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Chapter 1:
Geometry Data:
In this section, two motorcycles were measured in order to find certain parts of geometry data for each motorcycle, including Rake, Trail and the Centre of Gravity.
· The Rake of a motorcycle is defined as “The distance…above the front wheel to our diagonal fork line” Bennetts (n.d.).  (as seen in the diagram below)
· The Trail is defined as “The distance from our continued fork line to the imaginary vertical line” Bennetts (n.d.). 
· The Centre of Gravity is defined as a force that “is located midway between the front and rear axles, and each wheel supports half the motorcycles weight” ‌Data For Motorcycles. (n.d.). 














Aprilia RS660:
One motorcycle that was measured was the Aprilia RS660, which was found to have a Rake Angle (ϴ) of 24.1 degrees, as well as a wheel Radius (R) of 8.5 inches which equates to 215.9m. Additionally, the Triple Clamp Offset (O) for the RS660 was measured to be 28mm. Using the equation below, these values can be used in order to find a value for the Trail.

After inserting the values, the equation looks like this:

Which, after completing the calculation, gives a value for Trail to be 65.9mm. 
Below is a motorcycle schematic diagram of the Aprilia RS660, which shows the aforementioned values and where abouts they lie on the motorcycle.
[image: ]Figure 1: Motorcycle Schematic Diagram for the Aprilia RS660
Photo Credit: Piaggio Group (n.d.). Aprilia RS660













Kawasaki ZXR750:
The other motorcycle that was tested was the Kawasaki ZXR750, which was found to have a Rake Angle (ϴ) of 25o, a Wheel Radius (R) of 8.5 inches, which equates to 215.9mm. As well as this, the Triple Clamp Offset was found to be 30mm. Using the same equation as was used to find the Trail of the Aprilia RS660, the equation for the Trail of the ZXR750 is:

This means that the Trail for the ZXR750 is 67.57mm. Which, when comparing to the RS660 is larger by roughly 1.67mm.
[image: ]
Figure 2: Motorcycle Schematic Diagram for the Kawasaki ZXR750 
Picture Credit: Raymond, K. (2021). Kawasaki ZXR750





Centre of Gravity:
Aprilia RS660:
In order to find the Centre of Gravity for the Aprilia, the following equations must be used:

Where:
XCoG = X value for the Centre of Gravity
Wr = Load on the rear wheel
Wt = Total weight of motorcycle
L = Wheelbase
Using this equation, with the values seen in the table below, gives an X value for the Centre of Gravity of 650.02mm, and this is the value when no rider is on the bike, the value when the weight of an average ride (in this case the value 81.05kg was used) came to 724.74mm

A similar equation is used in order to find the Y value for the centre of gravity

Where:
YCoG = Y value for the Centre of Gravity
Wr = Load on the rear wheel
Wr lifted = Load on the rear wheel when lifted on block
L = Wheelbase
ϴ = Angle of lifted bike (= sin-1(height of block/L))
Rav = Average wheel radius
Once again, using this equation with the values for each part shown in the table below, the Y value for the Centre of Gravity was ascertained to be 514.15mm when the bike was only supporting its own weight, once the weight of the rider (81.05kg) was added on, this value then changed to be 669.35mm.
[image: ]Below is a schematic diagram showing the Centre of Gravity for the RS660, both with and without the rider weight added.Figure 3: Centre of Gravity Data for the Aprilia RS660

[image: ]The dotted blue line between the front and rear axle represents the ground level underneath the RS660, as that is where the Y value for the Centre of Gravity is measured from. The two blue dots on the Y axis show where exactly the Centre of Gravity is for each scenario, the lower being with only the motorcycle, and the higher one representing when there is a rider on the motorcycle.Figure 4: Schematic Diagram of the Aprilia RS660, showing the Centre of Gravity 
Photo Credit: Piaggio Group (n.d.). Aprilia RS660



Kawasaki ZXR750:
In order to find the Centre of Gravity for the Kawasaki ZXR750, the same equations are used as were used for the Aprilia RS660, however this time switching the values for the ones shown in Figure 5.
[image: ]Using the same equations as before, the X value for the Centre of Gravity is shown to be 673.85mm when the bike is only supporting its own weight, and 705.99mm when the weight of the rider is added, which remains the same as when the Aprilia RS660 was tested (81.05kg).Figure 5: Centre of Gravity Data for the Kawasaki ZXR750

As for the Y value for the Centre of Gravity, once again, the same equations as before are used, which gives a result of 468.31mm when the bike supports its own weight. Once the rider’s weight is added, the Y value becomes 596.58mm.
Below is a diagram showing both Centres of Gravity, with and without the rider’s weight.
[image: ]The lower blue dot on the Y axis shows the location of the Centre of Gravity when the bike is only supporting its own weight, and the higher blue dot represents the location of the Centre of Gravity once the rider’s weight has been added. As before the dotted blue line between the front and rear axle represents ground level, which the motorcycle would be on when on a level surface.Figure 6: Schematic Diagram showing the Centre of Gravity for the Kawasaki ZXR750 
Picture Credit: Raymond, K. (2021). Kawasaki ZXR750






