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Introduction

For the second-year group project, Level 5 students were tasked with creating an active rear wing, for a Morgan Plus 4. This project should prove to be fun, and a good learning experience. It will be challenging due to the unique shape of the rear of the Morgan car. It has a dramatic slope, which will prove difficult to mount a structure to it. My requirement was to work with someone with a similar work ethic and mindset. This ended up being Catriona which worked perfectly as we have opposite skillsets which provided to be useful in teaching one another new skills. The project has a set of rules and regulations to adhere to. These include wing size, how much the wing is allowed to move, end plate sizes, and the number of elements it can have. These rules and regulations are important as it will give my group an insight into the motorsport world, where there are rules and regulations for everything. Producing an effective and high drag rear wing will be a long process, but it will be rewarding if we can complete the task whilst adhering to the regulations.
























Team member roles 

Deciding what position each member was going to have was in fact a challenge. We first had to introduce ourselves to all the participants. We started with some small talk to break the ice. I took it upon myself to ask everyone what their strengths and weaknesses are. It is essential that all members of the team are happy and comfortable. This is a long project, and it is imperative that we work well together.

Structural design and Manufacturing team -
Joe Howard 2100922 
Tomos Cole 2205508 
· Design components to meet requirements of other departments
· Design testing for structural integrity and safety
· Manufacturing considerations
· Material selection
· Scale prototype
· Design considerations that align with regulations

Mechatronics and Control Systems
Charlie Jones 2103718
Connor Casey – 2103540
· Component selection for full scale and prototype designs
· Generation of control algorithms to control wing movement to achieve targets
· Design of systems to meet control test requirements
· Use of Arduino devices
· Data handling and programming
· Meet the angle of drag set by other groups

Project Management
Chloe Rees 2218480 
· Time and resource management
· Group organisation
· Budget and cost projection responsibilities
· Progress monitoring and intervention
· Sub-group interaction





Aerodynamics and CFD team –

Catriona Burn 2203239 
Ryan Boardman 2203353 
· Supplied two models of the Morgan (roof up and roof down)
· Must decide which variation of Morgan the team will use for the project
· CFD through ANSYS software (aerodynamics of the car and any wing design made)
· Scale model testing in the wind tunnel

Vehicle Dynamics and Simulation team- 
Munty Rahman 2112510
· ANSYS, OptimumLap, VIGrade, BPS software
· Test performance before the wing is fitted
· Test the wing at multiple angles
· Consider when 100% deployment is required
· What speed the wing deploys




















Required Skills and Personality traitsFigure 1, Belbin Team Roles (Belbin Team Roles - PrePearl Training Development, 2016)



	Team Role
	Contribution
	Allowable weakness
	My score

	Plant
	Creative, Imaginative, Free thinking
	Ignores incidentals. Can lack communication
	8

	Resource Investigator
	Outgoing, Enthusiastic, Communicative
	Over optimistic, can lose interest
	12

	Co-ordinator
	Mature, confident, delegates effectively
	Can be seen as manipulative
	6

	Shaper
	Challenging, Dynamic, Driven
	Can offend people’s feelings
	5

	Monitor Evaluator
	Sober, Strategic, Discerning
	Lacks drive, can be critical
	11

	Team Worker
	Co-operative, Diplomatic
	Avoids confrontation
	8

	Implementer
	Practical, Reliable, Efficient
	Dislikes new possibilities
	10

	Complete Finisher
	Painstaking, Anxious, Perfectionist
	Inclined to worry unduly
	10


To be best suited to the mechanical design team, the ideal candidate will need to have a high score in the Plant, Team worker, Implementer and Complete finisher attributes. Having a Plant score of 10 and above is imperative. An individual on this team needs to be creative, with a strong imagination to design a rear wing. Being free thinking will also help add some flare to the design, to help stand out against other groups.
The score for Team worker should ideally be over 10 also. It was recommended to have two team members on the mechanical team. This means that working as a team effectively is critical to designing a wing. Working as a good team will allow for ideas to bounce between the designers.
Without having an Implementer score of 8 and above, participants risk falling behind deadlines, and having inconsistent progress. A good implementer will arrive to every team meeting and can always be relied on.
The most important attribute to have on the mechanical team is the Complete Finisher. A score of 10 or more is necessary for success in this role. If members of the mechanical team do not have a high complete finisher score, there are risks that the design might not be finished in time with other deadlines. This would have a knock-on effect to the Mechatronics team. Without a finalised design on CAD that has been stress tested, there cannot be a physical model made. This will mean that the Mechatronics team will struggle to design the electrical actuation systems to make the wing move. This would ultimately lead to the project not being completed, and the submission deadline being missed. This would not look good in any work industry.
As I am on the mechanical design team, I will need to expand my knowledge of computers. This role requires lots of design and testing in CAD systems. I feel that I have the perseverance and determination to expand my knowledge of design. To be on the mechanical design team, I will need attributes from the Plant, Complete finisher and Team Worker traits. My scores demonstrate that my personality has the desired skills to fulfil my role successfully. The most important role for me to improve is Plant. I must be able to be creative and free thinking. This will let me design a wing that is unique and effective. I am not the most effective team worker, especially when other individuals do not pull their weight and contribute little to the team. This is something I aim to work on during this project. I aim to encourage and push each team member to new limits, so we can produce a complete project that we are all proud of.



