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For our group project, we have been asked to develop a rear mounted wing for a morgan, the wing must be compatible for a soft top morgan. The wing must be able to operate with the roof up and down.

We have all decided on given roles for the group project, each role consists of different areas of development. They all contribute to the desired outcome of the project. The wing must be developed using all the roles necessary, while including research and development into the project.

The wing will be designed using SolidWorks design software, and modelled using the same software, once an initial prototype/ design of the wing is developed. We can then use the design against CFD data for aero analysis, being able to adapt and necessary changes the final design.
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Team Roles 

	Team Member
	Section
	Role

	Alex Griffiths
	Aero
	Pm

		Mohamad    Mahmood
	



	Aero
	Wind Tunnel

	James Evans
	ECS
	Mechatronics 

	Jacob Ling
	ECS
	Software Design 

	Angel Stanley
	Simulation
	

	Emily Dawes
	Simulation
	

	Jacob Gough
	Structure
	Design

	Nevin Jyothis
	Structure
	Design

	Preston Thomas
	
	





Team Responsibilities 

Aero Team

Alex Griffiths - Project Manager (PM)

   - Oversee the Aero team's progress and ensure alignment with project goals.
   - Manage timelines, budgets, and resources for the Aero section.
   - Facilitate communication between the Aero team and other sections.

Mohamad Mahmood - Wind Tunnel Specialist

   - Lead the design, setup, and execution of wind tunnel experiments.
   - Analyse aerodynamic data collected from tests and provide recommendations.
   - Collaborate with the Aero team to optimize aerodynamic performance based on test results.






ECS (Environmental Control Systems) Team

James Evans - Mechatronics Specialist

   - Design and develop mechatronic systems for ECS.
   - Integrate sensors, actuators, and control systems to ensure optimal performance.
   - Collaborate with software and design teams for seamless system functionality.


Jacob Ling + Preston Thomas - Software Design Engineer

   - Develop software for controlling and monitoring ECS systems.
   - Ensure software is reliable, user-friendly, and meets performance criteria.
   - Coordinate with the Mechatronics Specialist for system integration.

Simulation Team

Angel Stanley - Simulation Engineer

   - Develop and run simulations to predict system performance.
   - Analyse simulation data and provide insights for design optimization.
   - Collaborate with all sections to validate simulation models.

Emily Dawes - Simulation Engineer

   - Support the development of simulation models.
   - Focus on ensuring the accuracy and reliability of simulation data.
   - Assist in analysing simulation outcomes and validating design choices.


Design/Structure Team

Jacob Gough – Lead Structural Design Engineer 

- Responsible for the conceptual and detailed design of primary structural components within the project.  
- Conduct advanced structural analysis, including finite element analysis (FEA), to ensure all designs meet safety and durability requirements under applied loads.  
- Ensure compliance with relevant industry standards and align structural designs with project-specific objectives.  
- Facilitate collaboration with interdisciplinary teams to integrate structural designs seamlessly into the overall system architecture.  
- Review and approve technical drawings and CAD models to verify accuracy and feasibility before submission.  



Nevin Jyothis – Structural Design Support Engineer
- Assist in the design of secondary structural elements, ensuring attention to detail and adherence to project specifications.  
- Perform material optimization studies to enhance efficiency, cost-effectiveness, and environmental sustainability of the design.  
- Develop detailed CAD models and drawings for all assigned components, with accurate tolerances and dimensions.  
- Document design decisions and analysis outcomes, providing technical calculations to support project deliverables.  
- Collaborate with Jacob to refine construction techniques and validate proposed solutions for structural challenges.  

Skills and personality traits for my given role

For a Structure/Design role, the skills and personality traits can be closely aligned with specific Belbin’s Team Roles that focus on practical implementation, creativity, and analytical assessment.

1. Implementer
    
Skills & Traits:

     - Practicality and reliability.
     - Strong organizational skills and the ability to plan methodically.
     - Capacity to transform theoretical concepts into practical applications.
     - Consistency in following established procedures, processes, and standards.

