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[bookmark: _Toc182318383]Introduction

This group design project focuses on developing the performance of a Morgan Plus 4 by implementing an active rear wing system. This system is intended to dynamically adjust downforce and drag, improving both handling and deceleration. Through this project, we would like to elevate the vehicle’s performance as well as explore a variety of different methods to achieve peak performance. 
The project explores a thorough design process, beginning with aerodynamic optimisation to maximise the wing’s effectiveness at different angles while under braking/acceleration. This is followed by structural design considerations; this ensures that the wing can withstand high forces and integrate aesthetically with the vehicle. Additionally, the control system design will provide accuracy in the wing adjustment, while the integration of mechatronic components will facility   ate smooth, reliable actuation. Finally, a thorough assessment of vehicle performance will verify that the system achieves the desired gains in handling and braking efficiency. Through this project, we aim to achieve an innovative solution that combines engineering excellence with enhanced driving dynamics.

[bookmark: _Toc182318384]Team Members Roles, Responsibilities & Timing 

[bookmark: _Toc182318385]Project Management 
Efa Jones
This role consists of:

· Project planning and scheduling – Define the groups goals and objectives to clarify the project purpose, outcomes and deliverables. To also set a timeline with milestones, deadlines and task assignments. (3hrs)

·  Team co-ordination and communication – Organise regular meetings, check-ins and to be the communication between teams to ensure everyone is aligned. Delegate tasks and act as the main point of contact in case disruptions arise. (Weekly 1hr Meetings)


· Documentation and Reporting – This includes maintaining records of meetings, decisions, progress reports and project modifications which are made accessible to the whole team. (1hr a week)

[bookmark: _Toc182318386]Aerodynamics 
Evaluating the aerodynamics of the rear wing requires a variety of researching and simulating to find the optimal design to reach peak-performance under actuation. Roles have been split between team members so the areas can be covered. 
My independent role in the aerodynamics sector is linked to my previous interests in the aerodynamics of vehicles in general. Harvey Levell and I assessed our strengths and weaknesses to find where we could each excel the most. I considered Belbin’s model when considering roles between us, this theory involves a small questionnaire which provides results signifying someone’s mindset towards group tasks; this is split into 9 different sectors. After taking this questionnaire my results indicated that I am a coordinator. Belbin’s model allows each individual to utilise their current knowledge towards the project. I consider myself to be action orientated as I can bring energy and drive to the team which helps maintain the moral and momentum to help the team move forward. As well as this, I consider myself to have a keen eye for detail with regards to the data analysis and prototyping where issues and mistakes cannot be missed. (BELBIN, 2022)

Harvey Hodge + Harvey Levell 
The Aerodynamic research consists of:

· Designing and Optimising the rear wing profile – The optimal size, shape and configuration of the rear wing needs to maximise the downforce without excessively increasing the drag. The aerodynamicists also need to communicate with the ECS team to ensure the wing is capable of an active adjustment which balances drag and downforce at different sections of the track. (8hrs)

· Computational Fluid Dynamics (CFD) Simulations – Simulations need to be run to evaluate the air flow around the Morgan Plus 4 with and without the active rear wing as well as with the roof up and the roof down due to the car being a convertible. The focus of the CFD run needs to be the optimisation of the wings attack, placement and profile. Using the data gathered the wing can be adjusted to satisfy the aerodynamic balance. (6hrs)

· Wind tunnel Testing and Validation – The wind tunnel validation physically tests the wing performance which verifies the CFD results. A scaled-down wing is created so it can fit in the tunnel; this allows for further refinement and adjustment for any airflow issues. (16hrs) 


[bookmark: _Toc182318387]Structural Design

The structural design sector needs to ensure the active rear wing system is strong, durable and integrates coherently with the vehicle without affecting the safety or performance. The structural analysists focus is making sure the wing can withstand the forces and stresses during operation. 

Cameron Andrews + Hannah Bathgate 
The Structural Analysis research consist of: 

· Material Selection – A variety of materials need to be considered and evaluated to show the reasoning behind the specific material chosen and why other materials are disregarded. (20hrs)

· Finite Element Analysis (FEA) - FEA allows the designers to assess the different stress and load forces applied to the wing. This information will then show the impact on the overall structure and mounting points. (15hrs) 

· Chassis Integration – Designing the mounting to secure the wing without compromising the structural integrity, center of gravity, handling or stability. (10hrs)


[bookmark: _Toc182318388]Mechatronics Components 
The Mechatronics sector is responsible for the design, integration and optimisation of the mechanical and electronic components that enable the rear wing to operate as required. The system should ensure that there is a smooth degree of movement and adjusts appropriately under braking/accelerating.     

