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[bookmark: _Toc500859972][bookmark: _Toc501720437]Introduction

When looking at a motorcycle they can seem to be a simple design. In its most basic form all motorcycles are practically the same. They all have two wheels, a powertrain that gives drive to the wheels, and a way to turn the bike. Its not until you begin to inspect how you build and design a motorcycle specific to the task required, for example off road, when looking at this it can become a rather a technical process and it requires detailed knowledge of how a bikes geometry will react to changes. 

[bookmark: _Toc500859973][bookmark: _Toc501720438]Aims 
The main aim of this assignment is to develop my knowledge and understanding of modern motorcycles and to try and develop my knowledge of basic handling theories. This will be achieved by a combination of research, manual data collection and analysis, it will also include a comparison between how several types of motorcycles perform under their differing desired conditions for use.
[bookmark: _Toc500859974][bookmark: _Toc501720439]Objective
After developing an understanding of motorcycle geometry and how this will affect the motorcycles ability to handle under different circumstances, I will also be doing a comparison between two different motorcycles and I will also be investigating any possible ways to improve the handling characteristics for the chosen motorcycles. I have chosen two road motorcycles, a BMW s1000 RR and an Aprilia RS 125, I’ve chosen both there machines as they are both designed for the track in mind but at the same time are totally different.

[bookmark: _Toc500859975]

[bookmark: _Toc501720440]Geometry

When considering how a motorcycle will handle, there are a couple of underlying theories in which to understand. First the geometry of the motorcycle needs to be determined, we can calculate this by measuring the motorcycle and the dimensions of its components in relation to each. These different lengths will determine how the motorcycle will steer.  For this some specific measurements are needed and then these can be used to calculate the motorcycles agility for example, a longer wheelbase increases the stability at high speed but makes the bike harder to turn, whereas a shorter wheelbase makes the motorcycle easier to turn but less stable at high speeds and more prone to the front end becoming light when accelerating.
 The forces acting on the motorcycle are also critical in understanding how the bike will perform when used. Not just a mechanical viewpoint, but also from a rider’s perspective, both these views allow mechanics and riders to set the bike up to both the specific track and the specific requirements of the rider.

0. [bookmark: _Toc501720441]Offset

The offset is the distance between the headstock axis and the centre line of the front fork tubes and can be used to alter the trail. Increasing the offset reduces the trail whilst maintaining the rake angle which helps with turning the motorcycle.
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Figure 2

[bookmark: _Toc501720442]Rake and Trail
The rake and trail of a motorcycle are two factors which determine the agility of the motorcycle. Rake angle is the angle measured, or calculated, between the headstock of the motorcycle and an imaginary vertical line, drawn from the ground up through the centre of the front wheel (see fig. 1). The smaller this angle is, the more agile or quicker steering the bike will be. Thus, by agreement, the greater the rake angle is, the less agile but more stable the motorcycle will be. 
To produce a motorcycle that handles as intended for its purpose for example a sports bike compared to a cruiser styled bike, the rake angle between motorcycles will need to be different. A sports bike will need a smaller rake angle so it can turn quicker on a track, whereas a cruiser styled bike would need to have a larger rake angle as this improves the stability of the bike when travelling on a motorway. 
[image: ]The trail of a motorcycle, as defined by bikearama.com, is ‘the distance measured form the centre of the front tire’s contact patch with the ground and the point where an imaginary line passing through the centre of the headstock axis meets the ground.’  Without the use of an offset, the trail is directly affected by rake angle as you increase the rake the trail also increases. Trail also affects how the motorcycle will handle, too much trail and the motorcycle will become slow to steer. However, if the trail is too little or even if it becomes negative with the use of an offset, the wheel will try to pivot around itself.Figure 1											

[bookmark: _Toc501720443]Wheelbase Length

As mentioned previously, the wheelbase of a motorcycle can have a dramatic effect on the handling. Even slight changes in length can change how a motorcycle will accelerate and change direction. Motorcycles with a longer wheelbase will be less agile but more stable at speed and when subjected to the forces encountered while acceleration and braking. This is one of the main reasons drag bikes have such long wheelbases. On the other hand, motorcycles with a shorter wheelbase will turn quicker but they will be less stable at spend and when under braking or accelerating. It’s a fine balance between the two to try and match the bike to the track or the job its designed to do. 