Belbin’s Context: Implementers are crucial in the Structure/Design role as they ensure that designs are feasible, practical, and ready for implementation. They focus on converting ideas into concrete plans, adhering to deadlines, and maintaining project timelines. (Belbin, 2010)

2. Specialist

Skills & Traits:

     - In-depth technical knowledge of structural principles and design software.
     - Expertise in specific areas such as CAD (Computer-Aided Design), structural analysis, materials engineering, or simulation tools.
     - Detail-oriented, providing specialized information essential for technical accuracy.

Belbin’s Context: Specialists bring a high level of expertise necessary for precise structural calculations and design refinement. They offer deep knowledge that’s essential for creating reliable, robust, and safe structures. (Belbin, 2010)

3. Plant

[bookmark: _Toc196586730]Skills & Traits:

     - Creativity in developing innovative design solutions.
     - Ability to think outside the box when faced with design challenges.
     - A flair for conceptualizing unique structures and components.

Belbin’s Context: In a Structure/Design role, Plants generate novel ideas for structural designs and find unconventional solutions to complex problems. They provide the creativity needed to push the boundaries of traditional design while ensuring functionality. (Belbin, 2010)


	Belbin’s Category
	My score 

	Resource Investigator
	5

	Team worker
	6

	Coordinator
	5

	Plant 
	9

	Monitor 
Evaluator 
	5

	Specialist
	7

	Shaper
	5

	Implementor
	8

	Complete Finisher
	3



1-10
(1 being worst, 10 being best fit)

For skills and personality traits, I have chosen plant, Specialist and implementor for my 3 most suited Belbin’s category’s suited to my intended role of Design/ structural design. The score given is based upon my personal tasks at hand, and how they collate with the Belbin’s model. 

(Belbin, 2010)
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	Section
	Group
	What will you do for it?
	What do you need from other groups
	Deadline

	Pulled From brief, what’s expected of us in viva 1
	Your Group Add a row in to split into your subgroups if you want
	What you plan to contribute to that section
	what you need with teams it will come from in brackets
	When you will be finished with it (doesn't have to be in chronological order from top to bottom but must be before its needed by other groups)

	 

	Initial Project Considerations 
	Whole Team
	GRP Rules read and understood
	Group Work
	07-Oct

	
	
	Groups and roles established
	
	

	 

	Research Complete
	Aero
	 Learn CFD, research aerodynamics
	Independent 
	30-Oct

	
	Structural
	research different wing types.
	Independent
	30-Oct

	
	ECS 
	common mechatronic elements and how they work, potential Parts, Signal types and conversion methods learned
	Independent
	02-Dec

	
	Sim
	Learn sim 
	Independent 
	21-Oct
















	Experimental Work
	Aero
	Investigate wing profiles and dimensions, Target max CL and minimum CD then run at different angles
	I dependant
	10-Nov

	
	Structural
	Simulate and test various conditions (static, dynamic, and aerodynamic) to validate design assumptions
	Data from CFD
	23-Nov

	
	ECS 
	Testing Different Arduino configurations, Testing different Simulink methods.
	Independent
	25-Nov

	
	Sim
	Simulate track data with suggested wing profile
	Suggested wing profile from aero
	20-Nov

	 

	Analytical Work
	Aero
	Investigate the maximum force exerted on the structure of the wing and mounting due to the lift and drag 
	Inform structural of loads, receive mechatronic design for wing adjustment to implement into cad model.
	15-Nov

	
	Structural
	Perform structural simulations to assess stress, strain, and deformation under various load conditions
	More Data from CFD, Stress and strain analysis.
	23-Nov

	
	ECS 
	What are requirements for different parts in real world/prototype
	Resistive forces due to weight and air (Structural, Aero), Rate of response (Simulation)
	23-Nov

	
	Sim
	Use track sim to find time needed for wing deployment and acceleration on axes
	Independent
	23-Nov











	Modelling Work
	Aero
	define shape and dimensions of wing components  
	 
	01-Nov

	
	Structural
	Develop various models, while applying the aero and ECS needs to generate a practical wing design.
	independent
	13-Nov

	
	ECS 
	Initial Plan for Layout no specific parts, initial Simulink structure
	Dimensions of Wing and brackets (Structural and Aero)
	17-Nov

	
	Sim
	Continuation of simulations and data analysis
	Independent
	23-Nov

	 

