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[bookmark: _Toc182735625] Introduction
This Report will outline the planning of our group project Which is to create an imagined real-world design of an active rear wing for use on a morgan sports car and a working prototype which should be to scale and have a working electronic control system (ECS). 

[image: real life picture with the hardtop on? - Talk Morgan - Morgan Sports Cars  Discussion Forum, Community and News]
[bookmark: _Toc182737114]Figure 1 Morgan Plus Six Hardtop TalkMorgan(2019)
[image: Arduino - Wikipedia]
[bookmark: _Toc182737115]Figure 2 Arduino Uno SMD R3 Wikipedia (2024)


[bookmark: _Toc182735626]Roles And Responsibilities 
Our group will be split into Five main sections: Aerodynamics,
ECS, Project Management, Simulation and Structural. Each section has two students assigned to it Apart from Project management which will be headed up by the Project Manager (PM) and have certain tasks delegated to students with idle time.

[bookmark: _Toc182735627]Group Sections
[image: ]
[bookmark: _Toc182737116]Figure 3 Group Sections (Evans, 2024)
The ECS section will focus on how the wing will move (its actuators) what sensors will dictate its movement and how it is all connected both physically and in terms of software. Within the ECS section we have split the Responsibilities into two roles mechatronics and software engineering.

[bookmark: _Toc182735628]My Role
 My role is to design the layout of physical components of the ECS for both the prototype and real-world design, this includes what sensors to use, what actuators to use and what components to connect them with. I will also be responsible for building the prototype ECS and integrating it into the groups final prototype. 

[bookmark: _Toc182735629]Skills required
· Base understanding of Simulink and MATLAB
· In Depth Knowledge of circuit Boards, Arduinos and basic mechatronic components to use on them
· Soldering
· In Depth Knowledge of sensors, actuators and connections used in real world applications


[bookmark: _Toc182735630]Personality traits
For Mechatronics Self-motivation to do work will be important as pressure from the group as whole will not start until the first group milestone that depends on me is reached which is a while down the line and I will need to put a lot of work into my section before then to deliver. This aligns well with my personality type according to Belbin’s model which leans towards type A VeryWellMind(2024)
[bookmark: _Toc182735631][image: ]Group Tasks and Timings

[bookmark: _Toc182737117]Figure 4 Group Tasks and Timings (Evans, 2024)

[bookmark: _Toc182735632]Personal Tasks 
[bookmark: _Toc182735633]Rough Flow chart
To Start My project planning and lay out objective paths in a simple way I created this flow chart[image: A diagram of blue squares

Description automatically generated][bookmark: _Toc182737118]Figure 5 Flow Chart (Evans, 2024)


This does not include a great deal of detail creates a rough structure to start my planning.

[bookmark: _Toc182735634]Base table 
I created a table of tasks required along with how long I expect to need to complete them. I will use the Program evaluation and review technique (PERT) to Generate Estimated times (ET) using Pessimistic(P) Likely(M) and Optimistic(O) times. I will use the formulas: Et= (O+4M+P)/6 or the pessimistic formula: Et=(O+3M+2P)/6, For each task I have decided if it is something I am comfortable with in which case I will use the First formula and if not, I will use the second. Date is written next to each weekly team meeting for readability.
	[bookmark: _Hlk182735195]Task
	Description
	Week Date 
	Hours needed
	ET
(Hours)

	
	
	
	O
	M
	P
	

	Initial Team meeting
	Meet team following assignment presentation and decide upon roles and responsibilities
	07 October 2024
	1
	1

	First glance at section
	Read through rules and guidelines making note of rules relevant to mechatronics and identify areas of research
	
	0.5
	1
	1.5
	1.0

	Research Wing-theory
	Refresh base understanding of wing aerodynamics and the requirements of the control system.
	
