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[bookmark: _Toc90259466]Introduction
The aim of this report is to determine and analyse the geometry of different motorcycles, determining how the geometry of each motorcycle makes it suitable for its purpose.
This report will also analyse a motorcycle under dynamic conditions, obtaining hypothetical speed values and determining whether or not it is plausible for the motorcycle to achieve said speed values.
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Measured Geometry
[bookmark: _Toc90259468]Methodology for measuring
[bookmark: _Toc90259469]Wheelbase
To measure the wheelbase of the motorcycle, points are marked on the floor where the front and rear wheels sit. The distance between these two points can then be measured, giving the wheelbase.
[bookmark: _Toc90259470]Wheel Radii
To measure wheel radii, tape is placed on the wheel perpendicular to the floor, and a point marked on the floor to indicate the original position of the wheel. The motorcycle is then rolled forwards until the wheel has completed a full rotation, indicated by the tape. The point at which the wheel completes a full rotation is also marked on the floor, and a measurement is taken between the two. Rearranging  into , and using the measured value as the circumference, the wheel radius is calculated.
[bookmark: _Toc90259471]Rake and Trail
To measure the rake angle, the perpendicular distance between the pivot of the triple clamp and the floor must be measured. Another measurement can then be taken between the floor and the pivot, this time parallel to the forks. This can be used as the adjacent and hypotenuse of a triangle. Using      	 , the rake angle is obtained. 
For trail, a value for the triple clamp offset is also needed. This can be found by measuring the distance perpendicular to the pivot that aligns with the ends of the forks. To calculate trail, the equation is used.
[bookmark: _Toc90259472]Centre Of Gravity
To find the centre of gravity, the bike must be weighed with a set of scales below each wheel. This can be used to find a total weight as well as individual measurements. This is repeated, but with the rear wheel raised on a stand. The size and weight of the stand must be considered so that the angle of elevation and weight of the motorcycle at the rear without the stand can be deduced. Centre of gravity along each axis are calculated using:

s
[bookmark: _Toc90259473]CBR1000RR Fireblade

	CBR 1000 RR Centre of Gravity
	
	
	
	All values to 3 d.p

	Load (kg)
	Front
	Front With Rider
	Rear
	Rear With Rider

	
	104.400
	134.000
	94.650
	137.200

	Load (kg) (Elevated) 
	Front
	Front With Rider
	Rear
	Rear with Rider

	
	112.000
	147.200
	109.200
	146.000

	Load Adjustments (kg)
	Rider Weight
	Stand Weight
	Rear Adjusted
	Rear With Rider Adjusted

	
	72.150
	22.150
	87.050
	123.850

	Length measurements
	Wheelbase (m)
	Stand Height (m)
	Average Wheel Radius (m)
	tan(theta)

	
	1.390
	0.350
	0.298
	0.252

	Centre of Gravity
	COG Along X Axis (m)
	With Rider (m)
	COG Along Y Axis (m)
	With Rider (m)

	
	0.661
	0.703
	0.508
	0.569


[bookmark: _Toc90259488]Table 1 - Honda Fireblade Measurements and COG calculations
	Wheelbase (m)
	1.390

	Average Wheel Radius (m)
	0.298

	Rear Wheel Radius (m)
	0.322

	COG On X Axis (m)
	0.661

	COG On X Axis with Rider (m)
	0.703

	COG On Y Axis (m)
	0.508

	COG On Y Axis with Rider (m)
	0.569

	Triple Clamp Offset (m)
	0.025

	Rake Angle
	23o (Urry, 2021)

	Trail (m)
	0.099

	Distance from Sprocket to Pivot (m)
	0.105


[bookmark: _Toc90259489]Table 2 - Honda Fireblade Geometry Measurements
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[bookmark: _Toc90259492]Figure 1 - Honda Fireblade (Honda Motor Co., Ltd., 2005)
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	EM EPURE Centre of Gravity
	
	
	
	All values to 3 d.p

	Load (kg)
	Front
	Front With Rider
	Rear
	Rear With Rider

	
	37.900
	68.900
	39.000
	80.200

	Load (kg) (Elevated) 
	Front
	Front With Rider
	Rear
	Rear with Rider

	
	39.450
	73.000
	59.900
	98.400

	Load Adjustments (kg)
	Rider Weight (kg)
	Stand Weight (kg)
	Rear Adjusted
	Rear With Rider Adjusted

