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[bookmark: _Toc214806304]Introduction
This project involves planning, implementing and documenting a series of modifications to a group selected motorcycle, a Yamaha FZR 1000 5 Valve, located in the university workshop. Subsequently, each team member chose a specific aspect of the motorcycle to extensively evaluate and improve, with the objective of enhancing overall performance, reliability and function. Furthermore, the report outlines the rationale behind the alterations, the technical processes that were followed, the research that informed each decision, and the future outcomes that the project aims to achieve.

















[bookmark: _Toc214806305]Team Member Roles and Responsibilities
Moses Adair: Team Leader and Exhaust Technician:
I shall be focusing on the exhaust system, with the goal of redesigning and testing a new setup that improves flow and overall power output. My primary focus will be the headers and the collector, where I will explore ways of enhancing efficiency and performance. Additionally, I shall assess the bike’s electrical wiring, to reduce unnecessary weight, length and minimise the number of connections. Reducing weight of the electrical components and harness should improve racing performance. To conclude, I plan to improve the electrical system shielding and refine the routing of the wiring harness to achieve a cleaner, more reliable setup. 

Finn Flye: Suspension and Engine Technician:
Finn will focus on checking and adjusting the engine clearances to ensure the valves and camshaft are operating within their acceptable tolerances. Once set up correctly, he will focus on the rear suspension: to redesign the current piggyback sock into a version with a remote reservoir, allowing it to be positioned away from the shock body. This modification should help reduce heat buildup and maintain consistent performance under demanding conditions. 

Daniel Briggs: Safety and Senior Technician:
Daniel shall assess the sensor box positioning and the associated electrical components, aiming to relocate and central them within the bike. This arrangement will help protect the components and improve overall accessibility and convenience. 

Oska Robertson: Regulation Technician:
Oscar will be responsible for ensuring the bike is race ready by the end of the project, in compliance with ACU regulations for entry into the No Limits category. This includes checking and fitting the rain light, ensuring effective oil sealing, installing lubrication indicators, removing any glass components and confirming the chain guide meets racing standards.







[bookmark: _Toc214806306]Belbin's Model and Personal Analysis[image: ]
Throughout the project, I acted as both project manager and team leader, coordinating all group activities, scheduling meetings, and ensuring each member has the clarity and resources needed to progress with their chosen modification for the motorcycle. Alongside the leadership role, my technical focus laid on redesigning the exhaust system to improve gas flow efficiency, overall engine performance and reworking the wiring harness to simplify and improve reliability across the electrical system. 
Analysing my working style in accordance with Belbin's ‘Nine Team Role Clusters’, I believe I share traits with the Coordinator, Plant, and Shaper roles (Zaharia, Aurora and Popa, 2024). As a Coordinator, I naturally gravitate towards organising people and facilitating effective collaboration. I prefer to allow each team member space to contribute their ideas and strengths, while maintaining an overall sense of direction and purpose. This allows for structured, positive engagement from all team members. 
The Plant role highlights my creative and problem-solving capabilities, which will become particularly evident in the design phase of the exhaust modification. I enjoy exploring progressive ideas, and considering alternative engineering approaches, when aiming for improved performance. This allows me to push past the norms of engineering and discover innovative ways of solving complex issues. 
Finally, the Shaper element is shown through my drive to maintain team focus and momentum, especially when deadlines and challenges arise. I thrive under pressure and push for impressive results, which helps facilitate consistency throughout the project. 
Despite these traits, they can also pose challenges at time. I occasionally find it difficult to slow down and prioritise detailed planning and documentation, especially when the focus is on achieving technical progress. Managing my time more effectively and improving the consistency of communication within the team, are areas I intend to continue developing. Strengthening these aspects will support me in becoming a more balanced and dependable team leader throughout future projects. Thus far, this project has provided me with clearer understanding of both my strengths and the areas that require refining. Balancing creativity, leadership and structure is a characteristic I am continuously developing, as it directly impacts the projects’ outcomes and the effectiveness of the team's collaboration.
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[bookmark: _Toc214806308]Task List and Time Allocation
The following table outlines the tasks undertaken throughout the project, including both the technical and management-based activities. The total estimated time commitment for this project is approximately 20 hours, in line with the expected workload for this project. 
	Task
	Description
	Estimated Hours 
	Duration / Dates (to be added) 

	Start date
	Project initiation point used to align the schedule, allocate responsibilities, and set the baseline.
	0 hours
	13 Oct - 13 Oct

