling and braking performance. 
Furthermore the Swan-Neck mount was selected to reduce airflow distribution on the pressure side of the wing, Structural integrity was validated through FEA to ensure the mount could withstand different loads while maintaining a lightweight design. Lastly materials were meticulously selected and considered, evaluation for strength, rigidity and weight efficiency. 


[bookmark: _Toc194257680]6.0 Conclusion
The development of the active rear wing system was a multidisciplinary effort that combined aerodynamics, structural engineering, control systems, and mechatronics to enhance vehicle performance. Through CFD analysis, the aerodynamic team optimized the wing profile, angle of attack, and airflow management to maximize downforce and stability while minimizing drag. The structural design team ensured that the mounting system was both lightweight and strong, using FEA simulations to validate its ability to withstand aerodynamic loads.
Finally, the vehicle performance assessment team analysed how the wing’s integration affected overall handling and lap times, ensuring that the design delivered measurable performance gains.
It was an interesting project to take part in and to help gain a better understanding of what needs to be done so that a wing and active aero system can be created to work in line with each other. 
Under different circumstances, this project could have been put into production to get a real life-sized model that could be tested on the morgan. However, due to unforeseen events, occasional lack of communication and team mates leaving the group along the way, bumps were encountered leading to problems that needed to be overcome to continue with the project. 
If there was more time, communication problems could be overcome and as a team, an active aero system could be created to integrate with the wing, making it and active aero design.  Further testing could have been done using the wind tunnel to give more accurate real life data which could have then been track tested and analysed further from there.
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[bookmark: _Toc193984815]Structural Design- Cody Surridge
Tasks I Have Done 
My first task for the assignment was to have completed a validation example of a basic cantilever beam. With this I can predict the expected force and displacement of the beam while ensuring that the SolidWorks simulation is comparable to calculations that I’ve performed. I have achieved this by completing a SolidWorks FEA simulation, where I have used fixed geometry to represent the fixed face of the cantilever. Applied a downwards force of 1000N and created a 10mm X 10mm Mesh. I was able to use this as a base line. My chosen material was AISI 304 Steel. Then compared this to actual calculations.	Comment by Catherine Harding: this	Comment by Catherine Harding: make this all into one paragraph that flows better:	Comment by Catherine Harding: example: In order to represent the fixed face of the cantilever I have used fixed geometry and applied a downwards force of 1000N...
Another task given to me was to design different types of wing mounts. These are: basic outer and under mounts as well as normal and reverse swan neck. This has then allowed me to conduct a proof of concept where I have tested forces on wing mounts. As a result, I have then been able to identify which type of wing mounts is the most suitable for the project by comparing the stress applied as well as how much the wing mounts will buckle along with the total displacement. 	Comment by Catherine Harding: Another task given to me was to design ....
I have then been tasked to test the forces applied to measure the deformation of the wing profile under different loads. Next, I have gone on to hollow out the wing profile to different levels so I can understand how the different quantity of internal supports affects the stress applied to the wing. Furthermore, I have then tested the wing profile to ensure the structure does not fail under a high load. Additionally, I created an assembly in SolidWorks of the morgan, wing mounts and wing profile so that the overall wing profile may be tested in CFD.	Comment by Catherine Harding: as above create into one paragraph


[bookmark: _Toc193984816]Research
[bookmark: _Toc193984817]Proof of Concept
I have conducted a proof-of-concept using the simulation software. Compared the same forces on each wing mount type. I have then collected data including stress applied, displacement, strain and buckling. For this study I have ensured for each test that the largest distance in the mesh is 10mm as I hoped this will create simular meshes with simular levels of detail so the results are comparable. Furthermore, I have made sure that the material is the same throughout the wing mounts.
[bookmark: _Toc192848885][bookmark: _Toc193984821]Figure 1- Graph showing Buckling Vs Force Applied













This graph is showing at the high end of 500N and 1000N, which is there to represent the extremities, all four mount designs have a similar amount of buckling. However, at a more representative 150N-200N, which is the normal working region of forces at 0-20 degrees, it shows that the reverse swan neck does the least buckling at the forces tested. The basic under mount showed the most buckling with all the forces applied. Despite this, all the mounts follow the same trend and all behave relatively similar.



[bookmark: _Toc192848886][bookmark: _Toc193984822]Figure 2- Graph Showing Stress Vs Force Applied
This graph is showing that for every quantity of force the stress applied is linear for each type of wing mount with each the basic side mount having the largest quantity of stress and the reverse swan neck having the least. 

