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Introduction

The aim of my group project is to convert a street legal 1987 Yamaha FZR1000 into an endurance racer track only motorcycle. Due to the nature of an endurance track only motorcycle, it will be ridden at or near the limit of the bike for long periods of time. To be safely ridden hard on track for hours on end, the FZR will need adequate braking and suspension systems to remain safe and also provide the rider with improved feedback of how it responds to the track conditions beneath its rider.

Due to the age of the motorcycle, its essential components such as brakes and suspension are now significantly outdated, as better equipment has been developed since the bike was manufactured. As this bike will be ridden hard for long periods of time during an endurance race, its poor braking and suspension performance will need to be addressed. This will be done by replacing the braking and suspension components with suitable components of higher specification.



Original suspension evaluation:

Front forks:
Before deciding to upgrade the forks, it was decided to test the OEM forks damping and spring rate to assess how they perform. We were expecting them to perform poorly due to their outdated design and wear and tear from use on the road.
[image: C:\Users\alexj\OneDrive\Documents\UWTSD\Year 2\Group project interim viva\FZR1000 fork damper graph.BMP]
Figure 1 - Damper dyno graph of front fork


As can be seen from the above graph, the forks produced zero damping at all velocities. After stripping down the fork the cause for this was determined to be the seal between the damper rod and inner fork stanchion had become brittle and stiff allowing oil to flow freely through. The spring rate was tested at 5.4N/mm which is within the range which you would typically expect for a front fork. After seeing there was no damping force we decided to replace the forks with a higher performance fork.

[image: C:\Users\alexj\OneDrive\Documents\UWTSD\Year 2\Group project interim viva\20231211_154844.jpg]It was decided to replace them with forks from a 2000 Yamaha R1. These forks are upside-down style telescopic forks giving them better torsional stiffness as the larger diameter fork slider handles most of the stress as opposed to the stanchion dealing with the load as it would on conventional forks. The new forks are preload and compression and rebound damping adjustable, unlike the original forks, allowing the rider to fine-tune the set-up depending on the track and conditions. 

The R1 forks will need a new triple clamp and top mount to be fitted to the FZR and also have different brake calliper mountings, so the original callipers won’t be able to be fitted, but will allow us to then fit R1 callipers from the same model as the forks which are an improvement on the OEM callipers and are still axially mounted to abide by the rules of the FIM World Endurance Championship regulations.

Figure 2 – new top mount and triple clamp being modelled.




Rear Shock:
[image: C:\Users\alexj\OneDrive\Documents\UWTSD\Year 2\Group project interim viva\FZR1000 shitty red shock damper dyno.jpg]
Figure 3 – Original shock damper dyno graph


The rear shock was tested as well and unlike the forks, was functioning and provides a good baseline for shock performance. This rear shock, like the forks will not be used due to its age so it will also be replaced with a higher specification shock, however its unknown which shock will be used, so the desired shock values are calculated in the following section. 


New suspension analysis:

Front forks:
[image: C:\Users\alexj\OneDrive\Documents\UWTSD\Year 2\Group project final\Screenshot 2024-03-08 195407.png]To assess how the new forks should perform, a desired ride frequency of 2.1Hz will be used for the front. Using the data gathered in the table, the desired spring rate can be calculated with the following equation:


Which can be re-arranged for k:



Factoring in the rake angle:




Calculating the critical damping value:




Rear shock:
To determine the specification of the new shock, a desired ride frequency of 2Hz will be used.



Factoring in an assumed link ratio of 2.5:



Calculating critical damping: 





Now that the mass, spring rate and critical damping values are known for the front and rear, the second order differential equation can be used to model how the suspension will behave. As the exact damping values are unknown, we can use the critical damping value as the maximum as all vehicle suspension should be underdamped to a degree. Using this maximum damping value, an ideal damping value will be determined based on the suspension modelling. 

Front forks modelling:
Using the equation  the suspension behaviour can be modelled. Acceleration can be written as the second differentiation of position and velocity the first differentiation, such that the equation looks like:


With the initial starting conditions x = 0, t = 0 and x’ = 1 defining the start point at 0 displacement and 1m/s velocity so that the forks are moving through their rest point. Using MATLAB to plot a suspension response for this equation gives us the following graph:
[image: C:\Users\alexj\AppData\Local\Temp\ConnectorClipboard5107521669650473876\image17102606355980.png]

Figure 4 – Critically damped suspension response 	 at 3571.93 Ns/m



As can be seen the forks compress and quickly return back to their rest position, without overshooting as they are set with critical damping. The rest position of the suspension is defined as the position where the bike is upright and stationary with the rider sat on it. If the damping were increased the forks would be overdamped meaning the suspension would still return to their rest position however the time taken to return would increase, resulting in a slow suspension response which can cause the front tyre to lose contact with the road. Due to this, all vehicle suspension should be some degree of underdamped as you want a quick suspension response to bumps and irregularities in the track surface. From this, we can use the critical damping point as the maximum damping value and use trial and error to determine an ideal range of damping values that can work for the bike.

