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[bookmark: _Toc182735588]Introduction
The group project to design and prototype an active rear wing for a Morgan Plus Four involves a large quantity of planning and different areas that must be explored by varying team members. The projects aim is to produce an active wing for a performance version of a road car. The wing must improve performance by increasing downforce in corners as well as increasing drag to aid deceleration. The group includes many different roles including project management, aerodynamics and CFD, structural design (FEA) and manufacturing, vehicle dynamics and simulations, electrical control systems and mechatronic design. The success of this project is determined by the improvement of the performance of the car around a track and the time delta with and without the active wing. These roles and their aims will be explained and planned out in this report. 
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[bookmark: _Toc182735590]Project management
Efa Jones
The role of project management is crucial for an organised and well-run team. They must observe every area of the project ensuring each member is aware of their roles and responsibilities within the project. They should organise meetings to allow good communication between divisions and ensure everyone is kept up to date with the progress of others. The project manager must allocate budget to each role to ensure that the spend cap is not exceeded.
[bookmark: _Toc182735591]Vehicle dynamics and simulation
Tamzin Cooper
In her role of vehicle dynamics and simulation, she must investigate various types of simulation such as driver in or out the loop and decide which is best suited to the project. Furthermore, she must investigate the dynamics of the vehicle to determine its balance when braking and accelerating from a baseline model of the car. This data will be used to aid the aero team as to which of their wing designs will be best suited. She should take designs from the aero team and test them on tracks to determine where the design is effective and where it requires improvement.
[bookmark: _Toc182735592]Structural design and Manufacturing
Cameron Andrews and Hannah Bathgate
The role of the structural design and manufacturing team is to investigate and test varying materials, shapes and structures of mounts and wings. They must locate suitable mounting points on the car which can withstand the loads of the additional downforce. This involves running finite element analysis studies in conjunction with the designs and loads provided by the aero team. They must also consider the location of the mechatronics as this will impact loads and strains on the components of the wing. 
[bookmark: _Toc182735593]Control systems and mechatronics
Rhys Thomas and Jac Evans
The control systems and mechatronics team must select and design a wing actuation system. This will involve researching similar systems for inspiration and how these can be adapted for the relevant scenario. They must work closely with the aero team in order determine how much the wing needs to move. Furthermore, they must work with the simulation team to decide when the wing needs to move. This means they must investigate what inputs determine when the wing is activated. They should implement sensors that allows the system to verify the wing has adjusted appropriately.
[bookmark: _Toc182735594]Aerodynamics and CFD
Myself and Harvey Hodge
The role of the aerodynamics team is to investigate the standard aerodynamics of the Morgan using CFD. They should also conduct research into wing profiles, end plates and wing mounts. Discussions with the simulation team are vital to design a wing that works effectively with the cars balance and dynamics to improve its overall performance. Communication is needed with the mechatronics team to inform at what pitch the wing is required to be at depending on the inputs from the diver and the cars state. 
This area of the project requires a strong ability to read and interpret data as well as having a good base knowledge and experience of CAD and simulation software such as Ansys. Due to my previous experience with similar software, I put myself forward for this role. Belbin’s model contains 9 different characteristic traits, of which a monitor evaluator, finisher and specialist are all key for aerodynamics and conducting CFD models. A monitor evaluator “Provides a logical eye, making impartial judgements where required and weighs up the team's options in a dispassionate way” (Belbin.com) , and a specialist has expert knowledge which is key in an aerodynamicists role as there are so many factors that must be considered and understood; however, they may be less interested in other areas, but this is not an issue for this role. The finisher type can perceive till the problem is overcome and can resolve issues in the process. As I scored above average in all the three areas it was a logical decision to take on this role. 
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Project management:
· Create task list and collect responses – 1 hour
· Create preliminary gantt cart for group tasks – 1 hour
· Hold weekly meetings – 1-2 hours per week
· Create PowerPoint draft for first VIVA – 2 hours 
Simulation and Vehicle dynamics
· To research and decide on the type of simulation to complete (driver in or out the loop). Provide sources and references to back up decisions – 3 hours
· To research and decide on the simulation software to use. (Optimum lap, VI grade Software, BPS). Provide sources and references to back up decisions - 3 hours
· Create a baseline simulation of the morgan on optimum lap software to be ready for other subgroups to provide me with data to simulate – 5 hours
· Conduct research into the available analysis that can be done on the optimum lap software to provide a gauge for the aerodynamicists on what I can do to help – 5 hours
· To simulate the structural integrity of the rear wing using data from the structural group – 20 hours
· To use VI grade to create a more detailed simulation of the vehicle to allow a more in-depth aerodynamic analysis – 6 hours  
· Complete the simulations from new design concepts developed by the aerodynamicists – 20 hours
Structural design and manufacturing
· Research suitable materials and mounting designs for the wing – 20 hours
· Test a variety of materials to determine most practical for our application -10 hours
· Design several wing mounts, endplates, and electronics housing in conjunction with the aerodynamicists and mechatronics – 15 hours
· Determine the aerodynamic and mechanical loads induced on the wing in conjunction with the simulation group
· Test the designs in FEA software (SolidWorks, ANSYS) to determine to most structurally sound design
· Convene with the aerodynamics to find the desired compromise on structural soundness and aerodynamic flow of the wing
· FEA the final design
· Make tweaks based on the results from the testing
· Determine how the wing will be attached to the car, with input from the aerodynamicists
Control systems and mechatronics
· Complete the MATLAB and Simulink Onramp to gain a basic understanding of the fundamentals of MATLAB
· Design a simple circuit to control a servo motor using an Arduino unit.