[bookmark: _Toc501720444]Swingarm length and Anti-squat

The swingarm length, is also important when designing a motorcycle. As a motorcycle accelerate the load is transferred to the back of the bike and increases the weight and pressure acting on the rear suspension. This weight transfer acts to compress the rear suspension causing the motorcycle to ‘squat’ under acceleration this action causes the front of the motorcycle to lift. The layout of a typical chain drive bike has a longer swingarm, however, counteract the squat by using ‘anti-squat’ geometry tendencies that offset the compression from load transfer, which improves the handling performance on corner exits by increasing the amount of traction available as the motorcycle begins to accelerate.










[bookmark: _Toc501720445]Centre of gravity

The centre of gravity of a motorcycle is vital part in the engineering design process, especially when considering how the bike will handle. The centre of gravity is where the majority of the weight acts (the weight is the mass x gravity). Having a higher centre of gravity will make the bike pitch more whilst accelerating or braking, this will increase suspension compression and extension. This factor may be desirable in some situations for example a stunt bike where by having a higher centre of gravity it helps the bike perform stunts such as, ‘wheelies’ or ‘stoppies’ - but is not ideal in racing conditions, when performing a ‘wheelie’ would reduce the amount of throttle that you can use and, therefore a reduction in drive. Having a lower centre of gravity helps when braking, as the rider can brake much harder without going over the bars. This is the reason why professional racers get as far back in the seat as possible while braking this is so that the centre of gravity moves towards the rear of the bike to take the load off the front tire and enabling more braking power before the tires loss of traction.
The centre of gravity on a motorcycle also plays an important role in its ability to corner. If the centre of gravity is kept low, the motorcycle will be able to accelerate far quicker around corners and will be able achieve greater lean angles which are needed when going around corners at higher speeds. However when the rider sits on the motorcycle the centre of gravity changes the rider can use their weight to move the centre of gravity to benefit them under certain situations. For example, when a motorcycle is under acceleration the centre of gravity moves towards the rear as the bike squats and the rider naturally moves backwards from the g forces. the rider will move themselves over the front end of the motorcycle to counteract this and keep the centre of gravity towards the front and, therefore maintaining traction and drive.





[bookmark: _Toc500859976][bookmark: _Toc501720446]Methodology and calculations
[bookmark: _Toc501720447][image: ]Determining the Centre of GravityFigure 3

To calculate the centre of gravity of a motorcycle, certain values must first be attained. The wheelbase, front and rear weight bias of the motorcycle and the average wheel radius need to be determined.  To achieve this, the motorcycle is weighed using a set of scales on a level surface. It is then weighed again but with the rear of the motorcycle lifted at an angle to the surface, using something to support the rear wheel. In this instance a stool was used to support the wheel (see figure 3).
The x axis centre of gravity position can be calculated from the following formula:
X COG =  
Where;
Wr = rear wheel measured weight (kg)
Wt = total measured weight of motorcycle (kg)
L = wheelbase (m)

The y axis centre of gravity position can also be calculated using the formula:
[bookmark: _Hlk501715850]Y COG = 

Where;
L = wheelbase (m)
Wr = front wheel measured weight (kg)
Wrlifted = rear wheel measured weight when lifted - stool weight (kg)
Wt = total measured weight of motorcycle (kg)
Ѳ = angle to horizontal of lifted motorcycle; calculated using Ѳ = Sin^-1 (stool height / L)
Rav = the average radius of both wheels; calculated using where R1 is the radius of the front wheel and R2 is the radius of the rear wheel.
[image: ]


Note: when calculating the average radius of both wheels (Rav), the depth of the tyre also needs to be taken into consideration.
[bookmark: _Hlk501138524][image: ] 	Tyre sizes for the BMW S1000 RR are given in the format 120/ 70/17 front and 190/50/17 rear. The first number (120) is the tire width in mm, the second number (70) is a percentage of the tyre width when compared to the tyre height for example 70% of 120mm equals 84mm depth, and the third number (17) is the wheel diameter in inches. I calculated the Rav to be 305.4mm based on the total diameter of the front wheel rim being 431.8mm (17”) and the tyre being 84mm on both sides of the wheel and the total diameter of the rear wheel rim being 431.8mm with a tyre depth of 85mm on both sides of the wheel, giving R1 as 299.9mm and R2 as 310.9mm. From this, I calculated the X cog to be at 660mm and the Y cog to be 340mm.

