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1. Introduction

This report is a rigorous plan of the Level Five group project, in which we, as a group, must design, test, and prototype an active rear wing within a set of regulations. The wing system will be designed with the goal of increasing the downforce of the vehicle and increasing drag to aid in deceleration.

To best tackle this project, we have split our group of eight into five respective areas: structure, simulation, mechatronics, aerodynamics and project management. An in-depth description of the roles and responsibilities of each division is provided in section two. Extensive specialised work coupled with cooperation and communication across areas will allow us to produce our best work possible.

The main project objectives are to design and produce a working prototype of an active rear wing, and present this in two presentations and a final report. We can measure our progress by following the plan set out in the document, and ensuring our milestones, as listed in section six, are met on time.

We will measure our attainment through two main avenues: computational success and professional feedback. If our CFD, FEA and simulation software is showing promising, valid results, we can be confident in our design and continue to develop our rear wing. As well, feedback from our lecturers, most notably that gained from the interim VIVA presentation in December, will help to ensure that we are on the right track and can confidently continue into the latter stages of development.

2. Roles and Responsibilities

2.1 Structure
Research, study and make decisions involving the structural aspects of the rear wing, e.g. mounting points, materials and structural integrity. This role will involve running FEA runs and comparing different materials in conjunction with the research and decisions made by both the aerodynamics, control and simulation specialists. 

2.2 Simulation
Create a baseline simulation with no modifications on the desired software ready to compare simulations made with new design concepts. Run simulations of different wing designs, compare and analyse the data to show where most improvements are being made.

2.3 Mechatronics
Design and choose the actuation and control technique used to make the rear wing active. This will involve researching systems already used in similar applications as well as suitable alternatives that can be presented and discussed with the other departments.

2.4 Aerodynamics
Research and make decisions involving the aerodynamic profiles of both the Morgan and the wing, as well as run CFD for both. Liaise and discuss with other specialist areas to come up with the optimum design for the wing. 

2.5 Project Management
Oversee the project, ensure that everyone is aware of their role and responsibilities within the team as well as maintaining organisation and holding meetings. Ensure deadlines are met, team members are working conscientiously and cohesively, and ensure the project is well planned.

3. My Role - Structure
3.1 Personalities required for my role

For the structural role of the project, which involves material selection, designing the mount, and ensuring the structural integrity of the rear wing while collaborating with aerodynamics and mechatronics teams, certain key skills and personality traits are required:

Analytical Thinking and Problem-Solving: The technical nature of this role requires an analytical approach to assess different materials and balance the structural requirements with the aerodynamic and mechatronic considerations.

Attention to Detail: Ensuring the reliability and safety of the mounting system and wing structure requires attention to detail, particularly when performing structural calculations and designing component connections and boundaries.

Communication and Team Collaboration: Working effectively with the groups other teams is crucial to finding a suitable compromise between structural integrity and their technical needs. This requires clear communication and a collaborative mindset.

The self-assessment using Belbin’s model (Belbin, 2016) highlighted implementer (18) and monitor evaluator (17) as my most dominant roles, with a moderate score in team worker (9) and coordinator (7). The implementer role aligns closely with the responsibilities of the structure role, focussing on practical application, reliability, and an organised approach, which are all essential for the tasks in my role, as outlined in section five.

3.2 Belbin’s Model Self-Assessment

The Belbin assessment results suggest that my role as an implementer and monitor evaluator are well-matched to the requirements of the structure area. The emphasis on organisation, dependability, and logical evaluation aligns with the tasks involved in material selection and structural design. The score in team worker further supports collaborative efforts, which are vital when engaging with team members from other fields.

The low score in plant, which signifies creativity, points to an area for potential growth in innovative thinking. To improve here, I can seek input from team members in roles that foster more creative approaches, such as the project manager and simulation, ensuring a balance between thorough, structured work and innovative ideas.

Overall, the self-assessment confirms that my personality aligns well with the structural aspect of this project, highlighting my strengths in implementation, analysis, and teamwork. 

