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[bookmark: _Toc122166163]Introduction
This technical report will use compiled data to show the handling characteristics of different motorcycles. Centre of Gravity (CoG) will be determined for 2 motorcycles using mathematical method. Various geometry data will be used to compare the differences and similarities, and why such design choices may have been chosen.
Technical data will be used to determine the maximum speed of a motorcycle. A theoretical top speed will be calculated, and feasibility discussed considering active forces in a practice. Two competition “off-road” motorcycles will be analysed to understand how the geometry attributes given to each motorcycle will benefit it when used for its intended purpose.
Using the information discussed, an improvement recommendation will be made for one of the motorcycles looked at.

[bookmark: _Toc122166164]1 Motorcycle Schematics
[bookmark: _Toc122166165]1.1 Motorcycle Geometry
In this section, schematic diagrams have been made for 2 different motorcycles with a similar target audience. Data has been gathered from various source to accurately sketch the following geometry attributes.
· Wheelbase
· Rake
· Trail
The kinematic software Linkage x3 has been used, which will also enable rough calculation of suspension characteristics which should show some insight as to how the motorcycle might handle under different conditions.
Ducati Panigale
	geometry

	wheelbase (mm)
	1437 (Ducati, 2015)

	rake / caster angle ( o )
	24 (Ducati, 2015)

	trail (mm)
	96 (Ducati, 2015)


Table 1

[image: ]
[bookmark: _Ref121909609]Figure 1 (Child, 2021) (Linkage X3, 2022) - overlay of the geometry that has been gathered from the owner’s manual.
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Figure 2 (Linkage X3, 2022) - wheelbase, Trail, Rake are all highlighted in red.
Honda CBR600F
	geometry

	wheelbase (mm)
	1405 (Honda Motor Corp, 1995)

	rake (caster angle)
	25 (Honda Motor Corp, 1995)

	trail (mm)
	94 (Honda Motor Corp, 1995)


Table 2
[image: A red and black motorcycle
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Figure 3 (MCS, n.d.) (Linkage X3, 2022) - overlay of the geometry that has been gathered from the owner’s manual. 
[image: ][image: ]
[bookmark: _Ref121909516]Figure 4 (Linkage X3, 2022) - wheelbase, Trail, Rake are all highlighted in red.

[bookmark: _Toc122166166]1.2 Centre of Gravity
The Centre of Gravity (CoG) of a motorcycle is where we can assume the gross mass of the motorcycle acting vertically downwards from a single instance. The following calculations will prove the CoG for the 2 motorcycles above with calculations to support.
To calculate the CoG the following technical data is needed:
· Wheelbase
· Front and rear wheel radii
· Level loads on front and rear wheels
· Lifted loads on front and rear wheels
· Total weight of the bike
· The angle at which the bike is being lifted to
To calculate the X-CoG (from the front wheel contact patch), the following equation can be used.
[bookmark: _Ref121908247]Equation 1
To calculate the Y-CoG (from the ground contact patch), the following equation can be used.

Equation 2

Ducati Panigale 1299
	
	Front
	Rear

	Rim size (in)
	17
	17

	Tyre width (mm)
	120
	200

	Aspect ratio (%)
	70
	55


Table 3 (Ducati, 2015) – wheel and tyre data gathered from the owner’s manual.


The following equation was used to calculate an accurate measurement for the radius of the wheel rim and the tyre fitted.

Equation 3
This resulted in the following results,
	 
	 
	front 
	rear

	overall tyre diamter (m)
	0.5998
	0.6518

	overall tyre diamter (in)
	23.61417323
	25.66141732


Table 4
The average value of these values was calculated using the following equitation.
Equation 4
Resulting average wheel radius = 0.3129m
	Average Wheel Radius (m)
	0.3129


Table 5

	

	no rider

	
	front
	rear

	level weight (Kg)
	102.2
	88.3

	Lifted Weight (Kg)
	106.1
	81

	total level weight (Kg)
	190.5

	total lifted weight (Kg)
	187.1


Table 6 – load data gathered from weighing experiment



Using data above to calculate X-CoG using Equation 1,

X – CoG = 0.666074m from the front axle/contact patch.
Using data above to calculate Y-CoG using Equation 2,

Y – CoG = 0.410618561m from the ground / contact surface.
CoG has been plotted on the schematic diagram, Figure 2 (Child, 2021) (Linkage X3, 2022) , highlighted in blue.
The Bike weight balance / bias can also be calculated using the gathered data. Using equation

Equation 5
Resulting formula

Giving a weight balance of 53.64829396% on the front wheel.