	3
	4
	6
	4.5

	Create Gannt
	Create personal Gannt Chart for project
	
	0.5
	1
	2
	1.1

	Team meeting 2
	14 October 2024
	1
	1.0

	MATLAB Onramp
	Complete the onramp course for MATLAB
	
	1.5
	2
	3
	2.1

	Simulink Onramp
	Complete onramp course Simulink
	
	1.5
	2
	3
	2.3

	Learn about PID
	Watch Ryan James' Videos on PID
	
	0.5
	1
	1.5
	1.0

	Team Meeting 3
	21 October 2024
	1
	1.0

	First Demo
	Attend Ryan James’ Simulink demo to gain basic understanding of software capabilities and refresher on Arduino
	
	1
	1.0

	Signal Filtering Research
	Research Filtering PWM to Variable Signals
	
	3
	4
	6
	4.5

	Research Circuit board basics
	Using Theiet (2024) learn about basics of circuit board making
	
	3
	4
	5
	4.2

	Team meeting 4
	28 October 2024
	1
	1.0

	Research Parts
	Gain an understanding of the basic/common mechatronic elements of adaptive wings
	
	4
	5
	7
	5.5

	Arduino Demo
	Attend Ryan James’ Demo on Arduino
	
	1
	1

	Task
	Description
	Week Date 
	Hours needed
	ET
(Hours)

	
	
	
	O
	M
	P
	

	In depth parts research
	Look at industry leading adaptive wings and find common elements
	
	1
	2
	3
	2.2

	Team meeting 5
	04 November 2024
	1
	1.0

	Arduino Demo
	Attend Ryan James’ Demo on Arduino
	
	1
	1

	Essential Parts
	Compile list of essential mechatronic elements such as ECU research criteria for choosing each
	
	4
	6
	8
	6.3

	Report Writing
	Compile research into a section of the team report
	
	0.5
	1
	1.5
	1.0

	Review group design
	Consult with aero and structural teams to ensure their design will be possible to effectively control, discuss control options and their possible impact on other teams’ plans.
	
	1.5
	2
	2.5
	2.0

	Team Meeting 6
	11 November 2024
	1
	1.0

	Create rough design
	Design basic layout of ECS with no specific parts 
	
	2
	3
	4
	3.2

	Arduino Demo
	Attend Ryan James’ Demo on Arduino
	
	1
	1

	Circuit Bread Research
	Use Circuit Bread (n.d) to consolidate base understanding of circuit boards and parts
	
	3.5
	4
	5
	4.3

	Update Gannt
	Update Gannt chart with progress
	
	0.5
	1
	1.5
	1

	Team meeting 7 
	18 November 2024
	1
	1.0

	Potential Parts
	Use Criteria Researched with tolerances provided by team to compile a list of potential real-world parts
	
	5
	7
	9
	7.3

	Task
	Description
	Week Date 
	Hours needed
	ET
(Hours)

	
	
	
	O
	M
	P
	

	Arduino Demo
	Attend Ryan James’ Demo on Arduino
	1
	1
	1

	Team Meeting 8
	25 November 2024
	1
	1.0

	Initial Design
	Create rough design for real world and suggested prototype design with suggested parts and their criteria
	
	8
	9
	12
	9.8

	Arduino Demo
	Attend Ryan James’ Demo on Arduino
	
	1
	1

	Team Meeting 9
	02 December 2024
	1
	1.0

	Power Point
	Finish PowerPoint
	
	1.5
	2
	3
	2.1

	VIVA Rehearsal
	Practice and prepare for Viva 1
	
	5
	8
	10
	7.7

	Viva 1 10/12/2024

	Christmas Break

	Prototype design
	Create Initial prototype design
	
	4
	5
	7
	5.5

	Consult with control partner
	Explain Structure to software designer discuss possibility and any changes necessary
	
	1
	2
	2.5
	1.9

	Implement Changes
	Change any parts of prototype required and finalise design
	
	1
	2
	4
	2.2

	Fit real world design
	Make any necessary changes to real world ECS design to ensure compatibility with other teams
	
	2
	4
	6
	4.0

	Test RW configurations
	Make two real world designs that fit within criteria from group with different actuator types from potential part list
	
	3
	4
	4.5
	3.9

	Task
	Description
	Week Date 
	Hours needed
	ET
(Hours)

	
	
	
	O
	M
	P
	

	Budget real world
	Ensure Predicted cost of control system is approved by GM and works with the Group wide budget
	
	0.5
	0.5

	Balancing
	using potential parts list change parts around to fit within budget or if approved use extra budget to Improve Design.
	
