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This report will discuss the impact that motorcycle frame geometry has on handling. Research will be shown to determine what effect different frame dimensions have on performance and each other. The dimensions and centre of gravity of 4 motorcycles will be analysed to determine the differences in their handling characteristics. The specialised use of each motorcycle will be considered.
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There are a numerous dimensions that are important to consider when assesing motorcycle chasis geometry. Each has a different effect on the way the motorcycle will handle.
[bookmark: _Toc90859977]Wheelbase, Rake and Trial
The wheelbase is defined as the distance, on the x axis, between the centre of each wheel. A longer wheelbase will make the bike more stable and predictable under cornering, however it will have a wider turning circle and more effort will be required to steer the bike. A shorter wheelbase offers a tighter turning circle and quicker, more responsive turning but lowers stability. The wheelbase of a production motorcycle may range between 1.4 and 1.7m.
Rake or caster angle is defined as the angle of the steering axis (front fork) from an imaginary vertical line running through the centre of the front wheel.  Trail is defined as the horizontal distance between the centre of the front wheel and the point where the steering axis meets the ground. A smaller rake angle and, therefore, shorter trail will allow a bike to change direction quickly and make handling much more responsive. A larger rake angle and longer trail will offer more directional stability. Typical rake angles range from 24° to 31°. Trail can range from 95 to 150 mm.
It is possible to lengthen the trial while keeping a steep rake angle or vice versa by moving the horizontal position of the front fork relative to the headstock.
(Yamahapart.com, 2006)
[bookmark: _Toc90859978]Centre of Gravity
The height and longitudinal position of a motorcycles centre of gravity affect its dynamic handing properties in different ways.
A motorcycle with a centre of gravity closer to the front wheel than the rear (the load on front wheel is more than 50%) will be less likely to wheelie under acceleration meaning that more power can be safely transferred to the ground. Also, grip is increased on the front wheel meaning that the rear wheel will be the first to slip laterally under hard cornering. Inversely, a motorcycle with a centre of gravity closer to the rear will be able to brake harder without lifting the rear wheel, increasing braking performance. Grip is increased on the rear wheel meaning that the front will slip first. Production motorcycles typically load 57-43% of their weight on the front wheel.
The height of the centre of gravity affects load transfer between the front and rear wheels. A high centre of gravity will result in a larger transfer onto the rear wheel under acceleration and a larger transfer onto the front wheel under braking. This means that while more accelerating/braking force can be applied to the front and rear wheels respectively, the bike will be more likely to begin to flip forwards or backwards under harsh conditions. A low centre of gravity will make a bike more stable under acceleration and braking. Rather than flipping over, the front wheel will be more prone to slipping under hard braking and the rear wheel will slip under hard acceleration. The centre of gravity also affects lean angle, a bike with a low centre of gravity will be able to corner faster than the same bike with a higher centre of gravity. The bike with the high centre of gravity will be able to corner at the same speed while leaning less. Production motorcycles typically have a centre of gravity 0.45-0.7m from the ground.
(Cossalter, 2006)
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[bookmark: _Toc90859980]Centre of Gravity Measurements
The most accurate method to determine centre of gravity for a motorcycle is to take weight measurements of a physical example and use these to calculate the vertical and horizontal positions of the centre of gravity. In order to calculate a useful result, measurements should be taken with a rider on the bike.
	First, the weight on each wheel is measured with the bike level. The X coordinate is calculated from the equation XCoG = (Weightrear * Wheelbase)/Weighttotal.
[bookmark: _Toc87447938]	Next the rear wheel of the bike is be lifted on a stool, the new weight on the rear wheel is then measured. To calculate the Y coordinate of the centre of gravity the height of the stool, the new angle of the wheelbase and the average radius of the wheels including tyres must be measured or calculated. These measurements are used in the equation YCoG = (wheelbase*(Weightrear – Weightrearlifted) / (Weighttotal * tanθ)) + Radiusaverage
[bookmark: _Toc90859981]Frontal Area Calculation
As computer-aided methods are not readily available, the method I chose to calculate the frontal area of a motorcycle was to first, manually divide a frontal line drawing on A4 paper into a 25mm2 grid. As the width of the front tyre is known to be 120mm the scale of the drawing can be determined. Therefore, based on the number of squares filled by the drawing an approximate frontal area can be calculated. This can be used with the manufacturers published coefficient of drag to determine wind resistance.
