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[bookmark: _Toc99730784][bookmark: _Toc99730851][bookmark: _Toc383371020][bookmark: _Toc383371237][bookmark: _Toc383372297][bookmark: _Toc410806549][bookmark: _Toc99748365]Measurements – (Ilias Latrakis – 2011922)
In the following part, there will be discussed shortly on measurements carried out on the Motorcycles involved in this project. The measurements have been carried out in order to collect data with which we can carry out calculations and simulations.

[bookmark: _Toc99730785][bookmark: _Toc99730852][bookmark: _Toc99748366]Centre Of Gravity/ Weight distribution.
The centre of gravity/weight distribution measurements are one of the most important sets of data that we can have on a motorcycle.
This provides us with essential data that we can use in order to compare different motorcycles to each other, analyse handling, calculate suspension component requirements/ carry out simulations such as the lap sim, Spring rate calculations, anti-Squat…

[bookmark: _Toc99730786][bookmark: _Toc99730853][bookmark: _Toc99748367]Quadro 350S COGFigure 2: Weight Distribution Measurement Quadro 350S (Davies, 2021)
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In Figure 2, the Quadro 350S is shown during the process of taking the weights/ measurements wanted. In this instance, we are weighing the weight distribution of the bike.
In Table 1, We can see the measurements that were taken in the top half of the table, in the bottom half we can see the results from the Excel COG calculator.


[image: ]
Table 1: COG Calculation Quadro 350S (Iatrakis, 2021)


[bookmark: _Toc99730787][bookmark: _Toc99730854][bookmark: _Toc99748368]TT R6 CoG
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Automatisch gegenereerde beschrijving]Figure 3: TT Yamaha R6 Weighing With rider (Iatrakis, 2022)
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Figure 4: TT R6 Weighing (Iatrakis, 2022)
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Table 2: TT R6 CoG Calculation (Iatrakis, 2022)

In figure 3 and 4, We can see the TT Setup Yamaha R6 being weighed in order to find out the weight distribution/calculate the centre of gravity (Table 2).
This information then can be used again for further calculations and simulations discussed further in this report.



[bookmark: _Toc99730788][bookmark: _Toc99730855][bookmark: _Toc99748369]VFR400 CoG
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Figure 5: Olethros Racing VFR400 Weighing (Iatrakis, 2022)
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Table 3: Olethros Racing VFR400 CoG Calculation (Iatrakis, 2022)

In Figure 5, we can see the VFR400 being weighed in race/ track setup, The rider is wearing his full racing equipment for higher accuracy in measurements and calculations.
Table 3 shows the excel spreadsheet with the measurements and calculation results.

[bookmark: _Toc99730789][bookmark: _Toc99748370]Unsprung Mass 
Unsprung mass plays a big role in general motorcycle Dynamics and Suspension Dynamics. In order to accurately be able to calculate and simulate suspension values, Spring rates, accelerations… it is important to have accurate measurements of the unsprung mass. In order to acquire these accurate measurements, as many unsprung components as possible where weighed. 
As visible in the pictures Below, weighing components that don’t usually get weighed, such as the bottom fork legs, provides for Accurate readings and calculations. The measurements shown in Table 4 were weighed with components from the Olethros VFR400 bike. As many modern motorcycles will have similar Components/ weight of these components, these values can be used as a benchmark/ standard values for calculations. 
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 Table 4: Unsprung Mass measurements VFR400 (Iatrakis, 2022)
Figure 6: Unsprung mass weighing (Iatrakis, 2022)

[image: Afbeelding met tekst

Automatisch gegenereerde beschrijving][image: ]Figure 7: Unsprung Mass Weighing (Iatrakis, 2022)


With less unsprung mass, the bike will be able to accelerate quicker, brake harder, handle quicker, but also the suspension will have to work less hard, be able to function better/ quicker.

[bookmark: _Toc99730790][bookmark: _Toc99730856][bookmark: _Toc99748371]Link Ratio
Since not all Manufacturers provide all the information we might want or need for calculations, lots of measuring is needed. In Figure 8, we can see screenshots of the Rear suspension link rate (motion ratio) being measured in order to be able to calculate spring rates and suspension movement, velocities…
The link ratio shows the relationship (ratio) between the change in suspension compression for a certain amount of wheel movement.
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Figure 8: Link Ratio Measurement (Iatrakis, 2022)


[bookmark: _Toc99730791][bookmark: _Toc99730857][bookmark: _Toc99748372]Spring Rate - (Ilias Latrakis – 2011922)
Since we don’t always have access to new springs and not all springs are marked with their spring rate, it is needed to measure the spring rate for us to know what we’re working with when setting up with suspension. This can easily be measured by weighing the force on a scale while compressing the spring a certain distance. 
Figure 9 shows one of us using the “Spring coil tester” as visible, a bottle jack compresses the spring, while a scale on the bottom weighs the force, the dial gauge then shows how much the spring is compressed. Table 5 shows some of the spring rates we measured. The right picture shows a spring compressor we use to remove the rear springs off the shocks.

F= Force needed to compress the spring x distance. (N)
X= Distance compressed. (mm) 
K= Spring rate (N/mm)
[image: ][image: Afbeelding met tekst, binnen, apparaat, toonbank

Automatisch gegenereerde beschrijving][image: Afbeelding met persoon, binnen, voorbereiden

Automatisch gegenereerde beschrijving]Figure 9: Spring Rate Measuring (Iatrakis, 2022)

Table 5: Measured Spring Rates (Iatrakis, 2022)

[bookmark: _Toc99730792][bookmark: _Toc99730858][bookmark: _Toc99748373]Spring Rate Calculation
With some basic Motorcycle Geometry data and the desired ride frequency, we can calculate the theoretically desired spring rate for our application. From a great deal of testing, we have common knowledge of what kind of ride frequencies occur at what application, we can then use this to calculate a benchmark setup for our springs. Generally, we find the following values:
[image: ]
Table 6: Benchmark Ride Frequency values (Williams, 2022)

With the following Equations, we can then calculate the desired spring rate for our application. 


With: 
f= Ride frequency (Hz)
k = spring rate (N/m)
m= sprung mass (kg)
This equation gives us the spring rate at the wheel/ “wheel rate”, in order to know the actual spring rates at the shock and forks, we need to multiply the wheel rate with the used linkage ratio.  Table 7 shows these calculations implemented in a excel calculator, with the calculations shown for the TT R6.
[image: ]
Table 7: Spring Rate Calculation TT R6 (Iatrakis, 2022)

[bookmark: _Toc99730793][bookmark: _Toc99730859][bookmark: _Toc99748374]Suspension Dyno Testing
In this part some examples of Suspension damper testing will be shown. We have tested multiple suspension systems on the University’s Damper dyno in order to know how the suspension dampers function, what kind of forces they are exerting and how the suspension reacts to tweaking of the settings on the damper/ forks or shock itself. 
From the damper dyno We get the results shown below, I have shown the Front Ohlins TTX forks off the TT R6 and the Olethros VFR400 Bitubo Forks. With testing on the suspension dyno, we can go through the settings on the damping adjusters and know how the suspension reacts to changing the settings. With this information we know what to change on track in order to satisfy what the rider/ engineers want to change. This is important as the damper adjusters many times don’t adjust as we would expect them to. This is clear with the Bitubo Forks.

As an example. On the first track day with the Olethros VFR00, Ilias felt like he was getting thrown of the seat/ into the air when only slightly touching the brakes, he thought this was the rear suspension completely expanding and not damping at all. After playing with preload and damping in the rear, which did not change anything, the guys pushed Ilias in the paddock and made him hit the brakes while someone else was watching the suspension. It turned out that the front forks were diving in quick, and this was causing Ilias’s Seat airtime. Before the track day, the forks were set up to a neutral/ middle setting from the results we got from the damper dyno. After looking at the damper dyno results, the team increased the compression damping by 4 clicks. This managed to solve the problem. Now the team knew what was changed in the suspension damping instead of just knowing damping
[image: Afbeelding met tekst, persoon
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Automatisch gegenereerde beschrijving]increased, which can be used for future events or suspension setup. 
Figure 10: Bitubo Forks Damper Dyno Testing (Iatrakis, 2022)
Figure 11: Ohlins TTX Damper Dyno Testing (Iatrakis, 2022)

[bookmark: _Toc99730794][bookmark: _Toc99730860][bookmark: _Toc99748375]Ohlins TTX


[image: Chart

Description automatically generated]
Figure 12: Rebound Fork Ohlins TTX R6. Force-Velocity (Iatrakis, 2022)
The Graph in Figure 12 shows us that the Rebound damper is pretty consistent throughout its damping adjuster range, for convenience purposes not all settings are shown. The bottom adjuster, which we aren’t completely sure of what it does or is called, seemed to only slightly smoothen the damping below 40mm/s suspension velocity, when changing settings. 

[image: Chart, line chart
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Figure 13: Compression Fork Ohlins TTX R6. Force-Velocity (Iatrakis, 2022)
Unfortunately, due to presumably a human error while saving the file, not all tested settings are shown in the Ohlins TTX compression fork leg Dyno6 file. The 2 settings shown in figure 13 are just to show that the damping adjusters do something significant.

We can see that on both the Compression and Rebound leg, the suspension reacts quite firmly at the beginning and then gets digressive towards higher speeds. This will make the bike movement when for example, hitting the brakes, much firmer. This way dive gets controlled and bottoming out will be worked against. This will also provide more rider feedback/ feel on both the rear and front.  

[bookmark: _Toc99730795][bookmark: _Toc99730861][bookmark: _Toc99748376]Bitubo Forks
As applied on the VFR400 Bitubo forks, we can also use the damper Dyno in order to see if the suspension/ dampers function properly after a rebuild/ service. In case of the Bitubo forks, it is clear that the dampers weren’t working consistently and neither producing enough damping. This is suspected due to worn piston bands, which we couldn’t get new at the time.
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Figure 14: Bitubo Rebound Fork Force-Velocity (Iatrakis, 2022)
Figure 14 shows the Bitubo rebound fork leg out of The Olethros VFR400. This damper unit was just rebuilt, as visible, the damper does not provide sufficient damping and is very inconsistent/ rough. The damping increments when changing the damping adjuster settings, are only small and barely change anything, only when the damping adjuster is fully turned in, something significant happens.
Thanks to the data available with the damper dyno testing, we know what’s happening and know we have to check the fork and see what went wrong/ if changing the shimstack configuration will help increase damping forces. We have not been able to test the Bitubo forks yet due to part shortages, other priorities at the moment.
[bookmark: _Toc99730796][bookmark: _Toc99730862][bookmark: _Toc99748377]Bitubo Shocks
[image: Afbeelding met tekst, binnen

Automatisch gegenereerde beschrijving]This part shows some pictures of a rear Bitubo damper rebuild and it’s accompanied damper dyno Force Velocity Graph. Nothing was changed setup wise from before the rebuild as in shim stack configuration wise. The rear shock seemed to work fine both on the damper dyno and on track while on the VFR400, no complaints from the rider.
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Automatisch gegenereerde beschrijving]Figure 15: Bitubo rear Shock Rebuild, Damper Dyno Test. (Iatrakis, 2022)
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Figure 16: Bitubo Rear Shock Force-Velocity (Iatrakis, 2022)
In the Damper Dyno Result shown in Figure 16, we can see that the damper seems to work correctly. The damping adjusters work, the shock produces sufficient damping forces, the graph looks smooth, linear, no unexpected or unusual things happening. Possibly some more low speed damping reaction would be helpful, but this would have to be altered with the damper shimstacks or oil. 

[bookmark: _Toc99730797][bookmark: _Toc99730863][bookmark: _Toc99748378]Damping Value calculation
To pair with the damper dyno Results, we can calculate the theoretical damping value accordingly to what Motorcycle and purpose we are using it for. 
The Damping Value that we calculate is essentially the gradient of the line on the Force/ Velocity graphs shown above. The formula below shows this.


The damping value varies throughout the operation range of the suspension/ through the suspension velocities, so there is never a single damping value.
We need to consider: 
· Compression damping (high, Mid, Low speed).
· Rebound Damping (High, Mid, Low speed).
We also want different characteristics for compression, rebound and throughout the velocity ranges. But for now, we calculate a single value as a Guide.
With the Critical Damping and Damping ratio “ζ”, we can calculate the damping value.


[image: ]These formulas were put in a excel calculator file to do the work for us. The Table below shows us the inputs and results for the TT R6.Figure 17: Damping value calc TT R6 (Iatrakis, 2022)

If we Represent the Suspension system and its calculated characteristics in a damped mass spring system, characteristics equation and plot this, we can see how the suspension would be damped. The graphs shown below, are for the TT R6.
Front: 
Sprung mass: 96,27 kg
Spring stiffness: 14,750 N/m
Damping Value: 1584,42 Ns/m
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Figure 18: damped Mass, spring system characteristics equation plot. Front TT R6 (Iatrakis, 2022)





Rear:
Sprung Mass: 120,08 kg
Spring stiffness: 83620 N/m
Damping Value: 2978,72 Ns/m
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Automatisch gegenereerde beschrijving]Figure 19: Damped Mass, Spring system characteristics equation plot. TT R6 Rear (Iatrakis, 2022)







From the graphs above, we can see that both the front and rear suspension seems slightly underdamped, which is reasonable for what we want on a motorcycle.