	
	72.150
	22.150
	37.750
	76.250

	Length measurements
	Wheelbase (m)
	Stand Height (m)
	Average Wheel Radius (m)
	tan(theta)

	
	1.340
	0.350
	0.335
	0.261

	Centre of Gravity
	COG Along X Axis
	With Rider
	COG Along Y Axis
	With Rider

	
	0.680
	0.721
	0.418
	0.471


[bookmark: _Toc90259490]Table 3 - EM EPURE Measurements and COG Calculations

	Wheelbase (m)
	1.340

	Average Wheel Radius (m)
	0.335

	COG On X Axis (m)
	0.680

	COG On X Axis with Rider (m)
	0.721

	COG On Y Axis (m)
	0.418

	COG On Y Axis with Rider (m)
	0.471

	Triple Clamp Offset (m)
	0.045

	Rake Angle
	22o

	Trail (m)
	0.086

	Distance from Sprocket to Pivot (m)
	0.105
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[bookmark: _Toc90259493]Figure 2 - EM EPURE (ELECTRIC MOTORS, 2021)


[bookmark: _Toc90259475]Comparison of Handling Characteristics
[bookmark: _Toc90259476]Rake and Trail.
Honda’s Fireblade is intended to be a high-power, high-performance machine, used for track days and races. This is reflected in the motorcycle’s geometry, particularly in its rake and trail. Rake and Trail affect the stability of a motorcycle, enlarging the rake angle will make the motorcycle more stable, but will make manoeuvring it substantially harder (Kitrelle, 2009; Maioglou, 2017). Similarly, increasing the trail will increase contact with the road. More trail means more stability, but less manoeuvrability. The Fireblade has quite a small rake angle, and a very small value for trail. On a racetrack, long-term stability is not as important as it is on the roads; the riders move around a lot, so do not need to maintain their position much. By utilising a small rake angle and, by extension, a small trail, the motorcycle sacrifices some stability, but will gain significant benefits when cornering, which is more vital to determining the outcome of a race.
The EPure, similarly, has a small rake angle, but for different reasons. As a trials bike, it is unlikely for it to ever reach the speeds that could be reached by the Fireblade, so stability at high speed is not such a priority. Lowering the rake and trail will also make the motorcycle more responsive, which would be advantageous when being ridden off-road, as the rider can adapt to the environment better.
[bookmark: _Toc90259477]Centre of Gravity
Whilst the centre of gravity of both bikes is nearly at the middle of the wheelbase, the centre of gravity on the EPure is significantly lower on the Y Axis than the Fireblade’s centre of gravity is. According to Maioglou (2017), a higher centre of gravity will increase the load transfer to the rear wheel better during acceleration, and will therefore give the motorcycle more traction, but will result in a loss of balance. The EPure is generally designed for going across more uneven terrain, therefore making its centre of gravity lower makes sense, as it will allow the rider to adjust their balance faster should they hit a particularly rough area. Equally, it makes sense for the Fireblade to have a higher centre of gravity than the EPure so that it can deliver its power more effectively. 


[bookmark: _Toc90259478]Speed and Gearing for the Fireblade 
[bookmark: _Toc90259479]Methodology for Calculations
[bookmark: _Toc90259480]Speed Calculations
To calculate the maximum possible speed at a certain gear in a certain RPM, information regarding the gear ratios, primary ratio, and tyre sizes must be available, obtained in this instance from the Honda Motor Co. (2004). Speed at a given RPM can be found by using the following equations: 


A table of the maximum the maximum possible speed in each gear is shown below.
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[bookmark: _Toc90259491]Table 4 - Gear Ratios and Speed Calculations
[bookmark: _Toc90259481]Power/Speed Graph
Using the equation found in 3.1.1 combined with dynamometer data, the driving force of the motorcycle can be determined for each speed using the following equation:

A graph of the driving force against the speed is shown below.

[bookmark: _Toc90259494]Figure 3 - Driving Force Against Speed Graph
[bookmark: _Toc90259482]Analysis
The above graph shows that at higher speeds, the driving force starts to diminish. Where the driving force that the motorcycle initially exerts are enough to overcome retarding forces such as air resistance and friction, the retarding forces become stronger at higher speeds. This means that the motorcycle is unlikely to reach the top speed, shown in section 3.1.1 to be roughly 286km/h, as the retarding forces acting on the motorcycle will become stronger as the motorcycle approaches its top speed, whilst the driving force behind the motorcycle lessens at high RPMs.