Rav for BMW S1000RR:
Front wheel
431.8mm (17”) rim diameter with 84mm tyre depth at each side = 4331.8 + (2x84) = 599.8mm total diameter.      599.8 / 2 = 299.90mm R1
Rear wheel
431.8mm (17”) rim diameter with 95mm tyre depth at each side = 4331.8 + (2x95) = 621.8mm total diameter.       621.8 / 2 = 310.90mm R2 
Rav = (299.90+310.90)/ 2 = 305.4mm (0.305m)
[image: ]The Aprilia RS 125 tyre sizes are 110/70/17 front and 150/60/17 rear. This means the front tyre has a depth of 77mm (60% of 150), and the rear tyre has a depth of 90mm (60% of 150). I calculated the Rav to be 260.9mm. This was based on the total diameter of the front wheel rim being 431.8mm and the tyre being 77mm deep on both sides of the wheel and the total diameter of the rear wheel rim being 431.8mm with a tyre depth of 90mm both sides of the wheel, giving R1 as 215.9mm and R2 as 305.9mm. From this, I calculated the X cog to be 660mm and the Y cog to be 290mm 

Rav for Aprilia RS 125:
Front wheel
431.8mm (17”) rim diameter with 77mm tyre depth at each side = 4331.8 + (2x77) = 431.8mm total diameter.      431.8 / 2 = 215.9mm R1
Rear wheel
431.8mm (17”) rim diameter with 90mm tyre depth at each side = 4331.8 + (2x90) = 611.8mm total diameter.       611.8 / 2 = 305.9mm R2 
Rav = (299.90+310.90)/ 2 = 260.9mm (0.261m)

Aprilia RS 125:
[bookmark: _Hlk501716500]X COG = (Wr x L) / Wt = (67.70 x 1.32) / (67.70 + 67.10) = 0.66m
[bookmark: _Hlk501715875]Y COG = =  = 0.29m
BMW S1000 RR
X COG = (Wr x L) / Wt = (93.30 x 1.40) / (196.85) = 0.66m
Y COG = =  = 0.34m
[image: ]
From the diagram above we can see that the BMW S1000RR has a lower centre of gravity than the Aprilia RS 125. This will helps to stop the bike from pitching too much with the increased power that the S1000RR creates compared to the RS 125. The lower centre of gravity is created, due to the increased mass of the BMW S100RR when compared to the Aprilia, and this should help to maintain stability under acceleration and braking but also help the bike to steer around corners. 
As we can see from the figures above, the BMW S1000RR has a 10mm wider front tyre and a 40mm wider rear tyre compared to the Aprilia RS 125. It also has a 7mm deeper front tyre and a 5mm deeper rear tyre. The use of these bigger tyres helps to transfer some of the increased power from the BMW onto the road and helps to improve and maintain grip and stability.
[bookmark: _Toc501720448]Trail Calculation
Trail can be calculated using the formula:
[bookmark: _Hlk501669228]
Where;
R = Wheel radius
O = Triple clamp offset
Ѳ = Rake angle 

BMW S1000 RR:
[bookmark: _Hlk501669843]Trail =   = 96.54mm 
Aprilia RS 125:
	Trail =  = 79.84mm 

These calculations show that the BMW S1000 RR has a trail of 96.54mm, which is 16.7mm longer than the Aprilia RS 125. As the BMW S1000 RR is considerably more powerful, (190bhp compared to the Aprilia’s 28bhp) and has a higher top speed of nearly 200mph compared to the Aprilia’s 100mph, overall stability is preferred to a quicker steering bike when traveling at these much bigger speeds. 
The increased trail length of the BMW helps to keep the front wheel in a straight line while the bike is accelerating. Having a longer trail helps to maintain stability at higher speeds and is designed to minimise any unwanted twitches in the steering. Since the Aprilia RS 125 weighs less than the BMW S1000 RR and has much less power, a shorter trail is preferred as this helps the bike to turn into the corner quicker. Having less power than the BMW means that the motorcycle will not accelerate as quickly or reach the higher speeds so stability is less of an necessity; having such a short trail means the bike has very light steering and is able to change direction much quicker whilst still being stable enough to handle well.
[bookmark: _Toc501720449]Resistance to Motion