[bookmark: _Toc99730798][bookmark: _Toc99730864][bookmark: _Toc99748379]Engine Testing, Fault-finding - (Ilias Latrakis – 2011922)
[bookmark: _Toc99730799][bookmark: _Toc99730865][bookmark: _Toc99748380]Ducati StreetFighter 848 Vibrations
In this part, the Author has carried out Engine testing and Fault-finding in order to resolve a engine vibration issue on a Ducati Streetfighter 848. The vehicle was treated with it’s Ducati factory recommended 8,000km service, by a Ducati dealership. This means Spark plugs, Timing belts and the standards such as Fluids, filters…
The owner of the Ducati had noticed a high-pitched vibration between 5000 and 6000 RPM since the previously mentioned service. This vibration was noticeable under constant cruising speed riding in between these RPM’s such as highway riding. When revving through the gears and riding sportier, this wasn’t noticeable due to the revs and engine vibrations changing constantly.
The owner had visited multiple Ducati dealerships and specialists, all had checked the timing belt system, timing itself and couldn’t solve the problem. Explanations from the Ducati Technicians, for the vibrations were; that every bike vibrates differently or that Ducati’s just vibrate and not to think much of it. The owner was sure that this vibration had only started after the service and wanted it fixed. The Author has taken this task upon him and will explain the Engine testing and Fault-finding process next. 

[bookmark: _Toc99730800][bookmark: _Toc99730866][bookmark: _Toc99748381]Ducati StreetFighter 848 Engine Testing.
First, the author had ridden the motorcycle in real life, dynamic conditions as during the owner described when the vibrations would occur, in order to experience the problem.
[image: Afbeelding met vloer, binnen

Automatisch gegenereerde beschrijving]Next up, the motorcycle was tested on UWTSD’s Motorcycle dynamometer for further testing/ investigation. Figure 20: UWTSD Motorcycle Dyno Ducati SF848 (Iatrakis, 2021)

The bike was put under a power run first to see if the dynamometer would pick up a significant loss in power compared to stock and if certain inconsistencies would be seen on the dyno graph. The bike produced plenty (and more) horsepower than stock and felt great, no inconsistencies noticed under load/ acceleration.

The bike was then tested under a constant load on the dynamometer, this way the engine can be cycled through- and kept at steady RPMs in order to try and feel the vibrations, the vibrations were most definitely noticeable.
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Figure 21: Ducati 848 Streetfighter dyno Graph (Iatrakis, 2021)
The dyno graph shown in figure 17, is from the MSR400 dyno at UWTSD. This printout shows a power run in 4th gear. As visible, the power delivery is smooth and linear, the Torque also keeps rising quite well. The Ducati put out enough Power and Torque (even more than factory spec), so good result here. 


[bookmark: _Toc99730801][bookmark: _Toc99730867][bookmark: _Toc99748382]Suspected Causes and structured testing
In order to figure out what’s wrong, it’s the easiest to figure out what isn’t wrong first. The author has followed this principle during the fault-finding process and has started checking simpler things that could be suspected to cause the problem first and eliminating these causes.
This part shortly lists the checks carried out and its reasoning behind it. 
· Oil, Oil filter.
Suspicion: Old, worn, thinner oil might let through more vibrations, oil and filter change done. Did not change anything, oil was also only 4000km old. 
· Spark plugs.
Suspicion: Possibly worn spark plugs that don’t spark sufficiently or slightly misfire at certain rpm’s which would only be noticeable under cruising/ low load. Spark plugs would also have been taken out multiple times for timing check, but not replaced. Spark plugs seemed to be quite worn at the end, replacing them did seem lighten the vibration, but not solve it.   

Figure 22 shows the old vs new spark plugs, it’s not very visible, but the ends of the old spark plug are quite rounded off and oval.
[image: Afbeelding met houten
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Figure 22: Ducati Streetfighter 848 Spark plugs (Iatrakis, 2021)


· Timing check.
Simple timing check to see if wrong valve timing could cause this vibration. Timing was correct. 

Figure 23 shows the Timing belts, pulleys exposed.


[bookmark: _Toc99730802][bookmark: _Toc99730868][bookmark: _Toc99748383]Tensioners & Problem Solution
[image: Afbeelding met motor, rood, geparkeerd

Automatisch gegenereerde beschrijving]Since the service where the belts were changed, was already 4 years ago and this is the recommended service interval from Ducati, we decided to change the 4000Km old belts. Figure 23: Ducati 848 Timing Belts, pulleys (Iatrakis, 2022)


After taking the belts off, we noticed the tensioner pulleys had quite a lot of play on them. After dismantling the pulleys, it looked like the bearings had stopped spinning at some point and the inner race was just rotating on the tensioner shaft (see pictures, each picture is from a separate pulley). This was quite worn down.
[image: Afbeelding met binnen
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Figure 24: Worn Tensioner Pulley shafts (Iatrakis, 2021)
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Figure 25: Tensioner Pulley shaft recreated in Solidworks and 3D printed after. (Iatrakis, 2021)
Unfortunately, due to low availability and very expensive prices, we couldn’t get new tensioner pulleys or tensioner shafts from Ducati in the UK. 
The bearings were temporarily fixed with “Bearing Fit” until the motorcycle was back in Belgium, this “fix”, resolved the problem when the bike was tested in the next few days. 
When replacing the pulleys a few weeks later, the bearing fit Loctite proved strong enough and was still holding up. From the new Ducati tensioner pulleys, it seemed that Ducati had picked up on this as a common problem and the newer pulleys were much more robust and made from a different material (Figure 26). Strange that the Ducati Techs weren’t aware! 
[image: ][image: ]
Figure 26: New Vs Old Tensioner Pulleys (Iatrakis, 2021)



The Ducati project overall feels successful for the author, Engine and dyno testing was involved, adapt tools for Ducati, fault finding, thinking about possible causes, discovering that not all manufacturer parts are right from the first time and will/ might need improvement. (Possibly helpful for the future) 


[image: Afbeelding met tekst, geparkeerd, rood
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Figure 27: Streetfighter 848 in the UWTSD Motorcycle workshop (Iatrakis, 2021)






[bookmark: _Toc99730803][bookmark: _Toc99730869][bookmark: _Toc99748384][bookmark: _Hlk98849744]Quadro 350 Solidworks Concepts – (Lewis Cox – 2004098)
Prior to the interim viva, the design philosophy within the group was to increase the overall appeal of the Quadro through increased performance. This idea focused on replacing the low-powered Quadro engine with a traditional twin-shock swingarm and fitting a CBR600 engine within the frame as shown in Figure 1. 
[image: Diagram
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Figure 1 - The first concept for the Quadro, used for the interim presentation.

Following the interim viva, an alternate design concept was proposed. The proposal suggested the idea of lowering the riding position and lengthening the wheelbase. A key specification was that the tilting hydraulic suspension system remained as a unique feature. To develop ideas, the main components of the Quadro frame were modelled in Solidworks, expanding upon the “floating” concepts shown during the interim viva such as Figure 1. The design concepts were split into two categories, Sports Quadro designs and Alternative / Long Wheelbase Quadro designs.

1. [bookmark: _Toc99730804][bookmark: _Toc99730870][bookmark: _Toc99734589][bookmark: _Toc99735585][bookmark: _Toc99738363][bookmark: _Toc99738443][bookmark: _Toc99738523][bookmark: _Toc99738720][bookmark: _Toc99739143][bookmark: _Toc99739254][bookmark: _Toc99745250][bookmark: _Toc99745335][bookmark: _Toc99746221][bookmark: _Toc99746965][bookmark: _Toc99747409][bookmark: _Toc99748385]
[bookmark: _Toc99730805][bookmark: _Toc99730871][bookmark: _Toc99748386]Sports Quadro – (Lewis Cox – 2004098)
The Sports Quadro design continued to use the CBR600 engine, however with a frame modelled it was possible to examine how the following ideas would fit;

· Improved radiator placement where airflow is not impeded by the frame.
· Reposition the battery, moving it lower than the current location behind the dash aiming to keep the Centre of Gravity low and mid-wheelbase. The Quadro weight distribution was approximately 50:50 without modification, which the new design should remain close to.
· With the idea to race in mind, a smaller fuel tank could be used, leaving room to accommodate the CBR600 engine, allowing the sump to sit as low as possible.
· Using the proposed idea of lowering the seating position which also fits with the idea of creating a racing Quadro. This is limited by the height of the upper mounting points of the front shock absorbers. The handlebar height will be above the shock absorbers as the A-frame and shock absorbers will block forward vision.
· Continue to use a twin-shock rear suspension system. A mono-shock would likely require extensive frame strengthening for its top mounting point, increasing development and build time. 
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Figure 2 - The Sports Quadro V1 design around the frame.
 The first design shown in Figure 2, incorporates motocross style radiators that are attached to the side of the front A-frame instead of behind, and a smaller fuel tank positioned under the seat, allowing a low-profile riding position, with foot pegs moved rearwards creating a sidecar style posture. The fitment of the CBR600 engine requires a gear selector to be installed, which if placed on the foot pegs, is a long distance for a mechanical design to be practical. An electronic shifter using hand controls such as the ProShift electronic system could solve this. Further, the CBR600 engine would require an exhaust system to be designed, preferably using pulse tuning to generate maximum torque.
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Figure 3 - Sports Quadro V2 design.

Building upon the first design, the battery and fuel tank have been positioned under the seat (Figure 3). The seat itself was designed to allow a low-profile riding position. For Sports Quadro 2, the frame has been modified through inclusion of a cross member running from the front A-frame to the rear sub-frame. This allows support for the seat, in addition to mounting points for the underslung fuel tank and battery.
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Description automatically generated] 	The Sports Quadro V3 is the final iteration of designs as shown in Figures 4 and 5. A rear fairing allowing for exhaust routing has been modelled with the idea of minimising wake behind the rider when fully tucked. CFD modelling would be required to model and improve the effectiveness of the aerodynamics. Development of the the seat and additional support beam design would be need to fit an airbox. The CBR600 airbox will have been designed with pulse tuning in mind to maximise the volumetric efficiency of the engine, so this would be preferential to simply fitting pod filters on the intakes.Figure 4 - The Sports Quadro V3 front view.
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Figure 5 - The Sports Quadro V3 rear view.

[bookmark: _Toc99730809][bookmark: _Toc99730875][bookmark: _Toc99748390]Alternative / Long Wheelbase Quadro
 Alternative designs of the Quadro that focus on a longer wheelbase were created after receiving feedback during the interim viva. Whilst the designs show a CBR600 engine fitted, the original Quadro engine could be retained. The low seat height riding position was also a key specification for the LWB Quadro and so similar to the design for the Sport Quadro, the fuel tank was repositioned allowing seats to be placed as low as possible. Figure 7 is a variant where the fuel tank is still in a low position, allowing passenger seats to be located above giving improved forward vision.
 Figures 6,7 and 8 show varying length designs from an additional 1 metre added to the wheelbase to an additional 4 metres. The addition in length would likely be produced by splitting the existing Quadro frame and welding tubular section in place. The effect on the structural stiffness of the welds would need to be considered based on the loads the frame experiences during vehicle use, as welds can allow stress fractures to propagate unimpeded. Additionally, the bending moments the longer frame section experiences would require research to ensure failure does not occur. 
 Figure 9 shows yaw pedals in place of foot pegs. The concept here was that the pedals would replace the handlebars and use push/pull cable system to turn the steering stem. The throttle and brakes would be positioned on hand grips at the side of the seat, creating a control layout similar to a helicopter. This idea was an alternative to the steering wheel proposal and could be implemented on the Quadro as a sole project or modification.
 All the LWB and low seat height designs raise questions about if it would be possible to steer the bike at speed. Where trikes usually steer by turning the front wheels, similar to a car, the Quadro can also lean. How difficult it would be to lean side-to-side from a fixed seat positioned low in the frame is unknown.
 Increasing the frame length also has practical implications. The wiring harness (engine sensors, rear lighting), coolant hoses and brake hose length would need to be increased.
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Figure 6 - LWB Quadro 1.
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Figure 7 - LWB Quadro 2.
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Figure 8 - LWB Quadro 3.
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Figure 9 - A variant where steering is carried out using pedals.
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Figure 10 - Map of the Billown Southern 100 circuit.
 The lap sim requires a track mesh. Track sections are classified into corners and straights as shown in Figure 10. The corner radius is measured which then relates to lean angle, which is then used to set a constant speed through the corner using the effective lean angle equation. Figure 11 shows each corner section. The velocity is pulled from a lookup table based on the corner radius. The straight sections are mapped from corner to corner, aiming to measure the distance from first acceleration to corner tip in as accurately as possible. Straight line velocity is calculated using gearing and power data, with acceleration at every metre being of the straight decided by selecting the minimum value between traction limited and geometry limited acceleration (Figure 12 shows the maximum acceleration that can be used). The same is done for deceleration, using traction limited braking and geometry limited braking for the entire length of the straight. The minimum value of these is taken to be the velocity at that point. Where the minimum velocity switches from the acceleration value to the deceleration value, this is the braking point.
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Figure 11 - Corner data for the lap sim, where white cells require data entry and grey cells auto-populate.

