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[bookmark: _Toc90030163]Geometry Data and Calculations
[bookmark: _Toc90030164]2006 Honda CBR1000RR
Firstly, the rake and trail of the CBR1000RR were obtained from the workshop manual with values of 23° and 102mm respectively. (Honda Motorcycles, 2006) Next the offset can be accurately calculated by rearranging the equation for calculating trail. For this we need the front wheel radius which can be calculated using the equation:
Tyre Diameter = ( width / 25.4 × aspect ratio / 100 + rim size / 2) ×2×pi×25.4 / 1000pi (Harrison, 2021a)
With the tyre being a 120/70/17
Tyre Diameter = 0.5998m or 599.8mm, Therefore, Front wheel Radius = 299.9mm
And
Rear tyre radius = 310.9mm (tyre size =190/50/17)
Average wheel radius = 305.4mm
So offset can now be calculated:
Trail = (R × SinØ – O) / CosØ  (Harrison, 2021b)
Becomes
O = RSinØ – TrailCosØ
Where O = Offset, Ø = Rake angle, R = Front wheel radius
Hence, O = 299.9Sin(23) – 102Cos(23) = 23.29mm
The distance between the front sprocket and swingarm pivot was measured, giving a value of 90mm. The swingarm length could now be calculated from the equation:
Swingarm length = 0.5 × (chain links – (0.5 × (Front sprocket + Rear sprocket)) × 25.4 × chain size – Distance from front sprocket to swingarm pivot (Harrison, 2021c)
Using values obtained from the workshop manual (Chain links = 114, Front Sprocket = 16, Rear Sprocket = 41, chain size = 5/8 inches)
Swingarm length = 588.65mm
The height of the swingarm pivot and front sprocket from the ground was also measured.  (420mm and 425mm respectively). 
Front Sprocket Radius = (16*5/8*25.4)/2pi = 40.43mm 
Rear sprocket radius = (41*5/8*25.4)/2pi = 103.59mm 
The Centre of Gravity was then calculated using the values taken in the table below. 
	CBR
	No Rider, Level
	Rider, Level
	No Rider, Lifted
	Rider, Lifted

	Front wheel Weight (Kg)
	104.40
	134.00
	112.00
	              147.20

	Rear Wheel Weight (Kg) (weight of stool included)
	94.65
	137.20
	109.20
	146.00

	Rider Weight (kg)
	72.15
	
	
	

	Stool Weight (Kg)
	22.15
	
	
	

	
	
	
	
	

	Wheelbase (m)
	1.39
	
	
	

	
	
	
	
	

	Rav (m)
	0.3054
	
	
	

	
	
	
	
	

	Stool Height (m)
	0.35
	
	
	

	
	
	
	
	

	Angle of Bike (Radians)
	0.25
	
	
	

	Angle of Bike (degrees)
	14.58396733
	
	
	

	
	
	
	
	

	Xcog (m)
	0.6610
	
	
	

	Xcog (m) with rider
	0.7032
	
	
	

	Ycog (m)
	0.5094
	
	
	

	Ycog (m) with rider
	0.5684
	
	
	


Table 1, CBR1000R Centre of Gravity Calculations

The X value for centre of gravity was calculated using the equation
Xcog = (Wr × L) / Wt
Where, Wr = load on rear wheel, L = Wheelbase, Wt = Total motorcycle weight
The Y value for the centre of gravity was calculated use the equation 
Ycog = ((L × (Wr -Wrlifted)) / Wt × TanØ) + Rav
Where, Wrlifted = Load on rear wheel when lifted (with stool weight removed), Ø = Angle of the bike when lifted (Sin-1(height of stool / L), Rav = Average wheel radius. (Harrison, 2021d)
All the information obtained, measured and calculated was then plotted onto the motorcycle schematic diagram below using Solidworks to provide a dimensionally correct diagram. 
[image: ]
Figure 1, Motorcycle Schematic Diagram, CBR1000RR

[bookmark: _Toc90030165]2021 Zero SR/F
The same measurements were taken for the zero and the same calculations made. The swingarm length and sprocket radius’s were measured instead of calculated as with the CBR. The following measurements were taken:
Swingarm Pivot height = 335mm
Swingarm length = 520mm
Front sprocket radius = 38mm
Rear sprocket radius = 158mm
Distance from front sprocket to swingarm pivot = 0mm
Rake and trail were obtained from Zero’s website as 24.5° and 94mm respectively. (Zero Motorcycles, 2020) Using the same equation for offset, it was calculated as 38.83mm.
Front wheel radius = 299.9mm (Tyre size = 120/70/17)
Rear wheel radius = 314.9mm (Tyre Size = 180/55/17)
Average wheel radius = 307.4mm
Using the same two equations for centre of gravity used for the CBR, the centre of gravity x and y values were calculated for the Zero with and without a rider. The results for this are in the table below.
Table 2, Zero SR/F Centre of Gravity Calculations
	Zero SR/F
	No Rider, Level
	Rider, Level
	No Rider, Lifted
	Rider, Lifted