[bookmark: _Toc192848887][bookmark: _Toc193984823]Figure 3- Graph Showing Displacement Vs Force Applied
The graph above is showing that the basic side mount is the worst type of mount due to having the most deformation for the forces applied means that the side mount is a lot less suitable than the other mounts due to having the most stress as well as the largest displacement. This would mean that the wing would be the most likely to fail under the applied loads. This contrasts with the other types of wing mounts which all follow a similar gradient meaning that they all deform at a similar rate. 
These graphs show that for every quantity of force the reverse swan neck has performed the best.
Reasons why: least buckling, lowest stress and displacement under every force 
However, we have decided to not use the reverse swan neck, but if the wing was to be modelled as static it would be the best, as we have found that there were issues locating a way to make the wing move on its axis without having to remove material from the wing mount.  
Instead, we have decided to use a regular swan neck wing mount. This is because the swan neck has an average quantity of stress applied and displacement when compared to the others, while maintaining a suitable level of buckling. We have also chosen this wing mount type because we had found a suitable way of making it move by easily incorporating a gear into the mount structure to act as the points where the wing will pivot from. 
[bookmark: _Toc193984818]Final Wing Mount Testing
[image: A grey object with orange arrows

AI-generated content may be incorrect.]I have then conducted the same FEA testing on the final wing mount design to identify the stress, displacement and buckling on the final wing mount. I had created fixed geometry on the face that act as the morgan’s rear face as well as a pulling force of 0-400N on the face where hinge is acting to represent the wing profile pulling the face down. Next, I created a mesh of max dimension of 30mm. After this, I had then simulated the forces from 0-400N in 10N intervals so that I may identify the represented stress and buckling. [bookmark: _Toc193984824]Figure 4- Final Wing Mount with the Fixed Geometry and applied force
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	Comment by Cody Surridge (2304028): Should be[bookmark: _Toc193984825]Figure 5- FEA Testing of the final Wing Mount


[bookmark: _Toc193984826]Figure 6- Graph showing Stress Vs Force on the Final Wing Mount
The graph above is showing that for the forces applied, 0-400N, the stress applied to the wing mount is linear for all the forces applied. This then shows that there is no drastic variance in the stress applied and that the force maintains in its elastic region and won’t surprisingly deform under high loads.

[bookmark: _Toc193984827]Figure 7- Graph showing Displacement Vs Force on the Final Wing Mount
This graph above is showing for the forces applied that displacement follows a linear trend like the displacement. This means that while in this linear period the displacement can be predicted. As a result, we can easily identify how much the mount structure will move when the aero forces from the wing profile and structure.

[bookmark: _Toc193984828]Figure 8- Buckling Vs Force for the Final Wing Mount
This graph above is showing that the buckling for this wing mount follows an inverse exponential trend meaning that as the force in increases the difference between the buckling decreases each time.  This means that it is possible to predict when the wing mount’s structure is going to fail due to the changes in its structure and supporting mass.

[bookmark: _Toc193984829]Figure 9- Graph showing Young's Modulus Vs Force for the Final Wing Mount
Finally, this graph is showing that for most forces between 0N and 400N the young’s modulus is constant until 300N. After this it has decreased by about 0.01E+11. This is because at around 350N the gradient of the stress decreases slightly. Additionally, there are some anomalous results, this could have been cause by differences in how the values for stress and strain were calculated. This could have been cause by slight variance in the mesh and its structure as this would cause the components of the mesh to be calculated differently. Furthermore, these results could have been caused by how SolidWorks calculates stress and strain as this would cause the values to differentiate slightly and cause some inaccuracies to occur.
[bookmark: _Toc193984819]Material research