Group tasks and timings

The first task is to produce an initial design. The initial design can be on paper, or on a CAD software. We are using inspiration from Google to help make a design. It is the responsibility of the Aerodynamics team to produce a drawing/ initial concept.
The aerodynamics team will present their proposal to the mechanical team. It is their job to produce a CAD model of the design. This CAD model includes all the individual parts, and an assembly/ drawing. 
The finished CAD model can then undergo stress testing on SolidWorks. The aim is to test the wing for speeds of 200 miles per hour. This is 50 miles per hour faster than the top speed of the Morgan. This acts as a safety factor. If the wing can withstand the specified forces, it is sent to the Aerodynamics department. 
The Aero team will then test the wing on ANSYS or other CFD software. Their job is to test the aerodynamic profile of the wing and see if it can be modified in any way. The project aim is to have a slippery wing on the straights and have it change to a high drag position for braking.
When the wing has had its performance maximised, it can be printed. To not waste material, a prototype should only be made when the design and profile has been finalised. Otherwise, time could be wasted producing a model of the wing every time a design is completed on SolidWorks.
The printed model can then be delivered to the mechatronics team. Their job is to produce a code that allows the wing to move. They are also responsible for fitting the servos/actuators on the prototype.


















My tasks (mechanical team)

Task 1 – After being given the design from the aerodynamics team, we must produce a CAD model of the wing. This includes any supports or brackets needed for assembly. Once every component has been made, it can be assembled and attached to the rear of the Morgan. It is here that we can make sure we are satisfied with the wing, including checking the conformity against the regulations.
Task 2 – Next, we can stress test the wing on SolidWorks. We can apply forces to every piece to ensure structural integrity will not be compromised. The top speed of the Morgan is 150 miles per hour. We have had discussions about testing the wing up to 200 miles per hour. This will hopefully give us an opportunity to check if the structure is rigid enough. If the wing can withstand 200 miles per hour, then the top speed of the Morgan (150MPH) will not cause severe stress to the product.
Task 3 – The finished CAD model is handed to the Aerodynamics team for CFD analysis.

Tast 4 – The mechanical team can then produce a physical prototype of the wing, once the aero team has maximised the profile of the wing. We have had discussions about which manufacturing process will produce the best model. The group have spoken about using a 3d printer and laser cutter. It is likely we will 3d print the main wing beam, due to its curvature. And we will laser cut the end plates and support brackets, as these parts are simpler in design.

Task 5 – After the prototype has been manufactured, the mechanical team can then research into material selection for the theoretical final product. This will involve cost analysis for a few chosen materials, to evaluate cost and material properties. While the mechanical team are commencing material research, the prototype can be given to the mechatronics team, allowing them to build the actuators and create the code.















Summary Gantt Chart:

[image: A screenshot of a spreadsheet

Description automatically generated]Below is the group Gantt chart. This was completed as a team. Each deadline was discussed and evaluated to try and give each member adequate time to complete each task, without rushing. We ensured that the Mechatronics and Simulation team have research to conduct whist waiting for their tasks to start. This is a good use of time and allows them to be prepared whenever they are needed. Figure 3 shows the mechanical team chart.
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Description automatically generated]Figure 2 Above, Group Gantt Chart, produced together and supplied by Chloe Rees. 
Figure 3 Below, mechanical Gantt chart, made by Tomos Cole
Project Timings Chart


	Task
	Hours
	Start
	Finish
	Duration

	Group Allocation
	6
	7/10/24
	9/10/24
	3 Days

	Risk Analysis
	16
	7/10/24
	15/10/24
	8 Days

	Initial sketches
	56
	14/10/24
	11/11/24
	28 Days

	Study of Regulations
	14
	7/10/24
	14/10/24
	7 Days

	Aerodynamic Research
	84
	14/10/24
	25/11/24
	42 Days

	Materials Research
	2
	24/10/24
	25/10/24
	1 Day

	CAD Design
	42
	11/11/24
	2/12/24
	21 Days

	Stress Analysis
	76
	3/12/24
	10/02/25
	38 Days

	CFD and Aerodynamic Tests
	28
	10/02/25
	24/02/25
	14 Days

	Prototype Production
	12
	25/02/25
	03/03/25
	6 Days

	Prototype Assembly
	12
	25/02/25
	03/03/25
	6 Days

	Wind Tunnel Testing
	14
	03/03/25
	10/03/25
	7 Days

	Component Selection 
	82
	21/10/24
	01/12/24
	41 Days

	Control systems design
	84
	02/12/24
	13/01/25
	42 Days

	Produce software + control systems
	34
	24/02/25
	10/03/25
	17 Days

	Test Code and control Systems
	8
	10/03/25
	14/03/25
	4 Days

	Tuning of system
	6
	14/03/25
	17/03/25
	3 Days

	Vehicle Simulation Tests
	222
	3/12/24
	24/03/25
	111 Days

	Project evaluation
	20
	18/03/25
	28/03/25
	10 Days

	Total
	818
	7/10/24
	28/03/25
	172 Days


(Figure 4, Project timings)

Figure 4 above shows the chart that the team made together. This chart was used to help make the Gantt chart.