	Front wheel Weight (kg)
	117.70
	145.30
	124.70
	159.20

	Rear Wheel Weight (kg) (weight of stool included)
	106.85
	152.60
	122.80
	161.10

	Rider Weight (kg)
	73.15
	
	
	

	Stool Weight (kg)
	22.15
	
	
	

	
	
	
	
	

	Wheelbase (m)
	1.45
	
	
	

	
	
	
	
	

	Wheel Radius Average/Rav (m)
	0.3074
	
	
	

	
	
	
	
	

	Stool Height (m)
	0.35
	
	
	

	
	
	
	
	

	Angle of Bike (Radians)
	0.24
	
	
	

	Angle of Bike (degrees)
	13.96796267
	
	
	

	
	
	
	
	

	Xcog (m)
	0.6900
	
	
	

	Xcog (m) with rider
	0.7428
	
	
	

	Ycog (m)
	0.4684
	
	
	

	Ycog (m) with rider
	0.5745
	
	
	



All the information could now be plotted on the motorcycle schematic diagram below. 
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Figure 2, Motorcycle Schematic Diagram Zero SR/F

[bookmark: _Toc90030166]Gear Calculations
A Ducati Panigale V4S 2021 was used for the gear calculations, with all data such as rev limit and gear ratios sourced from the Ducati Panigale V4S workshop manual. (Ducati, 2021)  All  calculations were done in the excel spreadsheet submitted. 
The frontal area of the V4S was calculated using Solidworks by tracing the pictures (Figure 3 and 4) to create a sketch of the frontal area (Figure 5) and using the overall height of the motorcycle (1132mm at the top of the screen) from the workshop manual to scale it. Then using the section properties command, an accurate frontal area is given. The mirrors were removed from the trace of figure 3 to provide an accurate comparison between the two images.  
Frontal area of Motorcycle only = 0.37752083 m2
[image: ][image: ]Frontal area of Motorcycle and rider = 0.42776182 m2
[image: A picture containing gear

Description automatically generated]Figure 3 Frontal view (Ducati Norte, 2020) 		Figure 4 Frontal View with rider (Motori Di Lusso, 2019)








Figure 5 Frontal Area Sketch on Solidworks
The value used for the coefficient of drag was 0.75 as a typical value for the drag coefficient of a motorcycle can range from 0.5-1. (Airshaper, 2019) 
A Dyno Chart was used to acquire power and torque figures throughout the rev range. The chart does not show up to the rev limit stated by Ducati of 14500rpm (Ducati, 2021) so the power value at 14300rpm was used to determine if the bike could reach its top speed. 
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Figure 6 Dyno Chart Ducati Panigale V4S (Visordown, 2018)
Aero Drag force = ½ air density × Coefficient of drag × Frontal Area × Velocity2
Rolling Resistance = 0.02 × mass × g (Harrison, 2021e)
From the calculations done on the excel spreadsheet, the total resistance to motion of the bike with a rider of 75 kg is 1478N at 314km/h, while the calculated driving force at that speed is 1564N. Therefore, the Ducati Panigale V4S can reach its theoretical top speed. 


