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The performance, stability, and handling behaviour of a motorcycle are strongly influenced by its geometry, mass distribution, and drivetrain characteristics, making a detailed analysis of these factors essential for understanding motorcycle behaviour. This report compares two physically measured motorcycles by acquiring accurate geometric data such as rake, trail, wheelbase, and frame dimensions and centres of gravity through calculation. It further evaluates each motorcycle’s theoretical maximum speed, supported by a spreadsheet model that examines the balance between available engine power and resistive forces at high velocity. Geometry data from two additional modern motorcycles, selected from categories such as MotoGP, World Superbike, Paris Dakar, or custom design, are analysed to demonstrate how chassis geometry is tailored to specific performance demands and how these design choices influence handling characteristics. Insights from all analyses are then used to recommend potential modifications to improve the handling of the physically measured motorcycles, providing a comprehensive, engineering-based understanding of motorcycle performance and behaviour.
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[image: ]The 2 motorcycles that I have chosen to measure are the 2000 Aprilia Rs 250 and the 2018 BMW s1000. These 2 bikes vary in style and in age so should show how the newer bikes have changed compared to the older sports bikes. Below are accurately measured schematic diagrams for each bike. 2000 Aprilia Rs 250 (figure 1), 2018 BMW s1000 (figure 2)(Figure 1) Aprilia Rs 250

[image: ](Figure 2) BMW s1000

	
As seen in figure 1 and figure 2 there are 2 points marking the Centre of Gravity (COG) and Centre of Gravity with Rider (COG W/R). In figure 3, you can see a table that shows all measurements acquired. When calculating COG I used the practical method. For the practical method you place a scale under the front and rear wheel. Firstly, where the bike is level and then where one wheel is raised and you take the weights of both front and rear at both positions.
	 
	 
	 
	250 RS
	 
	 

	 
	level
	Level W/R
	Lifted
	Lifted W/R
	 

	F
	71.5
	99.1
	79.35
	128.9
	Kg

	R
	66.9
	115.45
	63.55
	99.55
	Kg

	wheel base
	0.135
	mm
	 
	 
	 

	wheel base
	1.35
	m
	weight of bike
	138.4
	 Kg

	Rw Rad
	0.305
	m
	rider weight
	76.6
	 Kg

	Fw Rad
	0.285
	m
	total weight
	215
	 Kg

	Rav
	0.295
	m
	 
	 
	 

	Stool height
	0.4
	m
	 
	 
	 

	Lifted angle
	19.72
	°
	 
	 
	 

	 
	 
	 
	(W/R)
	 
	 

	Xcog
	0.653
	 
	Xcog
	0.725
	 

	Ycog
	0.386
	 
	Ycog
	0.57
	 

	Split%
	51.66
	%
	Split%
	46.30
	%




 (Figure 3) Centre of gravity calculation table
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When measuring COG, you need to know the X and Y positions in order to express them on a diagram.
For the X cog you only need the level weight.

Wr = Weight on the rear wheel
Wt = Total weight of motorcycle
L = Wheelbase
When measuring Ycog you need to weigh the rear wheel whilst the bike is level and then the rear wheel is lifted to show the reduced weight


Wr = Load on the rear wheel
Wrlifted = load on the rear wheel when lifted
Wt = total weight of motorcycle	
L = wheelbase
Θ = Ange of lifted bike (=sin-1(height lifted/L))
Rav = Average wheel radius
Drag force is the aerodynamic force that resists a motorcycle’s motion through the air. It can be calculated using the standard aerodynamic drag equation.

