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Introduction:

The motorcycles I have chosen for this assignment are the 2015 Ducati Panigale 1299 and the 2022 Buccimoto F20SM. The Ducati Panigale is a sports bike with a 1285cc 90° V twin designed for the racetrack, whereas the Buccimoto F20SM is a 150cc single cylinder pit bike, ideal for go karting tracks. In this report, I will be comparing the geometry of the Panigale to the F20SM to identify what factors influence their handling. This analysis will take into account: weight, size, rake, trail and wheelbase. I will also be calculating the X and Y centre of gravity for each bike and analysing why each bike has its specific dimensions and geometry and how it’s tailored to best suit its application. 

This report will also cover 2 prototype motorcycles, the KTM 450 Rally and the Ducati Panigale V4R WSBK and evaluate why their geometry and features have been designed the way they have been to create the fastest possible motorcycle for their respective races.


Motorcycle Diagrams
[image: ]Ducati Panigale 1299












[image: ]Buccimoto F20SM

Centre of Gravity calculations

There are two different methods for calculating centre of gravity, the design method and the practical method. For these calculations, I have used the practical method. The calculations have been done as follows:
Key:
Wr = load on rear wheel (kg)
L = Wheelbase (m)
Wt = Total weight (kg)
Wrlifted = load on rear wheel when lifted (kg)
Θ = Angle of lifted bike (Sin^-1(height of block/L)
Rav = Average wheel radius (m)

Buccimoto F20SM:
X Centre of Gravity (Xcog):

Xcog = (Wr*L)/Wt
Xcog = (35.35*1.20)/71.75
Xcog = 0.59m

Y Centre of Gravity (Ycog):

			Ycog = (L*(Wr-Wrlifted)/Wt*Tanθ) + Rav
			Ycog = (1.20*(35.35-31.25)/71.75*Tan16.82) + 0.245
			Ycog = 0.48m

Ducati Panigale 1299:
X Centre of Gravity (Xcog):

Xcog = (Wr*L)/Wt
Xcog = (87.7*1.44)/186.9
Xcog = 0.68m

Y Centre of Gravity (Ycog): 

			Ycog = (L*(Wr-Wrlifted)/Wt*Tanθ) + Rav
			Ycog = (1.44*(87.7-81)/186.9*Tan13.76) + 0.315
			Ycog = 0.53



Geometry analysis

As seen in the diagrams above, the Panigale is evidently significantly bigger being a full size sports bike, as opposed to a pit bike. The Panigale was designed to be the fastest around a paved racetrack that a street legal bike can be, whereas the F20SM, being a motard, has slick tyres, and also comes with twin 2 piston radially mounted calipers is also designed for tracks, but much smaller ones such as kart tracks.

This big difference in size is largely the reason for the biggest difference in the handling characteristics, being weight. The Panigale tips the scales at 186.7kg whereas the F20SM only weighs 71.8kgs. This big difference in weight will affect many aspects of handling, giving the F20SM a quicker turn into a corner, less load transfer when accelerating and braking and less un-sprung mass, allowing the suspension to work more efficiently. The F20SM also has a much steeper rake at 19°, meaning it takes less effort in order to turn the steering, for example when leaning into a corner. This difference in rake allows us to see how each bike has been designed for their specific use. The Panigale has a rake of 24°, making it more difficult to turn in than the F20SM, which is typically not a factor you want on a high performance sportsbike, however having a higher rake has one major benefit, being stability. As the Panigale is designed for full sized tracks with long straights, it needs to have very good stability, and therefore a higher rake, to remain safe at speeds of 300kph, whereas the F20SM, having a significantly smaller and less powerful engine, will never reach such speeds and therefore stability is not nearly as big of a factor as it is to the Panigale, hence the steeper rake angle.