	Initial disassembly & documentation
	Removal of components and detailed recording of measurements for CAD and wiring work.
	8 hours
	13 Oct - 21 Oct

	Identifying areas for improvement
	Assessment of mechanical and electrical systems to determine feasible upgrades.
	6 hours
	18 Oct - 24 Oct

	Research and logistics of improvements
	Research into materials, design principles, and planning workshop usage and procurement.
	14 hours
	10 Oct - 20 Nov

	Sketches and drawings
	Early conceptual sketches informing CAD and design directions.
	12 hours
	11 Oct - 12 Nov

	CAD model - existing exhaust
	Digital reconstruction of the stock exhaust system for baseline reference.
	18 hours
	20 Oct - 18 Nov

	CAD model - redesigned exhaust
	Creation of the improved exhaust/collector geometry in CAD.
	26 hours
	22 Oct - 19 Nov

	Flow analysis and comparison of collectors
	Simulation of airflow for the existing and redesigned collectors.
	16 hours
	24 Oct - 21 Nov

	Prototype fabrication of redesigned exhaust
	Construction of the prototype using bending, welding, and fitting operations.
	14 hours
	22 Nov - 30 Nov

	Fitment and size constraint checks
	Verification that the prototype fits physically within the motorcycle frame.
	8 hours
	25 Nov - 30 Nov

	Flow bench testing of old collector
	Measurement of baseline airflow performance of the stock collector.
	10 hours
	1 Dec - 22 Dec

	Flow bench testing of new collector
	Flow testing of the redesigned collector under identical conditions.
	10 hours
	2 Dec - 23 Dec

	Final fabrication
	Completion of the final exhaust assembly following prototype validation.
	12 hours
	3 Jan - 30 Jan

	Installation
	Installation of the completed exhaust system onto the motorcycle.
	6 hours
	31 Jan - 14 Feb

	Wiring harness disassembly and documentation
	Removal and mapping of the original wiring harness.
	6 hours
	3 Nov - 2 Dec

	Insulation and wrapping research
	Investigation into insulation, heat-resistant sleeving, and wrapping methods.
	4 hours
	23 Nov - 31 Dec

	Drawing and labelling of new harness diagram
	Production of the revised wiring diagram with updated routing.
	6 hours
	1 Jan - 14 Jan

	Fabrication of harness
	Construction of the new harness using correct wire, connectors, and techniques.
	8 hours
	15 Jan - 6 Feb

	Installation and testing
	Integration and electrical verification of the new harness.
	6 hours
	1 Feb - 14 Feb

	Track testing
	Dynamic evaluation of the motorcycle after modifications.
	10 hours
	15 Feb - 3 Mar

	End date
	Project closure and documentation submission.
	0 hours
	24 Mar - 24 Mar






[bookmark: _Toc214806309]Bill of Materials (Estimated)
The following table provides an estimated bill of materials for the exhaust system redesign and wiring harness rework. Prices and lead times are based on typical supplier data for similar materials and components.
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[bookmark: _Toc214806310]Description of Specialist Equipment
The use of specialist facilities and equipment was required during the design, fabrication and testing phases the project. These were as follows:  
· University flow bench: used to compare airflow performance between the original and redesigned exhaust collectors.
· CAD software (SolidWorks): for 3D modelling and flow simulation analysis.
· TIG welding station: or fabrication of the stainless-steel exhaust components.
· Bench tools and fixtures: including pipe benders, band saws, and grinding tools for precise fabrication and finishing.













[bookmark: _Toc214806311]Significant Milestones for the Project
This project contains several key dates, representing major points of progress, shifts in project phase, or validating moments essential for the overall development of the motorcycle. These milestones allow progress to be monitored across the academic year and ensure both the group and individual work remain aligned with assessment deadlines and technical requirements. The significant milestones are:
19th October: Motorcycle Fully Disassembled (Gateway):
This marks the transition from initial inspection to practical development work. All subsystem improvements depend on full access to the machine, making this the first major project gateway.
10th November: Engine Reassembled (Milestone):
The completion of engine reassembly confirms that internal components and mounting points are ready for further subsystem development, including prototype fitment and early electrical planning.
4th December: Engine Reinstalled in Chassis (Milestone):
Reinstallation provides the foundation for exhaust mock-up, wiring layout, and component clearance checks. This marks the start of integration-focused work.
14th December: First Engine Start-Up (Milestone):
A successful start-up verifies core mechanical and electrical functionality after significant disassembly and modification. This is the first operational confirmation that project work is progressing correctly.
10th February: Full Bike Assembly Completed (Milestone):
The motorcycle reaches a complete, test-ready state. All subsystem improvements must be installed and functional by this point to progress toward dynamic evaluation.
28th February: Track Test (Gateway):
This forms the final technical performance gateway. The machine is evaluated under real riding conditions, providing essential data on reliability, power delivery, handling, and subsystem performance.
8th – 24th March: Report Submission and Presentation (Assessment Milestone):
This is the formal academic deadline for presenting the technical findings, project outcomes, and analysis. Completion of this milestone demonstrates the successful documentation and communication of the project.