[bookmark: _Toc90030167]Handling Characteristics Analysis
The CBR is a sports bike and therefore handling performance as well as stability under braking and acceleration are very important to consider. The rake angle is 23°, which is less than expected on a more traditional upright naked motorcycle such as the Zero of 24.5°. Due to the fitment of clip on handlebars on the CBR there is less leverage that the rider can put through the bars to get the bike to turn. And therefore a shorter rake is needed to ensure the bike can turn effectively and not feel sluggish or difficult to turn. The trail is crucial in combination with the rake angle to ensure that under heavy braking there is enough trail left as the rake angle is reduced. Too little trail and/or rake and the stability of the front end will be reduced and therefore more likely to tuck the front. Too much trail and/or rake and the bike will be harder to turn and more likely to run wide round a corner. With use of different offsets the CBR achieves greater trail with a reduced rake angle compared to the Zero. The Zero’s greater rake helps to reduce instability that comes with having less weight over the front due to rider position, while utilising a smaller trail to ensure manoeuvrability with the greater rake angle. Moreover, the Zero has 10mm more front suspension travel than the CBR therefore the rake needs to be greater to accommodate this. (Bradley, 2018, pp 163-176)
The wheelbase of the Zero is longer than that on the CBR. A sports bike such as the CBR will benefit from a smaller wheelbase with handling as it becomes more agile and easier to lean over and turn. However, the Zero, as its designed primarily for the road will benefit more from the added stability from a longer wheelbase, as well as slightly reduced load transfer. As a heavier machine the Zero does not need the amount of load transfer that the CBR will need to provide grip under heavy braking and acceleration. Moreover with the weight distribution on the Zero further back due to the seating position, a longer wheelbase will aid in stopping wheelies. (Bradley, 2018, pp174-175)
As a percentage of the wheelbase, the X value of the centre of gravity for the two bikes are almost identical. However, with a rider on the Zero’s XCoG is slightly further back. While the CBR with a rider has an almost bang on 50/50 weight distribution. This is to be expected on the CBR as on a track, balance is needed to ensure an even compromise between braking into a corner and accelerating out. This is not as important on the Zero as rider comfort and usability is more important on the road than out and out performance. Moreover, although the Zero by itself has a significantly lower Y Centre of Gravity than the CBR, with a rider the CBR’s Y Centre of Gravity is lower than the Zero’s due to the rider position. (Bradley, 2018, pp177-204) (Spalding, 2017, pp. 241-245)
The Zero has an interesting setup of the swingarm pivot and front sprocket as they are concentric. This means that under acceleration the top line of the chain does not have an effect on the swingarm movement. Therefore the suspension is solely responsible for dealing with the squat effect of the extra weight on the rear under acceleration. This therefore means that the Zero must have a stiffer spring to reduce this effect compared to if the front sprocket was offset slightly from the swingarm pivot. On the CBR, the front sprocket is offset from the swingarm pivot, as typically seen on the majority of motorcycles. For performance, this offset can be very useful as the anti-squat produced means that under acceleration out of the corner, the squat is counteracted and therefore meaning a softer more appropriate spring can be fitted to aid performance in other areas such as mid-corner. The anti-squat also helps to force the rear tyre into the ground and give more rear grip when accelerating.  Moreover, the effect of anti-squat can aid with front end grip as well, when the load is transferred forward under braking. (Bradley, 2018, pp. 205-219) (Spalding, 2017, p.267)



[bookmark: _Toc90030168]Handling analysis of two other motorcycles
The 2021 Ducati V4S has a rake of 24.5° and a trail of 100mm, with a wheelbase of 1469mm. (Ducati, 2021) Compared to older bikes, such as the 2006 CBR1000RR, it has a significantly larger rake and wheelbase with a slightly reduced trail. This means that the V4S is more stable under braking and under heavy acceleration however will be less agile and easy to turn. This is due to the change in the way motorcycles are now ridden. Rather than carrying more corner speed with a sweeping line, with more power on modern motorcycles it is more advantageous to make a “V” out of the corner to utilise the extra power. Therefore, a larger rake and wheelbase is. Moreover, the V4S is fitted with wings to provide downforce to keep the bike planted at high speeds. 
As a progression from this, in British Superbikes the Oxford Products Racing team utilise a longer swingarm compared to the standard bike of which it is based, therefore increasing the wheelbase. This is required to give the bike stability where it would be lost by making the bike lighter and more powerful over the standard V4. A longer swingarm will shift the centre of gravity forward with more load on the front wheel. Before the 2021 season, the Oxford Products Racing team moved the centre of gravity backwards slightly by using heavier components on the back end of the bike as well as pivoting the geometry back. This allowed the rider to get on the throttle earlier and quicker coming out the corner by giving more rear grip. As accurate geometry data for race bikes is hard to come by due to confidentiality, a Ducati V4 Superleggera was used to back up the use of a longer wheelbase on a lighter, more powerful bike that is based on the standard V4. With a rake and trail identical to the V4S, the V4 Superleggera has a wheelbase of 1480mm (11mm longer). (Ducati, 2020)








[bookmark: _Toc90030169]Alterations
For improved handling, the Zero could benefit from a more forward centre of gravity to get nearer to a 50/50 weight distribution between front and rear. The easiest way to achieve this would be by moving the rider position forward however, this could also be achieved by changing the geometry of the bike but with a possible detrimental effect to the handling as other values will be changed in the process. On top of this, the front sprocket could be offset so that anti-squat can be utilised to aid the rear suspension with the squat effect of acceleration out of a corner. This would allow a softer rear suspension set up to work better in other situations and provide more rear grip. 
If the CBR1000RR had comparable power to more modern sports bikes, it would be advantageous to give the bike more stability. This could be achieved by lengthening the swingarm to provide a longer wheelbase, moreover, the rake angle could be increased for more stability under braking. And therefore the offset could also be adjusted to maintain a similar trail value. 
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