Preliminary Bill of materials

	Material
	Density
	Cost per KG
	Modulus of Elasticity
	Tensile Strength
	Thermal Conductivity
	Elongation at Break

	Carbon Fiber
	2g/cm^35
	£599*7
	242Gpa5
	3800Mpa5
	70W/mk6
	2%6

	Titanium
	4.50g/cm^32
	£1613
	116Gpa2
	220Mpa2
	17W/mk2
	54%2

	Aluminium 7075 
	2.70g/cm^31
	£254
	69Gpa1
	310Mpa1
	167W/mk1
	17% (24C)1



(Figure 5, Material Research)
1- (MatWeb - the online Materials Information Resource, no date)
2- (Titanium, ti, no date)
3- (Purchase Titanium, Ebay, no date)
4- (Purchase Aluminium, Ebay, no date)
5- (MInus and Kumar, 2005)
6- (Ramy Abdallah, 2018)
7- (CT Carbon, no date)

* I was unable to locate the cost of a KG of carbon fibre. Instead, I found the cost of a full carbon fibre wing, like the shape we wish to proceed with. This cost includes labour and machinery expenses, so is more expensive than producing it yourself.













Equipment List

	Item
	Use
	Readily Available?

	Computer
	Assignment, PowerPoint, CAD, Team meetings
	Yes

	Paper/Pen
	Sketches/ ideas
	Yes

	Morgan Model
	Representation of the scale required
	No- Must be 3d printed

	CAD software
	Prototype design and Stress testing
	Yes

	3d Printer
	Prototype production
	Yes

	Laser cutter
	Prototype production
	Yes

	Tools
	Assembly of prototype
	Yes


(Figure 6, Equipment)
All the equipment needed for the mechanical team is in figure 4. The team are fortunate to have most items readily available whenever they are required. However, this does not apply to the Morgan model. The team believe that this is not something to worry about, as it will allow us to practice with additive manufacturing. The aim is to get comfortable with importing STL files and using the printer software, so when the final prototype needs to be made, it can be done efficiently.



















Significant Milestones

During this project, there will be certain tasks that are completed that mark important milestones for the team. These significant milestones will be highlighted on the Gantt chart, so that every team member can keep track of progress on these important events.

· Milestone 1: Group agreeing on an initial design
· Milestone 2: Aerodynamics team designing a wing that will theoretically work as an air brake
· Milestone 3: Producing the wing in CAD software
· Milestone 4: Completion of initial prototype
· Milestone 5: Working demonstration of the wing, where the actuation can be clearly seen
In my opinion, the most important milestones are listed above. Each one allows the next group to complete their task. These milestones allow for seamless flow of work, letting each team take control of the project for their section, then efficiently passing it to the next group. After each milestone has been completed, the group will schedule a meeting. This meeting will allow all members to give their opinions on how the project is going, and any concerns can be addressed. This will help our team stay on track.




















Areas of Concern

My concerns for this project are about my own ability to use CAD software. My strengths have been in mechanical engineering but I’m using my lack of experience in CAD as an opportunity to learn something new, outside my comfort zone. SolidWorks is something that I am not particularly familiar with. I have managed to produce some initial designs to show to the team, which I am proud of. But making curved shapes and conducting stress analysis is something which I know may cause concern.
I have mitigated this by communicating to my mechanical teammate. He has been able to teach me a few tricks that have helped with my design ability. I have also mitigated this by practicing at home to try and build experience. I am positive I will be able to learn to be a successful and skilled CAD engineer.

My other concern is about our design not being able to meet the project requirements. The team has produced some fantastic initial ideas; however, we are not yet sure how to produce them. It is important that we can fill all the design criteria, whilst adhering to the regulations. We have tried to mitigate this by having two designs that we will push with until the end. The designs are quite different to each other, which helps the chances of one of them working. After we have produced both designs, we can compare them in the wind tunnel and evaluate which is best suited for the required specification.




















Conclusion

In my opinion, I think we have a well-balanced team. Each subgroup has at least one member with experience in their sector. I believe we will all learn lots from each other. A successful team is one that never stops learning, and bounces ideas and advice from member to member. I have already learnt some valuable skills from my teammate Tomos. I believe we will work well together. I am still concerned about how the team is going to make the wing adjust to add drag, but that task is one of the last things to do. I am sure the team will be ready when that part needs completing. We have a very diverse team that covers all the areas of Belbin’s team roles. I am excited to see what happens over this year.
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