[image: C:\Users\alexj\AppData\Local\Temp\ConnectorClipboard5107521669650473876\image17102605895780.png]

Figure 5 – Underdamped suspension  	 response at 1200 Ns/m




Using a damping value of 1200 Ns/m gives us the above graph. As can be seen the forks overshoot their rest position 4 times and then settle, taking nearly 1.5s. This is a result of too little damping as the damping is unable to control the spring sufficiently resulting in the bouncing past its rest point.

[image: C:\Users\alexj\AppData\Local\Temp\ConnectorClipboard5107521669650473876\image17102607118610.png][image: C:\Users\alexj\AppData\Local\Temp\ConnectorClipboard5107521669650473876\image17102605333890.png]
Figure 7 – high end of ideal damping 	 response at 2000 Ns/m
Figure 6 – low end of ideal damping 	 response at 1800 Ns/m



With a damping value of 1800 Ns/m we.00 can see the forks overshoot their rest point just twice and come to rest after 1 second. This is an ideal suspension response as it reacts quickly yet isn’t overly bouncy. The trend for this response occurs until the damping reaches 2000 Ns/m. Both of these responses are still considered underdamped as they still overshoot their rest point, however this is within the optimal range of underdamped. 


Rear shock modelling:
Using the same equation used to model the front forks,  we can model the reaction of the OEM rear shock using the values previously calculated for the rear of the bike and the damping value calculated for the standard shock. The standard shock tested at around 441.45N at 0.22m/s which equates to 2006.59 Ns/m and is represented by the equation:

[image: C:\Users\alexj\AppData\Local\Temp\ConnectorClipboard5283135838894262192\image17104236354770.png]
Figure 8 – Oem shock response



Due to the high spring rate and low damping of the shock, it creates a very bouncy response as the damping is unable to control the spring, therefore either a weaker spring or more damping force is required to effectively control the bounce of the spring. Possible causes for the low damping of the shock include old shock oil, wear and tear and intended use of the shock, as it was intended for a road going motorcycle.
Due to the poor performance of the OEM shock a new shock will be used for the bike however its unknown which shock will be used at this time, therefore I will specify the spring rate and damping required to create an ideal suspension response for the FZR1000. 

I will start by decreasing the spring rate as the current spring is very stiff and was possibly changed by a previous owner of the bike, throwing off the spring rate and damping balance of the shock. 
[image: C:\Users\alexj\AppData\Local\Temp\ConnectorClipboard5283135838894262192\image17104265772670.png]

Figure 9 – standard damping value 	 with 100 000 N/m spring rate





Decreasing the spring rate to a rate of 100 000 N/m which is common in modern motorcycles, it can be seen the response is still bouncy and the spring takes nearly 0.8s to settle back to rest position. Therefore reducing the spring rate alone is not enough to allow the damping to control the spring and the damping will also need to be increased. 
[image: C:\Users\alexj\AppData\Local\Temp\ConnectorClipboard5283135838894262192\image17104265191660.png]
Figure 10 – 100 000 N/m spring rate 	  with 3000 Ns/m damping.


Increasing the damping to 3000Ns/m and retaining the previously used spring rate, we can see that the suspension response improves significantly as the bounce has reduced and it returns to rest in just over 0.5s. This is a more ideal response for a motorcycle that will be ridden only on track. Retaining the spring rate and increasing the damping further to 3500Ns/m keeps the same trend for the shock response, so a range of 3000 – 3500Ns/m would be suitable for this shock.

Combined:

[image: C:\Users\alexj\AppData\Local\Temp\ConnectorClipboard9079338769945935933\image17106052992380.png]
Figure 11 – Combined motorcycle suspension response



Combining the front and rear suspension responses onto 1 graph gives us the above response. As can be seen from the graph the displacement of the front suspension is double that of the rear suspension. This could be due to the link ratio on the rear shock which effectively increases the spring rate by reducing the amount the shock travels relative to the wheel. The rear shock also requires more damping force to control the spring due to this but as a result it has a faster response time to bumps as the rear settles back to its starting point in around 0.4s whereas the front takes 0.75s to fully settle.


Progress compared to initial plan:

Looking back on the initial plan, by this stage we would have liked to have had the bike fully rebuilt and ready to be put onto a dyno to evaluate the engine performance. This has not happened as we underestimated the time taken to complete certain tasks which needed to be completed before fully re-assembling the bike. 
I was also planning to fit a range of sensors to the bike to measure data including throttle percentage, lap timer, oil and coolant temperature, oil pressure, RPM, suspension travel and braking force. These sensors would all feed into a 2D dashboard and could display vital information to the rider like rpm, oil and coolant temperature and oil pressure to ensure the engine is running safely. These sensors were not fitted due to time constraints and having to dedicate time to other work and commitments and could be considered my biggest failure within the project. 
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