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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 roles and responsibilities:
Dan Briggs: Design yokes to fit the bikes steering stem but also larger upside down forks.
Finn Flye: redesign the rear damper with a remote reservoir instead of the piggyback type.
Moses Adair: Design a full exhaust system removing the EXUP valve and collector in the original.
Lars Milner: redesign rear shock linkage to allow for more change in leverage ratio over the wheel travel and ideally allow some adjustability to the motion ratio curves and ride height for use on varied tracks and conditions.
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.
1.2 My roles and Belbin analysis
My role in the team is to re design the rear suspension linkage allow more progressivity in the motion ratio curve and introduce some adjustability in motion ratio and ride height. This role involves practical, accurate measuring, interpretation of data and iterative redesign. Mine and Finns parts of the project are interlinked in that a change to the linkage and motion ratio will require different spring stiffness and damping coefficient at the shock to maintain similar characteristics at the wheel. Good communication is key to prevent conflicting requirements of the shock and linkage. Analytical thinking and persistence is a useful trait in the stage where the linkage must be redesigned iteratively by trial and error. This stage also requires methodical work and organised records of the previous iterations. 
	role
	score
	level

	Implementer
	12
	High

	Coordinator
	11
	High

	Shaper
	14
	High

	Plant
	4
	Low

	Resource investigator
	8
	Average

	Monitor evaluator
	6
	Average

	Team worker
	9
	average

	Complete finisher
	6
	average



The Belbin analysis aligns quite well with the required traits. High implementer score suggests good organisation skills and ability to take design concepts and make them work in practice. The shaper trait will help in being persistent through many repeated simulations and redesigns. A high coordinator score will be beneficial to maintain open communication and stop conflicting objectives. The low plant score suggests that my work is not so original and creative. This is not necessarily bad as my project requires methodical and analytical work and the design is constrained by existing geometry and therefore is more about refinement than a completely original design.
The average complete finisher score could present challenges later in the project when it comes to detailed technical drawings and tolerancing. I may tend to focus on the main objectives and overlook smaller details. The strong shaper trait may also have a negative effect as the design process needs to be methodical and requires frequent validation. A shaper may prioritise rapid development and in doing so may rush certain stages. 


2. General team 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, plans, research and work completed.
	15
	10th nov – 9th dec

	Evaluate project idea
	Evaluate the motorcycle and any identify characteristics that could be improved. 
Decide what improvements to make and whether the project idea is feasible and worthwhile.
	8
	1st – 20th oct





2.1 my tasks
	task
	description
	Time hrs
	Start-end dates
	equipment

	Measure components
	Take accurate measurements of the frame mounting positions, dimensions of the linkage pivot, wishbones, swingarm and rear wheel. Also record mass of components. 
	5
	Oct 1st-7th
	Tape measure, vernier callipers, shadow graph. scales

	create CAD model
	Model each individual part using measurements obtained.
	6
	Oct 8th-15th
	Solidworks

	create assembly
	Assemble all the modelled parts into a functioning assembly of the entire rear suspension system
	5
	Oct 16th-22nd
	Solidworks

	Run simulation/ collect data
	Reduce redundant mates
Simulate the suspension moving through its entire travel and export plots of vertical wheel travel and shock travel to Microsoft excel.
	6
	Oct 23rd-30th
	Solidworks

	Interpret data
	Use Microsoft excel to manipulate data. Data collected can be used to calculate and plot motion ratio through the suspension travel.
	4
	Oct 31st- nov 4th
	Excel

	Evaluate existing linkage characteristics
	Requires research. Compare motion ratio progressiveness with other similar bikes and/or more modern bikes.
	8
	Nov 5th- 15th

	

	Produce requirements of new linkage
	Considering the bikes new intended purpose as a race bike and modern linkage trends or damper technology, produce requirements of the new linkage and a rough plot of new intended motion ratio.
	8
	Nov 16th- 30th
	

	Design new components
	Produce models of new linkage components. (pivot and wishbones)
	5
	Dec 1st – 12th
	Solidworks

	Run simulation
	Run the same simulation with the new components and again export the motion ratio to excel.
	6
	Jan 5th-12th
	solidworks

	Evaluate new linkage characteristics
	Compare intended motion ratio curve with the one produced from the new linkage. 