 The lap sim uses bike data including mass, CoG, a power dynamometer graph, gearing, tyre sizes and data required for drag calculations, such as frontal area and drag coefficient. Most of these were measured or known, however the frontal area and drag coefficients are typical values from Cossalter’s Motorcycle Dynamics. This adds error to the sim, particularly as there are long straights at high speed on this circuit, where the aerodynamic drag force becomes significant for max speed comparison.
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Figure 12 - The acceleration and deceleration available at each road speed.
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Figure 13 - Summary of the Billown Circuit Lap Sim.
 Figure 13 is a summary of the lap simulation. The final simulated lap time was 134.3 seconds, compared to a time of 147.9 seconds achieved on the actual Orthrus Racing R6. The lap record for the circuit is 132.7 seconds. The simulated time is within 10 % of the Orthrus Racing lap time and 1.5 % of the lap record. The lap distance is considerably accurate, being 17 metres longer than the 2D recorded lap distance. Given the difference in racing lines, and that 13 corners and 11 straights were measured using Google Earth (giving an error of 0.7 metres per section), it shows the Google Earth method of track meshing is adequate.
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Figure 14 - The CBR1000RR used for this section of the report.
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 	 I started by measuring the bike in order for a schematic to be drawn in Excel, before I calculated the centre of gravity. The measurements are shown in Figures 2 and 3. Unfortunately, I had to perform the test on my own, and so the rear wheel lift height is small (a small block of wood was used to lift the bike). Repeating the process, I found that the scales were showing repeatable masses and I decided it was sufficient for my use on track. The Excel schematic, Figure 4, shows the CoG positions, with and without a rider, and fall within an expected area in relation to the bike and themselves.
 Figure 4 also shows the Instantaneous Force Centre, 100% Load Line and the calculated ant-squat for the bike. The percentage of this is 134 % antisquat. This can provide more grip by increasing the normal reaction force on the rear tyre; however, it can increase the tendency to wheelie and cause the rear tyre to break traction when accelerating at lean. Expected values are 120 % - 130 % (Bradley, 2018). At the time of writing, the bike has been ridden only once, on a wet track with sports road tyres, so it is difficult to judge if 134 % antisquat is too high. 
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Figure 15 - Dimensions used for the excel schematic.
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Figure 16 - A screenshot of the Excel CoG calculations.
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Figure 17 - Schematic of the bike. Wheels diameter calculated from [Rim Size + 2*(Width*Aspect Ratio)]
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 	The bike has factory fitted front and rear suspension. Unsprung masses were measured at the front and rear. For the rear, the shock was disconnected allowing the swingarm to rest under it’s own weight. The front unsprung mass consists of callipers and the front wheel (half of the mass of the forks was unknown).  
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Figure 18 - Data for suspension calculations.
 	A link ratio of 2.2 was assumed from research performed by Vitale and Mariotti, 2007.  Since the linkage is progressive, the link ratio ranges from 2.0 to 2.4. For further work I could measure the link ratio myself, since the research I found does not mention a specific model of bike, only that it is Pro-Link, with diagrams that look very similar to the linkage on the CBR1000RR.
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Figure 19 - Pro link progressive ratio (Vittori and Mariotti, 2007).
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Figure 20 - Suspension calculation table.
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Figure 21 - The damping curve for the front (left) and rear (right) suspension. (Using Wolfram Alpha, 2022).
 	The required spring rate for the front forks as shown in Figure 7 is 9.09 N/mm. The factory spring rate is reportedly 8.6 N/mm (this is the best information from old forum posts. It will be tested when the forks oil is renewed after the easter break). If the factory springs are approximately 8.5 N/mm, the springs are suitable for my rider weight, slightly softer springs being desirable in case of wet conditions. The factory rear spring has been tested as shown in Figure 9 and was found to be a 95 N/mm spring. Again, given the result of 95.05 N/mm from the calculation, this spring is suitable for my rider weight. 
 Further reassurance of correct spring rates comes from being able to set sag values. Once the correct spring stiffness is selected, preload adjustment shouldn’t be at the top or bottom of the range. Simply setting the preload and sag without the correct spring rate can cause the suspension to top or bottom out (Bradley, 2018). Figures 10 and 11 show the sag measurements and preload values used.
 An Ohlins shock was fitted to the bike when it was first collected. The spring rate of this was 110 N/mm, too stiff for my weight, hence the factory shock with the softer 95 N/mm spring was fitted.
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Figure 22 - Testing the stiffness of the rear spring.
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Figure 23 - Sag measurements and preload values.
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Figure 24 - Sag measurements. Left shows the rear suspension unloaded, and right shows measurement of the unsupported front wheel which is hovering just above the ground.

 Figure 8 shows the slightly underdamped damping curves, that are given with damping rates of 1500.28 Ns/m and 2881.47 Ns/m as calculated in Figure 7. The damping of the factory shock was tested on the Spa Dynamometer, through a combination of rebound and compression settings. 
 The rebound adjustment on the shock acted as expected, reducing the force as more turns were added to the adjuster (0 turns max damping to 4 turns minimum damping). On 3 turns however, the force fell below that of setting 4 as can be seen in Figure 12, where the pink trace is setting 3, the blue trace setting 4. This occurred when rebound was compared to any constant compression value. For the least rebound damping, 3 turns of the adjuster is required rather than 4. 
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Figure 25 - Adjustment of rebound (0-4) with constant compression setting.
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Figure 26 - Compression adjustments with constant rebound (2 turns).
Similarly, the compression adjustments appeared to work as expected, although with less definition. Also, the 5 clicks of compression setting would produce a greater peak force than the maximum 0 click setting as shown by the orange line in Figure 13. The shock absorber is 17 years old, and likely requires a service but it is still functioning giving adequate damping values, possibly without the definition between adjustments it may have had when new. This information is important to know when making adjustments based on rider feel and tyre wear at the track. 
To record bike setup at the track, fuel usage and comments about the bike performance, I have created a sheet that allows the information to be logged per track session, shown in Figure 27. I will be using it during the Ducati TriOptions Cup this year, to record fuel usage and bike set-up 
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Figure 27 - Track session sheet, for tracking bike set-up.
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 There are always jobs that either need doing on bikes or that are purely for the sake of tinkering. Here are some of those things, with pictures in Figure 28.
· New brake hose installation on the CBR1000RR with lever guard mandatory for track days.
· Spraying the fairing and removing the large number of washers that were used to pack the gap between the fairing and mounting points. New mounting brackets made, and fairing bolts of the same hex size were fitted, replacing the previously fitted assortment of bolts.
· Installation of a switched rain light on the CBR1000RR, and after finding water inside the petrol cap after a wet track day, a replacement petrol cap was fitted that included the required seals. Also, I replaced the slippery when wet foot pegs.
· Accessing the Power Commander on the CBR1000RR to check the throttle position was calibrated correctly, and to download the installed map.
· Replaced the headstock bearings on a 30k mile Kawasaki ER6n after low-speed control was gradually deteriorating.
Figure 28 - Bike information sheet used at a recent track day.
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Figure 29 - More work on bikes.
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This report will consist of multiple projects. This is due to reasons which will become clear. The first project was the Quadro 350s project. This project was presented as being an obscure design project. As a group we went over many ideas, but none would have been practical for any purpose. But the presenter, Stefan seemed to be set on his own concept. Despite this we as a group decided to treat it as an all-out race bike. This angle gave clear goals for what would be classed as success, as well as plenty of work to be divided out between the group. This project has since been scrapped for not being able to move forward. But work was completed for this project and will be included in the report.
	The second part of the report will consist of the replacement project. Which is based around a Yamaha R6 which has been used by previous students in the isle of man TT. The exact purpose of this project is unclear, but the general understanding is to determine how fast it could be at a given circuit. As well as gathering as much information on it as possible.
Also included will be side projects inspired by what has been learned in the university. One of the projects is the designing of a race exhaust for a BMW R100RS BEARS Racer. Shown will be the process of taking measurements, calculating the suitable lengths and volumes as well as a CAD design. The CAD will help determine routing and the required materials. This exhaust system will be built, and dyno tested to determine the validity of the calculations in reality.
The second side project is based around a Yamaha SZR660 Supermono. This project is mostly an engine improvement project. But also, minor chassis and gearbox improvements. 
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The Quadro group project began with a slow start. Goal number one was to get it running and on the dyno. Which was problematic due to electrical gremlins, cooling issues and transmission slippage. The next task was to gather as many measurements as possible to calculate from. And to also understand how it worked, and what it could do. As well as coming up with a purpose and concept for it that everyone could agree on. 
This took a long time. The main issue being a lack of interest in the Quadro due to it being a trike scooter. but in the end, we came to the agreement that it would be fun to make it as close to a track weapon as possible. 

[bookmark: _Toc99668032][bookmark: _Toc99730824][bookmark: _Toc99748405]Concept stage
With a purpose in mind for the Quadro, we had to come up with ideas for improvement. For a race bike nothing is off limits. Which was perfects as it gave everyone a role in the team. Initially we thought it would be a good idea to put a Honda CRF450 engine in it. As these engines are powerful and compact. But looking at Table 1 you can see that this engine would only make it as fast as a small A2 motorcycle. So, we looked at a 600cc inline 4 engine to see if fitting one would be realistic.
So, we got a 650 Kawasaki inline 4 engine next to the Quadro and measured up the frame and engine to decide it would fit. See figure 1. We concluded that it would fit with some minor adjustments. And we finally decided on a Honda CBR600RR engine for their compact size and renowned reliability. This engine would make the Quadro have a power to weight ratio greater than Yamahas 900cc triple powered Niken. 
But with the Quadro engine/swing arm gone, the swing arm would have to be replaced. Which would be a great opportunity to get a lot of un-sprung mass of the rear. As well as fit a 17” 180 section wheel and tyre on the back to handle the power of a 600cc sports engine. See figure 1 for mock-up of this. The list was endless with the possibilities for improvement on the Quadro from a performance perspective, but these changes would have the largest impact.
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Figure 1 – Seeing if 600cc inline 4 would fit.


Table 1 – Quadro power comparison
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It seemed that a sports Quadro wasn’t what Stephan had in mind. He wanted something innovative and or weird to come from the project. So as a group we banded about some strange ideas. Of which Lewis made 3D models for. One was a Tron style flat racer. Similar to that of a hub centre steered Bimota. Another idea was to do as Stephan requested and make the Quadro long and low. Of which Lewis also has a 3D model for. And a final idea was to have a system where you could control the steering with peddles. The problem with all these ideas is that they would not be easy to control or be practical. So, it was at this point the group lost interest in the Quadro again, and we moved on to the R6 project.
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 	The Yamaha Group project being a replacement for the Quadro group project gave an opportunity to continue group work. This is because of being unable to go ahead with concepts on the Quadro.
The intention with the R6 was to gather information on it so spec a lap sim. So first things first, was to get the COG data.
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We then repeated the same steps as above but with the rear wheel lifted. This gives two measurements for COG. One for without a rider. And one with. Retrospectively it may have been a good idea to test alternative measuring methods. Locking suspension for example, and wearing full racing gear.





Figure 3 – Front and rear mass (Lifted)
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A gear calculator was made. As it is a useful tool. It would also be a helpful when making a lap sim, although other team members will have used their own.
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This project is inspired by methods learned from the Thermodynamics module. The BMW R100 racer is currently having upgrades for this season of racing. Most of the engine machining being carried out by a third party. And with the standard camshaft being replaced with a race version and head being ported, it only makes sense to maximise the performance benefits. As well as giving an opportunity to test the reality of the theoretical equations.
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The first step was to take the measurements of the new camshaft. The equipment require for this are as follows. 
1. Degree wheel (for the crank position).
2. Dial Tester Gauge (For measuring cam lift).
3. Flexible pointer (for accurately reading crank position).
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Description automatically generated]Patience (and lots of it).Figure 5 – DTI on follower location
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[image: A picture containing person

Description automatically generated]The process to take the measurements were to first determine accurately the TDC position of the crank for the given cylinder to me measured.  This was done using the DTI positioned on top of the little end. Then using the DTI to find the point where the needle starts turning the other way, indicating the passing of TDC. Figure 7 shows these steps. Next step was to position the Degree wheel and flexible pointer to show TDC. 

And finally position the DTI on the on the exhaust cams follower. The final step was to find the position before the cam starts lifting and then rotate the crank shaft, recoding a measurement every degree of crank rotation, see figure 8. This data was recorded in Excel.Figure 7 – Finding TDC
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These measurements required the rocker arm distances accounted for to get the valve lift. The rocker arms were measured with a vernier calliper. Measuring from rocker pivot to push rod cup centre. And pivot to valve contact face. This came to a lever ratio of 4/3. Also accounted for hot valve clearance of 0.1mm. equation below

Cam Lift * (4/3) – 0.1 = Valve lift

Figure 8 – Checking crank position





[bookmark: _Toc99668038][bookmark: _Toc99730830][bookmark: _Toc99748411]Calculations
Av downpipe temp = (800+300)/2 = 550 degrees c
Relatively low exhaust temps have been used due to the position of the exhaust. The BMW exhausts down pipes are open to the elements and therefore aren’t likely to get as hot as faired motorcycle down pipes. 