*Full calculation of the CoG can be cross referenced to the “CoG Calculator”.

Honda CBR600F
The same process as above has been done for this motorcycle.
	
	Front
	Rear

	Rim size (in)
	17
	17

	Tyre width (mm)
	120
	160

	Aspect ratio (%)
	60
	60


Table 7 - (Honda Motor Corp, 1995)
	 
	 
	front 
	rear

	overall tyre diamter (m)
	0.5758
	0.6238

	overall tyre diamter (in)
	22.66929134
	24.55905512


Table 8
	Average Wheel Radius (m)
	0.2999


Table 9
	

	no rider

	
	front
	rear

	level weight (Kg)
	94
	82

	Lifted Weight (Kg)
	98.5
	80

	total level weight (Kg)
	176

	total lifted weight (Kg)
	178.5


Table 10
Using data above to calculate X-CoG using Equation 1,

X – CoG = 0.654602m from the front axle/contact patch.
Using data above to calculate Y-CoG using Equation 2,

Y – CoG = 0.37515607m from the ground / contact surface.
CoG has been plotted on the schematic diagram, Figure 4  (Linkage X3, 2022), highlighted in blue.


Weight balance calculated using 

Giving a weight balance of 53.40909091% on the front wheel.


[bookmark: _Toc122166167]2. Top Speed Analysis
Here, the maximum velocity of a 2008 Yamaha R6 will be calculated. The following spreadsheet has been constructed to enable the various gear ratios to be input and used to calculate a precise maximum velocity.
	gearbox wheel speed calculator

	gear 
	input teeth
	output teeth
	ratio
	Max Speed Km/h
	dropped revs
	actual revs drop
	top revs

	1
	12
	31
	2.583333333
	124.1298669
	 
	 
	15750

	2
	16
	32
	2
	160.3344114
	12193.55
	3556.452
	15750

	3
	18
	30
	1.666666667
	192.4012936
	13125
	2625
	15750

	4
	18
	26
	1.444444444
	222.0014927
	13650
	2100
	15750

	5
	21
	27
	1.285714286
	249.4090844
	14019.23
	1730.769
	15750

	6
	20
	23
	1.15
	278.8424546
	14087.5
	1662.5
	15750

	 
	 
	 
	 
	
	
	
	

	primary
	41
	85
	2.073170732
	
	
	
	

	final
	16
	45
	2.8125
	
	
	
	


[bookmark: _Ref121918659]Table 11 – Gear Ratios (Yamaha, 2007)
Using formula,

Equation 6
Where:
- topgearin = number of input teeth on highest gear
- topgearout = number of output teeth on highest gear
- primaryin = number of input teeth on primary gear
- primaryout = number of output teeth on primary gear
- finalin = number of input teeth on final drive gear
-finalout = number of output teeth on final drive gear

Table 11 shows the theoretical calculated maximum speed is 278.84Km/h. For the motorcycle to reach this speed, it must overcome all the opposing forces that are acting against its motion.
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Figure 5 (Downes, 2007) - forces acting on a bike in linear motion.
The average coefficient of drag (Cd) is between 0.43 – 1.0 (Foale, 2006) with a rider depending on bike style. For the purpose of the calculation, 0.55 Cd will be used for the Yamaha R6 as similar bikes of this type have similar figures, such as the 2006 Suzuki GSXR-1000 @0.405 no rider (Sport Rider, 2006).
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Figure 6 (SolidWorks, n.d.)
Frontal cross-sectional area has been calculated, in green, allowing some extra area where the rider may also be in the footprint of the cross-sectional area. The following data has been used in the resistance to motion calculator.
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Table 12
[image: Table
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Table 13
Table 12 states that the total resisting force at the maximum gear speed for the engine would be 1201.38NM. Comparing this to the results that are available in table 13, at maximum geared velocity, the engine can only output 1042.64N. this leaves the engine with a 158.74N deficit, therefore, the motorcycle would not be able to achieve the maximum velocity.