4. Group Tasks

Figure 1. Table listing the group tasks and their duration.
	Project Tasks
	Start Date
	End Date
	Duration (days)

	Initial Planning & setup 
	31/10/2024
	14/11/2024
	14

	Aerodynamics
	14/11/2024
	9/1/2025

	56

	Aero Phase 1 - Concept Design & CFD Analysis
	14/11/2024
	15/12/2024
	31

	Aero Phase 2 - Wind Tunnel Simulation & Iteration
	16/12/2024
	9/1/2025

	24

	Structural Design
	14/11/2024
	23/1/2025
	70

	Structural Design Phase 1 - Material Selection & Stress Analysis
	14/11/2024
	20/12/2024

	36

	First Group VIVAs
	10/12/2024
	11/12/2024
	2

	Structural Design Phase 2 - Structural Prototyping & Testing
	21/12/2024
	23/1/2025
	33

	Control System Design
	5/12/2024
	10/2/2025
	67

	CSD Phase 1 - Control Logic Development & Simulation
	5/12/2024
	15/1/2025
	41

	CSD Phase 2 - Testing and Refinement
	16/1/2025
	10/2/2025
	25

	Mechatronic Components
	20/12/2024
	1/2/2025
	43

	Mech Phase 1 - Component Selection & Schematic Design 
	20/12/2024
	10/1/2025
	21

	Mech Phase 2 - System Integration & Bench Testing
	11/1/2025
	1/2/2025
	21

	Vehicle Simulation Performance Testing
	10/2/2025
	31/3/2025
	49

	Performance Phase 1 - Initial Performance Evaluation 
	10/2/2025
	28/2/2025
	18

	Performance Phase 2 - Final Testing & Optimisation
	1/3/2025
	31/3/2025
	30

	Group Project Report
	30/3/2025
	30/3/2025
	2

	Group Project Final VIVAs
	1/4/2025
	2/4/2025
	2




5. My Tasks - Structure

5.1 List of my Tasks

Figure 2. Table listing the tasks specific to my role and their duration.
	Task
	Description
	Expected hours
	Start date
	End date

	Research suitable materials and mounting designs for the wing
	Using a variety of sources, research materials, wing mounts, endplates, and construction methods that may be suitable for the project.
	30
	1/10/2024
	31/10/2024

	Design several potential mount designs
	While the aerodynamicists determine a wing profile, design several different types of wing mounts that may be 
	15
	1/11/2024
	25/11/2024

	Test the mounting designs
	FEA test said wing mounts at a variety of heights, starting at the highest allowed as per the regulations, and with a variety of materials on a generic aerofoil to determine their stability.
	15
	15/11/2024
	30/11/2024

	Contribute to the creation of the interim VIVA presentation
	Add my findings into our group presentation, along the format suggested by our project manager, in conjunction with the structure group as a whole.
	10
	20/11/2024
	9/12/2024

	Interim VIVA
	Present the interim VIVA presentation.
	0.5
	9/12/2024
	9/12/2024

	FEA test the selected aerofoil and confer with aerodynamicists
	Determine the kinematic, aerodynamic and mechanical loads induced on the wing in conjunction with the simulation group, and decide on a necessary compromise between aerodynamics and structural integrity.
	10
	20/12/2024
	10/01/2025

	Model and test how the wing will attach to the car
	Take all separate parts of the wing that have been designed, by myself and other team members, and determine differing methods of how the whole structure will attach to the car. FEA test these to find which is the most structurally sound, in conjunction with the aerodynamicists to find an ideal compromise.
	20
	11/01/2025
	30/01/2025

	Design and test housing for the electronics systems
	Using the mechatronics groups design as a basis, formulate a structurally sound housing and actuation for the active part of the rear wing. Test and redesign these until a good compromise is achieved.
	15
	01/02/2025
	11/02/2025

	Make adjustments to implement the 1.5 safety factor
	Using data acquired by the simulation group, ensure the design considers the 1.5 factor of safety, as per the official regulations.
	5
	12/02/2025
	28/02/2025

	Validate all produced data
	Run tests multiple times, confirm findings with other members of the structure group, and run the same tests in different software to ensure the accuracy of the results.
	10
	08/02/2025
	14/03/2025