	0.5
	1
	3
	1.3

	Report Writing
	Add final design, Decisions and processes that led to them to team report
	
	1
	2
	2.5
	1.9

	Exam Study Period 30/12/2024

	

	Last Exam 10/01/2025

	Team Meeting
	13 January 2025
	1
	1.0

	Finalise RW Design
	Finalise Real world design
	
	2
	5
	6
	4.7

	finalise prototype design
	Adjust Prototype design to reflect real world design as closely as possible
	
	1
	3
	4
	2.8

	Team Meeting
	20 January 2025
	1
	1.0

	Beguin Prototype
	Put together individual sensor groups
	
	6
	7
	9
	7.5

	Team Meeting
	27 January 2025
	1
	1.0

	Prototype Building
	Build output groups (actuators)
	
	3
	4
	5
	4.2

	Test Actuators
	Test the actuators to ensure they will be able to move the weight of our prototype wing
	
	1
	2
	2.5
	2.0

	Team Meeting
	03 February 2025
	1
	1.0

	ECS Connecting
	Connect final ECS prototype based on dimensions of group prototype but with extra room between connections in case of tolerance being off.
	
	1.5
	3
	3.5
	2.9

	Task
	Description
	Week Date 
	Hours needed
	ET
(Hours)

	
	
	
	O
	M
	P
	

	Test complete ECS
	Test complete ECS to ensure output works properly with multiple sensor input
	
	4
	5
	6
	5.2

	Team Meeting
	10 February 2025
	1
	1.0

	Changes to Simulink
	Assist software designer in any changes needed to command structure on Simulink.
	
	1
	4
	6
	4.2

	Team Meeting
	17 February 2025
	1
	1.0

	Final Prototype Build
	Combine ECS with wing and mounts produced by group
	
	5
	8
	12
	8.8

	Team Meeting
	24 February 2025
	1
	1.0

	Group Prototype testing
	Work with group to help test prototype and ensure ECS is working smoothly
	
	6
	8
	10
	8.3

	Team Meeting
	03 March 2025
	1
	1.0

	Report Writing
	Add Stages of prototype from planning to testing methods to team report finalise section
	
	3
	5
	8
	5.2

	Optimistic End of Project work 07/03/2025

	Last Team Meeting
	24 March 2025
	1
	1.0

	Finalise Report
	Meet with Team to finalise report and rehearse Viva
	
	6
	8
	12
	8.3

	Project Deadline 30/03/2025




[bookmark: _Toc182735635]Significant Milestones in Project
[bookmark: _Toc182735636]Gateway Objective  
My Gateway Objective will be Choosing the Actuator for the wing the criteria It must meet are Torque, Energy Efficiency, Cost and Weight.

[bookmark: _Toc182735637] Torque
Torque will be our primary criteria; torque is important as it will determine how fast the wing can react and get into the correct position. At the wrong time too steep a wing angle could cause too much downforce and too shallow too little downforce. Too little downforce will cause wheel slip and too much will cause wheel locking. Aside from serious performance disadvantages such as excessive wear on the tyres and engine either of these could easily cause loss of life were they to occur on a high-speed corner or overtake both of which are common needs for the morgan. Exact deployment speed will be given by simulation team, but we can assume it is 0.33 seconds.

[bookmark: _Toc181721507][bookmark: _Toc182735638]Demand Torque 
This is the maximum torque my actuator will require and will be my lower tolerance for torque. to find demand torque I will use the equation (load torque + acceleration torque + friction torque) * design safety factor. Toughness of the wing material divided by a safety factor will be my upper constraint for torque.