[bookmark: _Toc122166168]3. Handling Characteristics
The Panigale 1299’s wheelbase (1437mm) is 28mm longer than the CBR600f. This extra length in the wheelbase will allow the motorcycle to be more stable at high speeds. The CBR600f is a street sports bike, where urban mobility might have been a greater priority, therefore, its slightly shorter wheelbase may make it nimbler in real world application.
The CBR600f has a slightly more relaxed rake angle. With less track focus in its design, the CBR600f will be it easier to turn due to this. Considering the above, this would make the Panigale 1299 more stable at high speed but require more rider input at like for like speeds.
A longer trail value will make a bike more stable. The Panigale exceeds the trail of the CBR600f by 2mm at 96mm. This lends itself to the higher average speeds that the Panigale is aimed at doing, with the goal of being more confidence inspiring at speed.
[image: Chart, line chart

Description automatically generated]Both bikes use rocker driven shocks. The fixed link pivot on the CBR600f is attached to the frame, the Panigale fixes the link pivot to the swingarm. 
The leverage ratio charts shows that the Panigale has a liner leverage ratio, where the CBR600f is slightly regressive. The regressive leverage ratio of the CBR600f would keep the ride very supple throughout its travel but have little resistance to bottom out. The Panigale 1299’s linear leverage ratio ensures that the feeling and balance of the bike is consistent throughout suspension travel. This linear leverage ratio will give the rider a good level of feedback and consistency in long sweeping bends and long periods of deep compression.


Figure 7** - (Linkage X3, 2022)




**Suspension linkage analysis is only an approximation based on accurate photo-diagram plotting.

[bookmark: _Toc122166169]4. Modern Competitive Motorcycles

	 
	MV Augusta Moto2
	KTM 450 Rally Rep

	Wheelbase (mm)
	1382 (BEELER, 2018)
	1535 (KTM, 2022)

	Rake ( o )
	24 (BEELER, 2018)
	27.5 (KTM, 2022)

	Trail (mm)
	104 (BEELER, 2018)
	120 (Linkage X3, 2022)


Table 14 – Modern off-road motorcycle geometry.
KTM 450 Dakar Rally
[image: A picture containing text
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Figure 8 – KTM 450 Dakar Rally (Linkage X3, 2022) (KTM, 2022)
The Bike has a 27.5o rake angle to improve the stability of the bike when riding in various conditions. The relaxed angle adds stability throughout the entire range of travel where, full compression of 305mm front and 300mm rear, the wheelbase will shorten much more than a short travel bike. The KTM Dakar Rally bike uses axle and clamp offsets to gain a “calculated trail value of around 120mm”** (Linkage X3, 2022). This is done too offset exaggerated trail values.
MV Augusta Moto2
[image: ][image: ]
Figure 9 - (Linkage X3, 2022) (Ride Apart, 2022)
The MV Augusta Moto2 bike utilises a shorter wheelbase of 1382mm, which is tailored to allow the bike to be nimble when changing directions at high speed. A high main swingarm pivot, relative to sag, allows the bike to accelerate harder while resisting squat from accelerating forces. With the 104mm of trail, the motorcycle maintains its highspeed stability. With higher speeds entering and exiting corners, the rake value of 24o keeps the steering input as light as possible, while rider input is as direct as possible with no axle offset.


[bookmark: _Toc122166170]5. Improving Handling Hharacteristics
The Panigale 1299 has a high centre of gravity. By lowering its centre of gravity, the bike will resist the urge for the front wheel to lift under acceleration and turn faster with respects to lean angle as per torque equation.
Equation 7
furthermore, increasing the rake angle will give the bike more stability at highspeed. It may also help under heavy breaking conditions, where the rake angle decreases as bike pitch rolls forwards. The trail could be offset by adding a small amount of axle offset to keep the handling characteristics similar while improving stability.
In addition to this, the swingarm pivot could be positioned slightly higher so that the effective wheelbase increases as the rear suspension compresses under acceleration. This would help prevent the front wheel from lifting under acceleration and increase stability as wheelbase increases along the wheel path curve.
[image: Diagram
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Figure 10 – Recommended changes vs original bike overlay
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· Rake (see Figure 10) – The angle of the fork relative to vertical.
· Trail (see Figure 10) – The horizontal distance from the contact point of the tyre and the steering axis.
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[bookmark: _Ref122103946]Figure 11 (Foale, 2006)
· Linkage X3 - Linkage is a powerful and easy-to-use but rich-featured 2D bike suspension analysis software for Windows systems, focusing on mountain bikes, but also simulating other suspension linkages - motorbikes, city bikes etc
2
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