Speed of sound at 550 Degrees = (SQRT((550+273)/(20+273)))*330 = 553.07m/s

Pulse return in crank degrees = 68BBDC + 180 + 18.5 mid between TDC and closing = 266.5 degrees

Time to turn 266.5 degrees = (Pulse return/360)*(60/RPM)

Length to harmonic = ((Time to turn 266.5 degrees * Av speed of sound)/n)/2
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Table 2 and 3 – main harmonic

[image: Table

Description automatically generated][image: Table

Description automatically generated]

















[bookmark: _Toc99668040][bookmark: _Toc99730832][bookmark: _Toc99748413][image: Chart, line chart

Description automatically generated]Result analysis and thought process                                 Figure 9 – Cam profile

The initial expectation was to design an exhaust that would be pulse tuned for the 1st harmonic. Although after looking at the results it was obvious that wasn’t realistic. Due to the low revving nature of the engine, the exhaust would have to be very long. At least 1.8 meters. Also, this would rule out the 2 into 1 merge being the point of expansion as the downpipe diameters would be 3.3cm. 
So, the compromise design would be to use the second harmonic, along with a short pulse return. This design allows for a system with workable lengths and interesting features. As well as more reasonable downpipe diameters at 4.46cm. which won’t cause any backpressure issues. Between the tables 2 and 4 you can see that two different RPM ranges have been chosen for the long and short harmonic return. There are a couple of reasons for this. One is that spreading out the pulse returns between the two may spread any increased power at the top. Another reason is that the accuracy of the theoretical pulse returns is unknown, so wouldn’t want to put all the eggs in one basket so to speak. And final reason is that when it comes to testing, it may be more possible to see when each harmonic is working fon the dyno graph.
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Figure 10 – Exhaust Design (iso View)
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Figure 11 – Exhaust Design (Plan View)
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Figure 12 - Exhaust Design (Elevation view)
The design for the exhaust was always going to be an under-seat system. Partly for the novelty and partly for easy routing. The routing is simpler with this design as you don’t have the catch tank for the extended sump to contend with. Which makes length matching the downpipes very difficult. As well as needing more complicated bends, increasing the cost of material. And given that the top if the engine has been cut down to save weight, and there is no longer an airbox on top of the gearbox, there is lots of room free. There is the consideration that a high-rise exhaust will raise the centre of gravity. But in this case, we are looking to move the heavy lead acid battery to below the gearbox, rather than above. So, these two changes are likely to balance out. 
The material that has been chosen for this system is mild steel, mandrel bent tubing. Not the most exotic material but it is easy to weld, doesn’t need back purging as well as being cheap. Perfect for a first build. 
The engine and frame seen in figures 10 to 12 has been made to the measurements of the actual parts. This was important for modelling the exhaust system as you can take the angles and lengths from the model to accurately decide how many bents and lengths will be required. Also helps to give an accurate indication where the features will be placed and where the connections will go. 
The actual construction of the system is as follows. Cylinder head outlet is 40mm od swaged straight to 41.3mm as that is what is available. The pipe will remain this size for the 1st and 2nd bend, at which the pipe will have another swaged joint at the 42cm length from the valve. This will be up to 50.8mm diameter pipe as that is the next size up that will give the downpipes the right overall volume. The merge will be a removable join that will be sprung to the two downpipes and pipe to the silencer. The merge will be placed 91cm from the back of the valve. The final pipe diameter will be roughly 60mm into either a used silencer that fits or a custom silencer. The deciding factor will be the clearance between the silencer and the back tyre when the suspension is fully compressed.


[bookmark: _Toc99668042][bookmark: _Toc99730834][bookmark: _Toc99748415]Costs
The materials required are as follows
· X2 Adaptor, 40mm O/D to 41.3mm O/D (Outlets at the head = 40mm O/D). = £16.80
· X4 90Degree bends, 41.3mm O/D mandrel bends. = £47.40
· X2 Reducer, 41.3mm O/D to 50.8mm O/D. = £16.80
· X2 45Degree bends, 50.8mm O/D. = £20.90
· X2 15Degree bends, 50.8mm O/D. = £20.50
· X2 Adaptor to fit 50.8mm I/D to 50.8mm O/D. = £16.80
· X2 spring hook set (Stainless steel). = £13.50
· 309L Filler wire (for welding the stainless spring hooks to mild steel). = £6.31
· Total cost = £159.01

[bookmark: _Toc99668043][bookmark: _Toc99730835][bookmark: _Toc99748416]Further Work
 At this stage the next steps will be to purchase the materials, build the exhaust and test it. To build the exhaust a TIG welder will be used. This should result in appealing, clean welds that should be strong. But this is subject to the ability of the person welding. As for the testing, the initial test will be to dyno run with the previous exhaust system. Then with the new one. This will give a good indication if the new exhaust has been a performance upgrade or not. As well as checking if the performance increases are where expected.
It is also possible to wrap the exhaust down pipes if it were deemed that the performance increases would be better utilised at a higher RPM. Given that insulating the exhaust would make it hotter therefore increasing the speed of sound more than previously

[bookmark: _Toc99730836][bookmark: _Toc99730892][bookmark: _Toc99748417]Quadro – (Jacob Quarry – 2000885)
[bookmark: _Toc99730837][bookmark: _Toc99748418]Bump Steer
Due to the front suspension of the Quadro being more comparable to a car than a bike we had to consider novel phenomenon such as bump steer and camber change through travel. To achieve this the Quadro was loaded onto a flat plate and strapped down.
[image: Quadro on flat plate]
Figure 1 - Quadro on Flat Plate (Iatrakis, 2021)
The wheel was lifted with a jack whilst a bump steer plate fitted. This allowed the shock to be measured to calculate motion ratio and dial indicators on the bump plate to measure the variation. All measurements were taken from full rebound.
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Figure 2 - Toe in against wheel travel (Quarry, 2022)
The graph shows that the suspension tends to toe in with compression up to a peak measured value of 0.015”. This is a low value of toe in and will have a negligible effect within the range measured. It could however rise above this value, but a limitation of our testing rig meant we ran out of travel on the bump steer plate before we ran out of wheel travel and as a result could not accurately measure the bump steer over the entire travel range.
An item of note however, due to the front suspension leaning into a corner the front wheel towards the inside of the corner will be toeing away from the corner and the outside wheel will also be moving away from the direction of travel. This is the opposite of typical ackerman steering and would likely have an undesirable effect on the cornering characteristics.
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Figure 3 - Camber change with wheel travel (Quarry, 2022)
There is a little camber change through the travel but the end result of this will be less of a factor than it is in cars. This is due to the curved profile of the bike front tyres allows a consistent contact patch as the camber changes.
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Figure 4 - Shock Travel against Wheel Travel (Quarry, 2022)
Plotting the shock travel against the wheel travel gives the motion ratio for the front suspension. The front springs/dampers are mounted near vertically so as a result there is little variation in the motion ratio throughout the travel. The use of the trendline allows the gradient (i.e., the motion ratio) to be averaged across the entire range of measured values.
The rear motion ratio can be calculated from the shock placement along the swingarm and comes out to 1.157 due to it being mounted behind the rear axle. This is likely to increase the effective spring rate and damping at the wheel to control the heavy unsprung engine (40.75 kg of unsprung rear mass) without needing to use a more substantial unit. 




[bookmark: _Toc99730839][bookmark: _Toc99730893][bookmark: _Toc99748420]R6 - (Jacob Quarry – 2000885)
[bookmark: _Toc99730840][bookmark: _Toc99748421]Gearing
The ratios were researched and since we didn’t have chance to check the final drive used it had to be verified against the provided 2D data. The factory 16/45 gearing was presumed and happened to be correct.
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Figure 5 - Gearing Validation (Quarry, 2022)
With a researched dyno chart and the known gearing then the driving force can be calculated.

Figure 6 - Driving Force (Quarry, 2022)
This shows how top speed is hit in sixth a way before it redlines.  This suggests that the final drive gearing could be reduced slightly to use more of the rev range in sixth. However, the bike is already traction limited in First gear which could be mitigated against by loading the rear tyre a little more. This would reduce the geometry limited acceleration however it is higher than traction so they could be brought more in line and still have a higher limit than currently.
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Figure 7 - Acceleration limits
A 15-tooth front sprocket would increase the bikes acceleration, but it would still be traction limited in first gear but would see a substantial increase as soon as the rider is out of first.
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Figure 8 - Traction limits 15 sprocket
The bike would still be drag limited at top speed instead of hitting the redline however it would be closer to the gear limit. A buffer before the redline is advantageous as it makes it less likely for the rpms to be pushed up into/past the redline when going downhill or decreasing the rear tyre radius by leaning it into a corner. It also allows slightly more speed in a tailwind situation.
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Figure 9 - Driving force with 15 tooth sprocket
A 14 tooth could be used to make the geared top speed virtually identical to the aero speed, leaving no safety buffer. This would however greatly increase the traction issues in the lower gears. More acceleration would be available by short shifting into second.
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Figure 10 - Shift chart 14 tooth front sprocket
This model presumes however that no more force can be applied from when the rear tyre begins slipping. This isn’t a true presumption as force can be applied with quite high values of tyre slip, but it is a necessary presumption. The same logic with short shifting applies in some situations when the friction coefficient drops, such as on a wet circuit.

[bookmark: _Toc99730841][bookmark: _Toc99730894][bookmark: _Toc99748422]Personal Projects - (Jacob Quarry – 2000885)
[bookmark: _Toc99730842][bookmark: _Toc99748423]Rear Suspension Travel
A personal project I’ve been working on is calculating the motion ratio across the entire range of rear suspension travel to better understand why different geometries were used. This was inspired by the Phillip Irving designed Velocette LE having an adjustable top suspension mount. The designer described this having a comparable effect to suspension preload by changing the effective spring rate. On top of this, old off roading machines had their rear shocks angled substantially farther forward than street bikes and I wanted to explore if this influences the effective springing at the wheel or if it was just a way to fit more suspension travel in the same space.
Given that a twin shock creates a simple triangle with a lot of fixed values it is easy to calculate the motion ratio. For the street bikes with vertical shocks, they display linear characteristics with little variation. This was validated by measuring the motion ratio of the bike.
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Figure 11 - Motion ratio validation (Quarry, 2022)
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Figure 12 - Motion Ratio Measuring (Quarry, 2022)
This validates the calculation so it can be applied to other machines such as my other twin shock bike. Which has a longer travel shock that is angled slightly more forward.

Figure 13 - Mutt Motion Ratio graph
Although overall it appears linear when the instantaneous motion ratio is calculated every mm it begins to show slightly progressive characteristics.
[image: Chart, line chart, scatter chart

Description automatically generated]
Figure 14 - Instantaneous Motion Ratio
This shows the motion ratio increasing as the wheel travels upwards which would increase the effective springing and indicates progressive characteristics worth further investigation.

[bookmark: _Toc99730843][bookmark: _Toc99748424]AntiSquat changing with Travel
Knowing how the rear wheel moves throughout the entire shock travel allows geometry calculations throughout the entire shock travel.
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Figure 15 - Mutt full Rebound (Quarry, 2022)
At full rebound the bike has an antisquat value of 91% whereas at full bump this substantially reduces as the swingarm angle comes above the horizontal.
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Figure 16 - Mutt full Bump (Quarry, 2022)
This shows a substantial variation in the antisquat and can be used to compare different bike setups in terms of how they vary. For example, my other bike has a lesser swingarm angle and much less rear travel so it would see less variation across the range. 
On top of this it also allows more geometric considerations, it allows you to predict the effective anti-squat at any time based on the wheel loadings and allows you to fine tune it to be around 100% when acceleration is required as opposed to only taking measures statically. It also allows considerations for sag; how would it behave at the standard ¼ or so travel.
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Figure 17 - Mutt 20mm travel for sag
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[bookmark: _Toc99730844][bookmark: _Toc99748425]Resistance Testing
[bookmark: _Toc99730845][bookmark: _Toc99748426]Coast Down
A coast down test was attempted to try and calculate the resistance to motion. The runs were conducted all together in one session with runs going in alternate directions. Speed and time data were recorded using a gps data logger.
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Figure 18 - Coast down testing
The runs were fairly consistent however the returned resistance data was definitely different to what was anticipated.
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Figure 19 - Resistance Force against speed
As the graph shows then the tested values were higher at slow speeds and then dropped off substantially when compared to aero drag at higher speeds. This could be resolved by conducting the testing at higher speeds to make aero drag a greater component and across a greater range of sessions to account for variance. Unless I was being super slippery and a brake was dragging, which is also possible.