[bookmark: _Toc214806312]Gateway Objective: Exhaust System Improvement
Objective:
To improve the performance of the motorcycle exhaust system by increasing airflow and reducing back pressure, thereby enhancing engine power output while maintaining compatibility with the existing engine and chassis layout.

Technical Performance Criteria:
1. Exhaust Airflow Improvement: The redesigned exhaust system should achieve an increase in airflow of 16% compared to the existing system.
2. Engine Performance: The improvement in airflow should translate to a measurable increase in engine power, to be validated through simulation and testing.

Measurement and Verification:
· CAD Simulation: The airflow characteristics of the new exhaust will be modeled and compared to the existing exhaust using computational fluid dynamics (CFD) in CAD software. Key parameters such as flow rate, velocity profiles, and backpressure will be recorded.
· Flow Bench Testing: The fabricated exhaust will be tested on the university’s flow bench. Airflow readings will be compared directly with those of the existing exhaust to confirm the percentage improvement.
· Performance Validation: Any observed gains in airflow will be correlated with engine power output, as indicated by expected improvements in kW/Nm based on flow benchmarks and simulation predictions.

Rationale:
This gateway objective represents a strict, measurable checkpoint in the exhaust redesign project. The project will only proceed to final fabrication and track testing once the airflow improvement has met or exceeded the target 16%, ensuring that the design delivers tangible performance gains before additional resources are committed. The exact target values for airflow improvement and corresponding engine performance to be determined during testing and simulation.

Link to Milestones and Task List:
This gateway links directly to the key technical stages of the exhaust development. The CAD modelling and flow analysis of the existing and redesigned collectors form the first verification point, where the predicted 16% airflow improvement is assessed digitally.
The next linked milestones are the physical validation stages: prototype fabrication, fitment checks, and flow bench testing of both collectors. These provide the real-world airflow measurements needed to confirm whether the redesign meets the required improvement. If the results fall below the target, further redesign or fabrication adjustments are required before progressing to final fabrication, installation, and later track testing.
Connecting the gateway to both simulation and physical testing ensures that project progression is based on proven performance. This makes the gateway a clear and reliable go/no-go point within the development process.
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Exhaust CAD and Fabrication Accuracy:
A key concern in the exhaust redesign is the potential for inaccuracies in the CAD model due to the complexity of measuring the existing system. Despite taking numerous measurements, there is still a risk that the reconstruction may not perfectly match the original exhaust. Additionally, during fabrication, material limitations, such as tubing thickness, type, and welding constraints, may affect bending, collector formation, and primarily the exhaust’s airflow and resonance. If these issues occur, airflow improvement may be reduced, fitment on the bike may be compromised, and the gateway objective may not be achieved, potentially delaying project completion.
To mitigate these risks, rigorous CAD validation will be carried out, and mock-up fittings will be produced before final fabrication. Jigs and fixtures will be used during bending and welding to maintain dimensional accuracy, and careful selection and testing of materials will be conducted to ensure they meet design requirements. Allocated session shall be planned to allow for any necessary reworking in the instance of a fault, ensuring that project deadlines are still achievable.

Wiring Harness Redesign:
The second area of concern is the wiring harness redesign. Potential challenges include insufficient wire length for rerouting, difficulty matching or re-pinning connectors, and maintaining insulation integrity. The new harness, with fewer or altered connections, introduces the possibility of electrical faults or integration issues, which could affect reliability and safety. These risks will be mitigated by producing a detailed wiring diagram prior to assembly, testing wiring sections independently before full integration, and using the best practice techniques such as concentric twisting, correct terminations, and careful splicing. Connector compatibility will be pre-checked, and all components and materials will be ordered in advance. Planned scheduling for the use of university equipment will ensure that tasks are completed efficiently.

Additional Considerations:
Time constraints and shared access to university equipment present an ongoing risk. Maintaining an inventory of all required materials and components, along with careful scheduling of workshops and tools, will reduce the likelihood of delays and ensure tasks are completed efficiently.
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