The material for the wing must be lightweight so that the wing and mounts do not exceed the total weight of 60kg. Additionally, the material must be relatively cheap to obtain due to only having a limit of £10,000 for materials. Next, the material of the wing must be smooth so that the air flow over the wing does not become disturbed and create turbulence on the main surface of the wing as this would then decrease downforce. Moreover, it must be able to withstand a large quantity of forces so that under the desired load of 0-400 N the wing does not deform and change the wing’s profile as this would cause a change in downforce and total forces applied. Additionally, the material must be resistant to weathering as the main application for the wing is to be used in an outdoor environment. This includes being used in periods of rainfall and high wind speeds where frictional forces may increase and materials that may rust or absorb water become ineffective.
For the wing materials we have considered carbon fibre, this is because “in a component of the same dimensions, replacing aluminium with carbon fibre will reduce its weight by ~42%. Replacing steel with carbon fibre will reduce the weight x 5 times” (DEXCRAFT, 2015) As a result, this means that carbon fibre is more suitable than most other materials as a lower mass means it less likely to reach the weight limit of 60Kg. Additionally, carbon fibre has a smooth surface which ideal for the profile as this prevents disruption in the airflow meaning downforce will be maintained on the wing. 
Another material we could choose for the wing is aluminium 2014 alloy this is because “the2014A offers a high strength vs. density” (Holme Dodsworth Metal, N/A). This means that the material will have a low mass while still maintaining its resistance to high quantity of forces relative to other materials within a similar volume. Moreover, this means that it is more likely to be above the safety factor of 1.25 and lower than the 60Kg requisite.
The material for the wing mount must be durable as it must be strong enough to be able to withstand a high quantity of force while being able to support the actual rear wing and the hinges without any to no deformation occurring at any angle of attack or speed. The material must also not buckle under high loads and stress as this would cause the wing structure to fail and become ineffective due to changes in the wing angle and location of the wing profile. The material must also have a minimum factor of safety of 1.25 as to comply with the regulations given. Similarly to the wing the mounts material must be cheap to obtain as well as keeping a light weight as to not go over 60Kg. Moreover, the material must have the same resistance to weathering as the wing structure.
One material that the wing mount could be made from is AISI 304 stainless steel. This is because “The yield strength of 304 stainless steel is at 205 MPa. When the steel is placed under stress at 205 MPa or higher it will become permanently deformed” (Azo Network, 2022). This means that for the function of the wing mount this material fits comfortably within the stress given for the forces applied with any danger of any deformation of the structure. Furthermore, “304 Stainless Steel shows excellent corrosion and oxidisation resistance in a range of atmospheric environments” (Metals4U, N/A). This means that the wing mounts can be confidently used outdoors without any worry of oxidation due to rainfall or worn down due to friction from wind flow.
Similarly to the wing structure, carbon fibre can be used as a material for the wing mount this is because “the average failure stress, taken as the maximum stress achieved during tensile extension, was 5,202 ± 102 MPa” (Kant, et al., 2020). As with AISI 304 stainless steel this means that for the forces that the wing profile will be generating carbon fibre will not deform under the given loads meaning that while being a lot lighter than most steels and metals it can withstand a high quantity of force.
For these reasons we have decided to use carbon fibre for the wing profile as it is light and durable meaning that while downforce is being produced the wing profile will not deform, keeping its same shape and ensuring that the airflow remains predictable over the whole wing profile. Additionally, carbon fibre is better than other materials as it is heat resistant meaning that it will not undergo thermal expansion when high temperature is generated.
Finally, for the wing mounts we have decided to go for AISI 304 stainless steel. This is because of “304 Stainless Steel shows excellent corrosion and oxidisation resistance” (Metals4U, N/A) it has an ideal use of being used outside in all conditions including heavy rainfall and strong winds. Furthermore, using steels instead of carbon fibre increases the quantity of mounting options due to options like welding and bolts. Additionally, the steel is able to be metaled down and forced to be moulded to the exact shape and can contain a more curved structure without worrying about any deformation Compared to carbon fibre which is harder to mould to a shape and can be extremely brittle compared to most steels.

[bookmark: _Toc193984830]Table 1- Pricing of final materials
	Units
	Carbon fibre 
	AISI 304 Stainless Steel

	Price per m^2

	£
	17.4
	£2.16

	Area

	m^2
	487.8
	632

	Cost

	£
	8487.72
	1365.12

	Total

	£
	9852.84


The average price of carbon fibre ranges from $10 (9.1€, £8.7) to $30 (27.3€, £26.1) per square meter (Giuroiu, 2024)
Price of AISI stainless steel (Solitare Steel and Engineering LLP, 2025)
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Vehicle Simulation Department- Aeron Tollet