	Results
	Aero
	 
	 
	 

	
	Structural
	Final design/ model of mounting system along with the wing, tested and manufactured.
	Data from CFD, Optimal positioning of pneumatics/ hydraulic/ electrical operation, accessibility from ECS.
	30-Nov

	
	ECS 
	layout with list of potential prototype parts and requirements for real parts, Simulink structure and methods established
	Independent
	30-Nov

	
	Sim
	Final testing done ensuring best result possible is achieved
	Model of wing (Structural) 
	30-Nov

	 

	Viva Prep Done
	Whole Team
	All PowerPoint slides filled in 
	02-Dec

	
	
	Viva Rehearsed
	09-Dec









Jacob Gough
236131
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Milestones & Gateways Table
	Stage
	Milestone/Gateway
	Completion Date (Target)
	Criteria for Completion

	Vehicle Dimensions Defined
	Milestone - Initial dimensions of vehicle finalized
	October 15, 2024
	Dimensions align with design specifications

	Design Initiation
	Gateway - Approval of vehicle dimensions for CAD implementation
	October 16, 2024
	Design team agrees on feasibility

	Wing Mounting Structure Defined
	Milestone - Initial mounting bracket for wing developed
	November 15, 2024
	Concept validated for strength and compatibility

	Material Selection & Structural Completion
	Gateway - Approval of mounting system material choice
	December 27, 2024
	Meets weight, cost, and structural integrity requirements

	Aerodynamic & Structural Progress
	Milestone - Completion of Wing Design 1
	January 10, 2025
	Initial aerodynamic and structural criteria satisfied

	Optimization & Refinements
	Gateway - Approval for modifications on Design 1
	January 24, 2025
	Design review confirms need for refinements

	First Structural Validation
	Milestone - FEA conducted on Design 1
	February 7, 2025
	Simulation confirms structural feasibility

	Iteration & Second Validation
	Milestone - Design 2 completed & FEA conducted
	March 6, 2025
	Further improvements validated

	Final Optimization Cycle
	Milestone - Design 3 completed & FEA conducted
	March 27, 2025
	Last set of refinements tested for robustness

	Final Design Confirmation
	Gateway - Selection of final design for implementation
	March 30, 2025
	Meets all aerodynamic, structural, and regulatory requirements

	Final Engineering Analysis
	Milestone - Final FEA & force calculations conducted
	April 1, 2025
	Forces acting on structure fully analyzed

	Project Conclusion
	Gateway - Final design justified & approved
	April 1, 2025
	Ready for report submission and implementation



[bookmark: _Toc196586736]Personal Gateway and Analysis
[bookmark: _Toc196586737]Personal Gateway – Structural Analysis Review
Date: December 12–14, 2024
Purpose: A structured checkpoint to assess whether the mounting system and initial wing design are meeting strength and aerodynamic performance expectations before proceeding to detailed optimizations.
SMART Objectives Applied to the Review Process
· Specific: The review will focus on analyzing the mounting system design and material selection, ensuring they can withstand expected aerodynamic forces.
· Measurable: The evaluation will check stress levels, deflection thresholds, and load-bearing capacity, using precise FEA data and material property comparisons.
· Achievable: Conducted within three days, utilizing existing FEA simulations, hand calculations, and preliminary aerodynamic estimations.
· Relevant: This checkpoint ensures structural integrity validation before full aerodynamic refinement, preventing costly redesigns later in the process.
· Time-bound: Must be completed by December 14, 2024, allowing sufficient time for adjustments before material selection approval on December 27, 2024.
[bookmark: _Toc196586738]Outcome & Next Steps
1. Pass Condition: If analysis confirms the design meets all structural and aerodynamic expectations, the project moves forward into Wing Design1.
2. Fail Condition: If deficiencies are found, excessive stress levels, suboptimal materials, refinements will be made, ensuring issues are resolved before material selection approval.
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Structural Integrity

Concern:

 The rear-mounted wing is subjected to significant aerodynamic forces, especially at high speeds, which can lead to issues like deformation, fatigue, or even failure of the wing structure. This is due to the high loads placed on the wing during operation, as well as the potential for impacts or vibration that can weaken the structure over time.
[bookmark: _Toc196586740]Main Concerns & Their Impacts
1. Deformation (Structural Deflection)
· Impact: Excessive deformation alters the intended aerodynamic profile, reducing downforce efficiency and possibly increasing drag.
· Cause: High-speed airflow combined with loading forces causes excessive bending, especially in high-load areas like mounting points and the wing's leading edge.
· Result: If the deflection exceeds allowable limits, it compromises aerodynamic stability, making the vehicle unpredictable at speed.
2. Fatigue (Material Weakening Over Time)
· Impact: Repeated cyclic loading from aerodynamic forces causes micro-cracks, which grow over time and can lead to sudden failure.
· Cause: Oscillations from turbulence, cornering loads, and vibrations gradually degrade material strength, particularly at stress concentration points like joints and bolt holes.
· Result: Progressive fatigue can cause shearing or delamination, reducing the wing’s ability to sustain high loads.
[bookmark: _Toc196586741]Other Factors to Consider
· Impacts & Vibrations: Sudden impacts from debris or road surface irregularities introduce shock loads, exacerbating fatigue issues.
· Mounting Integrity: Poorly designed mounting transfers excessive forces, leading to structural failure at the connection points.
· Material Choice & Load Distribution: Optimized composite layering or reinforced alloys help distribute stress and prevent excessive fatigue build-up.






Mitigation Methods:

Material Selection: Using lightweight, high-strength materials such as carbon fibre, titanium, or advanced composites will ensure the wing is both strong and lightweight. These materials offer excellent strength-to-weight ratios and fatigue resistance.

(www.compositesworld.com, n.d.)

 Finite Element Analysis FEA: 

Using FEA software during the design phase to model the stresses and strains on the wing under various loading conditions. This helps identify weak points or areas where reinforcement may be necessary.



Reinforced Mounting Points: 

Ensure that the mounting points between the wing and the vehicle are designed with enough strength. Reinforcing these areas can prevent failure due to mounting stresses.

Fatigue Testing: 

Performing extensive real-world testing such as vibration testing and fatigue cycles will help to simulate long-term use and identify any potential weaknesses that could cause failure under repeated stress.

(Racecar Engineering, n.d.)
   

Boundary Layer Control: 

Designing the wing with features that manage the boundary layer, such as vortex generators or tailored wing tips. These features will help reduce drag and maintain smooth airflow over the wing surface, improving aerodynamic efficiency.

By addressing these two primary concerns, the structural integrity and aerodynamic performance. Through appropriate design and testing methods, the risks associated with manufacturing and using a rear-mounted wing can be minimized, ensuring both safety and optimal performance.
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	Plan Duration
	
	
	
	

	 
	Complete according to plan

	 
	 
	
	
	
	
	
	
	
	

	 
	 
	
	
	
	
	
	
	
	

	 
	 
	
	
	
	
	
	
	
	

	 
	Complete outside plan
	
	

	 
	Milestones
	
	
	
	

	 
	Deadlines
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Project Overview

Goal: 

Design a high-performance rear-mounted wing that balances aerodynamic efficiency and structural integrity under high-speed loads.

Timeline: 

Estimated duration: 6-12 months depending on scope and resources.

Key Stages and Milestones

The design process is divided into clear stages with key milestones and gateways where progress depends on the approval of prior work.


Stage 1: Conceptualization (2-3 weeks)

Objectives:
- Define project scope and requirements.
- Research vehicle specifications and materials.
- Review relevant regulations.

Tasks:
- Study existing rear-wing designs.
- Define aerodynamic goals.
- Choose materials.
- Outline potential adjustments.

Deliverables:
- Design brief and material selection.
- Preliminary aerodynamic targets.
- Compliance with regulations.

Gateway: 
Approval of the project brief and material choice.








Stage 2: Preliminary Design (3-4 weeks)

Objectives:
- Develop initial 3D CAD models.
- Define basic aerodynamic features (wing shape, angle of attack).
- Consider mounting and integration with the vehicle.

Tasks:
- Create initial CAD models of the wing.
- Define mounting points and load-bearing areas.

Deliverables:
- 3D CAD models of the wing concept.
- Structural analysis (for weak points).

