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[bookmark: _Toc184065792]1. Introduction:
Enhancing vehicle performance is an essential focus of automotive manufacturers looking to survive in the performance vehicle business. The active rear wing system is a new feature that would improve aerodynamics and stability while regulating drag and downforce to ensure better braking efficiency [1].
This project aims to fulfill a completely integrated active rear wing system on a Morgan, including aerodynamics, structure, control systems, mechatronic components, and vehicle performance assessments. By utilizing advanced simulation tools, the objective is to create, test, and develop a cost-effective and high-performance solution within the project's time frame[2].
Scope of the Project
Aerodynamics: Simulate and optimize the wing's design to achieve the highest possible downforce and fine-tune drag for braking [3].
Structural Design: Ensure robustness of the wing under wide-ranging operational loads.
Control System Design: The ability to have a responsive and reliable mechanism to dynamically adjust wing position based on real-time conditions End [4].
Mechatronics Components: Actuators, sensors, and motors are integrated to provide efficient running.
Vehicle Performance Evaluation: Assess system effects on handling, stability, and braking in simulated and real vehicle environments [5].
Objectives:
Specific: Active rear wing system that should provide a 20% increase in downforce and a 15% increase in drag when braking.
Measurable: Validate the effects of the wing through CFD and multi-body simulations.
Feasible: Use lightweight, high-strength materials and efficient mechatronics systems to make it feasible and performance-based.
Relevant: Aligns with the objectives of the manufacturer, which include designing a performance vehicle to match consumers' expectations and government requirements.
Success Metrics
Aerodynamic Efficiency
· +20% downforce at baseline.
· +15% drag at braking.
· Confirmed high-speed stability by wind tunnel and CFD tests.
Structural Design
· 10% reduction in wing weight by using lighter materials.
· Withstands a 1.5 x max load without failure.
Control Systems
· Adjusts within 0.5s of inputs.
· Operates reliably in 95% of cases
· Consumes <5% power from auxiliary.
Vehicle Performance
· 2-5% reduction of lap times.
· 5% shorter braking distance.
Cost and Feasibility
· Prototype costs 25% below benchmarks.
· Manufactured with a <15% cost increase per vehicle.
Project Timeline
· Main phases are completed by December 08, 2024.
[bookmark: _Toc184065793]2. Team Overview
Team Roles and Responsibilities
In developing the low-cost and resource-friendly system, every member of the team provides critical responsibility to guarantee a successful project. Some of the key roles and responsibilities are as follows:
[bookmark: _Toc183614881]

Table 1 Role and Responsibilities
	Role
	Responsibilities

	Project Manager
	Oversees the progress of the project in its totality, including timelines, milestones, and deliverables. The team members' deadlines must be met, and the project should align with defined objectives.

	Aerodynamics & CFD
	Engages in aerodynamics research, industry trends analysis, and best practice recommendations.

	Simulation Specialist
	Advanced vehicle and aerodynamics simulations to gauge the system's performance.

	Structural Design (FEA) & Manufacturing 
	Design and construction of the rear wing prototype according to aerodynamic and structural targets

	Control Systems & Mechatronics 
	Test and validate the system to ensure performance meets design requirements and industry standards. 

	Procurement Lead
	Source good-quality, cost-effective material for prototyping. 