[bookmark: _Toc90259483]Geometry of Different Motorcycles
[bookmark: _Toc90259484]Suzuki RV125 VanVan
The Suzuki VanVan is a lightweight, 125cc motorcycle designed for long distance use along loose ground, particularly sand. Geometrically, according to the Suzuki Motor Corporation (2003), it has a wheelbase of 1.385 m, a rake angle of 26o, and a trail of 0.091mm. The comparatively long wheelbase means that it can maintain its stability, which is useful when travelling for long, unbroken areas such as beaches. Any manoeuvrability lost due having an elongated wheelbase is made up for by the rake and trail, which are small values and thus make the motorcycle more responsive. This makes it so that a skilled rider can recover their control over the motorcycle if they lose traction across the loose terrain.
The VanVan also sports a rear wheel diameter of 0.644m. This makes the rear wheel disproportionally large compared to the rest of the motorcycle. When a rider sits on the VanVan, the centre of gravity sits comparatively quite high, helping push the rear wheel into the ground and giving the motorcycle more traction on loose surfaces.
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[bookmark: _Toc90259495]Figure 4 - Suzuki RV125 (Suzuki Motor Corporation, 2003)
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Suzuki Hayabusa (Generation 3)
The Suzuki Hayabusa is a modern motorcycle designed with speed and performance in mind. The geometry of the motorcycle is somewhat unusual, with a long wheelbase of 1.481m (Hoyer, 2021). Whilst this would provide a suitably stable ride over a large period, it does not contribute towards the overall manoeuvrability in a positive way. This is balanced out by having a rake angle of 23o, which in turn makes the motorcycle more manoeuvrable. These two factors keep the bike well balanced, allowing it to perform well in both track conditions and on the road.
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[bookmark: _Toc90259496]Figure 5 - A stripped Down Suzuki Hayabusa (Suzuki Motor Corporation, 2021)


[bookmark: _Toc90259486]Potential improvements
The EPure, being a trials bike, needs to get as much traction on potentially loose ground as possible to give it as much traction on unstable terrain. The centre of gravity on the Y axis when there is a rider on the motorcycle is already quite high, which will help in moving the weight to the rear wheel, however it may be worth investigating in the future whether there is a way in which the centre of gravity can be moved slightly more towards the rear on the X axis, as this will also shift the load in the direction of the rear wheel and potentially give the motorcycle a small amount of extra traction when it’s needed.
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available at the time of approval for printing. Honda Motor Co.,Ltd. reserves the
right to make changes at any time without notice and without incurring any
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CBR 1000 RR Gear Ratios All values to 3 d.p

RPM Quoted Redline

11650.000

Primary

77.000 48.000

Final

16.000 41.000

Gear ratios

1.000 33.000 13.000

2.000 33.000 17.000

3.000 30.000 19.000

4.000 29.000 21.000

5.000 25.000 20.000

6.000 29.000 25.000

Rear Tyre Size

190.000 50.000 17.000

Sprocket Front Rear

16.000 41.000

Wheel Diameter

0.622

Speed Peak Max

1.000 130.856

2.000 171.119

3.000 210.376

4.000 240.539

5.000 265.738

6.000 286.356
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14 GENERAL INFORMATION

SUZUKI RV125K3 ('03-MODEL)

LEFT SIDE RIGHT SIDE

SERIAL NUMBER LOCATION

The frame serial number or V.LN. (Vehicle Identification Number) 1 is stamped on the right side of the
steering head pipe. The engine serial number 2 is located on the left side of the crankcase. These numbers oy
are required especially for registering the machine and ordering spare parts

Sy

What Will You Discover?
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A Rain to stop
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POISED FOR ACTION

KYB inverted cartridge forks provide 120mm of front wheel travel and feature Diamond-Like

< Carbon (DLC) coating on the 43mm inner fork tubes to reduce friction and improve reaction
to small irregularities in the road surface. Spring preload, compression damping and rebound
damping are all fully adjustable. The internal structure has been upgraded to better absorb
the road surface and ensure an even smoother, more stable ride with optimum grip. The
intemnal structure of the fully adjustable KYB link-type rear suspension is also revised to
maximise comfort and straight-line stability.
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