Gateway:
Approval to proceed with detailed aerodynamic optimization.



Stage 3: Structural Analysis (3-4 weeks)

Objectives:
- Ensure the wing can withstand high-speed aerodynamic loads and mechanical stresses.

Tasks:
- Perform FEA to assess wing strength and fatigue resistance.
- Reinforce high-stress areas/ mounting points.
- Simulate the wing under various loading conditions.

Deliverables:
- FEA results showing stress distribution.
- Recommendations for material changes or reinforcements.

Gateway: 
Approval of structural integrity results to proceed to prototype fabrication.











Stage 4: Final Design and Production (3-4 weeks)

Objectives:
- Finalize the design for production and integration into the vehicle.

Tasks:
- Make final adjustments based on test feedback.
- Finalize CAD models and production specifications.
- Prepare production-ready materials and moulds.

Deliverables:
- Final production-ready design.
- Technical documentation and assembly instructions.

Summary of Key Milestones:
Milestones with Dates
Conceptualization – Define scope and material choices
Start Date: October 1, 2024
End Date: October 15, 2024
Activities:
· Establish project scope, objectives, and requirements.
· Select preliminary materials based on strength, cost, and aerodynamic considerations.
Preliminary Design – Develop CAD models and define aerodynamic features
Start Date: October 16, 2024
End Date: November 15, 2024
Activities:
· Create initial CAD models to define structural and aerodynamic features.
· Validate initial design choices through basic hand calculations and software analysis.
Structural Analysis – Conduct FEA to ensure strength and durability
Start Date: November 16, 2024
End Date: December 31, 2024
Activities:
· Perform FEA on mounting systems and wing structure.
· Adjust material choices and design features based on FEA results.
· Ensure the design meets strength and durability requirements under operational loads.
Final Design and Production – Finalize design and prepare for production
Start Date: January 1, 2025
End Date: March 30, 2025
Activities:
· Refine CAD models and validate final design iterations (Designs 2 and 3).
· Conduct advanced FEA and aerodynamic testing on the chosen design.
· Prepare documentation and calculations for production readiness.
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 Week (5 days)

ACTIVITY

PERCENT 

COMPLETE

ACTUAL 

DURATION 

(Days)

ACTUAL 

START 

(Day)

PLAN 

DURATION 

(Days)

PLAN 

START 

(Day)


Microsoft_Excel_Worksheet.xlsx
Project Planner

				Personal Gannt Chart

				ACTIVITY		PLAN START (Day)		PLAN DURATION (Days)		ACTUAL START (Day)		ACTUAL DURATION (Days)		PERCENT COMPLETE		 Week (5 days)

																1		2		3		4		5		6		7		8		9		10

				Initial Team Meeting		1		1		1		1		100%

				Group: GRP Rules read and understood		1		1		1		1		100%

				Group: Groups and roles established		1		1		1		1		100%

				Milestone: Initial Considerations		1		1		1		1		100%																														Plan Duration

				 Aero: Learn CFD, research aerodynamics		1		4		1		4		100%																														Complete according to plan

				Structural: research different wing typ		1		4		1		4		100%

				Simulation: Learn Simulation		1		4		1		4		100%

				ECS: Signal types and conversion methods  		1		4		1		4		100%

				ECS: Research comon mechatronic elements   		1		4		1		4		100%																														Complete outside plan

				Milestone: Base learning complete																																								Milestones

				Aero: Investigate wing profiles 		6		1		6		1		100%																														Deadlines

				Structural: Simulate and test various  conditions 		6		2		6		1		100%

				ECS:Testing different simulink methods.