The Vehicle Simulation department plays a crucial role in integrating aerodynamic test results into simulation models. By incorporating data from the Aerodynamics department, they can accurately represent real on-track performance and analyse how changes affect vehicle behaviour. These models are then used to run simulations for various scenarios, allowing the group to assess the impact of modifications without needing to run real-world tests.
For this project, we conducted simulations using department-built models of the Morgan Plus 4 around Pembrey Circuit in South Wales. This track was chosen because it offers a well-balanced mix of high-speed and low-speed corners, making it ideal for evaluating both straight-line and cornering performance and stability. By using an accurate model of a real circuit as the test environment, the department can analyse how the aerodynamic improvements influenced lap times, handling characteristics, and overall vehicle performance. The results of these simulations are there to provide valuable insights into the benefits of the winged setup and its potential advantages in real-world conditions.
Department Research:
The research conducted by the department was relatively limited, mainly because the required software was already available and accessible. Since there was no need to develop new tools or seek alternative solutions, the extent of research was kept to a minimum. However, some investigation was carried out regarding the potential cost of the VI-Grade package, which includes the VI-CarRealTime software. This software was essential for running simulations of the base Morgan, allowing the group to analyse the vehicle’s behaviour in different scenarios and evaluate its performance more effectively.
Determining a fixed cost for the VI-Grade package proved challenging, as the pricing structure varies based on the specific needs of each customer. The final cost is influenced by factors such as additional features and the differing levels of technical support provided. Because of these variables, no definitive price could be established during the research phase. However, despite the uncertainty regarding pricing, the software remains an invaluable tool for vehicle simulation, offering a high degree of accuracy in modelling real-world performance and vast array of parameters that can be altered to provide a more detailed model. However, this added detail and complexity spawned the problems encountered by the department when it came to modelling the Morgan in VI-CarRealTime, as the software tended to be much less forgiving of mistakes when either modelling or setting up simulations. 


Departmental Experimentation:
The department conducted brief experiments with both driver-in-the-loop and driver-out-of-the-loop modelling to determine the most efficient and appropriate simulation method. The goal was to identify which approach would provide the most reliable and repeatable results while also being appropriately attainable with the resources available. Driver-in-the-loop simulations involve a human driver controlling the virtual vehicle in real-time, which can offer valuable insights into handling and drivability. However, this method requires access to a high-quality motorsport simulator and a skilled, consistent driver to ensure meaningful results, both of which the department was not confident in attaining.
Early in the project, the department decided that driver-out-of-the-loop modelling was the preferred approach. This method removes the variability introduced by human input, relying instead on software to generate perfectly consistent laps. By using tools such as OptimumLap and VI-CarRealTime, the department was able to conduct simulations with precise, repeatable conditions, ensuring that data was purely reflective of vehicle performance rather than driver influence. This approach also eliminated the need for a dedicated simulator setup, making the process more accessible and efficient. By focusing on driver-out-of-the-loop modelling, the department ensured that the simulations remained objective and accurate, allowing for a more controlled analysis of the Morgan’s aerodynamic and mechanical performance.

Development Carried Out by the Department:
The role of the simulation department in development is well-defined, with a clear focus on creating accurate and reliable models of both the vehicle and the circuit. Running meaningful simulations requires a robust representation of the Morgan’s dynamics, as well as a precise virtual recreation of the track being used for testing. The process of developing these models varies significantly depending on the software being utilized, as each platform offers different capabilities and levels of complexity.
For this project, two primary simulation tools were selected: OptimumLap and VI-CarRealTime. Among these, OptimumLap has been the most frequently used due to its simplicity and ease of learning. As a straightforward platform, it allows for quick model creation and efficient simulation execution, making it an ideal choice for initial performance assessments. The accessibility of OptimumLap has enabled the department to run a large volume of simulations with minimal setup time, ensuring rapid data collection and analysis.
By contrast, more advanced software like VI-CarRealTime requires a more detailed modelling process but offers deeper insights into vehicle behaviour. Despite this, the department has relied heavily on OptimumLap for the bulk of the presented simulations, as it provides an efficient and effective way to analyse performance trends while maintaining a streamlined workflow.
VI-Grade has proven to be a challenging platform to learn, with data extraction being particularly difficult. The department spent over a month working to get the model and simulations running properly, facing difficulties in accurately modelling the powertrain due to limited available data. This lack of detailed information made it difficult to produce reliable simulations, delaying progress in the project.
To overcome these challenges, OptimumLap was used as an alternative tool to generate performance data and create graphs for analysis. By leveraging OptimumLap, the team was able to evaluate the Morgan’s performance more efficiently, using the aerodynamic department’s data as a foundation for simulations. This approach allowed the department to bypass some of the complexities of VI-Grade and the inaccuracies that arise when working with a poorly designed model, while still gaining valuable insights into vehicle behaviour. Although VI-Grade remains a powerful tool, OptimumLap provided a more accessible and effective way to assess the car’s performance.