The F20SM also has significantly smaller wheels, giving it a quicker turn in to a corner, and the reduced mass due to reduced size results in significantly less inertia, which aids in braking performance but further reduces stability of the bike. The Panigale 1299 has a much wider rear tyre, giving it a greater surface area with the road especially at higher lean angles. This allows the Panigale to corner faster and at greater lean angles than the F20SM. The Panigale 1299 also features clip on handlebars that are much lower relative to the seat than the regular handlebars on the F20SM. This put the rider into a forward leaning position, allowing for the rider to more easily move their body weight when changing direction. 



Prototype motorcycle analysis
KTM 450 Rally
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The KTM 450 Rally is a single cylinder 450cc motorcycle designed for rally racing, such as the Dakar rally. Rally racing often requires travelling long distance at high speed over uneven terrain, so this bike has been designed to deal with that by having a very long wheelbase, giving it greater stability at high speeds as well as a high rake angle further increasing its stability at high speed. It has a skinny 21 inch wheel on the front to aid in handling over unstable ground and hopping over objects like rocks, and a wide 18 inch rear wheel increases traction to the ground. It has long travel suspension to absorb big impacts from jumps and a tall ground clearance to enable it to climb over bigger objects. It has a long swing-arm in order to reduce the chance of a wheelie. The high mount exhaust prevents it from scraping on the ground and the skid plate has been fitted to protect the front engine casing from getting damaged. The bike is also fitted with a radiator guard to stop small rocks from hitting the radiator, causing it to leak, which can lead to a damaged engine if it overheats or at the very least a long repair time. It also has 2 fuel tanks, one just in front of the seat and another one just behind it, to give the bike a more balanced centre and gravity and enables it to carry more fuel to get through a rally stage without needing to refuel as much.


[image: ]Ducati V4R WSBK

The Ducati Panigale V4R WSBK is a homologation version of the street legal Ducati V4R. It features a 1000cc V4 engine with desmodromic valves allowing the engine to rev much higher than an engine with a standard twin overhead cam set up. This is achieved because the desmodromic system uses another cam instead of a valve spring in order to close the valve, eliminating valve float. It also features a dry clutch, which minimised drive train losses by eliminating the aspect of fluid drag on the clutch and can also handle more power than a wet clutch of the same size, allowing dry clutches to be lighter and smaller. In terms of aerodynamics, this bike features winglets on the front fairing which create 30kg of downforce at 270kph. These winglets improve the handling of the bike throughout the whole lap, providing better stability on the straights and through fast corners and provide better traction through slower corners and on corner exit. It is evident to see how this bike has been suited specifically to race use, as a dry clutch will need to be replaced much more often than a wet clutch and the desmodromic valves are expensive to service, making them less viable to be used on the road and more viable on the track, where there is a whole team of mechanics constantly checking over the bike and regularly replacing wear items such as the clutch. Similarities between the V4R WSBK and the Panigale 1299 still exist, as they have near identical rake angles and the same wheel size. The dimensions rarely vary amongst modern sportbikes, with all manufacturors typically using 17’ wheels and a rake between 23.5° and 24.5°.
Recommended alterations:

Due to the standardisation of wheel size and rake angle between manufacturers, it can be deduced that 17’ wheels and a rake of 24° have been found to work the best for a street legal sports bike. The most effective alterations that can be made to a modern sports bike are those that make the bike better fit the rider. This includes distance from seat to the handlebar, seat height, and foot peg height. These changes will enable the rider to much better control their own body weight which will give greater control over the bike as a whole. The Panigale 1299 has been carefully evolved over the years with geometry and technology carried down from Ducati’s racing history in MotoGP and WSBK and it features some of the best components available, such as suspension. For this reason, I believe the most effective alterations are to increase the riders feeling, control and comfort while riding the bike.

[bookmark: _GoBack]Due to the Buccimoto F20SM being a pit bike, it can be difficult for taller riders to fit the bike. This means that rider geometry alterations like seat height, bar height and foot peg height are even more significant when it comes to reducing lap time than they would be on the Panigale.
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