[bookmark: _Toc99730846][bookmark: _Toc99748427]Top speed testing
Thanks to a dyno run then the mutt was placed on a dynamometer to measure its power across the rev range. As well as the power curve this was also used to try and improve the fuelling via jet choice, as can be seen by the lambda trace.
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Figure 20 - Mutt dyno run
This allows the driving force at the wheel to be calculated using the bikes gearing.
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Figure 21 - Driving Force
Given how gutless the bike is then top speed testing can be conducted at road speeds. And using the driving force at speed it’s possible to calculate the resistances to motion. That same gps logger was used to measure the gps top speed on runs on a flat straight road. The process described was applied and returned a CDA value.
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Figure 22 - CDA calculation
This shows that the limiting factor of the top speed is the redline in fourth gear due to fifth behaving as an overdrive gear. This was used to determine final drive choice as gearing the bike down, instead of the traditional gearing up, would make it possible to achieve a higher top speed by increasing the driving force in fifth until you hit that redline. However, this wasn’t pursued in order to retain the overdrive gear. The stock gearing is the best compromise I could find for a commuting bike, it’s almost like an engineer chose it.

[bookmark: _Toc99730847][bookmark: _Toc99748428]Moment of Inertia
I attempted to take Moment of Inertia measurements for one of my bikes but there were experimental limitations. I got usable and repeatable numbers testing the wheels on balancing stands. However, there was no way to fit the engine internals on these stands due to their shorter length. A light makeshift bearing with ceramic oil coating thin aluminium got comparable values for the wheels but when testing this on the crank I got much higher values than anticipated, indicating friction from the bearings. To remedy this over Easter, I will make bearing pairs similar to a balancing stand than can be mounted to axle stands and get reliable values for all engine components. 
The rear wheel is an 18” steel rim with a 100/90 tyre. This had an MOI value of 0.438. By contrast the front wheel has a large 30cm disk mounted and is also a steel rim with a 3.25”x19” tyre. A higher MOI value would be expected, and it was calculated to be 0.630. The crank was measured at 0.06 and even though it is a heavy crank and had the rods attached that is an implausible value that gives a effective mass of 2x loaded mass in first gear. 
Given the high MOI values the bike will experience substantial self-righting effects and result in it turning in slowly and require substantial force through the bars to turn the spinning front wheel. The vast majority of the weight of a spoked wheel is at the rim which could easily be changed to an aluminium rim and reduce the gyroscopic effects. A greater MOI reduction could be achieved by downsizing the front wheel to an 18” spoked wheel which would bring it more in line with the rear. This would however reduce its ability to handle rutted roads. Despite being more central the front disc is abnormally large at 30cm across and 10mm thick. If the bike was retrofitted with a more modern front brake, then that would also drastically reduce the MOI and result in better brake performance. The braking effectiveness would be increased by the MOI reduction, but this only results in an effective mass increase of around 3% higher than gross so it would be negligible.
Weight reduction at the wheels would also substantially reduce the unsprung mass and therefore benefit the suspension performance too.

[bookmark: _Toc99730848][bookmark: _Toc99748429]BTC Cup Honda NSF250
As an aside project myself and Rhys have been trying to model the NSF250 to better understand the bike and how to set them up for his talent cup racing team. Our first step was measuring how the link ratio varied through the travel due to my curiosity from my own work. It has a linear ratio across the entire travel 
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Figure 23 - Link ratio data (Williams, 2022)
With this link ratio we can calculate the effective damping and spring values at the rear wheel. It uses an 80N/mm spring and the damper had already been measured on the damper dyno to use for calculations.
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Figure 24 - COG Measurement (Quarry 2022)
The COG is a key value to have for nearly any calculations however the riders in the BTC are young and lighter than ourselves. Lewis was the lightest and is similar weight to the young riders when they’re wearing racing kit. As a result, he was used for approximations of COG. Rhys also wanted to lift the front of the motorcycle instead of the rear to see if that made any difference in regard to the rider being able to fully tuck.


[bookmark: _Toc99730849][bookmark: _Toc99730895][bookmark: _Toc99748430]Future Projects - (Jacob Quarry – 2000885)
The NSF is a very new project, so more measurements need to be taken to fully work with:
· MOI of the wheels and other components
· Rake and offset to calculate trail and how it varies
· Measure the rear geometry to calculate anti squat
· Analyse the current data to calculate wheel loading
· Try and get track data for calculations such as suspension velocities
There’s also a lot of scope for my projects
· Measure cam and valve lift
· Finish my trigonometry work for front suspension to accurately calculate things that are affected by that such as rake and trail
· Finish a more accurate testing rig for MOI measurement
· Design an exhaust for my CB
· Measure more machines to get a range of rear suspension geometries




	


[bookmark: _Toc99748431]Market Research – (Byron Davies - 2005899)
[bookmark: _Toc99748432]Quadro 350s (2015) vs Its Competitors
[bookmark: _Toc99748433]Costs
[image: ]	The 2015 Quadro 350s costs around £6000 to purchase, making it a midrange price point compared to the other trikes on the market. However, just the initial purchase cost is not the only cost the consumer will incur. Table 1 Quadro 350s Costs Compared to its Competitors (Carter, 2014 & 2015)

	Table 1 shows retail price as well as fuel costs for the Quadro along with 3 of its major competitors. The average fuel consumption values were made from test drives on city roads as well as faster paced roads such as dual carriageways (Carter, 2015). The Quadro sits relatively midrange with regards to both price and fuel consumption and therefor the trike’s cost per mile comes a close 2nd cheapest. Cheapest across the board is the Yamaha Tricity, this is because the Tricity has less than half the power. Initially, it was assumed the Quadro was targeted at primarily city riding, short journeys with low average speeds. However, after looking at the fuel consumption when including dual carriageways, the Quadro was getting more miles to the gallon than my 2013 1 litre Citroen C1 whilst easily maintaining speeds of 70mph (Carter, 2015).

[bookmark: _Toc99748434]Powers
[image: ]The Quadro’s pattern of being a midrange option for consumers also carries through to the power output of the vehicles. Table 2 Quadro 350s Power Compared to its Competitors (Carter, 2014 & 2015)

Table 2 shows the maximum power output as well as the RPM at which it occurs. It is clear to see the Quadro’s maximum power occurs at a much lower RPM than that of its competitors, this suggests the Quadro has a very flat power curve in comparison to the others making it less exciting to ride for consumers. The table also displays the power to weight of each of the vehicles, although they are all very low, it’s another representation of the Quadro being a middle ground option.

[bookmark: _Toc99748435]Top Speeds
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Table 3 Top Speed Calculations for Metropolis
Table 4 Top Speed Calculations for Piaggio MP3
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Table 5 Top Speed Calculations for Yamaha Tricity
Table 6 Top Speed Calculations for Quadro 350s


	Above you can see the potential top speeds accounting for aerodynamic resistances for the 4 vehicles, this is under the assumption all 4 vehicles share the same frontal area which would realistically differ slightly. The frontal area is assumed to be about 1.5 times larger than a touring bike and with a coefficient of drag that also equates to 1.5 times that of a touring bike. Without considering rolling resistances, the Quadro is exactly where expected with regards to it potential top speed, as it sits 3rd fastest maintaining its midrange placement.

[bookmark: _Toc99748436]Rolling Resistances
To get a more accurate value for the potential top speeds the rolling resistance must be considered.
[image: ][image: ][image: ][image: ]Table 8 Rolling Resistance Calculations for Metropolis
Table 7 Rolling Resistance Calculations for Yamaha Tricity
Table 9 Rolling Resistance Calculations for Piaggio MP3
Table 10 Rolling Resistance Calculations for Quadro 350s



Due to the weight of the vehicle Table 9 shows that the Piaggio has the greatest rolling resistance requiring just over 4hp to overcome the rolling resistance to reach its potential top speed making the realistic top speed a little lower than suggested above. The Quadro again does not have the greatest rolling resistance or the least, it comes a little behind the Metropolis as found in most of the previous statistics.

[bookmark: _Toc99748437]Who is it for?
The unexciting yet surprisingly efficient Quadro 350s, despite being incredibly heavy, especially when accounting for rider weight, does have appealability for consumer use. The efficiency on faster roads as well as the added stability from the front 2 wheel set up, makes it a comfier and safer option for those who are looking for the experience of riding a motorcycle without the desire to fall off. It would also be ideal for food delivery drivers living in the city due to its ability to park without the use of a side stand.
[bookmark: _Toc99748438]CBR 600 Engine Swap
A potential concept for the Quadro was to replace the engine with a CBR 600 engine to give the vehicle significantly more power, the CBR 600 engine could output about 120HP which would change the Quadro’s potential top speed as seen in Table 11 below. 
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Table 4 Quadro Top Speed with CBR 600 Engine


By adding a CBR 600 engine it would bump the Quadro’s top speed to 225.4km/h which is a theoretical increase of about 88km/h. There would be a difference in weight of the 2 engines and a swingarm would be needed if the CBR engine was fitted, so the weight of the Quadro would also increase, however the new rolling resistance value would not counteract the increase in power making it a valid option.
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Description automatically generated]R6 Rake & Trail – (Byron Davies - 2005899)Figure 1 SOLIDWORKS 2D Model Rake and Trail Calculator for R6

Figure 1 shows a rake and trail calculator made using SOLIDWORKS to obtain a visual representation of how the dynamics of the chassis changes as the bike brakes and the forks dive. The model displays the correct dimensions for the R6 at factory release. The model was unfortunately incomplete by the time the presentation had to be carried out. However, the model is now working the new linkage is defined correctly, and the model can be used to display an accurate change in rake, trail and wheelbase of the R6. This model has the potential to be animated, using calculations to find the change in fork length from the data received via a test lap, to have a visual representation of exactly how the vehicle’s dimensions changed through the race. 
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Description automatically generated with medium confidence]	Figure 2 shows how the dimensions of the R6 would change should it undergo a 50mm fork dive, it displays roughly a 3° change in rake, 20mm change in trail and 25mm change in wheelbase. The changes in rake and trail are quite significant as they could be used to determine the maximum braking force of the vehicle before the forks dive enough to cause the trail to pass 0 and the rider to go over the handlebars. The model could also be used to show the user how changing the wheel size could affect the geometry of the bike.Figure 2 SOLIDWORKS Model of R6 Change in Rake, Trail and Wheelbase with a 50mm Fork Dive



[bookmark: _Toc99748440]Side Project – (Byron Davies - 2005899)
[bookmark: _Toc99748441]Initial Work
For the past year and a half work has been done on converting a 2003 Kawasaki ER-05 into a 1 of a kind café racer for personal use. The original bike was bought at less than half market value due to its many faults and clogged engine. The bike struggled to start and then cut off at idle and so some work would have to be done on the engine as well as just the aesthetics. The plan was to carry out a complete deconstruction of the bike to clean, sand and respray everything along with replacing worn parts, the engine was also to be taken apart to clean as well as diagnose. 
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          Figures 3 and 4 2003 Kawasaki ER-05 Project Bike First Photos Taken
	The Motorcycle had been resprayed with awful accuracy leaving paint on the new tyres and paint up the damper from spraying the rear shocks, Figures 3 and 4 show the bike on the back of the trailer after having just picked it up, the motorcycle had been very clearly customised to the user taste, with a red and black colour scheme accompanied by Monster stickers and horrific skull rear indicators seen in Figure 5. 



[image: A picture containing engine

Description automatically generated]










	
Figure 5 The Awful Indicators
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Description automatically generated]First task to complete was to strip all the fairings off the bike as most of them would be thrown away anyway to achieve a more classic naked look. Figure 6 Stripped ER-05 (also Dad's Tracer on the kitchen scales from taking CoG measurements)
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Description automatically generated]	The exhaust of the bike had various holes in from general wear and tear that had been strapped over with thermal exhaust tape. However, it was more desirable to have a working exhaust without it being covered in tape and so angle grinding had to be done to smooth over the holes for them to be welded. Figure 9 Front Sprocket

                                                                   Figure 7 & 8 Grinding the Exhaust Manifold
	Welding was done the exhaust, unfortunately there were no photos from that, it was decided in the end though that the exhaust was going to be replaced as the amateur grinding and welding job did not fit the clean new look that was the target of this project.
Figure 9 shows the warping of the front sprocket teeth through general use due to the age of the bike; the teeth have all got a subtle bend in the direction of the chain, which meant new sprockets (front and rear) had to be purchased and replaced.