My Role: Vehicle Simulation Specialist
As a Vehicle Simulation Specialist, I analyze, test, and optimize the performance of the active rear wing system with the usage of advanced simulation tools and methodologies. My work directly contributes towards ensuring the effectiveness of the aerodynamics and structural performance of the wing within real-world conditions.
Aerodynamic Analysis:
· Perform CFD simulations to analyze the influence of different wing geometries on drag, downforce, and vehicle stability in general.
· Optimize the shape and location of the wing to achieve the best possible performance without sacrificing structural integrity.
Performance Modeling:
· Vehicle dynamics simulation to understand the effect of the wing on handling, stability, and braking behavior.
· Tools such as OptimumLap, VI-grade, and BPS can be used for detailed multi-body dynamics (MBD) simulations and kinematic studies.
Collaborative Design:
· Work closely with the Lead Technical to allow simulation results to guide prototype development
· Validate materials and mechatronics components for performance in operational scenarios
Skills and Personality Traits (Belbin’s Model)
Based on Belbin's Team Roles framework, my role is a combination of the Specialist and Plant archetypes. The blending of technical expertise with creative problem-solving skills is critical to addressing the complex challenges in designing an active rear-wing system.
1. Specialist Traits:
In such technical domains, deep knowledge gives added value to the team by performing specialist jobs. And so, for this case, the following traits are expected:
Technical Proficiency
· Advanced Simulation tools such as OptimumLap, VI-grade, and BPS to validate aerodynamic, structural, and kinematic performances are very crucial.
· Analyzing the data gathered by the simulation and correlating that with physical performance metrics that help the design achieve objectives of maximum downforce and the reduction of drag.
· Simulating scenarios by employing simulation tools to verify how, in real life, dynamic changes in wing angles affect airflow and vehicle stability.
Attention to Detail
· Precision is required in the setting up and selection of parameters during the simulation to avoid errors that could compromise the reliability of results
· Validation of outputs obtained from simulation with the project specifications by carefully verifying these outputs against performance benchmarks.
· Precision in documenting findings and recommendations to help other members of the team integrate the findings into the overall design.
2. Plant Traits
The Plant role is very creative and innovative, coming up with new ideas to solve complex problems. The major characteristics are:
Creative Thinking
· Ability to think creatively about solutions that enhance the performance of wings with a given set of constraints on weight, cost, and availability of materials.
· Development of novel designs or control mechanisms to optimize aerodynamic efficiency and minimize energy use.
· Formulation of alternative approaches to overcome unforeseen problems at the prototyping or testing stage.
Strategic Problem Solving
· Applying out-of-the-box thinking to fine-tune the dynamic adjustment capability of the wing, such that it would adapt well to changing driving conditions.
· Innovative ways of balancing trade-offs between downforce, drag, and structural requirements without over-complicating the system.
3. Collaboration and Cross-Disciplinary Teamwork
Collaboration is key in ensuring that the simulations meet the broader project goals. Some of the major aspects include:
· Effective Communication: 
Communicating simulation results, technical insights, and design recommendations to stakeholders and other team members, such as mechanical engineers or control system designers.
· Alignment with Design Goals: 
Closely working with Aerodynamics, Structural Design, and Control Systems teams to ensure that the simulations generated are relevant and actionable.
· Feedback Integration:
Acquiring feedback from other members of the team to improve simulation parameters and changing outputs with project-changing needs.
[bookmark: _Toc184065794]3. Methodology and Approach
Work Plan and Timeline:
[bookmark: _Toc183614882]Table 2 Work plan and timeline
	Phase
	Tasks
	Timeline

	Research and Planning
	Aerodynamics study, data collection, and brainstorming
	10 October – 16 October, 2024

	Design and Prototyping
	Simulations to refine the design i.e creation of prototype
	17 October – 10 November, 2024

	Testing and Refinement
	Iterative refinements and simulation-based performance validation
	10 November – 26 November, 2024

	Final Reporting
	Prepare and present findings, and the final system validation. 
	26 November – 08 December, 2024



Tools and Techniques
Simulation and Analysis Tools:
· OptimumLap
· VI-grade
· BPS
Design Tools - Aerodynamics Design
· Tools
· CFD Software like ANSYS Fluent, OpenFOAM
· Wind Tunnel
Structural Design Tools:
· Finite Element Analysis (FEA)
· CAD Software such as SolidWorks, CATIA
Tools - Mechatronics / Control System
· MATLAB/Simulink
· Embedded Systems Software like Arduino/Raspberry PI
· Sensor systems like IMU, Pressure sensors, etc.
Project management tools:
· MS Project
· Gantts Charts
Test and Validation Tools
· Dynamics
· Prototyping/ Iteration of designs
· Performance benchmark
[bookmark: _Toc184065795]4. Risk Management

Potential Risks and Mitigation Strategies	
1. Delays in Simulation or Testing
Risk Impact: Delays in simulation or testing can greatly delay the overall design and validation process, thereby causing project deadlines to be missed and performance assessments not to be completed. The performance can be inaccurately predicted if the testing and simulation are delayed, causing misalignment with project goals and a delay in the production of working prototypes.
Mitigation Strategy: 
Allocate Buffer Time: Build some additional buffer time into the project timelines to account for some simulated or testing delay, allowing enough time to absorb any potential setbacks without putting at risk your final delivery date.
Early access to software tools and licenses: All required simulation software tools, including OptimumLap, VI-grade, and BPS, should be licensed before the start of key simulation phases. Early access can prevent bottlenecks that develop from licensing or technical set-up delays.
2. System Fails to Achieve Performance
Risk Impact: If the system is not achieving the designed levels of downforce, drag, or durability, then one could end up redesigning the wing quite substantially. This in turn increases both time and expense. Failure to meet performance expectations risks stakeholder dissatisfaction, which can damage trust and affect the credibility of a project.
Mitigation Strategy: 
Iterative Testing: Perform several cycles of testing, both in simulations and physical prototypes, to fully test performance and catch potential issues early in the process.
Incorporate Stakeholder Feedback: Review test results with key stakeholders regularly to make sure their expectations are properly aligned with the design process. Early feedback refines the design and improves the possibility of meeting performance goals.
Prototype Refinement: Using feedback from each iteration of testing, the design, materials, or system behavior is altered to minimize the risk of complete failure and optimize performance through successive adjustments.
3. Material Selection Issues
Risk Impact: Wrong materials can have a direct effect on the durability, weight, and performance of the active rear wing. In this case, it may have an increased rate of wear and tear, poor aerodynamic performance, or structural failure due to wrong material selection. More costly or difficult-to-source materials used instead of cost-effective options may also influence the cost efficiency of the project.
Mitigation Strategy: 
Pre-Test Materials by Means of Simulation: Apply simulation tools for the determination of material performance characteristics before any actual physical testing. This aids in choosing durable and aerodynamically optimized materials to ensure that they can meet the active rear wing system's performance criteria.
Backup Material Options: Identify and test alternative materials that can be used as substitutes if the primary material selection fails the test. These backup options will ensure that material sourcing or durability issues don't cause delays or performance failures.
[bookmark: _Toc184065796]5. Milestones and Gateway Objectives
Key Milestones
[bookmark: _Toc183614883]Table 3 Key Milestones
	Milestone
	Target Date