Rhys Thomas + Jac Evans 
The Mechatronic research consists of:
 
· Actuator + sensor selection and Integration – Actuators and sensors need to be considered which are deemed capable of adjusting the wings position precisely and having a quick response when required. (3hrs)

· Algorithm development and power management – Using MATLAB, the actuators need to be programmed to respond to the relevant signal, the algorithm then needs to be told which angle to set the wing at depending on the driver's output.  A power source also needs to be found and integrated seamlessly. (14hrs)

[bookmark: _Toc182318389]Vehicle Simulation 
Tamzin Cooper + Efa Jones 
The vehicle simulation sector involves modelling and analysing how the vehicle reacts with and without the active rear wing. The data analysed is the change in the vehicle's overall performance, handling, stability, downforce and braking. Various prototypes should also be tested and compared. This process allows the team to predict real-world outcomes to ensure the wing is improving the vehicles performance. (8hrs)


[bookmark: _Toc182318390]Independent Task Specification

Independently I will be investigating the aerodynamics of the rear wing more specifically the aerofoil profile. A variety of research needs to be conducted to find the optimal wing profile for Morgan, currently I am reading a book called ‘Aerodynamics for Engineers Sixth Edition’ which is written around aerospace engineering, but also provides a substantial amount of information regarding aerofoils, CFD, Bernoulli’s equation, aerodynamic drag and much more.
[image: ]Firstly, I have introduced myself to the CFD software available at the University; I will progress from using some simple techniques of analsying the pressure velocity at different points around the vehicle to evaluating the optimal Aerofoil and position for the wing under actuation. Figure 1 shows my most recent fluid dynamic run using ANSYS to evaluate the pressure of air around the Morgan while the air travels at 20 m/s. I have run the Morgan in CFD for over 800 iterations and multiple times to ensure ANSYS is providing similar and accurate results. As well as digital research I will also be prototyping different aerofoils and testing them in the wind tunnel to compare to my ANSYS CFD data for a real-life comparison. My prototypes will be fitted with pressure taps so I can physically investigate how well the air travels across the surface and where vortices occur.  (Figure 1)

Above is currently the start of all my research, the next process is investigating how I can manipulate the air pressure around the car for a performance benefit. Once this is achieved, I will be able to incorporate different wing profiles into the model and find the change in airflow around the Morgan. 
Below is a table showing the tasks I will be undertaking, the time required to complete them, the estimated costs for my prototyping and equipment used. Lead times are also considered for the gap between ordering materials and waiting for delivery. 



[bookmark: _Toc182318391]Aerodynamicist Task Times & Costs Table 
[image: A group project task list
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The table above correlates directly to the Gantt chart below. As a result, it spreads out the tasks which need to be completed, allowing other people in my team to see what needs to be done in a simpler format. Having a visual table greatly reduces the risk of team members falling behind and loosing schedule, due to deadlines needing to be met and a rough idea for how long each individual task should take. 


[bookmark: _Toc182318392]Project Milestones

As shown in the Gantt chart below, each project task has been split into phases which are also considered to be milestones. My gateway objective for this project is to optimise the drag coefficient of the rear wing to be below 0.32 or within 10% of the baseline testing values. Using ANSYS (CFD) I can analyse high areas of drag and use these as a benchmark for improvement. To achieve this, the angle of attack, surface roughness and aspect ratio most significantly impact the coefficient of drag and need to be considered. Multiple iterations need to be conducted of the wing at different angles with different turbulence models applied to accurately predict the airflow. These models will help visualise and compare the different coefficients of drag at different angles. I will be creating a prototype which allows for a physical test in the wind tunnel, from this I can use the data gathered and compare it to my CFD results to ensure the adjustments I am making are correct. A critical area of focus is managing the flow separation and wing-tip vortices which are sources of increased drag. Research into different endplates or winglets will help control the wing-tip vortices resulting in a decrease in drag and an increase in stability. All of which needs to be tested physically and computationally. 
This gateway objective is key for me to work towards to keep me on track. Two VIVAs and our project presentation are huge milestones for the group to work to; our first being due on the 10-11th December 2024, group report on the 30th of March 2025 and final VIVA due 1-2nd April 2025.  
Each point below has the phase and milestone attached for the whole project: 
· Aero Phase 1: Concept Design & CFD Analysis = Having a solid design which can be run in CFD & used for analysis. Achieved by 14/11/24

· Aero Phase 2: Wind Tunnel Simulation & Iteration = Understanding the wind tunnel & using data gathered for CFD comparison with an accurate prototype. Achieved by 09/01/25

· Structural Design: Structural Prototyping & Testing = Having a document with a variety of materials listed with pros & cons with regards to testing and modulus of elasticity. Achieved by 23/01/25

· Control System Design: Testing and Refinement = Creating a complex algorithm which links to more specific actuation dependent on driver response. Achieved by 10/01/25

· Mechatronic: System Integration & Bench Testing = A decision on where the control system integrates with the Morgan & how it integrates with the wing. Achieved by 01/02/25

· Performance Testing: Final Testing & Optimisation = Making final adjustments before presentation. A PowerPoint displaying all task above and how each milestone was achieved. As well as a detailed presentation about the overall project. Achieved by 31/03/25