Ρ = Air density (Kg/m^3)
Cd = coefficient drag (no unit)
A = frontal area (M^2)
V = velocity (m/s)
Fd = Drag force
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2000 Aprilia Rs 250 
Primary ratio 23/59 (1:2,565)
Secondary ratio 14/42 (1:3,000)
[image: ]Gear ratios 
1st = 11/27 (1:2,454)
2nd = 16/26 (1:1,625)
3rd = 21/27 (1:1,235)
4th = 22/23 (1:1,045)
5th = 24/22 (1:0916)
6th = 25/21 (1:0840)

(Figure 4) drive force to resistance graph


[bookmark: _Toc216549475][bookmark: _Toc216550704][bookmark: _Toc216550721]is top speed affected by resistance?
Using workshop manual gearing data and applying the power to resistance shown in (figure 4), the Aprilia RS 250 can be assessed for its ability to achieve its claimed top speed. The RS 250 is equipped with a 249 cc two-stroke V-twin producing 47 kW, combined with relatively tall gearing and a low overall mass of around 150 kg wet. Due to its narrow frontal area and comparatively low aerodynamic drag for a fully faired lightweight motorcycle, the aerodynamic power requirement at high speed is significantly lower than that of larger sport bikes. Calculations show that the resistive force from aerodynamic drag the RS 250’s claimed top speed of approximately 220 km/h are within the available engine power at peak output as shown in (figure 4). Therefore, unlike many higher-geared modern sport motorcycles, the Aprilia RS 250 is capable of reaching or very closely approaching its theoretical top speed under favourable conditions, indicating that its maximum speed is primarily limited with RPM rather than restricted by the resistive forces. 
[bookmark: _Toc216549476][bookmark: _Toc216550705][bookmark: _Toc216550722]
Comparison
Using the geometric, mass-distribution, and performance information acquired earlier, the handling characteristics of the 2000 Aprilia RS 250 (figure 5) and the 2018 BMW S1000RR (figure 6) can be clearly differentiated, particularly in how each motorcycle behaves under dynamic conditions such as braking, cornering and acceleration.
[image: ][image: A motorcycle parked on the pavement

AI-generated content may be incorrect.]The Aprilia RS 250 is characterised by a short wheelbase, steep rake angle, low overall mass, and a relatively high centre of gravity for its size due to the compact two-stroke engine and aluminium twin-spar frame. These features produce low rotational inertia and minimal gyroscopic resistance from the lightweight crankshaft and wheels, resulting in exceptionally quick steering response and high agility. Under dynamic conditions, the RS 250 exhibits minimal longitudinal weight transfer during acceleration and braking because of its low mass and modest engine torque. This allows the chassis to remain relatively neutral, maintaining consistent front-end feel during corner entry and mid-corner phases. However, the light weight and reduced trail make the RS 250 more sensitive to rider inputs and external disturbances, such as surface irregularities, particularly at high speed, where stability is more reliant on rider control than on chassis geometry alone.Figure 5 2000 Aprilia Rs 250

In contrast, the BMW S1000RR features a longer wheelbase, a rake angle that is steeper than that of the RS 250, less trail, and a significantly lower centre of gravity relative to its mass due to its inline-four engine layout and heavier crankshaft assembly. These characteristics favour rapid steering response while maintaining high-speed stability through chassis stiffness and electronic control rather than geometry alone. Under braking, the S1000RR experiences substantial forward weight transfer due to its higher mass and extreme braking capability, compressing the front suspension and steepening the effective rake and trail. This increases front-end grip but requires advanced electronic control and suspension damping to prevent instability. During acceleration, the high torque output induces rearward weight transfer, flattening the steering angle and increasing stability while reducing agility. As a result, the S1000RR demonstrates a planted, confidence-inspiring attitude at high speeds but requires greater steering input to initiate rapid direction changes compared to the RS 250.Figure 6 2018 BMW s1000


[bookmark: _Toc216549477][bookmark: _Toc216550706][bookmark: _Toc216550723]Conclusion of comparison
When cornering dynamically, the RS 250 maintains a flowing, momentum-based riding style, with high corner entry speeds and minimal reliance on engine braking or electronic aids. Its geometry promotes rapid lean angle changes and strong feedback, rewarding precision and smoothness. Conversely, the S1000RR adopts a power-dominant approach, using its superior acceleration and braking to compensate for its greater mass and inertia. The BMW’s geometry and electronics are optimised to manage extreme forces, allowing stable, controlled corner exits even under aggressive throttle application. In summary, the RS 250’s handling is defined by lightness, responsiveness, and neutrality, while the S1000RR prioritises stability, traction, and control at very high speeds, reflecting the fundamentally different design philosophies and performance objectives of the two motorcycles.