	Do a variety of tests of final wing design
	FEA testing in different software, wind tunnel and physical load testing, and mathematical modelling including Macaulay’s Method should all be undertaken to ensure accuracy of results. 
	15
	01/03/2025
	14/03/2025

	FEA test the full, mounted wing with respect to the whole car
	Run the model through ANSYS and SolidWorks, using the maximum load upon the car as determined by the simulation group plus the safety factor of 1.5 and our decided material, to confirm its structural soundness.
	7
	20/03/2025
	01/04/2025

	Construct a workable prototype
	This will likely be done using 3D printing alongside some specialty machines/tools.
	30
	03/04/2025
	25/04/2025

	Contribute to the creation of the final VIVA presentation and report
	Curate the work done from my section into a presentation and report, following the suggested format and ensuring enough data and information is conveyed.
	10
	01/05/2025
	30/05/2025

	Final VIVA
	Present our final VIVA presentation.
	0.5
	30/05/2025
	30/05/2025

	Weekly group meeting
	Attend a weekly, 1–2-hour group meeting, sharing work done in the past week, findings, and making decisions with the rest of the team. Hear from the project manager regarding objectives for the following week.
	50
	1/10/2024
	30/05/2025



5.2 Bill of Materials

Figure 3. Table outlining estimated costs associated with the structural area of the project.
	Item
	Estimated cost (£)
	Purchase lead time (business days)

	SolidWorks licence
	2500
	0

	ANSYS Student licence
	0
	0

	3D-printing materials
	100
	5

	3D-printer
	2000+
	10

	Cost per print
	50
	1

	Carbon fibre
	25/kg
	10




5.3 Specialist Equipment
To complete the structural aspect of the project, we will need only the following specialist equipment; a 3D-printer, wind tunnel, ANSYS and SolidWorks. These can all be accessed by booking their usage or accessing the university computers. We may also need the mill and lathe to shape our mounting, which can also be accessed through booking.

6. Milestones
6.1  Project Milestones
The following timeline outlines key milestones, from initial concept through to final testing and assessment. These milestones are intended to monitor progress and ensure the successful completion of the project, culminating in the final presentation and report submission.

Interim VIVA Presentation – 9th December 2024
The first major milestone in this project will be the interim VIVA presentation on 9th December 2024. This presentation will provide an overview of the project’s progress, including the current design concepts and preliminary findings. It will serve as a key checkpoint to gather feedback from lecturers, refine our goals and preliminary designs, and ensure the project is on track.

Aerofoil Selection – 20th December 2024
The selection of the aerofoil is a significant milestone as it provides all areas of the project a key design aspect which allows a more complete analysis. By 20th December 2024, a comprehensive evaluation of various aerofoil profiles will be completed, considering factors such as downforce, drag, and stability. Structure can more accurately determine the load on the mounting system, mechatronics can determine how the aerofoil should move, and simulation can produce a range of more precise data.

Design Finalisation – 15th March 2025
By 15th March 2025, the design of the active rear wing should be fully finalised. This milestone will involve refining the mechanical and aerodynamic aspects of the design, selecting materials, and ensuring structural integrity. The finalised design will integrate the selected aerofoil and actuation system, preparing the project for physical prototyping by the structure team.

Prototype Production – 1st May 2025
The production of the prototype will occur by 1st May 2025. At this milestone, the active rear wing’s components will be fabricated, and the system assembled. Initial static testing will be conducted to assess the fit, functionality, and aerodynamic performance of the prototype. Any design refinements needed based on initial testing will be addressed during this stage.

Final VIVA Presentation and Report Submission – 30th May 2025
The final VIVA presentation will mark the completion of the project. This presentation will provide a comprehensive overview of the design process, the prototypes performance, and the testing outcomes. In addition to the VIVA, the final report will be submitted, delving into greater detail about the design, testing and final production of the rear wing.

6.2  Gateway Objective
The interim VIVA presentation, on 9th December 2024, represents a crucial gateway for the project. Gateways in engineering projects serve as checkpoints to ensure the project is progressing according to plan. The presentation will evaluate the projects progress thus far, providing us critical feedback on the design choices, technical validity, and resource management. Reaching this objective will allow us to continue with confidence and with a clear direction for the remainder of the project.