[bookmark: _Toc182318393]Risk Management

Within my section of the project risk management is crucial to ensure I can approach tasks with better preparation and reduce the likelihood of failure; as a result, this will foster a more controlled and successful project environment. 
Tasks I have considered to be of concern are:
Missing crucial information provided by ANSYS due to my lack of experience with the software and not being able to utilise all the tools provided. As ANSYS (CFD) is a new tool to me I am still learning the ropes when running the Morgan and different wing profiles in the program. To mitigate this, I will repeat iterations of the wing and Morgan to ensure my results are accurate. To expand my knowledge, I can conduct deeper research into ANSYS tools which will also ensure my techniques are correct. 
Another risk that arises in this project is inadequate testing which results in an unvalidated design. A variety of different testing needs to be conducted, including wind tunnel and real-world testing to ensure the CFD data is valid so the prototype can progress for further adjustments and testing.
The structure of different phases helps provide a clear result and how to achieve it; each phase ensures every team member is accountable for their role and knows what they must do. Furthermore, this enables proactive adjustments before moving to the next phase; this prevents larger problems in the future and as a result improves the risk management and accountability.
 With these risks addressed correctly with mitigation strategies, the risk factor is greatly reduced for these tasks.  

[bookmark: _Toc182318394][image: A screenshot of a project

Description automatically generated]Summary Gantt Chart 

Above shows the groups’ Gantt chart, in this format it specifically shows which tasks need to be completed before others can commence; this allows the team to manage their time appropriately so the project can be completed efficiently. The Gantt chart also provides a clear, visual timeline of the project showing deadlines and dependencies; this ensures the team is completing tasks before VIVAs and not missing any crucial deadlines. VIVAs and group presentations are shown in red.
Each milestone highlights critical points, such as the completion of design iterations or the starting of testing. This helps the team monitor the progress and stay on schedule. With a well-presented timeline, the team’s Gantt chart will improve coordination, visibility and resilience to potential challenges.
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Group Project H Hodge Aerodynamic Tasks, Time & Costs

Task Est. Cost
Initial CFD Setup & Baseline Simulation
[Acrodynamic requirements for the active rear wing to be defined (8 Hours) 14/11/24-20/11/24 |  CFDSoftware =420 perstudent

CFD model creation & set up, vehicle dimensions, boundary conditions & nitialwing parameters inputted
Run baseline CFD simulations to find starting values for downforce & drag (6 hours).

Wind Tunnel Test Model Designing and Prepar.

[Wing to be ajusted based on simulation data to find the best downforce & drag reduction ratio (3 hours)
Conduct various terations, simulations; modifying dimensions, angles & configurations (14 hours)
Evalute the testing conudcted & note for further research (8 hours)

Select the most effective design & make adjustments for secondary testing (6 hours)

21/11/24-11/12/24 |  CADSoftware = £280 perstudent

Physical Model Preparation for Wind Tunnel Testing Wooden Model~£8-£10

3D Printed Model =£10-£15
Aluminium Model=£18-£25
Pressure Tapping Tubes =£8-£12

Using CAD, create scaleck-down versions of different aerofoil modiels forwind tunnel testing (2 hours) 1212124 - 18/12/24
Materialselection which correlates to the aerodynamic properties of the final wing (4 hours)
Modil fabrication with pressuie taps, ensuring it matches the CFD design (13 hours)

Tunnel Testing & Data Collection

Wind Tunnel=£250
02/01/25-08/01/25 | Hot Wire anemometer =£99.96
Water manometer=£226.75

[Wind tunnel tests to be conducted to validate the CFD model results (3hours).

[Analyse data on pressure taps, airflow & drag. Assess how the physicalwing behaves under real conditions
(8 hours)

Note discrepencies between CFD and physical results, indicating areas for finaladjustments (4 hours)

Final Analysis & Preparation for Next Phase

Potential remodeling = Models made
08/01/25-09/01/25 | withmaterials mentioned above,

Review CFD results & wind tunnel data, identify any finaljustments needed (3 hours) ot prices approptaty

Produce a summary offindings & any aditionaldesign adjustments for the next process (6 hours)

Presentation Prep & Group Meetings

| Weekly group meetings until final presentation (6 Hours). 14711724 -09/01/25 WA

Group planning and Vivas preperation (6 hours)
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Group Project 2024 - 2025 Active Rear Wing Gantt Chart
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Inital Planring & setup -

Aerodynamics.
AeroPhase 1- Concept Design & CFD Analysis

‘AeroPhase 2- Wind Tunnel Simulation &lteration

Structural Design

Structural Design Phase 1 -MaterialSelection & Stress Analysis
First Group VIVAs

Structural Design Phase2 - Stuctural Prototyping & Testing
ControlSystem Design

SD Phase1-Control Logic Development & Simulation
CSDPhase2-Testing andRefinement

Mechatronic Componerts

Mech Phase 1-Component Selection & Schematic Design
Mech Phase2 - System Integration & Bench Testing

Vehicle Simulation Performance Testing

Performance Phase 1- Iital Perormance Evaluation
Perfornance Phase 2- FialTesting &Optimiation

Group Project Report

Group Project Final VIVAs
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