Chapter 2:
[image: ]The bike chosen to find the top speed of is a 2005 Yamaha R6. And the method used in order to find the top speed is to find different gear ratios to use within the gearbox and from there calculate what a theoretical top speed of the bike would be.
Figure 7: Gearbox Testing for a 2005 Yamaha R6
Figure 7 shows the third gearbox I used the ratios from in order to find the theoretical top speed, which is shown to be approximately 156mph, or roughly 250km/h. Taking natural forces, that would inevitably act upon the motorcycle, into account as it nears these theoretical speeds, for example; active aero resistance, rolling resistance and resistance due to gradient (road plane). As well as the mechanical aspects of a 2005 Yamaha R6, for example a torque value of 60.5 at an RPM of 12,000, paired with a horsepower value of 123 bhp, when compared to other similarly powered bikes produced in the same year, like the 2005 Triumph Daytona and the Kawasaki ZX6R, which make a top speed of 154mph and 168mph respectively. It can be assumed that the 2005 Yamaha R6 could reach its theoretical top speed of 156mph, shifting at the optimal RPM (see Figure 7) when given a long enough straight stretch of road.





Chapter 3:
Handling Characteristics:
Aprilia RS660:
In this segment of the report, I will cover the known handling characteristics for the two motorcycles that were tested in Chapter 1, starting with the Aprilia RS660. As seen above, Figure 4, the Centre of Gravity on the RS660, when the rider’s weight is added, is not only high up, which means that the motorcycle will lean into corners slower, but it also very far back, meaning that the front end will be quite light, meaning that once the rider starts to open the throttle, there is a likely chance that the front axle will come up off of the ground, and the less smooth the rider is when applying the throttle, the more the front wheel will come up off the ground.
Kawasaki ZXR750:
Looking at the Centre of Gravity Diagram for the Kawasaki ZXR750, Figure 6, the Centre of Gravity for the ZXR750 plus the weight of rider is fairly centred on the X axis, meaning that it will be harder for the front wheel to come off the ground when aggressively putting on power during the straights or exiting a corner, additionally, on the Y axis the Centre of Gravity point is also more towards the centre when compared to the RS660, meaning that the ZXR750 is easier to lean over, meaning that it can achieve higher speeds both and entering, going through and exiting corners.








Chapter 4:
Design and Application:
Ducati Desmosedici GP:
This segment will look at the design of two modern motorcycles, and how the design of it has been tailored to fit the motorcycles application. The first bike is the Ducati Desmosedici GP, the motorcycle in the Ducati MotoGP, multi-championship winning, team.
[image: The right profile view of Francesco Bagnaia's Ducati Desmosedici GP23. Photo courtesy Ducati.]
Figure 8: Ducati Desmosedici GP 
Photo Credit: Swarts, D. (2023). 





As seen in Figure 8, the Desmosedici GP has wings on both the front and rear on the motorcycle, and this is because of the power it produces, paired with its centre of gravity, its very easy for this motorcycle’s front end to lift when accelerating, and these wings help to keep the bike planted to the ground when increasing its speed, additionally, since the wings increase downforce on the bike, it means that it can achieve higher speeds when going through corners, at the cost of a lower top speed.
As well as the wings, this bike also features an undertail fitted exhaust, and this is because when on the track, this motorcycle is expected to lean to angles of up to 65o, and if this were to be done when the exhaust is one the side, then the exhaust would end up scraping on the floor, inevitably causing the rider to fall off, however this design ensures that exhaust will not be in the way when having to undergo these extreme lean angles.
Yamaha YZ250F:
The Yamaha YZ250F is a dirt bike used by Haiden Deegan in the 2023 motocross championship, which he used to win the championship.

[image: ]Figure 9: Yamaha YZ250F 
Picture Credit: Fant, T. (2023).







This motorcycle has had specific design choices in order to cater to its required use as a championship winning motorcross bike. For example, the suspension rides very high, giving it a good amount of ground clearance, as motorcross is off-road, a higher ground clearance is needed, compared to circuit racing motorcycles, in order to keep the bike from bottoming out when going over bumps in the track, or when landing from a large jump.
Additionally, the YZ250F features wheels with spokes, rather than the single piece wheels seen on modern circuit racing motorcycles, this is not just a style choice. In motocross, the bikes used are put through a lot of stress, and this can cause breakages in parts of the bike, especially the wheels, so the design for spoked wheels was chosen as it is easier to repair when they break, meaning if a rider were to break the wheel, it can be easily fixed and ready to go before the next race.



Chapter 5:
Alterations that could be made to the bikes that were measured in Chapter 1, starting with the Aprilia RS660, could be a heavier material for a component on the front end, triple clamp, suspension forks, wheel rim etc. This would cause the Centre of Gravity to be further forward, meaning that it would be harder to make the front wheel of the bike come off the ground when accelerating, meaning that the rider can accelerate more aggressively, meaning they will reach higher speeds quicker.
As for the Kawasaki ZXR750, an alteration that could be made to improve performance could be Jet Kit. The ZXR750 is significantly heavier than the RS660, with the front end weighing almost 20kg more. A jet kit would improve power and responsiveness in throttle throughout the entire RPM range, meaning that the ZXR750 is able to increase its speed quicker, as well as reach greater top speeds.
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