	Completion of Research Phase
	20 October, 2024

	Prototype Design Finalized
	02 November, 2024

	Prototype Testing Completion 
	25 November, 2024

	First viva Report Submission
	08 December, 2024



Gateway Objectives
Research and Planning Phase (Due by 20th October 2024):
· Comprehensive aerodynamic studies shall be conducted, including collecting of baseline data for the design of the wing.
· Finalizing system requirements, target downforce and drag, and structural parameters.
· Selection of appropriate materials and components for prototype creation.
· Initial design concepts based on research findings shall be accepted.
Design and Prototyping Phase (Due by 2 November 2024).
· A detailed CAD model for the active rear wing system, both in its aerodynamic and mechanical parts will be created.
· Initial CFD simulations are to be conducted to validate the aerodynamic design.
· Control system logic to be finalized for wing adjustment in various performance scenarios.
· The first physical prototype is to be built and tested to check if it meets the initial design specifications.
· 
Testing and Refinement Phase (Due by 25 November 2024)
· Comprehensive wind tunnel tests and multi-body simulations to validate downforce and drag performance.
· Ensure the prototype shows at least 20% more downforce than the target and at least 15% more drag during braking.
· Address any observed structural or performance issues due to testing.
· Iterate with refinement to satisfy all performance parameters.
First viva reporting Phase (Due 8 December 2024):
Submit a full project report consisting of:
· Data on aerodynamic performance
· Structural integrity checks.
· Control system functionality analysis
· Improvements in vehicle performance compared to the baseline model
6. Gantt chart:
The Gantt chart for the active rear wing project will show the timeline of the main activities, their durations, and the responsible team members in the project, ensuring that everything is running smoothly and according to plan.
Research and Planning Phase (Oct 10, 2024 – Nov 02, 2024)
The research phase will involve gathering data on active rear wing systems, aerodynamics, structural designs, and control systems. It will also review relevant literature, case studies, and industry reports to identify the best approaches to design and materials. It aims to define performance requirements, ensuring the design meets functional and safety standards. By December 5, the team will have a clear direction for the project, compiling all the research findings into a report.
Prototype Design Phase (Nov 03, 2024 – Nov 16, 2024)
During this stage, the research work is implemented to complete the active rear wing prototype design. The design focuses on ensuring that the necessary aerodynamics, structural integrity, and system functionality are achieved. CAD models, material specifications, and engineering drawings will be concluded to give a blueprint on prototyping and testing. This ensures that the design is ready for physical development.
Testing and Refinement Phase (Nov 16, 2024 – Nov 27, 2024)
Testing will improve the performance of the prototype through wind tunnel simulations and real-world testing. Key metrics, such as downforce and drag, will be measured to ensure that the system meets the design goals. Issues will be addressed through refinements, and testing results will be documented for further analysis. This phase is complete when all testing is done, and results are analyzed.
Viva Preparation (Nov 27 – Dec 08, 2024)
The final report will summarize the research that was conducted, design considerations, testing, and results from the project. The document will note performance, challenges, and recommendations for future improvements. After the submission of the report to all team members, the report will be distributed to them for review; this is the last activity of the project.
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	Task 
	Detail
	Start 
	Finish	

	Research the project and previous projects. 
	Research all types of active rear wings 
	10/10/2024
	17/10/2024

	Further research on active rear wing 
	Research and learn about the why certain wings are used in different areas
	17/10/2024
	26/10/2024

	Research optimumG
	Understand the purpose and reason for the optimumG
	26/10/2024
	1/11/2024

	Team gathering 
	Look into the different types of selections and ideas from teammates
	2/11/2024
	10/11/2024

	Prepare for presentation 
	Key milestones completed
	11/11/2024
	18/11/2024

	Research and start on Vi-Grade 
	Show main factors of aero, drag, lift
	18/11/2024
	29/11/2024

	Prepare for viva 
	Meet with group and prepare presentation 
	30/11/2024
	8/12/2024
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