 Design and Development of a rear wing A Group Study
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Section 1 – introduction
As the Team Coordinator for our project on the Morgan +4, I am tasked with overseeing the development of an advanced active rear wing system. This endeavour aims to enhance the car's aerodynamic performance by reducing drag and increasing downforce, improving handling and efficiency. The active rear wing system we are designing is not just a technical enhancement but a vital component that adjusts dynamically to driving conditions, ensuring optimal stability and performance.
The Morgan +4, known for its classic design and performance capabilities, presents a unique challenge and opportunity for innovation. By integrating modern aerodynamic solutions, we aim to push the boundaries of what this vehicle can achieve, marrying traditional aesthetics with cutting-edge technology. This project not only seeks to enhance the vehicle's performance but also to set a benchmark for future developments in automotive aerodynamics.





























Section 2 – rolls and responsibilities 
 Our team is composed of 9 talented individuals, each bringing unique skills and expertise to the project. By applying Belbin's Team Role theory, I have structured the team across 5 different development areas to maximize strengths and foster effective collaboration. This approach ensures that we harness each member's capabilities, creating a productive environment where innovation can thrive. 

1. Coordinator: Alex 
· Takes on the role of overseeing the entire project.
· Encourages innovative thinking and new ideas within the team.
· Manages communication among team members and other departments.
· Ensures that the team stays on track with timelines and milestones.
My role involves managing the project timeline and fostering a culture of creativity and open communication. By aligning our team's efforts with the project's goals, I ensure that we stay on track and meet our milestones. My responsibilities also include mediating any conflicts that arise and ensuring that all voices are heard in our collaborative efforts. I am well suited to this roll as I am affirmative and decisive which are key traits to effectively directing a team to success, throughout the project i will aim to keep tea motivation high which should return larger volumes of quality work.
 
2. Aerodynamic investigation: Alex and Mo
· Acts as the driving force to ensure that the team's objectives and goals are met.
· Challenges the team to continually improve and strive for excellence
· May push for faster progress and decision-making in the investigation process.
· Calculate aerodynamic loads to aid the structural investigation
With a focus on pushing the boundaries of our current understanding. Myself and Mo are responsible for calculating aerodynamic loads, which are crucial for informing our structural engineering efforts. Their work involves both theoretical calculations and practical applications, ensuring that our designs are innovative and feasible.

3. Structural Engineering: Jacob and Nevin
·    Ensuring the critical stress is not met under any cornering or aerodynamic load.
·  Assesses the feasibility of different approaches and designs.
· Reviews and evaluates data, ensuring accuracy and reliability.
· Collaborates with the lead aerodynamicist to make informed decisions based on evidence.

4. Mechatronic Engineering:  James, Jacob and Preson
·     Explores external resources and networks for new aerodynamic insights.
· Collaborates with other teams and departments to gather relevant information.
·    May initiate contacts with external experts for advice on structual advancements.
·   Keeps the team informed about external trends and developments.


5. Simulation and Performance: Emily and Angel
· Emily and Angel use advanced simulation tools, including Optimum Lap, to validate the active rear wing system's design concepts.
· They conduct comprehensive performance analyses to ensure the wing meets aerodynamic criteria like drag reduction and lift enhancement.
· Simulations are performed under diverse conditions to predict real-world performance and ensure system adaptability.
· The team provides crucial feedback for design refinements, helping optimize the wing system to meet or exceed performance expectations
 
Applying Belbin's model helps distribute roles based on individual strengths and preferred ways of working within a team, fostering a more balanced and effective collaboration. It's important to note that individuals may exhibit characteristics of multiple team roles, and a well-balanced team often includes a variety of roles to cover different aspects of the project.






























3- A list of overall group tasks and associated timings 
The tasks have been split into specific areas of the car that have shown the possibility of significant improvement based on the sabe post processing. Each area will significantly improve overall performance once a study has been composed in hopes to reduce the coefficient of drag (CD) and increase the coefficient of lift (CL). To reduce the drag, the frontal area has to be minimised which will aid top end speed and acceleration. Increasing the downward lift, also known as downforce, is another challenge all together as you often find that lift increases drag unless the design is so floored that both can be improved in one development. However, if a specific area of the car is already near optimised, it will often be found that a compromise will have to be made between lift and drag that benefits the bigger picture of overall lap time. Using computational fluid dynamics (Ansys), the CD and CL can be calculated based on specific car designs that have been created in Solidworks, these values can then be used in a software called optimum lap which uses car geometry, power output, coefficient of grip, CD and CL to calculate a predicted lap time around a specific circuit. This is why compromise in motorsport is the most important philosophy to follow, some circuits may be favourable to a higher CD and lower Cl or vice versa, as an engineer it is important to look at being as fast as averagely possible across all Tracks. Using this philosophy, you can begin to piece together design ideas and consider adjustability from track to track such as variable wing angle and variable rear gurneys which will both alter the CL and CD depending on angle. Another method of creating higher downforce is to ensure the high-pressure zones that are creating downforce are as low to the ground as possible as this creates a multiplying effect on the CL. 