· Research into the benefits and constraints of open-loop and closed-loop circuits
· Research into control devices and feedback controllers are available including their positives and negatives
· Research into different actuation devices, filter types and test them in a circuit
· Build and test a circuit that gives a position output dependant on a combination of 4 sensor input signals with position limiters
· Build a model system that can move a prototype wing
· Research into the different sensors we want to use to control the actuation of the wing
· Adapt the system built to consider all the sensor signals required
· Adapt the system to take into account the loads from a full size model
[image: ]Aerodynamics and CFD


Specialist Equipment needed
Wind tunnel: The wind tunnel is used to validate data collected from CFD such as air pressures along the body surfaces. Cost of the in-house machine: £250
Hot Wire Anemometer: Used to determine wind velocity inside the wind tunnel. Cost: £99.96
Water Manometer: Used to determine air pressure along a surface from pressure taps. Cost: £226.75
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[bookmark: _Toc182735597]Significant Group Milestones
Setting out roles, responsibilities and initial tasks,14th December: Clear goals and objectives are set out to enable each group member to begin tasks. This I crucial to enable a smooth beginning for the team and a development path can begin to be made. A key objective will to be to obtain baseline data of air distribution on the car as well as vehicle dynamics.
Interim VIVA, 10-11th December 2024, handed in by 8th December: The interim VIVA is a presentation of the groups initial design choices and the direction that was taken to reach these decisions. Choices must be explained and justified with research and data. The remainder of the plan should be explained to show how the group will complete the design objectives. 
Prototype production, March 3rd 2025: A prototype must be produced to present at the final VIVA so a milestone 1 month prior is suitable as it allows for modifications and adjustments to be made in order to rectify any problems or make improvements. 
Group Report, 30th March 2025: The group project report is a detailed report constructed by each member discussing their research and workings taken to complete each stage of the design process. There should be a detailed description of the designs created, the justifications of choices made as well as results from simulations and empirical studies. 
Final VIVA, 1-2nd April 2025, handed in by 30th March: The final VIVA is a presentation of the final design curated by the group. Similar to the initial VIVA all the design choices must be justified with data and research as well as how they have worked through the regulations to ensure the final design s ‘legal’. The group must explain all the development work undertaken. They must show research and consideration towards the manufacturing methods in turn explaining how they have kept within the budget. 
Track test, 28th April: To validate the final design the new aero package must be tested on a track to gain empirical data. This session can be used to evaluate the success of the project. 
[bookmark: _Toc182735598]Personal Gateway objective
Achieve a 50% increase in downforce over the original aero map. 
To ensure that the aerodynamic section of the project is developing appropriately, a gateway objective of downforce coefficient increase is suitable. 
To have a data value in order to determine the increase in downforce the Morgan must be ran in CFD else there is no way of validating the increase in downforce, hence the gateway objective could not be cleared.
In order to pass through the gateway, the proposed design must meet the criteria with the result being validated through CAD simulations as well as empirical data. To ensure that the design meets the criteria there are a number of factors that must be investigated and measured.
A large factor that will affect aerodynamic downforce is the role of wing profiles. The shape of a wing profile drastically changes the way that the wing interacts with the surrounding air. Aswell as researching various wing profiles, an appropriate testing metho would involve designing wing profiles on CAD and creating scale models with rapid prototyping methods. Pressure taps can be added to these models to create a pressure distribution map along the surface of the wing to generate drag and lift values for the wing at various angles of attack. 
Wing location will also drastically change the effectiveness of a wing therefore the downforce it generates. A wing must be placed appropriately so that it has clean, non-turbulent flow over and underneath the wing for maximum efficiency. Typically, this is as high and rearwards of the car as possible but fine tuning the location within the boundary limits laid out in the regulations will allow an increase in downforce to help meet the gateway objective.
When analysing the project in terms of the gateway objective it can face three different outcomes; it can be approved after meeting or exceeding the objective, it can be denied and has to be investigated further possibly by a different team of people, or the project can come to an end as it may not be financially viable to continue with development. 
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Wind tunnel out of use: The wind tunnel is used to validate data collected in CFD. It can give values for lift, drag and pressure distributions. As the wind tunnel has mechanical components, there is a possibility that I can be out of use due to failures in the fan or motor. If this were to happen a possible solution would be using a wind tunnel from a 3rd party. This is more costly than using the in house machine so testing less models and running more CFD can decrease this extra cost.

CFD simulations failing: When running a CFD simulation of a large body with small details there is a likelihood of falling in various areas. As CFD is an area that the aero group has little prior knowledge and experience this chance of failure is increased. Failures can arise from meshing too fine of components or having sharp angles, ie where the wheels meet the floor. A failure in CFD runs can lead to longer lead times to gain vital data needed to develop wing shapes as well as gain load forces that are required by the structure and FEA team. To mitigate the risk of CFD failure, runs should be initially completed in a simple state with less elements to mesh and run. Aswell as this, the aerodynamics team should conduct prior research into the software and practice using more simplistic shapes such as the Mira win tunnel car. 
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