				ECS: Testing Different Arduino configurations, 		8		2		7		1		100%

				Simulation: Simulate track data and get ideal angles and tolerences		10		1		10		1		100%

				Milestone: Experimental work 

				First Demo		11		1		11		1		100%

				Signal Filtering Research		12		2		12		2		100%

				Research Circuit board basics		14		2		14		2		100%

				Team meeting 4		16		1		16		1		100%

				Arduino Demo		16		1		16		1		100%

				Research Parts		17		2		17		3		100%

				In depth parts research		19		2		20		2		100%

				Team meeting 5		21		1		21		1		100%

				Arduino Demo		21		1		21		1		100%

				Essential Parts		22		2		22		2		100%

				Report Writing		24		1		24		1		100%

				Review group design		25		1		25		1		100%

				Team Meeting 6		26		1		26		1		100%

				Arduino Demo		26		1		26		1		100%

				Create rough design		27		1		27		1		100%

				Milestone: Modelling

				Circuit Bread Research		28		2		28		2		100%

				Update Gannt		30		1		30		1		100%

				Team meeting 7		31		1

				Arduino Demo		31		1

				Potential Parts		32		3

				Milestone: Analytical

				Team Meeting 8 		36		1

				Arduino Demo		36		1

				Milestone: Experimental 

				Initial Design		37		4

				Milestone: Research

				Milestone: Results

				Team Meeting 9		41		1

				Power Point 		41		2

				Milestone: Conclusions

				Viva Rehearsal		42		4

				Deadline: VIVA 1

				VIVA 1		46		5









																																																																																																																																				Milestone		Week				Finish Day		Outcome		Personal Gateways 

																																																																																																																																						Start		Finish

																																																																																																																																				Planning		1		1		11-Oct		Plan for project created		Roles Researched and understood.
Gannt Charts created.

																																																																																																																																				Modelling		5		6		12-Nov		Layout of ECS with types of parts but no specific parts		Knowledge of comon mechatronic elements in active wings

																																																																																																																																				Analytical		4		7		21-Nov		list of potential parts based off tolerences given by Group		Criteria for picking each part researched 

																																																																																																																																				Experimental		3		8		25-Nov		Knowledge of baisic arduino configurations		Attend Ryan James’ series of demos explaining various aspects of control system modelled on Arduino. 
Compile List of Arduino Set ups I can use.

																																																																																																																																				Results		7		8		30-Nov		An Initial design Created For Real World/Prototype		 suggested parts and layout, what criteria could change them and how.

																																																																																																																																				Research		1		8		30-Nov		Learning completed and recorded sufficiently to use for the rest of the project 		comon mechatronic elements and how they work, Real world and arduino parts, Signal types and conversion methods learned

																																																																																																																																				Conclusions		6		9		3-Dec		Decisions and processes that lead to them recorded 		All Previous Milestones and Gateways achived

																																																																																																																																				Deadline VIVA 1 hand in 09-Dec





Template

		Personal Gannt Chart

		ACTIVITY		PLAN START (Day)		PLAN DURATION (Days)		ACTUAL START (Day)		ACTUAL DURATION (Days)		PERCENT COMPLETE		 Week (5 days)

														1    07/10/2024										2 14/10/2024										3 21/10/2024										4 28/10/2024										5 04/11/2024										6 11/11/2024										7 18/11/2024										8 25/11/2024										9 02/12/2024										10 09/12/2024

														1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39		40		41		42		43		44		45		46		47		48		49		50						Plan Duration

				1		1		1		1		100%																																																																																																										Complete according to plan

				1		1		1		1		100%																																																																																																										Complete outside plan

				2		2		2		3		100%																																																																																																										Milestones

				4		1		5		1		100%																																																																																																										Deadlines

		Milestone: Plan Created

				6		1		6		1		100%

				6		2		6		1		100%

				8		2		7		1		100%

				10		1		10		1		100%

				11		1

				11		1		11		1		100%

				12		2		12		2		100%

				14		2		14		2		100%

				16		1		16		1		100%

				16		1		16		1		100%

				17		2		17		3		100%

				19		2		20		2		100%

				21		1

				21		1		21		1		100%

				22		2		22		2		100%

				24		1		24		1		100%

				25		1		25		1		100%

				26		1

				26		1		26		1		100%

				27		1		27		1		100%

		Milestone: Modelling

				28		2		28		2		100%

				30		1		30		1		100%

				31		1

				31		1

				32		3

		Milestone: Analytical

				36		1

				36		1

		Milestone: Experimental 

				37		4

		Milestone: Research

		Milestone: Results

				41		1

				41		2

		Milestone: Conclusions

				42		4

		Deadline: VIVA 1

		VIVA 1		46		5
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