[bookmark: _Toc99748442]The Engine
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Description automatically generated]The engine on the bike wasn’t functioning correctly meaning this wasn’t just going to be a visual fix but also the engine would have to dissected to find the problem, first the engine had to be dropped out of the bike and set on a worktable. Figure 10 Kawasaki ER-05 Engine




	The initial assumption was that the water pump seal had gone which did turn out to be the case, with limited space it was awkward to dissect and engine however, many of photos were taken throughout the disassembly to aid the reassembly later. 
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                                               Figure 11 Disassembled Camshafts
	Dissecting the engine from top to bottom after taking off the camshaft casing the camshafts could be removed and placed on a workbench seen above to remember the order to which the parts were placed.
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Figure 12 Valve Chamber, Flywheel Casing, Clutch Plates and Various Other Parts
	The rest of the engine was taken apart to analyse the condition the engine was in, the oil throughout the engine was in bad condition and in desperate need of changing and the engine was incredibly dirty.
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                                               Figure 12 Inside the Crank Casing
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Figure 13 Crank, Casing, Clutch, Primary and Secondary Drives and Various Other Parts
	The engine was completely dismantled and given a deep clean, the clean parts, including the complete stripping of the exterior paint job, were put to storage while the rest of the bike was looked at, the idea was to get the frame completely bare and resprayed before cutting the end off, the entire bike would have to be taken apart and sanded to be resprayed and reassembled. 
                                                  [image: ]
                                    Figure 14 Water Pump Casing and Parts (Broken gasket seal had been thrown away)
[bookmark: _Toc99748443]Chassis
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                   Figure 15 Completely Bare Frame
	The swingarm was to be sanded and resprayed but firsts there were numerous holes found in the metal that were to be filled and sanded before the respraying could happen. The entire bike was going black, including the wheels, most of the sanding and respraying was completed by myself using either good old-fashioned sandpaper and paint stripper, or a sand blasting chamber. However, there were some parts that were too large to be done by hand and so were done professionally (frame & wheels). 
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Figure 16 Swingarm Before and After
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                        Figure 17 Example of Before and After Sandblasting Foot Peg Mounts
	The wheels were handed off to a detailing company to be sanded and resprayed black as well as the bare frame. The rear shocks seen in Figure 18 have been discarded due to the colour and overall quality, new shocks have been purchased and are waiting to be tested.
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Figure 18 Before and After Wheel Colour Comparison
 	Unfortunately, there are currently no photos of the frame however the frame has also been resprayed and is sitting ready to be reassembled, no physical data has been taken on the bike yet although, the bike reassembly has been halted so the forks and new rear shocks can be damper dyno tested to obtain physical data on the bike. Once the engine is back together and back in the bike there are plans to dyno test the engine as well. Whilst the bike is deconstructed, measurements for unsprung mass will also be taken to obtain as much information and data on the bike as possible.
	


[bookmark: _Toc99744338][bookmark: _Toc99748444]Introduction – (Rhys Williams – 2004442)
Unfortunately, we ran into a few dead ends with the Quadro 350s as targets were not accomplished, nor the energy to complete them was met. We have since been reallocated with a 2007 Yamaha R6 track bike, that had formerly raced in the Isle of Man Manx TT in 2019 by an alumnus of the University, Sam Mousley. 
Since being given a new bike to analyse, it was only a few days later that the original team that own it had taken it away from the University so they could recalibrate it to its original race settings/positioning. This turn of action really limited how much data we could obtain from the bike considering there was no upfront notice about the bike leaving our facilities.

[bookmark: _Toc99744339][bookmark: _Toc99748445]The Organisation
Due to the team that actively worked across both project bikes was smaller than anticipated, we had a tendency to carry out tasks together and share responsibilities with one another. There still remains some tasks that were carried out individually, or in smaller groups.

[bookmark: _Toc99744340][bookmark: _Toc99748446]Race Calibration – (Rhys Williams – 2004442)
[bookmark: _Toc99744341][bookmark: _Toc99748447]Centre of Gravity
One of our starting points as a team was to take the centre of gravity of the bike in hand. Due to it being an easy enough job to carry out providing the fact we had enough colleagues to assist with lifting the bike onto the scales and keep it balanced, especially while a rider gets on the bike.

[bookmark: _Toc99744342][bookmark: _Toc99748448]Quadro 350S
As seen in figure 1 below, the three wheeled moped was placed on top of scales in both a static upright position as well as lifting the rear of the bike to get both sets of data. In a typical scenario, the scales for the front side of the bike would be one universal piece, eliminating any error between the mass spread through the z axis which is deemed unnecessary for motorcycles. 
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Description automatically generated with medium confidence]
Figure 1 - Centre of Gravity on Quadro 350S (Davies, 2021)
The equations used to calculate the centre of gravity along the x and y axis are as follows.


Where: 
Wr = Load on the rear wheel
Wrlifted = Load on the rear when lifted
Wt = Total mass of motorcycle
P = Wheelbase
Θ = Angle which the bike is lifted
Rav = Average radius across both wheels

The results were recorded in table 1 as follows. It appeared that the Quadro, while having not much mass in the middle, having a heavy front and rear end amassed to the centre of gravity almost perfectly central to the wheelbase of the bike. However, when a rider was placed on the bike the centre of gravity moves itself towards the rear. In a real-world driving scenario this would be a negligible difference, especially when the target market for this bike is a city rider/courier at low speeds.
[image: ]Table 1 - Quadro CoG Results (Iatrakis, 2021)

[bookmark: _Toc99744343][bookmark: _Toc99748449]Yamaha R6 
[image: A person working on a motorcycle

Description automatically generated with medium confidence]Due to the fact that the R6 is naturally lighter, it was easier for us to take measurements with it.Figure 2 - Yamaha R6 Centre of Gravity (Iatrakis, 2022)
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Description automatically generated]Table 2 - R6 CoG Results (Iatrakis,2022)



Unfortunately, the only variable that was inconsistent was the rider whom sat on the bike when taking the readings, as seen by the 45Kg difference in body weight. However, it is clear that the purpose for this bike is racing biased seen via the more mediocre wheelbase, bigger wheels and a lower bike mass. Considering the centre of gravity results, weight was evenly distributed on the Yamaha with a rider than the moped could ever be, further illustrating the fact it is purpose built for racing. Having centre of gravity as close to the middle of the bike’s wheelbase assists the rider keeping the bike in sync with where they are trying to place it on the tarmac.

[bookmark: _Toc99744344][bookmark: _Toc99748450]R6 Schematic
Figure 3 illustrates the generic shape of the Yamaha with accurate positioning of the centre of gravity in relation to the wheels, sprockets and forks. This type of schematic is a useful tool when analysing the basic geometry of any given bike due to its basic nature of the diagram enables any rider to understand it visually, assuming they don’t have the same academic knowledge as an engineer.
It also serves a purpose for the engineer; when required to troubleshoot any problems with a centre of gravity/geometry related calculation.
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Figure 3 - R6 Schematic

[bookmark: _Toc99744345][bookmark: _Toc99748451]Gearing
Gearing between the two bikes is vastly different due to the characteristics of the engine and usage the bike. While the moped has a continuous variable transmission (CVT) the Yamaha has a traditional six speed gearbox. The CVT compliments the Quadro’s low power and smooth delivery, whereas the R6 benefits from having set gear ratios which provide it with a sharp power delivery at high rpms.

[bookmark: _Toc99744346][bookmark: _Toc99748452]Initial Ideas – (Rhys Williams – 2004442)
While the team still had the three wheeled moped on our hands, we came up with a few concepts for what we ideally wanted to do with the bike without trying a number of things only to realise that the task was out of our capability for whatever reason that may be.

[bookmark: _Toc99744347][bookmark: _Toc99748453]Quadro 600i
I believe the coolest looking and most ambitious realistic concept, was to turn the moped into a racing biased moped: keeping the front side of the Quadro from, but reconfiguring the rear end so the bike has a swingarm, mono shock and bigger tyre. The objective was to also remove the single-cylinder 350cc engine and relocate an inline-four 600cc Honda engine into where the fuel tank formerly sat as well as producing a set of fairings either with fibreglass or, preferably, carbon fibre, as seen in figure 4 and 5.
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Figure 4 - Quadro 600i (Iatrakis, 2021)
[image: A motorcycle parked in a garage

Description automatically generated with low confidence]Unfortunately, we were unable to carry out this task due to the timeframe we were given. There were also many variables on the current system that would have to be either eliminated or tweaked, such as the requirement of testing the brakes on current and bigger systems to know what specification would benefit the upgrade of power, also engineering a method to ensure the swingarm system would fit and be safe to use, all which further probed the cause to cancel the plan with the bike.Figure 5 - Quadro 600i Concept (Iatrakis, 2021)


[bookmark: _Toc99744348][bookmark: _Toc99748454]Quadro LWB
After receiving feedback during out interim viva, the idea of an extended wheelbase Quadro was highlighted. One member of the team was quick to model up a few designs to illustrate what the vehicle may look like. The motorbike/car hybrid vehicle consists of some new features such as a lowered, upright seating position; similar to the 600i, the fuel tank would be relocated and a swingarm would be implemented for improved ride quality and comfort.
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Figure 6 - Quadro LWB (Cox, 2021)
Figure 6 shows the use of conventional accelerator and brake pedals such as a set used in four wheeled vehicles, however a clutch lever would be placed on a typical set of handlebars which control the steering as conventional for a motorbike. The design also allows the vehicle to lean which creates an unknown for the team as it would be hard to predict how turning is affected with such a large wheelbase.
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Description automatically generated]Further designs were made to illustrate the vehicle with space for additional occupants as figure 7 shows.Figure 7 - Quadro LWB V2 (Cox, 2021)


This form of design has some inherent issues from a practical standpoint. To produce the frame, we would likely cut recycle the old frame by cutting it along the base and weld tubular steel to extend the wheelbase, however this poses a massive risk for the driver and passengers: when creating a frame with welds, stress on the materials have to be accounted for as they induce a structurally weak point on the material and can lead to stress fracturing. With this method of extending the frame, bracing/supports would need to be implemented to ensure the frame can manage under high loads.

[bookmark: _Toc99744349][bookmark: _Toc99748455]BMW Reliability – (Rhys Williams – 2004442)
BMW has been one of the best engine manufacturers for decades, notably their naturally aspirated inline 6 engines commonly holding a title for being the best of the bunch in comparison to other manufacturers. With Governments altering the way manufacturers are allowed to release vehicles, the NA inline 6 has become a dying breed, highlighted by the N53, released in 2006, becoming the last of its kind before being discontinued in 2013.
Due to BMW converting the engine from port to direct injection to meet euro regulations of the time, there were some flaws in the designs of certain parts that took near a decade to remedy. Most commonly were the high-pressure fuel pump which had a recall in the UK in 2012; when this part began to fail it would cause a lumpy idle, long cranking and a stuttered acceleration. Piezo injectors are a common flaw for the N53 engine. As these were an early design from BMW, they mostly suffered from leaks leading to over fuelling the cylinders. Identifiable symptoms were a rough idle, limp mode and poor fuel economy.

[bookmark: _Toc99744350][bookmark: _Toc99748456]The misfire
After purchasing a new car for myself, it developed a misfire within the first two weeks of ownership, however it is only apparent when cranking the engine on a cold start and left once the engine had warmed up. I took it upon myself to attempt to diagnose or pinpoint a probable cause for the misfire with the few tools and equipment and money I had access to, as the dealership are 100 miles away from my residence but to also quickly improve my knowledge and understanding of the vehicle and the mechanics of the N53 engine. 
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Description automatically generated]Over the first couple of days after noticing the issue, I plugged in my OBD2 engine code reader when starting the engine to pick up any error codes the ECU may have stored to help pinpoint a culprit. Figure 8 shows the common codes that appeared when scanned, however unfortunately the scanner was a budget tool purchased by myself to help with customising electronic features the car has, such as fold-in mirrors on lock and unlock. Figure 8 - Initial engine codes (Williams, 2022)


[bookmark: _Toc99744351][bookmark: _Toc99748457]Diagnosis
Beginning with a service as the car was due one, the following items were replaced: 
· 6.5litres Castrol 5W/30: BMW Longlife-04
· OE Air Filter
· OE Oil Filter
· x6 OEM NGK ZKBR7A-HTU spark plugs
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Description automatically generated]Unfortunately, the issue was still present which led me to check the coil pack of cylinder 6. Swapping coil pack on cylinder 6 with cylinder 1 did not remedy the issue. After some contact with the dealership, I was advised to get the car diagnosed at a garage and to get stored codes read from the ECU. Figure 9 shows 3 engine codes that were stored and figure 10 reads a diagnosis to my misfire issue from a reputable independent BMW garage.Figure 9 - Engine code readings (Williams, 2022)

Through some additional research of my own, I have narrowed the issue down to a leaking injector. Like mentioned previously, injectors are a common flaw from BMW. There have been twelve revisions of the equipment altering either the design or the programming behind them.

[bookmark: _Toc99744352][bookmark: _Toc99748458]Data Readings
Since I couldn’t diagnose the specific problem through changing parts, I moved towards data analysis. Initially, I had to extract BMW workshop software (INPA) onto my laptop and order a K + Dcan cable. As INPA software is all originally in German, I had to navigate through the menus and sub menus with google translate to help identify what I was looking for. As I originally thought the issue was a leaking injector, I reset the adaptation values for all six injectors in an attempt for the adaptive ECU module to analyse the change and to reconfigure itself to have the injectors running as appropriate. 
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Description automatically generated]Figure 10 - Injector data

Figure 10 shows a few different types of data extracted from the ECU, primarily I was looking at the injection time, as distinguished via the units next to the top 3 bars in both columns, or directly translated from the word “Einspritzzeit”. If there was a leaking injector, it should be visible that the cylinder in line with it on the crank would be trying to match the amount injected, however nothing is standing out to me here. I believed it had worked initially, as when taken for a quick drive, the car ran smooth however the following morning upon a retest for scold start conditions the misfire returned very obliviously. 
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Description automatically generated]Below are two pictures I took to capture the error codes: once translated it states there is an error with mixture control in bank 1 and that cylinder 6 is misfiring. Mixture control would usually point to the lambda sensor, but the dealership has already changed the pre-cat lambda sensors on both banks and an ignition coil on cylinder 1.Figure 12 - Basic Error Code Reading (Williams, 2022)
Figure 11 - Detailed Error Code Reading (Williams, 2022)

My next move with the BMW is to replace the fuel filter as I was meant to do this with the service but forgot to order the part and let it slip from my mind. Reading through the BMW E9X forums, there appears to be numerous issues that could cause a misfire, and oddly cylinder 6 is a typical culprit, even when it isn’t a leaking injector.