[bookmark: _Toc181721508][bookmark: _Toc182735639]Load Torque
This is the torque required to oppose the load on the wing.
Load= (Force of air resistance at max angle and speed + weight) acting at 90 degrees to the wing surface
[image: A diagram of a weight and weight

Description automatically generated]
[bookmark: _Toc182737119]Figure 6 Air Resistance and weight diagram (Evans, 2024)
air resistance (1/2Air density*velocity2*Coefficient Drag*Wing Area) Cos θ1
weight((Mass*Gravity) Cos θ2)
 Since we do not yet know the shape or weight distribution of the wing, we cannot say whether these will be uniform or a combination of uniform and point loads.
Acceleration torque
it will be calculated by dividing the angular momentum () by the angular velocity ()
Angular velocity will be the change in θ1/Time(t)
Angular momentum for weight will be the Length of the wing from the pivot*Mass of wing*linear velocity. 
For air resistance it will be the change in air resistance*The area of the wing*Linear velocity

Friction Torque
This will be the sum of the friction posed by all the mechanical components in the control structure such as hinges.

Cushion torque
This is the force required to decelerate and stop the wing at a certain point as I plan to use a solenoid valve this demand will be covered independently of the actuator however, I must make sure the actuator would be compatible with one.

[bookmark: _Toc182735640]Cost
I believe the cost for the actuator will be significant relative to the rest of the ECS and project. by researching industry leading hydraulic actuators by Bosch, Moog and parker Hannifin and lower performance models made for use in Maritime applications I have decided a cost of 2500 pounds will be my limit but cheaper actuators with sufficient performance will be favoured.

[bookmark: _Toc182735641]Energy efficiency 
As a typical Lead Acid Battery like the one used in the morgan has a peak power of around 9.6 Kw and a sustained power of around 300 w it will be important to choose an actuator that is as energy efficient as possible to try and avoid needing an ultracapacitor system to charge it.

[bookmark: _Toc182735642]Weight
The weight of the component must also be considered, while slower in deploying an electric motor is likely to be much less added weight as a hydraulic actuator will require a pump, solenoid valve oil reservoir and the oil itself all of which will add weight.


[bookmark: _Toc182735643] Personal Milestones

[image: ]To help organise my tasks I made a table of milestones that align with finishing a section of the work I need to do before viva 1.[bookmark: _Toc182737120]Figure 7 Personal Milestones Part 1 (Evans, 2024)



[image: ]I also Listed Milestones for the Second VIVA however these along with the tasks listed above are subject to some small change following me and my group reviewing our progress before VIVA 1

[bookmark: _Toc182737121]Figure 8 Personal Milestones Part 2 (Evans, 2024)

[bookmark: _Toc182735644]Group Milestones
[image: ]
[bookmark: _Toc182737122]Figure 9 Group Milestones (Evans, 2024)
[bookmark: _Toc182735645]Areas of Concern 
[bookmark: _Toc182735646]No experience to judge task lengths with.
I chose the ECS section as it is the area my knowledge is most lacking and therefore the most worthwhile for me to learn about, however this will present a risk as I don’t have personal experience to judge how long tasks will take by.
 I have mitigated this risk by first writing down the tasks I expect to need to complete, I then called a family friend with 30+ years of experience as an electrical engineer (Snarey, 2024) and asked him how long he thought it might take a beginner to learn and or complete the tasks respectively. I used his estimates as the O, M and P times for my PERT calculations additionally my Estimated Times add up to 170 hours leaving me 30 hours of emergency extra time.

[bookmark: _Toc182735647]Prototype Build Going Wrong
As I Have never tried to work with mechatronics on this scale, I am likely to make mistakes and need to repeat a task at least once over the build.
I have mitigated this risk by arranging my timetable so that the research and learning for my project is finished by week 9 this leaves me over half of my project left to complete and focus on the tasks I am most worried about. 




[bookmark: _Toc182735648][image: A white and blue rectangular object with black lines
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Description automatically generated]Gannt Charts[bookmark: _Toc182737123]Figure 10 Group Gannt Chart (Evans, 2024)
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[image: ][bookmark: _Toc182737124]Figure 11 Personal Gannt Chart (Evans, 2024)
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Base Learning Complete
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Report Complete All sections of report filled in for all teams
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