This objective will help us to evaluate the stage of development of our rear wing design. We plan to have the design at least 60-70% complete, with the critical components identified and some initial simulation data available. Specifically, the aerofoil should have been narrowed down to two or three profiles, based on both aerodynamic efficiency and structural integrity. Additionally, the team must be able to present an understanding of the actuation mechanisms, outlining the systems general functionality and how it integrates with the vehicle's dynamics. This ensures that the project is moving in the right direction and our design choices have been adequate.

Significantly, this event will provide concrete, external feedback on our design choices and progress made, which we will be able to implement to ensure we are moving in the right direction. This opportunity is invaluable and provides strict, measurable goals for us to aim towards moving forwards, and aspects we may have to move away from should we be heading down a wrong path. 

Ultimately, the interim VIVA will provide an opportunity for the team to receive valuable feedback on both technical and financial aspects of the project. The feedback received will help the group refine our design and address any issues that might arise, ensuring that the project remains on track for successful completion.


7. Structural Areas of Concern

7.1 First Concern: Accuracy of FEA Testing
Ensuring the accuracy of FEA and load testing is a critical concern in the structural design of the active rear wing. If these simulations and tests do not accurately reflect real-world conditions, there is a risk of design flaws that could lead to performance failures, safety hazards, or the need for costly late-stage redesigns. Discrepancies may arise due to incorrect boundary conditions, oversimplified models, or inaccuracies in material properties, which can all compromise the reliability of the results.

Mitigation Strategies:

Validation Through Physical Prototyping: To ensure our simulations are applicable to real-world outcomes, we will validate our FEA results through physical testing of our final design prototype. Constructing and testing scaled models of the rear wing provides an opportunity to observe its behaviour under controlled conditions. Comparing these observations with FEA outputs allows for adjustments to be made to the simulation models, ensuring greater accuracy and reliability in future tests. However, this can be a costly endeavour to be printing a prototype and destroying it under load, so other mitigation strategies are necessary.

Material Property Verification: The properties of the material used in the FEA must reflect real-life conditions as closely as possible. We should take time to confirm that the material properties programmed into FEA software is as accurate as possible, comparing it with our research and numerous sources. This will ensure this aspect of the load testing is valid.

Peer Review and Cross-Verification: A peer review process, where myself and the other member of the structure team, can compare our results will allow us to highlight areas for improvement and catch potential errors. Cross-verification ensures can enhance our confidence in our results, if we both received similar, logical outputs. This will also involve using different software, both Ansys and SolidWorks, to run the same tests to ensure a software error is not skewing our results.

7.2 Second Concern: Collaboration Issues
A second area of concern would be achieving smooth collaboration between my role and the aerodynamics and mechatronics components. A lack of coordination between teams can result in delays, redesigns, or compromises in the wings overall performance and reliability. For example, if the structure and aerodynamics teams cannot come to a suitable compromise on the endplate design, substantial reworking may be required, affecting timelines and potentially increasing project costs.

Mitigation Strategies:
Sharing CAD Models: Uploading our CAD designs and simulation results into our groups Microsoft Teams group will allow for seamless cross-examination and referral by all team members. Any updates or crucial data can be uploaded and team members alerted so that all groups can review and apply the new information to their own work. This transparency helps to ensure that any modifications or additions to the design do not disrupt other aspects of the project and facilitates the consistent refinement of the rear wing design in a collaborative manner.

Frequent Meetings and Communication: Regular scheduled meetings between all team members will help maintain alignment and address any emerging issues promptly. These meetings will be well structured and have detailed minutes taken by the project manager to ensure all team members are aware of progress and any potential challenges. This continuous communication fosters better teamwork and allows for swift resolution of conflicts.

8. GANTT Charts

8.1 Overall GANTT Chart

[image: A screenshot of a project
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Figure 4. Group GANTT Chart for the project.


8.2 Personal GANTT Chart
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Figure 5. Personal GANTT chart for my role in the project.
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