[bookmark: _Toc501720450]Aero Drag Force

 	Aero drag is the resisting force that the air generates against the direction of motion when the motorcycle accelerates. Initially, aero drag is negligible as the speeds are low and the power of the bike is able to overcome the air drag. However, as the motorcycle accelerates and increases velocity, the force of the aero drag also increases in a positive correlation, the resistance reaches a point where eventually the drag is equal to the force and power generated by motorcycle and the bike will reach its maximum speed, otherwise known as ‘terminal velocity’. 
	The average frontal area (A) of a superbike is 0.3 – 0.35m^2. With a typical drag coefficient (Cd) of 0.55 – 0.65 for faired motorcycles. - (Cossalter, 2006)
This can be calculated with the following formula:

Fd = 
Where; 
P = density of air (1.167 kg/m^3 at 20°C)
Cd = drag coefficient 
A = frontal area 
V = velocity

[bookmark: _Hlk501680532]Average Aero Drag for faired superbike at 180 mph (80.47m/s) =
Fd =   736.79

Average Aero Drag for faired superbike at 100 mph (44.70m/s) =  
Fd =   = 217.55
[bookmark: _Toc501720451]Rolling Resistance

Rolling resistance is another factor to consider when deciding if a motorcycle can achieve the calculated top speed. (Neglecting aero drag), rolling resistance is the applied force of the surface e.g. road, that resists the motorcycles ability to ‘freewheel’ (continue to travel without power applied) and it is calculated using the formula:

Fw = 0.02 x m x g  

Where;
Fw = force (N)
m = total mass (kg)
g = gravity (9.81 m/s^2) 

Aprilia RS 125:
Mass = 126 kg  
Fw = 0.02 x 126 x 9.81 = 24.72 N

BMW S1000RR:
	Mass = 176 kg 
     Fw = 0.02 x 176 x 9.81 = 34.53 N

This shows the Honda also has a 28.4% greater rolling resistance (9.81N) over the Aprilia. This is to be expected as the BMW has a higher mass. 

0. [bookmark: _Toc501720452]Gear Ratios

Aprilia RS 125:                                    BMW S1000RR:
Primary reduction:        19/63                                         77/48
 Gear Ratio 1st 	  10/30                                         33/13
Gear Ratio 2nd:	  14/29                                         33/17
Gear Ratio 3rd:	  17/27                                         30/19
Gear Ratio 4th: 	  19/25                                         29/21
Gear Ratio 5th:	  21/24                                         25/20   
Gear Ratio 6th:	  22/23                                         29/25
Final Reduction:           17/40                                         42/16                          
Transmission	           6 speed                                         6 speed

[bookmark: _Toc501720453]Top speed

 I used the average frontal area of a superbike and a typical drag coefficient of a faired motorcycle to make an estimation as to if the two motorcycles, RS 125 and BMW S1000 RR can achieve their stated top speed on a perfectly level road.

Aprilia RS 125:
[bookmark: _Hlk501681979]Stated top speed: 44.7m/s (100mph)
Stated power: 28 Bhp (20.88kw)
Total force required = Fd + Fw = 217.55 + 24.72 = 242.27 N
Power required = Force (total resistance) x Velocity
P = 242.27 x 44.7 = 10829.469w = 10.82 Kw 

BMW S1000RR:
Stated top speed: 80.47m/s (200mph)
Stated power: 190 Bhp (141.63kw)
Total Force required = Fd + Fw = 736.79 + 34.53 = 771.32 N
Power required = Force (total resistance) x Velocity
P = 771.32 x 80.47 = 62068.12w = 62.10kw
Although only an estimation, I calculated that the Aprilia RS 125 would be able to reach its desired top speed of around 100mph as it requires 10.82 kw to achieve this and the engine produces approximately 20.88 kw. I also believe the BMW would also be able to reach its stated top speed of around 200mph, as it requires 62.10kw to achieve this and the engine produces 141.63kw 
However, these calculations do not include the added weight from aerodynamic drag of the rider or the power lost during transfer from the crank to the rear wheel as the bhp is calculated as engine power.

[bookmark: _Toc500859977][bookmark: _Toc501720454] Results
[image: ]
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