Result Analysis:
[image: ]Figure 1 depicts the performance improvement achieved by running the wing at 0°. The winged Morgan consistently reaches higher velocities earlier than the base Morgan, suggesting that the additional downforce allows it to maintain higher speeds through corners. The increased aerodynamic efficiency means the car can accelerate out of corners more effectively, gaining time over the base model.Figure 1: Speed against Time for the Base and Winged Morgans around Pembrey

One key observation is the difference in apex cornering speeds. The minimum speed points on the graph, which indicate the corner apex and point in the corner where the car is slowest, are consistently higher for the winged Morgan compared to the base model. This indicates that the downforce provided by the wing improves cornering stability and grip, reducing the speed loss typically experienced in turns. As a result, the winged Morgan can carry more speed through corners and exit them more efficiently.
Additionally, the overall trend of the winged Morgan’s speed profile closely follows that of the base model but with noticeable improvements at crucial points, further reinforcing the conclusion that the wing enhances performance without sacrificing straight-line speed. The data suggests that adding the wing would provide a competitive advantage, particularly in maintaining higher speeds through technical sections of the circuit.
[image: ] Figure 2: Aerodynamic Downforce against Time for the Base and Winged Morgans around Pembrey

Figure 2 highlights the significant differences in aerodynamic downforce between the two setups. The base Morgan exhibits a much more positive coefficient of lift, resulting in greater variations in aerodynamic forces, as shown by the pronounced fluctuations in the graph. In contrast, the winged Morgan demonstrates a far more stable aerodynamic profile, with consistently lower lift values. This suggests that the addition of the wing enhances stability by reducing the car’s tendency to generate lift, which can be detrimental to handling and performance.
One of the key benefits of this increased aerodynamic stability is the more balanced load distribution on the tires. With the wing generating additional downforce, the vertical load on the tires is increased, which enhances the contact patch between the tire and the track surface. Assuming tire pressure remains constant, this leads to greater mechanical grip, allowing the car to maintain higher speeds through corners. Additionally, the reduced aerodynamic fluctuations in the winged setup mean that the tires experience fewer extreme variations in load, potentially improving tire longevity and consistency over a race stint.
These aerodynamic improvements likely contribute to the faster lap times observed in initial simulations, as the increased grip and stability enable more efficient cornering and acceleration.
[image: ][image: ]The impact of the 0° wing on the Morgan is also evident when analysing lateral acceleration over a full lap around Pembrey Circuit. Figure 3 presents a somewhat cluttered graph due to the natural variability in acceleration data, but even within this complex visual, the effects of a fixed wing on vehicle performance can be identified. The addition of the wing alters how the car interacts with the road, providing increased stability and control throughout the lap.Figure 4: A Zoomed-in View of Figure 3
Figure 3: Lateral Acceleration against Time for a Lap of Pembrey Circuit in both the Winged and Base Morgan

To further highlight these aerodynamic advantages, Figure 4 offers a zoomed-in view of Figure 3, focusing specifically on the Senna Esses. This section of the circuit is particularly demanding due to its high-speed nature and the significant lateral forces acting on the car. As one of the most aerodynamically sensitive parts of the track, the Senna Esses serve as an excellent example of how downforce influences vehicle dynamics.
The winged Morgan consistently exhibits higher lateral acceleration in this section, aligning with the trends observed in other performance metrics. This increase in lateral acceleration directly translates to greater grip, allowing the car to maintain a higher cornering speed while remaining stable. The reason for this improvement is the aerodynamic force generated by the wing, which pushes the car down onto the track surface. This additional downforce increases the normal load on the tires, enhancing their mechanical grip and reducing the likelihood of traction loss.
As a result, the winged Morgan can sustain higher speeds through corners without sacrificing control, reinforcing the conclusion drawn from previous analyses. The findings in both Figure 3 and Figure 4 further validate the performance benefits observed in Figure 1, confirming that the aerodynamic enhancements contribute significantly to improved handling and overall lap time reductions.
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Buckling 