Each Group member will be following the same procedure for their areas of design:
· Research – investigate best methods of optimising their chosen area and gain inspiration from high end motorsport teams.
· Design – from research, come up with an objective whether it be reduce CD and increase CL or vice versa and follow that principal throughout the design process. It may be the case that both CD and CL can be optimised due to an already flawed design.
· CAD – create cad models of selected designs and follow a parameter range in order to test which design is best.
· CFD – using ansys, input chosen designs and calculate the CD and CL using fluent. Compare results and search for the most optimised design.
· Optimum Lap – using the calculated values for CD and CL, input them into Optimum Lap using the other data provided by the university (Suspension geometry, weight, coefficient of grip etc.) and see the lap time gains from each component design and see which circuit the design suits best. The aim is to create a design that gives the biggest average season lap time gain.
· Manufacture – most areas of design will be theoretical for the time being due to budget and time constraints, however, some areas may involve slight modifications to existing body work which can open up manufacturing opportunities within the time we have been permitted.

 will begin by researching other car designs to gain a better understanding of cooling systems and then integrate those ideas and shapes into his own cad models of the car. from the cad models he will then run a aerodynamic investigation in Computational fluid dynamics. The results will then be cross referenced and a chosen design choice for each area will be priced up and manufactured. further forward than we would like hence an increase in CL would make matters worse. 
Mo and myself are coordinated with each other to tackle the biggest task of gaining rear downforce. Due to the vast amount of CFD and Wind Tunnel runs that need to be done, we will be splitting the work load between us.
Jacob and Nevrin are tasked to optimise the structure of the rear wing mounting and will be working closely with the aerodynamic department to reduce the drag and turbuant air being produced by the mount to optimise the flow to and around the rear wing.



	Task
	Description
	Estimated time to complete

	Learn CFD 
	· Using videos provided by Tim Tudor, perform my first cfd run and learn the process of completing numerous, repeatable results.
	6-10 hours




	Research aerodynamics
	· Gain a deeper understanding of aerodynamic properties and airflow. Research the best method to investigate these flows and properties.
	4-6 hours

	CAD models
	· Using SolidWorks and the up to date CAD model of the car provided by university, edit the model and add design variations that are CFD ready
	Up to 1 hour per run

	CFD Runs
	· Follow the process in ANSYS workbench- create a geometry, create a mesh in icem cfd, adjust your settings in fluent and run the study, examine results.
	1-2 hour per run

	Geometry creation
	· Following the CFD settings provided by sabe, create a box around the car which will act as your wind tunnel dimensions. Then ensure that all features are individually recognisable.
	10 minutes per run

	Mesh Creation
	· The mesh is what reads the flow of air, similar to a computational sensor but to a atomic level. Input the settings onto the already created geometry and ensure the mesh is consistent, especially in the area of interest and any areas that may effect the air flow to it.
	15 mins per run

	Fluent runs
	· Fluent is the software which runs the fluid investigation. Input the mesh into fluent and input the settings provided by sabe in order to gain a direct comparison to their post processing. Run the simulation for 600 iterations and wait. Create results for both rear deck design and rear pontoon design. The priority is the rear deck as they will provide the best flow into the rear gurneys which is where the rear CD will be made.
	1-1.5 hours per run

	Results
	· Open the results tab and examine the airflow using the contours option to see if it is doing what it is supposed to. In the files section, open the CL file and CD file, copy and paste all 600 iterations of each and create an average for CD and an average for CL. These are your CD and CL values that are to be used in optimum lap.
	4 hours



Gateway Objective for Aerodynamic Department
The gateway objective is set for November 29th, focusing on the final design validation of the aerodynamic performance of the active rear wing system. This involves ensuring that the design meets or exceeds predefined objectives for drag reduction and downforce enhancement. The criteria for success include achieving a reduction in the drag coefficient by at least 10% compared to the initial design, increasing the lift coefficient by at least 15% without compromising stability, and maintaining structural integrity under simulated high-speed conditions. Final CFD simulations with refined models are conducted, and data analysis verifies performance improvements. A detailed report is prepared to demonstrate the design's compliance with these objectives.
 
Areas of Concern and Risk Mitigation
The first area of concern is the structural integrity of the active rear wing system under high aerodynamic loads, particularly during high-speed manoeuvres. To mitigate this risk, the selection of advanced composite materials, such as carbon fibre, is crucial to enhance the strength-to-weight ratio. Rigorous stress testing using simulation tools is conducted to identify potential failure points, which are then reinforced accordingly. The second area of concern is the responsiveness and control of the electronic or hydraulic systems responsible for wing adjustment. To address this, redundancy systems are implemented to ensure continuous operation in case of primary system failure, and regular calibration and maintenance checks are scheduled to maintain system responsiveness and accuracy.
 This structured approach ensures the project is well-positioned to achieve its objectives while effectively mitigating potential risks.

Budget
Our project's budget is a critical component of my coordination efforts, ensuring that we stay within our £10,000 limit. Here's a breakdown of our financial plan:
1. Research and Development:
a. Resource acquisition: £500
2. Design and Prototyping:
a. CAD modelling: £1,000
b. Prototype materials (fiberglass, carbon fibre): £3,000
3. Wing Adjustment Systems:
a. Electronic System:
i. Actuators and control units: £1,500
ii. Wiring components: £500
b. Hydraulic System:
i. Hydraulic pumps and actuators: £2,000
ii. Fluid lines: £500
4. Manufacturing Costs:
a. Wing component fabrication: £2,500
b. Assembly and integration: £1,000
5. Miscellaneous:
a. Contingency fund: £500
Total Estimated Budget: £10,000
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Milestones teways

All Teams gained base knowledge required to start work

Base Learning Complete
8 P on the project alongside further research

Initial wing layout Aero Choose profile, Structural choose mounting shape
Wing layout validated Simulation and Aero run Tests on proposed layout
ECS Layout proposed ECS choose actuation points and control method

Simulation and Aero compile all resistive forces wing will
experience and present tolerences
Structural use tolerences to come up with two leading
choices for material

wing tolerences found

Wing materials

ECS Give options for actuators based off wing deployment
time needed and torque tolerences

ECS software plan Software structure and logic methods established

Simulation use given values from ecs and structural to
make sure wing will perform well

Report Complete Al sections of report filled in for all teams

ECS Actuators proposed

Wing design simulated