	2
	Jan 13th – 14th
	Excel

	Repeat
Trial and error
	The previous three tasks will need to be repeated with small adjustments each time until the requirements of the new linkage are satisfied.
	39
estimate 3x repetition
	Jan 15th – feb 15th
	

	Bump simulation
	To stress test the new part first simulate the suspension system going over a bump with enough force to bottom out. Reduce redundant mates and include load bearing surfaces to export motion loads. Damping data required from Finn Flye as well as mass of moving parts for accurate loads
	10
	Feb 16th – march 2nd
	Solidworks

	Stress analysis
	Run stress analysis using motion loads imported from the bump sim. Refer to multiple worst-case frames to find safety factor. Components may need redesigning slightly to increase strength without changing mounting positions. Decide on material to be used.
	5
	Mar 3rd – 9th
	solidworks

	Technical drawings
	Produce toleranced technical drawings of the revised components
	5
	Mar 10th – 16th
	

	3d printing
	Although The CAD model can be used to determine clearance. A 3d printed replica of the new parts fitted onto the bike leaves no room for error and allows proper checking of fitment in situ.
	10
	Mar 17th – 29th
	3d printer

	Check fitment
	Fit printed replica onto bike and check clearance issues. Remove spring from shock first so the wheel can move through its travel without breaking the printed parts.
	2
	Apr 20th- 21st
	Hand tools. Hydraulic spring compressor.

	Prepare CNC
	Use drawings and models to produce G code for CNC machine
	6
	Apr 22nd – 30th
	

	machining
	Have the parts machined
	12
	May 1st – 17th
	Cnc machine

	testing
	Have the rider ride the bike round a track and compare results to aims. Look at lap times. Suspension position traces and rider confidence.
	8
	Dependant on track day
	


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 and 3d printed parts will provide proof of concept and feasibility.
Materials, parts and services to be procured:
· 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.
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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:
The gateway is the point at which the parts are fully designed with tolerance drawings, the simulations determining linkage characteristics and strength are complete and the 3d printed replica has been trial fitted to the bike. At this point the design can be approved and manufacture commenced. The purpose of this gateway is to ensure the new linkage design satisfies the required performance objectives before beginning the expensive CNC manufacturing.
· Stress analysis demonstrates a safety factor of 1.5 minimum under the maximum load conditions of the bump sim.
· The 3d printed replica must fit without modification to surrounding components 
· The suspension must move through its entire travel without fouling on anything.
· The linkage simulation must show at least 10% more change in motion ratio over the entire travel
· Costs for 3d printing should not have exceeded £200
· Components must be manufacturable by university CNC equipment 
· Fully toleranced technical drawings must be complete
· The design is not so intricate that the estimated cost of CNC machining is over £2000
· These objectives should be satisfied by no later than the end of April.
· The new motion ratio must not alter the shock spring stiffness requirements so that springs that are not easily available to purchase are necassary

       










1. 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 linkage dimension should be avoided. Instead, slight changes should be made and the system clearance checked in the suspension travel simulation each iteration. Accurate measurements of the swingarm and frame dimensions and mounting points are required so the clearance check is valid. Just before CNC manufacturing a 3d printed replica is fitted on the bike so that money is not wasted on machining parts that may not fit.

2. Component failure under stress
The new components may experience higher stress in operation due to altered geometry. Material choice needs to take into account fatigue resistance as well as strength. The components should have nice radiuses and no sharp edges. The stress analysis must use multiple worst case scenarios from the bump sim. Choose frames with different direction of the forces as well to include as many scenarios as possible.
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