[bookmark: _Toc99744353][bookmark: _Toc99748459]Honda NSF250 Data Analysis – (Rhys Williams – 2004442)
[bookmark: _Toc99744354][bookmark: _Toc99748460]Centre of Gravity
Replicating what was done with the previous two bikes, we wanted to calculate the centre of gravity using a slightly different method: rather than using Cossalter’s equation as mentioned previously, I wanted to attempt an alternative method used by John Bradley. The only physical difference was raising the front of the bike, rather than the rear. This idea was raised to me by Jeff Laidman, the creator of Moto Spec, when we spoke about the accuracy behind measuring it through various bikes. The equation is as follows: 


Although the equation is correct, our data collection was rushed and we forgot to measure the height of the blocks we placed under the wheel, as well as making sure the tyres were inflated. Measuring the fuel load was also mentioned with Laidman as this would increase the loading on the front wheel, as well as the difference in suspensions loading. 
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Description automatically generated]Despite this, we used an approximation for the raised height to get vertical centre of gravity. The result does seem a little too low to me, but I will confirm this later on when  am able to measure the blocks.Table 3 - Honda NSF Data
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Description automatically generated]Figure 13 - Honda NSF Centre of Gravity

[bookmark: _Toc99744355][bookmark: _Toc99748461]Rear Linkage
[image: A person working on a motorcycle

Description automatically generated with medium confidence]Measuring the linkage of the Honda allowed us to understand how the rear suspension behaves in accordance to the force the wheel experiences. We found that the Honda uses a standard linear ratio of around 2.28. This was achieved by measuring the difference in wheel position to the shock travel by using a strap around the wheel to the subframe to raise the wheel. The wheel position was taken by measuring the spindle to the ground and the difference in measurement correlates to wheel travel. The same applied to the shock travel by measuring the length of the shock in accordance.Figure 14 - Measuring Link Ratio

Link ratios are commonly used due to space constraints; since there isn’t space to fit a 1:1 shock, links are used. The value of 2.78 indicates that for every 1mm of shock travel, the wheel moves 2.78mm. This can be converted to force too, where the shock has a load of 10N the rear wheel experiences 27.2N.

Figure 15 - Honda Link Ratio
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156.294163
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101.328496

Rolling resistance (N) =

48.4614
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image6.emf
level level w rider lifted lifted w rider

Front wheel (Kg) 85,55 110,5 91,1 120,2

Rear wheel (Kg) 75 109,4 75,75 105,15

Wheelbase (m) 1,42 Bike weight (Kg) 160,55

Rw Rad. (m) 0,309 Rider weight (Kg) 59,35

Fw Rad. (m) 0,32 Total weight (Kg) 219,9

Raverage. (m) 0,315

stool height. (m) 0,31 Stool weight (Kg) 6,4

lifted angle. (Deg) 12,71

%F %R

Xcog (m) 0,663 Ycog (m) 0,536 53,29 46,71

Xcog With Rider (m) 0,706 Ycog W. rider (m) 0,619 50,25 49,75

R6 TT setup
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Tancock Motors Fred or Ross
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VIN : WBAWE320070PX9605
Mileage HE R TR RTINS

First registrat.

Fitter -

Telephone 101792461449

Fax g

BMW 968, BMW,3 [E 92] Coupe, 325 i Coupe, Gasoline, 3.0, 155.0 - 160.0kw, 09/2007 - 06/2013, N53

B30A

Siemens MS 80

1. Eror memoryNumber of errors: 3

21/03/22 15:11
1511

2848 G Mixture control system 1 Faulty S
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e MSDB0 Verson 2023

Fehlerart: 1
Readines Flag:
Fehlerstatus:
MIL - Status:
P-Code:

0x29D2 Verbrennungsaussetzer, Zylinder 6

(5514 ) Einspritzung wird abgeschaltet

(16 ) Testbedingungen erfilt

(34 ) Fehler momentan vorhanden, noch nicht OBD-entp

MSD80 Fehlerspeicher lesen Freeze Fi

Fehler: 2(2) Nr: 10706

(49) Fehler wuerde das Aufleuchten der Warnlampe (MIL) ve

P0306 Verbrennungsaussetzer erkannt - Zylinder 6

elttext | Eintrag bel
mperatur
r Aussetzererkennung

ator Gruppe 2

178984 km km(
18.75°C
27.73%
736.00 rpm
-28.13%

Zustand Lambdaregelung Bank 1

Zustand Lambdaregelung Bank 2

Berechneter Lastwert

Kahimitteltemperatur OBD

Lambda Integrator Gruppe 1

Lambda Adaption Summe mul. und add. Gruppe 1
Lambda Integrator Gruppe 2

Lambada Adaption Summe mul. und add. Gruppe 2

Saugrohrdruck
Drehzah!
Geschwindigkeit
F_HLC: 2 F_CLA: D

nicht aktiv

nicht aktiv

Zyklus-Flag gesetzt

ListenEnde

Hex-Dump.

MSD80 Fehlerspeicher Ausgaben

Fa 5 5

2 Regelung EIN
2 Regelung EIN
320%
18.0 °C

40

rochen: nicht aktiv
nicht aktiv
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6| 9465 rider 7215
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level level w rider lifted lifted w rider

Front wheel (Kg) 76,55 102,95 82,5 117,7

Rear wheel (Kg) 68,35 112,95 70,6 105,9

Wheelbase (m) 1,4 Bike weight (Kg) 144,9

Rw Rad. (m) 0,309 Rider weight (Kg) 71

Fw Rad. (m) 0,29 Total weight (Kg) 215,9

Raverage. (m) 0,300

stool height. (m) 0,34 Stool weight (Kg) 6,35

lifted angle. (Deg) 13,65

%F %R

Xcog (m) 0,660 Ycog (m) 0,463 52,83 47,17

Xcog With Rider (m) 0,732 Ycog W. rider (m) 0,657 47,68 52,32

VFR400 Februari 2022, including race kit, ohlins, carbon fairings, empty tank
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KG Kg

1,65 6,2

1,6 1,408

0,06 0,364

0,019 0,516

0,035 0,077

0,8 (Brembo ones) 0,085

0,234 (copper/sintered pads) 0,245

1,035 0,185

0,014 0,205

1,167 0,207

1,228 0,221

0,04 0,235

8,6 1,585

4 10,35

0,478

12,25

0,085 1,75

11,35

4,2

17,356 24,35 Rear unsprung mass

Rear

Rear swingarm, incl caliper, brake disc, wheel nut, carbon 

protection, chain protection, link (as taken off bike)

Rear wheel incl supercorsa tyre

golden chain, from bike.

Golden Talon 42T sprocket

silver chain laying around

Front

Front unsprung mass



Right bottom fork leg ( without bolts)

left bottom fork leg (no bolts)

right bottom fork extras ( carbon pieces, bolts)

titanium axle bolts front (2pieces) 

Left bottom fork extras (carbon pieces, boltzs)

Brembo Front caliper (no brake pads, line connected)

Front brake pads (1 set+ little copper holder)

Brake caliper including pads, copper pads holder

Brake line to caliper bolt, incl 2 copper rings

Tokico brake calpier ( incl pads, brake line bolt and pads holder)

1 front brake disc (used, no bolts)

Front axle+ axle bolt

Front wheel total (old team bike, inlc supercorsa, discs and disc bolts, no spacers.)

used front metzeler racetec rr slick

Front disc bolts (for 1 disc)

Front wheel with dunlop rain tyre (no spacers, discs, bolts)

Front Rain tyre for comparison with above (bridgestone racing battlax)

Front wheel spacers ( both)

Rear swingarm, incl brembo caliper, bearings, Brake line.

Rear wheel axle/ caliper holder, excl bolts, incl nut on sprocket side

Rear sprocket holder (no nuts and bolts)

Rear sprocket holder ( incl nuts, bolts and washers)

Golden Talon 40T sprocket

Golden Talon 41T sprocket

big rear wheel washer (between wheel and wheel nut)

Rear wheel nut (iron/stock one)

Renthal 42T sprocket

Golden Tyga 40T Sprocket

Golden Tyga 42T Sprocket
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Lbs/inch N/mm Lbs/inch N/mm

42 7,35 75 Marked spring 422 73,85

47 8,225 unmarked red spring 449 78,575

55 9,625 (from gold forks) Big yellow spring VFR 651 114

56 9,8 Big red spring VFR 749 131

45 7,875

Rear:

90 marked FKR:

95 marked FKR:

Ohlins FKR spring :

Front:

0,75 marked spring:

0,85 marked spring:
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Bike Use Frequency (Hz)

Sports Bike Road 2

Sports Bike Track 2,1

Race Bike Track 2,2

Tourer Road 1,8

Adventure Road/Off-Road 1,6

Motocross Off-Road 1,6-1,8

Supermoto Track 1,8-2

General Ride Frequencies:


image19.emf
Vehicle: R6 Isle Of Man

Ride Frequency (Hz): 2,1

Wheelbase (m) : 1,42

Rider Mass (kg) : 59,35 COGx (From rear) (m): 0,714

Bike Mass (kg): 160,55 Link Ratio Front: 0,834

Unsprung Mass Front (Kg): 14,3 Link Ratio Rear: 1,88

Unsprung Mass Rear (Kg): 18,3 Rake Angle(°): 24

Sprung Mass Front (kg):  96,27

Sprung mass Rear (kg): 91,03

Wheel Rate Front (N/mm): 16,76

Wheel Rate Rear (N/mm): 15,85

Spring Rate Front (N/mm): 13,74

Spring rate Front (1 leg): 6,87

Spring Rate Rear (N/mm): 56,01



Spring rate Calculation


image20.jpeg




image21.jpeg




image22.png
) D:\rebound.DY6
top full in, bottom full out
top full in, bottom full in

. 100

top 4 out, bottom full in

top 8 out, bottom full in

top 8 out, bottom full out

top 12 out, bottom full ot 0

top 12 out, bottom full in

top 16 out, bottom full in

top 16 out, bottom full ot 100

top 16 out, bottom 2 turn

top 16 out, bottom 1 turn

top 20 out, bottom full in

top 24 out, bottom full in 2'200

top 24 out, bottom full out -

top 28 out, bottom full ot B

top 32 out, bottom full out - -300

top 32 out, bottom 2 out

top 32 out, bottom full in
-400
-500
-600
-700

20

40

60

80

Velocity (mm/s)

100

120

140

160

180





image23.png
- @ D:\rebound.DY6
D:\compression.DY6
i top 14 out, bottom full in

-[2| top full out, bottom full in
|| top full in, bottom full out
comp leg, top full in, bottom

Force (N)

450

400

350

300

250

N
o
[=}

-
(53]
o

100

50

-100

-150

Velocity (mm/s)




image24.png
=- 031 C:\Users\alexi\OneDrive - University of Wales Trinity Saint Davi
. 1.fully open, bottom fully close

. fully open + 10 clicks, bottom fully close

fully open + 15 clicks, bottom fully close

fully open + 20 clciks, bottom fully open

fully open + 24 clicks, bottom fully close

100

fully open + 17 clicks, bottom fully close 50
full open + 5 clicks, bottom fully close
fully open + 17 clicks, bottom fully close
Foer fully open + 17 clicks, bottom fully open 0¥
50
z
E
[T
-100
-150
-200
-250
-300

0 20 40 60 80 100 120 140 160 180
Velocity (mm/s)





image25.png




image26.jpeg




image27.png
S Files Plot | Force 800
[ C:\Users\alexi\OneDrive - University of Wales Trinity Saint Davi
max reb, max comp low, min comp high

mid reb, mid comp low, mid comp high 600
min reb, min comp low, min comp high
max reb, max comp low, max comp high
max reb, mid comp low, mid comp high 400
min reb, mid comp low, mid comp high
- _"__.-—*_;7
200 et
T
0

Force (N)

-200 \

400 . \

600 \

-800
-1000

-1200
0 20 40 60 80 100 120 140 160 180
Velocity (mm/s)




image28.emf
N/mm

17,95 Wheelbase (m) : 1,42

20,91 COGx (From rear) (m): 0,714

Link Ratio Front: 0,834

14,75 Link Ratio Rear: 1,88

83,62 Rake Angle(°): 24

Desired Damping ratio: 0,5

Kg

103,12

120,08

Ns/m

2721,25

2269,53

1134,76

3168,85

5957,45

1584,43

2978,72

Sprung mass front :

Sprung mass Rear : 

Shock Spring rate Front: 

Crear : 

Front Ccrit (vertical) : 

Rear Ccrit (Vertical):

Front Ccrit (Fork) :

Cfront :

Front Ccrit (Fork, 1 leg):

Rear Ccrit (Shock):

Vertical Spring rate Front : 

Vertical spring rate rear : 

Shock spring rate Rear: 

Damping 
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Input interpretation