Stress Vs Force 

Basic Under Mount	10	50	100	150	200	500	1000	261800	1309000	2610000	3927000	5236000	13090000	26180000	Basic Swan Neck	10	50	100	150	200	500	1000	495000	2480000	4959000	7439000	9919000	24800000	49590000	Basic Side Mount	10	50	100	150	200	500	1000	592700	2963000	5927000	8890000	11850000	29630000	59270000	Basic R Swan Neck	10	50	100	150	200	500	1000	125600	627800	1256000	1883000	2511000	6278000	12560000	Force (N)


Stress (Nm) 




Displacement 
 Vs Force 

Basic Under Mount	10	50	100	150	200	500	1000	1.024E-3	5.1200000000000004E-3	1.0240000000000001E-2	1.536E-2	2.0480000000000002E-2	5.1200000000000002E-2	0.1024	Basic Swan Neck	10	50	100	150	200	500	1000	4.9820000000000003E-3	2.4910000000000002E-2	4.9820000000000003E-2	7.4719999999999995E-2	9.9629999999999996E-2	0.24909999999999999	0.49819999999999998	Basic Side Mount	10	50	100	150	200	500	1000	4.9959999999999997E-2	0.24979999999999999	0.49959999999999999	0.74939999999999996	0.99919999999999998	2.4980000000000002	4.9960000000000004	Basic R Swan Neck 	10	50	100	150	200	500	1000	2.2309999999999999E-3	1.115E-2	2.231E-2	3.3459999999999997E-2	4.4609999999999997E-2	0.1115	0.22309999999999999	Force (N)


Displacement(mm) 




Stress Vs Force 

10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	260	270	280	290	300	310	320	330	340	350	360	370	380	390	400	55950	111900	167900	223800	279800	335700	397100	447600	503600	559500	615500	674100	727400	783300	839300	895200	951200	1007000	1063000	1119000	1175000	1231000	1287000	1343000	1399000	1455000	1511000	1567000	1623000	1679000	1744000	1800000	1858000	1930000	1969000	2025000	2082000	2138000	2194000	2250000	Force (N)


Stress (Pa)



Displacement Vs Force 


10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	260	270	280	290	300	310	320	330	340	350	360	370	380	390	400	2.9550000000000003E-4	5.1900000000000004E-4	8.8650000000000003E-4	1.1820000000000001E-3	1.4779999999999999E-3	1.7730000000000001E-3	2.0690000000000001E-3	2.3640000000000002E-3	2.66E-3	2.9949999999999998E-3	3.251E-3	3.5460000000000001E-3	3.8419999999999999E-3	4.1370000000000001E-3	4.4330000000000003E-3	4.7280000000000004E-3	5.0239999999999998E-3	5.391E-3	5.6150000000000002E-3	5.9100000000000003E-3	6.2059999999999997E-3	6.5009999999999998E-3	6.7970000000000001E-3	7.0920000000000002E-3	7.3879999999999996E-3	7.6829999999999997E-3	7.979E-3	8.2740000000000001E-3	8.5699999999999995E-3	8.8649999999999996E-3	9.162E-3	9.4579999999999994E-3	9.7529999999999995E-3	1.005E-2	1.034E-2	1.064E-2	1.094E-2	1.123E-2	1.153E-2	1.1820000000000001E-2	


Buckling Vs Force 

10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	260	270	280	290	300	310	320	330	340	350	360	370	380	390	400	0.28920000000000001	0.20449999999999999	0.16700000000000001	0.14460000000000001	0.1293	0.1181	0.10929999999999999	0.1023	9.64E-2	9.146E-2	8.72E-2	8.3489999999999995E-2	8.0210000000000004E-2	7.7299999999999994E-2	7.467E-2	7.2300000000000003E-2	7.0139999999999994E-2	6.8169999999999994E-2	6.6350000000000006E-2	6.4670000000000005E-2	6.3109999999999999E-2	6.166E-2	6.0310000000000002E-2	5.9040000000000002E-2	5.7840000000000003E-2	5.672E-2	5.5660000000000001E-2	5.466E-2	5.3710000000000001E-2	5.28E-2	5.1900000000000002E-2	5.1119999999999999E-2	5.0340000000000003E-2	4.9599999999999998E-2	4.8800000000000003E-2	4.82E-2	4.7539999999999999E-2	4.691E-2	4.6309999999999997E-2	4.5719999999999997E-2	Force (N)


Buckling (N)



