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Introduction

For my group project, Koa and I will be converting a Yamaha FZR1000 into an endurance racer.
The main aim of this project is to convert the bike from a street legal bike into a bike that performs optimally on track for long periods of time. To do that effectively it must have good braking and suspension systems which will work reliably for hours to be safely ridden fast on track. Due to the age of the FZR1000, better components have been developed since it was manufactured so we will be addressing the braking and suspension performance. There were also compromises manufacturers need to make to vehicles to make them street legal and work well on the roads. As this bike will be used on track only, we can remove all the required items such as lights and indicators to save weight.

The FZR1000 uses upright telescopic forks with a basic design damper rod with 4 holes near the bottom of the rod for oil to flow through to create the damping effect. These have no damping adjustability and don’t create much damping force, which is fine for road use however will not provide enough support under hard braking and acceleration on track. For brakes, it has 2 axial mounted 4 piston callipers on the front and a single piston calliper on the rear. The front brakes, being axial mounted to the fork with bolts running perpendicular to the brake disk, will have less braking feedback through the lever than radially mounted callipers, which is essential in any racing motorcycle.

The FZR1000 also came with an 18 inch rear which tend to be heavier than modern 17” wheels which will result in increased rotational mass as well, there is also limited tyre selection for 18” wheels and the tyres are narrower giving you less grip at high lean angles, which is essential for a track motorcycle. These areas have been noted as shortfalls and will require modification or be changed for a compatible component to make a fast, safe and reliable endurance racer.


Roles and Responsibilities

Due to the small size of our team, being just myself and Koa, the responsibility each of us need to take on is greater in order to complete the project by the deadline as if one group member isn’t pulling their weight the responsibility will then fall onto one sole member, so it is important that we work effectively together throughout the duration of the assignment.

Belbin’s model was created by Dr R Meredith Belbin and classifies 9 distinct team roles that is required for a well-functioning team. By understanding these roles and using them to complement each other, team managers and members can choose tasks that are most suited to each team member, creating a team which works more effectively and efficiently. Belbin’s 9 roles are described as following:
	Team role
	Description

	Implementer
	Turns team ideas into practical actions and has an organised and systematic approach to tasks.

	Coordinator
	Brings focus to the team goals to ensure the team remains on the right path. 

	Shaper
	Provides motivation and energy for the team and direction when faced with difficulty.

	Plant
	Uses innovative thinking and creative ideas to solve complex problems. 

	Resource Investigator
	Manages team resources and explores new avenues of opportunity. 

	Monitor Evaluator
	Analyses critical topics and provides unbiased judgement to help the team make informed decisions.

	Team Worker
	Ensures cohesion within the team and supports team members, often volunteering to assist a teammate if required

	Complete finisher
	Focuses on intricate details and ensuring a high quality of the product. 



According to the self-perception inventory that was completed in class, my score for each of Belbin’s team roles are as follows:
	
	Implementer
	Coordinator
	Shaper
	Plant
	Resource
Investigator
	Monitor
Evaluator
	Team Worker
	Complete Finisher

	Score
	15/23
	7/18
	12/36
	2/28
	7/21
	6/18
	13/25
	8/17

	Percentage
	65%
	39%
	33%
	7%
	33%
	33%
	52%
	47%



As can be seen from these values, my highest scores lay in the implementer, Team worker and complete finisher role with average scores in the Coordinator, resource investigator and Monitor evaluator roles. I believe this is accurate to me as I am capable of undertaking a variety of different positions however I tend to be quite systematic in my approach to tasks and bring a touch of perfectionism to tasks that I undertake, thus giving me higher scores in the implementer and complete finisher roles. My lowest score was in the plant role as I tend to have a more logical way of thinking and am not very creative or imaginative.
Overall group tasks:

In order to turn our OEM FZR1000 into an endurance racer, it will need some upgrades for performance, reliability and comfort as it is going to be ridden hard for long periods of time. These tasks can be split into 3 categories, analysis, design and mechanical.
	Analysis
	Design
	Mechanical

	Baseline measurements and masses – 2 hours
	Rearsets mounting plate – 2 hours
	Service – 1 hour

	Original suspension testing and evaluation – 4 hours
	Triple clamp – 3 hours
	Carb rebuild – 2 hours

	New suspension evaluation and suspension response analysis – 12 hours

	New fork mounts – 6 hours
	Wiring loom – 2 hours

	Calculations and comparison – 8 hours
	Coil pack mounting – 2 hours
	Fully assemble bike – dependant on parts

	
	Rear Shock linkage – 3 hours
	



The analysis will be looking mainly at the suspension performance, the original suspension compared to the suspension that will be fitted and how the suspension performance will be improved
In the design category there were multiple components that will be designed for the bike. Adjustable rearsets to enable the rider to adjust his footing position for comfort, new fork mounts enabling the new forks to be fitted, a new rear shock linkage for the new shock and coil pack mountings.
On the mechanical side of things, the main goal is to get the engine running so that it can be dyno tested. Before the bike can be started it will requires a general service and will need all fluids replaced including engine oil, coolant, brake fluid and fork and shock oil. The wiring loom also needs to have unnecessary components taken off it, such as wiring for brake lights, turn signals and headlights as these aren’t needed on a track only motorcycle. The carburettors will need to be rebuilt and thoroughly cleaned as fuel that has been sat in the carb for a long period of time can clog up the idle and main jets causing the bike to run inefficiently.