96.27 X" +1584.42x" + 14750 x = 0
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Input interpretation

120.08 x” +2978.72x" + 83620 x = 0
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"Yaw Pedals” to turn the wheels with
the traditional controls either side of
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CORNERS DATA ENTRY ∑ DIST. ∑ TIME

MAX =

3316.00 527.76 1055.52 179.00

1122.44

60.66 135.70 218.39

29.71

64.80

CIRCUMFERENCE RADIUS DIAMETERCHORD LENGTH ARC DISTANCE TIME FOR CORNER LEAN ANGLE

(m) (m) (m) (m) (m) (m/s) (mph) (km/h) (s) (ᵒ)

Castletown 106.00 16.87 33.74 24.90 27.22 13.1 29.4 47.3 2.1 64.6

Ballkeighan 316.00 50.29 100.59 50.80 52.99 23.2 52.0 83.6 2.3 62.9

Iron Gates 613.00 97.56 195.12 60.00 60.95 32.2 72.0 115.9 1.9 60.6

Ballanoris 1 1267.00 201.65 403.30 112.00 113.45 46.5 103.9 167.2 2.4 55.4

Ballanoris 2 2355.00 374.81 749.62 179.00 180.71 60.7 135.7 218.4 3.0 48

Ballabeg 85.20 13.56 27.12 20.90 23.03 11.4 25.5 41.0 2.0 64.8

Stables 835.00 132.89 265.79 78.40 79.54 37.7 84.4 135.9 2.1 58.8

Williams 2486.00 395.66 791.32 161.00 162.11 60.7 135.7 218.4 2.7 48

Dip 3316.00 527.76 1055.52 158.00 158.59 60.7 135.7 218.4 2.6 48

4-Ways 99.90 15.90 31.80 24.30 26.74 12.3 27.5 44.2 2.2 64.7

Church 1 722.00 114.91 229.82 77.50 78.98 35.1 78.5 126.3 2.3 59.7

Church 2 469.00 74.64 149.29 55.80 57.11 28.3 63.2 101.7 2.0 61.7

Stadium 1267.00 201.65 403.30 100.00 101.03 46.5 103.9 167.2 2.2 55.4

0.00 0.00 0.00

0.00 0.00 0.00

0.00 0.00 0.00

0.00 0.00 0.00

0.00 0.00 0.00

0.00 0.00 0.00

TURN

CORNER VELOCITY
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ACCELERATION (m/s"2)

USABLE ACCELERATION vs ROAD SPEED

\ + ACCELERATION
~ DECELERATION

2000 4000 6000  80.00  100.00
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CIRCUIT -

SOUTHERN 100 Billown

Yamaha R6 2007

BIKE -
CoG Measured at Uni, 2D provided by Orthrus Racing
SIMULATED CORNER TIME - 29.71 () SIMULATED MAX SPEED-  76.05 (m/s) 170.13 (mph)
SIMULATED STRAIGHT TIME - 104.60 (5) 273.80 (kph)
SIMULATED LAP TIME - 134.30 () SIMULATED AVERAGE SPEED - 51.00 (m/s) 114.08 (mph)
SIMULATED TURN DISTANCE - 1122.88  (m) 183.59 (kph)
SIMULATED STRAIGHT DISTANCE - 572656 (m)
TOTAL SIMULATED DISTANCE - 6849.00 _(m)
REALLAPTIME- 147.90 (s) REAL MAX SPEED-  71.39 (m/s) 159.70 (mph)
ATOSIM-  13.60 (5 257.00 (kph)
% SIM ACCURACY - 110%
REAL LAP DISTANCE = 6832.00 (m) SIM LAP DISTANCE = 6849.00 (m)
REALLAPTIME=  147.90 (5) SIMLAPTIME=  134.30 (5)
REAL AVERAGE SPEED=  46.19 (m/5) SIM AVERAGE SPEED= 51.00 (m/s)

Lap Record 132.7 (s) M Dunlop (2:12:7)
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Desired Ride Frequency = 2.1 Hz
Per Fork
Front Vertical Stiffness K' = 21553.56 N/m 21.55 N/mm 10.78 N/mm
Front Spring Rate K = 18181.37 N/m 18.18 N/mm 9.09 N/mm
Rear Vertical Stiffness 19638.46 N/m 19.64 N/mm
Rear Spring Rate K, = 95050.15 N/m 95.05 N/mm Using Known Rear Link Ratio
RearSpringRateK, =~ #DIV/0!  N/m " #DIV/O!  N/mm Using Measured Rear Link Ratio
Front Vert Critical Damping Ceie = 3267.01 Ns/m Per Fork
Fork Critical Damping Coriry = 3000.57 Ns/m 1500.28 Ns/m
Rear Vert Critical Damping Coie = 2976.72 Ns/m
Rear Critical Damping Cerigs) = 14407.33 Ns/m
Desired Z Damping Ratio (0.3 t0 0.7) = 0.5
LS Damping Forks Cip = 1500.28 Ns/m
Desired Z Damping Ratio (0.3 t0 0.7) = 0.2
LS Damping Shock C;,) = 2881.47 Ns/m
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41%

Preload = 7Turns

120mm

122mm

91mm

31mm

26%

Preload = 4 of 10Positions

58mm

666mm

659mm

7mm

12%

Travel =

% Fork Travel =

Stroke =

A - Hooked over unused mount to bottom of swingarm (measuring vertically, wheel unsupported) =

Rear Free / Unladen Sag

Note - In Rear preload pos 5, Sag B = 639mm, 27mm at wheel, 47% of shock travel.

More preload gives less laden sag - raises ride height

Stroke =

A - Hooked over unused mount to bottom of swingarm (measuring vertically, wheel unsupported) =

B - Spindle to Chassis (Laden with rider/fuel) =

Rear Laden Sag



Rear Laden Sag A-B (20-30mm typical at wheel) = 

% Shock Travel (30% typical) = 

A -Top of Cable Tie at Dust Seal to Slider End (Fork Topped/Wheel unsupported) =

B - Top of Cable Tie to Slider End (Laden with rider/fuel) =

Front Laden Sag A-B (30-40mm typical) =

% Fork Travel =

Front Laden Sag

Front Free / Unladen Sag

% Shock Travel = 

Travel =

A -Top of Cable Tie at Dust Seal to Cast Fork End (Fork Topped/Wheel unsupported) =

B - Dust Seal to Slider End =

Front Unladen Sag A-B (23-30mm) =

Rear Unladen Sag A-B (10-15mm) = 

B - Spindle to Chassis =
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SERIES [NOLMITS TRACKDAY RouND [N/A “rvres | METZELER MSRR
TRACKDAY BIKE [HONDA CER1000RR.5 FIREBLADE TRACK LENGTH [2.173 [BRIGESTONE W01 / PIRELLI DIABLO RAIN
TRACK |CADWELL PARK L4P RECORD [N/A WEEKENDMILEAGE | 5215 WEEKENDFUEL 00
DATE [05 ar22 PREVIOUS P8 [N/A SEASON MILEAGE | 5215 waes 2
[Session
Sesson. Fl 2 3 ] B A 7
Sesion Length 20 20 20 20 20 20 20
Fiishing Position WA WA WA WA WA WA WA
Condtions (remp/on?) |7 | RAN | 7 [ wer | 5 [ wer | 7 | man | wa [ wa | wa [ wa | wa [ wa
[Gp Times
PersonalBest Lop of Session | 02:40.00 023100 WO RECORDING 023100 WA WA WA
personol best Lop of Day | 0231.00 023100 023100 023100 WA WA WA
Delta | 0005:00 000000 WALED 00:00:0 WALUEL WALUET TALUET
No. of Laps inc. i/ Out lops) s 7 7 5 WA WA /A
Fuel Before / After (L) | _FULL_| | | | | [ [1/3 TANK
Fuel Used in Sesson (1 WA WA WA WA WA WA WA
Fuel Used Per Lop 1) WA WA WA WA WA WA WA
[ectronics
[Front suspension
Freload| 7 7 7 7 7 7 7 T [ WA | WA | WA | WA | WA | WA
Forkeight (mm] |0 o o o o 0 o o | wa [ WA | WA | WA | WA | wa
‘Compression Domping | 2 F) 2 2 F) 2 2 2 [ wa [ WA | WA | WA | WA | wa
Rebound Damping | 2 Fl 2 2 2 2 2 2 [ WA [ WA | WA | WA | WA | WA
Sog(mm)| 3% | 3% | 36 | 3% | 3 | 3 | 3% | 3% | wa | wa | WA | WA | Wa | WA
[Rear Suspension
Freoad| & ) s a ) ) ) = [ WA [ WA [ WA [ WA | WA | WA
Lnkratio| 23 | 23 | 23 | 23 | 23 | 23 | 235 | 23 [ wa | wa | wa | wa | wa | wa
Compression Damping| 20|20 | 20 | 20 | 20 | 20 | 20 | 20 | WA | Wa | WA | Wa | WA | Wa
‘Rebound Damping | 2 F) 2 2 F) 2 2 2 | wa [ WA | WA | WA | WA | WA
Springh| 95 | o5 | o5 | w5 | e | o5 | o5 | e | wa | wa | wa | WA | wal wa
Sog(mm| 20 | 24 | 2 | 20 | a0 | 24 | 2 | 2 | WA | WA | WA | WA | Wa | WA
[Fyres
Wet/ory (e/me)| Ry oav | o | o | owr [ oav | ow [ o | WA | Wa | WA | wa | WA | wa
FrontTyrepressurepsi| 3 | 34 | 3 | 3 | 3 | 3% | 3 | WA | WA | WA | WA | WA | NA | WA
ReorTyrepressurepsi| 33 | 3 | 3 | 3 | 3 | 3% | 3 | wa | wa | wa | wa | wa | wa | wa
e rretor| 2w |23 | aan | aer | am | aw | aw | s | won | owwn | ovaws | s | vawe | sawe
eorypememmesor] 2 | w3 | aa | aw | am | ae | am | s | evmon | oo | ovawn | s | vawe | ewer
[Gearing
Fromtsprocket|_ 16 | 16 [ 1% | % [ 16 | 1% [ % | 1% [ Wa | WA | WA | WA | WA [ Wa
Rearsprocket| 40 | a0 | a0 | a0 | w | a0 | w0 | a0 | wa | wa | wa | wa | wa | wa
Ratio| 350 | 350 | s | 3s0 | 230 | wso | 20 | w50 | mvawwer | svawer | svawwer | wer | mvsver | sver
[Notes / Comments

1. Sighting 12ps, not comortable on the bike, visor fogging after very slow sghting laps.

52 Red fagged - Went back out

53 More comfortable on the bike, footpegs sippery

'S4 Red fagged - Went back out. Footpegs way 100 lippery, couldn' keep feet on the pegs.

oticed water can get through fuel cap - need to replace the slipery pegs Wes not used. No shelte to change In near constant rain. Yellow Flags il day.

Honda Stock Forks
Preload 7

comp 175

Rebound 275

Honda Stock Shock

Preload a

(Top) Comp. s

wa s
(Bottom)Rebound 225

Ohiins Settings

preload 16 mm

s comp 10

Hs comp 0

Rebound 1

Metzeler Rec. MORR

Front st 3625 120/70/17
RearbSI 4205 150/50/17
Bridgestone Wo1

Front st 32 120/70/17
RearbS1 32 190/50/17
Pieli Diablo Rain

Front st 3¢ 120/70/17
RearbS1 28 190/50/17




image72.png




image73.png




image74.png
Vehicle Power:Weight
Vehicle < (kW/kg)

Ducati Panigale V45 2018 0.81
Energica Ego Corsa (Moto E) 0.43
Honda NSF250R Moto 3 0.42
Quadro with 2021 CBR600rT engine 0.39
Zero SR/F 0.37
Zero SR/S 0.36
Honda CRF450r 0.35
Yamaha Niken 2018 0.33
LiveWire 0.31
Yamaha MT07 2015 0.31
Suzuki SV650N 2005 0.29
Kawa Ninja 400 2021 0.22
Quadro with crf450r engine 0.19
Yamaha R3 2015 0.19
Piaggio MP3 Sport Advanced 500 2021 0.11
Piaggio MP3 Sport 400 2021 0.11
Peuogoet Metropolis 400 GT 0.10
Yamaha R125 2008 0.09
Piaggio MP3 Sport 300 2021 0.08
KTM Freeride EX-c 0.08
Honda CBR 125R 2004, 0.08
Quadro 3505 2015 0.07
SuperSoco CPx 0.03
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RPM

1st

13400

2nd

6700

3rd

4467

4th

3350

5th

2680

After TDC return

Temp Av To Merge

550

The Speed of Sound

553.070M/s

Pulse return (DEG)

266.5

Desired RPM

13400

[ Time to turn 266.5

0.00331468s

length to harmonic

0.916623983
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Short Harmonic

RPM

1st

7200

2t
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3st

2400
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1800

Sst

1440

Just Before BDC return

Desired RPM

7200

Speed of sound

631.5096491

Time To Turn 58

0.001342593

Length to Harmonic

0.42m

Exhaust Diameter

Capacity per cylinder

510cc

Density Ratio

2.80887372

Diameter

4.46cm
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