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Figure 1 - CBR1000RR Schematic Diagram. Image from theblueprints.com (2021) Some dimensions from Bikez.com (2021)
Figure 1 shows a schematic diagram for a Honda CBR1000RR, a high-performance sport bike weighing 199.1Kg. It has a low centre of gravity due to its large, heavy engine. This helps to manage the large amounts of power that it can produce by preventing wheeling and allows the bike to lean more when cornering at speed. 49.5% of the total weight is on the front wheel. This achieves even handling under acceleration and braking. The steep 23.5° rake and short 100mm trail make this bike nimble but potentially unstable when cornering. 
[image: ]
 Figure 2- RS250 Schematic Diagram. image from theblueprints.com (2021) some dimensions from Motorcyclespecs.co.za (2021)
Figure 2 shows a schematic diagram for an Aprilia RS 250, a lightweight sport bike weighing 138.5Kg. It has a lower centre of gravity than the Honda without a rider, however with a rider the centre of gravity is much higher. This is due to the lower weight of the bike and gives the rider greater control over the centre of gravity through shifting their weight over the bike, although it limits the angle at which the bike may lean in corners. Compounded with the lower weight and shorter wheelbase, the high centre of gravity will make this bike more likely to wheelie under acceleration or “stoppie” under braking. This bike has a trail of similar length to the Honda although the rake angle is wider. This means that this bike will not be as quick to turn but will have more straight-line stability. This bike has 53.7% of its weight on the front wheel, this goes some way to counteracting the properties that cause the bike to wheelie. Lowering the position of heavy components such as the engine and radiator would lower the centre of gravity and allow the bike to corner at faster speeds. The riders centre of gravity could be lowered to the same effect by lowering the seat height.
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Figure 3 - Honda CRF 450 R. Image from theblueprints.com (2021) some dimensions from Honda News (2006)
Figure 3 shows a schematic diagram of a Honda CRF 450 R, a high-performance off-road motorcycle. It has a larger rake angle than the road bikes discussed, this is for two reasons. It provides added stability, which is needed when riding on loose surfaces, this is also why the trail is longer. It also accounts for the softer, longer-travelled suspension compressing and reducing the rake angle. The centre of gravity, when a rider is factored in, is significantly higher than would be found on a road bike. This is due to the need for ground clearance in off-road bikes causing the engine and frame to be raised further off the ground. The bike is also very light meaning the rider has good control over the centre of gravity which is beneficial in off-road riding. A long wheelbase prevents the high centre of gravity from causing excessive wheeling. (Motocross Action Magazine, 2015) More fork offset could be used to reduce the rake angle while retaining a long trail. This would increase steering speed without reducing the self-centring effect desired in off-road riding.
[image: ]
Figure 4 - 2021 Honda CBR 1000RR-R SP Diagram. Dimensions from Honda (2021)
Figure 4 shows the rake, trail and wheelbase of a Honda CBR 1000RR-R SP, a sport motorcycle developed using technology from Honda’s RC213V-S MotoGP racing bike. This motorcycle has a slacker rake angle, longer trail and longer wheelbase than the standard CBR 1000RR measured. This is in order to increase stability at high speeds, the change is minimal in order to preserve agile handling. (Honda 2021)


[bookmark: _Toc90859983]Conclusion
This report shows that motorcycles designed for aggressive road riding such as sports and race bikes will be designed with a short wheelbase, short trail and a steep rake angle as these factors increase steering response and agility. A low centre of gravity is also desirable in this application to aid cornering speed. Motorcycles designed for use off-road will have more relaxed steering geometry and a longer wheelbase to gain stability on loose surfaces, they will also have a higher centre of gravity to increase rider control.
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