YM Vs Force

10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	260	270	280	290	300	310	320	330	340	350	360	370	380	390	400	249553969669.93753	249553969669.93753	249628308058.28128	249553969669.93753	249598572702.94382	249591078066.91449	253091140854.04718	249498327759.1973	249554013875.1239	249553969669.93756	249594484995.94482	250594795539.03345	249536878216.1235	249538069448.86908	249568837347.60632	249567884025.64816	249593282602.99133	249566294919.45474	249530516431.9249	249553969669.93756	249575191163.97623	249594484995.94482	249612102404.96509	249581862107.41498	249598572702.94382	249613998970.66394	249628283495.7872	249641548510.43491	249615502922.1778	249628308058.28131	248716486023.95892	247252747252.74725	248928188638.79956	250975292587.77637	248736735725.11368	248710390567.42816	248775241964.3924	248749272833.04248	248724634395.19327	248701226926.05283	Force (N)


Young's Modulus (N/m^2)



2 | Page

image3.png
Prifysgol Cymru

Y Drindod Dewi Sant
University of Wales
Trinity Saint David





image4.png
*

Overall tasks

Group
management

Structural
design and
analysis

Vehicle
simulation

Task 1 Discover the Allocation of Onramp and Investigate Build Optimum
Morgan’s roles and self-study materials Lap car model
downforce responsibilities | completion S:14.10.2024
characteristics | S:14.10.24 S:14.10.2024 E: 31.10.2024 S:28.10.2024
S:14.10.2024 E:21:10.24 E:13.12.2024 E:11.11.2024
E: 04.11.2024

Task 2 Chose/createa | Group meetings | Creation and Design wing Build carand
wing profile and meeting finalisation of mounts track models in
S:30.09.2024 minutes coded model S$:13.01.2025 VI Grade
E: 02.12.2024 S:21.10.24 S:28.10.2024 E: 10.02.2025 S:18:11:2024

E: 17.03.25 E: 07.02.2025 E: 01:01:2025

Task 3 Experimentally Presentation Creation and Perform FEA Program wing
test the final prep finalisation of testing on angles and
selected wing S:2.11.24 physical model | SolidWorks coefficients
profiles E:10.11 .24“ S:28.10.2024 S:01.11.2024 S:02.01.2025
S:06.01.2025 E: 10.02.2025 E: 09.01.2025
E: 03.02.2025

Task 4 Determine the Final project Creation of Workshop Observe effects
position of the report finalised Material around
wing relativeto | S:28.1.25 prototype Investigation Donnington
the Morgan E: 30.03.25 S:08.02.2025 S:31.01.2025 Park
S:03.02.2025 E: 21:03.2025 E: 28.02.2025 S$:09.01.2025
E: 24.02.2025 E: 16.01.2025

Task 5 Print the final Observe
wing profile physical tests
S:24.02.2025 and correlate to
E: 17.03.2025 simulation data





image5.png
veralltaks

Strating on the 23rd September

1stturmstarts
Weeks
Tasks |Week1 Week2

[Areo

1]

Bl

E

4

E
[Controlsystems

1]

Bl

E

4
[Structural

1]

Bl

E

4
[Simutation

1]

Bl

E

4

E
[Group management

1]

Bl

E

4

Week3

1steroup meeting

Weeka

Weeks

Week6

lapweek
Week?

Week8

Weeko

‘Sunday30.08.25final project report

Projectpresent1  6.01.25
Week10 Week11l Week12 TermEnds TermStarts Week13 Week14 Week15 Week16 Week17 Week18 Week19 Week20 Week2l Week22 Week23 Week24





image6.png
Group
managem

Allocation of
roles and
responsibilities
5:14.10.24
E:21:10.24

Group meetings
and meeting
minutes
§:21.10.24
E:17.03.25

Presentation
prep
S:2.11.24
E:10.11.24

Final project
report
5:28.1.25
E:30.03.25





image7.png
Prifysgol Cym
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Meeting Record Template

Meeting: Venue: . library....  Date: ...7/10/24.
Attendees:
Name Signature
Jake Hicks
Cody Surridge
‘Aeron Tollet
Aron Evans
Kowsar Kashim
Nick Davey
No | A/D/1] Objective/Description Who [ when Status
1 ‘Aerodynamics, first task is to understand the Morgans down | Aeron | By. Start
force characteristics and get as much information on the car | and Nick | 04/11/25
like it's forwarding efficiency and so on.
2 Electronics, 1o brainstorm ideas on the mechatronics and code | Jake and | 13/12/24 | | tart
to understand how we will be able to move the wing accurately | Kowsar
and also to study onramp data
No | A/D/1] Objective/Description Who [ when Status
3 Cody  |31/10/24] | Start
Structural design, brainstorm and investigate materials and
how we to mount the wing to the car with the wing
mounts.
2 Aeron | 11/11/24 | | Start
Vehicle simulation, design build and test a optimum lap car
model for the simulation.
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servoangle -= stepvalue;

if(servoangle <@)
servoangle

myservo.urite(servoAngle);

