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1. Introduction

Our group project aims to improve the performance of a Yamaha FZR 1000 for use in endurance racing. Aside from the general repair work to recommission the bike each of four team members has their own objectives in redesigning:
1. The tail unit and relocating the brake and rain light.
2. The exhaust system without an EXUP valve.
3. The rear damper. Converted to have a remote oil reservoir.
4. The rear shock linkage.
Objectives should be completed by the may exam period in time for possible testing dates that have not yet been set. Success needs to be measured in different ways, objectives 1 and 3 need to conform to ACU regulations without interfering with the normal function of the bike. Success is more easily quantifiable with objectives 2 and 4. The exhaust should have improved flow, increase engine torque and reduced weight. The replacement rear shock linkage should allow over 10% more change in leverage ratio over the entire vertical travel of the rear wheel. Ideally more than one revised shock linkage should be produced for some step adjustment in between. During testing, overall success can be measured by lap times and how comfortable and secure the rider feels whilst pushing it.



















2. Tasks

	Task 
	Time / hrs
	Date of start and completion

	Group meetings
	Meeting with group twice a week to plan our project/report and discuss progress.
	4 per week
	1st oct – may 10th +

	Report writing 
	Produce a report planning our group project.

	20
	1st oct – 23 nov

	Presentation 
	Present objectives, plan, research and work completed.
	15
	10th nov – 9th dec

	Evaluate idea
	Evaluate the motorcycle and any identify characteristics that could be improved. 
Decide what improvements to make and whether the idea is feasible and worthwhile.
Roughly check for potential issues e.g. clearance
	8
	1st – 20th oct

	Measure parts
	Disassemble the rear shock linkage, record accurate measurements of all components, geometric dimensions and other specifications (e.g. weight, standard spring rate)
Requires coordinate positions of mounting points with swingarm pivot being 0,0
	8
	20th oct- 10th nov

	Stress test
	Set up a jig so that the linkage can be put under load in the intended way and the deflection be measured. 
Dog bones can be more simply tested for tensile strength.
To be repeated with the revised components.
May require some fabrication.
	10
	6th – 31st jan

	Model suspension movement
	Use matlab or excel to model the suspension through its entire travel.
Produce graphs of leverage ratio and effective spring rate at the back wheel through the dampers travel.
Calculate maximum moments and stress all components are under during use. These calculated values can be compared with stress test results to establish the manufacturers safety factor which can then be safely reused in the revised parts.
If possible, find race telemetry data taken from this bike or a similar one on various racetracks to get an idea of suspension requirements in terms of movement and position.
Use the program to alter geometric values of the components and display graphically the changes (e.g. more or less progressive spring rate, changes in ride height.)
Decide which changes could be the most useful in the conditions the bike will likely encounter.
	30
	10th nov – 10th jan

	Cad model and technical drawings
	Produce cad models of the new components and technical drawings with all dimensions and tolerances.
	15
	10th jan -  20th feb

	3d printing
	Print the components with the bores where the roller bearings would fit equal to the internal diameter of the roller bearings. They can then be fitted onto the bike (under no load and without the need for needle roller bearings) and the swinging arm moved through its travel to determine clearance.
These parts could also be used to produce a casting mould as a cheaper alternative manufacturing method.
	15
	20th – 1st mar

	Cnc machining
	Cnc machining is the most practical way of manufacturing the product. The new components will have increased yield stress and fatigue resistance compared with the cast originals. It is expensive but only a small number of parts will be required. 
	20
	1st march – 10th april

	Test
	To assess the effects the bike needs to be ridden in its intended manner. Each linkage should be tried in turn and feedback gathered from the rider and suspension position and velocity data from a linear position sensor.
No dates have yet been set for a track day.
	
	Dates not set



2.1 cost and lead times

Requirement to use the 3D printer and CNC machine need to be declared a few months in advance. This is so the machines can be booked, and the university can decide whether there is financial provision for producing the new components which is unclear at the time of writing this report. If not the suspension modelling program and 3d printed parts will provide proof of concept and feasibility.
Materials, parts and services to be procured:
· Fzr 1000 shock linkage (to be used and possibly destroyed in stress testing) £30
· Aluminium billet £120  
· Cnc machining £1000          
· 3d printing £150
The total price should be around £1300. Periods of inactivity due to lead times can be mostly avoided by booking the machines in advance and not keeping timings in order by not deviating from the plan. There may be a short wait of a week due to shipment between 3D printing and machining because the new components will be double checked for fitment before ordering aluminium billet.
 

2.3 Gantt chart
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3. project gateways and significant milestones

Significant milestones:
· 23rd November: planning complete
· 9th December: a chance to present research or findings and to reflect on the plan.
· 20th October: at this point the aims and requirements of my personal section of the project have been decided and planning can begin.
· 10th November: after linkage dimensions have been ascertained the system can be modelled and the original linkage characteristics can be displayed graphically.
· 10th January: useful alterations to existing linkage have been identified and the new geometric dimensions decided.
·  Machining: new components manufactured and ready for testing.



Gateway objective:
By the 1st of March the revised linkage should be fully designed. This is a crucial stage in the project because the new geometry has been decided and a model is ready to fit to the bike which is essentially the first stage of practical testing. The program used to virtually modify the linkage should show the aim of 10% or more increase in change of leverage ratio over the rear wheels travel is possible. This should be achievable with the most minor possible alterations to the linkage geometry to prevent clearance issues. The linkage should not cause unwanted side effects such as drastically altering ride height and damper travel and speed. Although potential real world gains in performance are almost impossible to judge before testing on a track, because of the varied nature of track surfaces and the theoretical ideal rear suspension setup that would suit each condition, the expenses are low and whether more adjustability in setup would justify the price of manufacture can be decided with very little wasted expense.

       










5. Potential problems.

1. Clearance issues
In modifying the dimensions of the existing linkage to exact meaningful and useful changes its possible the new one will foul on the frame or swinging arm. This is difficult to predict as the swing arm and the linkage move and rotate during operation. To try and mitigate this risk large changes in any single linkage dimension should be avoided. Instead, slight changes to many of the dimensions can be made resulting in potentially large changes in geometry and therefore effective spring rate without large changes in the size of the linkage. Judging from, so far, little experience with the program used to model the linkage it’s become clear that it’s possible to get very similarly behaving suspension in practice from a linkage with totally different dimensions and mounting points. Therefore, it’s clearly a case of slightly altering many dimensions step by step to achieve different spring rate progressiveness whilst attempting to keep the overall size and position of the linkage pivot the same. Plenty of time is provided in the plan for figuring out the most useful combination of dimensions and angles without drastically changing the proportions of the pivot and for readjusting to remove unwanted effects.

2. Contradictory aims
Work on the shock absorber is also being carried out. Any changes to the shock are likely to affect the projected characteristics of the linkage and changes to the linkage could alter the requirements of the spring and damper. To avoid conflicting designs communication is essential, not only to avoid unwanted changes in suspension behaviour but to promote helpful ones. Progress and any new designs need to be discussed at group meetings and requirements of each section of the project need to be clear as these sections can’t be done independently of one another.
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