Individual tasks:

My tasks for this project involve taking baseline geometry measurements and weighing components before any changes are made, evaluating the performance of the original suspension, performing an analysis on the new suspension that will be fitted to the bike, dyno testing once the bike is running and rolling and finally comparing the original bike set-up to the final once the new components are fitted.

Baseline measurements and masses:
I began by taking geometry measurements of the bike as well taking masses of the un-sprung components like wheels and brake callipers to determine the sprung and un-sprung mass of the bike. These baseline geometry measurements will give us a basic understanding of the handling and intended use of the bike. These measurements will be important for future suspension calculations and analysis. These measurements and weights took 2 hours to gather and required the use of some specialist equipment being an angle finder, high accuracy scale, vernier callipers as well as some basic tools like a ratcheting wrench, socket set and tape measure. 

Original suspension evaluation:
Evaluating the performance of the standard front forks involves first taking apart one fork leg to remove the internal spring, putting it back together again and then putting it on the damper dyno to test for damping properties. The internal spring that was removed was put in a jig to hold it upright and then tested on the spring tester to get the spring rate. The same process was then used on the rear shock of the bike to determine its damping force and spring rate. The total time taken to test the damping force and spring rate of both a front fork and the rear shock was approximately 4 hours and was completed in the IQ workshop using equipment already available to us at no extra cost. The specialist equipment that was used includes a damper dyno and spring rate dyno.

After performing this evaluation it was determined the performance of the forks and shock were not sufficient for our purpose of racing around a track, as the fork had produced 0 damping force due to the seal between the stanchion and damper rod becoming brittle over time and through wear and tear and thus failed to seal against the inner fork stanchion. The shock was still functioning correctly however but was clearly deteriorated from age and was rusted so it was decided this shock also will not be used on the bike. The decision was made to fit higher specification suspension from a 2000 Yamaha R1. The new forks perform better than the standard forks as these are upside-down telescopic design, meaning they have a larger diameter upper fork which handles most of the torsional stress when braking as opposed to the smaller diameter fork stanchion on the original forks, making these forks more rigid. These forks are also compression and rebound damping adjustable allowing them to be fine-tuned depending on the track and conditions.
New suspension analysis:
To analyse the performance of the new suspension, they will be tested in the same way as the original suspension by testing their damping force and spring rates on the damper dyno and spring dyno respectively. The R1 forks will require a new top tree and triple clamp to be designed to mount the forks to the bike as the R1 forks have a larger diameter than the standard ones, Once the new suspension components are fitted the new geometry of the bike will be measured which will be used in conjunction with the masses measured earlier to create a model on MATLAB that will simulate how the suspension responds to bumps as well as compression and rebound from accelerating and braking. This task will take an estimated 12 hours due to the maths involved in the calculations and coding for the MATLAB model. This requires the same specialist equipment mentioned before being the damper dyno and spring tested as well as specialist software including MATLB and Wolfram alpha. 

Calculations and comparison:
Once the modelling of the new suspension has been completed we will make a comparison between the original suspension set-up and the current set-up using wire frame diagrams to closely compare what aspects of the bike has changed due to the new part dimensions and mounts made to fit the new components. I will determine whether the changes made have improved or worsened the bikes overall set-up, geometry and handling as well as what could be improved on to make the performance even better.
This will also include an engine performance and gearing calculation where I will use gearing and power data found online to create a table calculating the top speeds achievable in each gear. This will enable us to make changes to the final drive dependant on the track and determine how much effect it would have on the top speed and acceleration. This task will take approximately 8 hours and will require the use of Solidworks software.




Significant milestones:

The main milestones for the project are the viva presentations on the 13th of December 2023 and 20th of March and the report on the 17th of March. These are essential dates as I will need to present my work to date for the project vivas and compile a report of all the technical work done for the final group project report. Important milestones for my section of the project is the completion of the original suspension evaluation as needed to be completed by the 15th of November 2023 so that I can progress onto the new set-up evaluation. The making of the suspension reaction MATLAB model needed to be completed by the 1st of March to allow time to analyse the reactions and have it presentable by the final viva date. 

Project gateway objective:

The gateway objective for this project is to improve the overall handling of the bike by 20%. This will be evaluated by looking at the suspension response graphs, looking at the overall damping characteristics, determining if the damping or spring rate need to be changed and how long the suspension takes to settle back to its rest point, which is the point the suspension is at when the bike is upright going at a constant velocity. Once the bike has been fully assembled and real track testing is done, rider feedback will also be important in determining how much the handling of the bike has improved. 
I believe this goal of 20% improvement is very achievable as the original suspension is outdated in design and worn from use so even a small improvement in the suspension will make a big change to the bike.
The improvement in the handling of the FZR is very relevant to the project as the bike needs to handle well on track for hours at a time. This is essential not only for lap times but also for rider safety as improved handling gives the rider better feedback of what’s happening at the tyre allowing the rider to react better and get a better feel for grip. 
I believe this goal will be able to be achieved by the 17th of March when the suspension modelling is complete then it will be determined whether the goal has been met or not.
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