}

if(newposition < oldPosition)
{
int newstep = abs(newposition - oldPosition);
Serial.print("Angle );
Serial.println(servoangle);
servoangle += stepvalue;
if(servoAngle >45)
servoangle =45;
myservo.urite(servoAngle);

}

oldposition = newPosition;

}

if( digitalRead(SH_PIN) == LOW)
{

Serial.print("Home: ");

Serial.println(homePosition);

servoangle =homePosition;
myservo.wurite(servoAngle) ;

T
delay(e);




image11.png
PRI

10
1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

35
36
37
38
39
40
a1
a2
a3

a5

46

const int SW_PIN
const int PIN_A
const int PINB

#include <Encoder.h>

Encoder myEnc(PIN_A, PIN_B);

const int homePosition = 96;
const int stepvalue = 10;

const int servopin
#include <servo.h>

Servo myservo;
int servoAngle -homePosition;

void setup() {
Serial.begin(9668);
pintode(SW_PIN, INPUT);
Serial.println("Basic Encoder Test:
myservo.attach(servopin);
myservo.urite(servoAngle) ;

long oldPosition = -999;

void loop() {
long newPosition
if (newposition

myEnc.read();
= oldposition) {

if(newPosition > oldPosition)
{
int newstep = abs(newposition - oldPosition);
Serial.print("Angle );
Serial.println(servoangle);
servoangle -= stepvalue;
if(servoangle <@)
servoangle
myservo.urite(servoAngle);

if(newposition < oldPosition)

{
int newstep = abs(newposition - oldPosition);
Serial.print("Angle );

P
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Meeting:

Attendees:

Venue: ..

[

Signature

Jake Hicks

Cody Surridge

Aeron Tollet

Aron Evans

Kowsar Kashim

Nick Davey'

No [ A/D/1 | Objective/Description Who _ [When | [status

1 Aerodynamics, finalise design on the rear wing and its profile | Aeron | By Start
and start to test the wing in simulation. and Nick | 9/12/24

2 Electronics, create and finalise the coded model and have a | Jake and | 9/12/24 | | Close to
design of the start of the circuit and have better Kowsar
understanding of the code.

No | A/D/1 | Objective/Description Who |When | [status

3 Structural design, design wing mount and start testing in Cody |9/12/24] |[Start
SolidWorks.

a vehicle simulation, build the car in simulation and test track | Aeron | 9/12/24 | | Half way

maodels using VI grade.
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Meeting: ..

Attendees:

Name Signature

Jake Hicks

Cody Surridge

‘Aeron Tollet

‘Aron Evans

Kowsar Kashim

Nick Davey

No | A/D/i] Objective/Description

Who | When | | status
1 aerodynamics, test the final selected rear wing and using that to | Aeron | By
start to determine where the optimum position for the wing on | and Nick | 12/2/25
the car would be.
2 Electronics, finalised design of the circuits and start testing the | Jake and | 12/2/25
code. Kowsar
No | A/D/i| Objective/Description Who | When | | status
3 Structural design have testing on the mount and start thinking | Cody | 12/2/25] | Start
about how to make them. And consult the budget with
materials
a vehicle simulation, programme where rear wing angles into the | Aeron | 12/2/25

simulation to understand the coefficient of the car and how it
affects the lap times.
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Name Signature
Callum jones
Cody Surridge
‘Aeron Tollet
‘Aron Evans
Kowsar Kashim
Nick Davey
No | A/D/i[ Objective/Description Who | when | [ status
1 aerodynamics, print the rear wing profile that we're happy with | Aeron | By
and gather all data for the chosen wing. and Nick | 28/3/25
2 Electronics, fnalise the prototype for the electronic ircuitson | Kowsar | 28/3/25
test t's function.
No | A/D/1| Objective/Description Who | When | | status
E) Structural design have the mount built and ready to attach to | Cody. 28/3/25[ ||
the wing with allstructural data and a completed parts and
expenses list.
a vehicle simulation, have a final test with the simulation around | Aeron | 28/3/25
daunton park.