[bookmark: _Toc216550707][bookmark: _Toc216550724]Modern geometry
Motorcycle geometry plays a critical role in defining handling characteristics and overall performance, and its design is always closely linked to the intended application of the machine. This section examines two modern motorcycles from contrasting disciplines the MotoGP prototype motorcycle, represented by the Ducati Desmosedici, and a Paris–Dakar rally motorcycle, represented by the KTM 450 Rally. The geometry of each machine illustrates how design priorities differ dramatically between circuit racing and long-distance off-road competition.
[image: ]Modern MotoGP motorcycles, such as the Ducati Desmosedici, are engineered for extreme lean angles, rapid direction changes, and sustained high corner speeds on smooth, predictable race circuits. Although exact geometry values are not publicly disclosed, race-derived production data and chassis design literature indicate typical steering rake values between approximately 23.0° and 24.5°, short trail values around 95–105 mm, and a relatively compact wheelbase near 1400–1450 mm (Foale, 2002). This steep rake and reduced trail minimise steering inertia and yaw moment, enabling very fast turn-in and precise front-end feedback. Such geometry allows riders to rapidly change direction through chicanes and maintain tight racing lines at high speed. While this aggressive setup would normally compromise straight-line stability, MotoGP motorcycles compensate through high chassis stiffness, advanced suspension control, and aerodynamic downforce devices, which stabilise the motorcycle under braking and acceleration (Cossalter, 2006)Figure 7 Ducati Desmosedici GP24

[image: A motorcycle parked on a hill

AI-generated content may be incorrect.]In contrast, the KTM 450 Rally, designed for Paris–Dakar-style rally raid competition, operates in highly variable terrain including sand, gravel, rocks, and uneven surfaces over long distances. Rally motorcycles typically employ a much more relaxed steering geometry, with rake angles around 27–28°, significantly greater trail, and a long wheelbase often exceeding 1500 mm, reflecting their emphasis on stability rather than agility. Increased rake and trail reduce steering sensitivity and improve the motorcycle’s ability to self-correct after disturbances, which is essential when travelling at high speed on loose or unpredictable surfaces. The long wheelbase improves longitudinal stability and reduces pitching under braking and acceleration, particularly when the motorcycle is heavily loaded with fuel and navigation equipment.Figure 8 2020 KTM 450 Rally

Comparing these two machines highlights how geometry directly influences handling and performance. The MotoGP motorcycle’s steep rake, short trail, and compact wheelbase produce exceptional agility, responsiveness, and cornering precision, which are critical for achieving competitive lap times on a circuit. Conversely, the rally motorcycle’s relaxed geometry sacrifices rapid steering response in favour of stability, predictability, and rider confidence in extreme off-road conditions. These contrasting designs demonstrate that motorcycle geometry is not universally optimal, but instead carefully engineered to meet the specific demands of each racing discipline.














[bookmark: _Toc216549479][bookmark: _Toc216550708][bookmark: _Toc216550725]Improvements to the Aprilia Rs 250
Adjusting the swingarm angle and anti-squat characteristics is a simple but effective way to improve the handling of the Aprilia RS 250, especially for track use where smooth corner exits are important. Even though the RS 250 does not produce large amounts of torque, the way the rear suspension behaves under acceleration still has a noticeable effect on stability and feel.
If the swingarm angle is too shallow, the rear suspension tends to squat when the throttle is applied. This can change the bike’s attitude, slightly unload the front tyre, and make the steering feel less precise as the bike exits a corner. On a lightweight motorcycle like the RS 250, these small changes can be very noticeable to the rider.
By slightly increasing the swingarm angle, usually by raising the rear ride height or adjusting the shock length, anti-squat is increased. This helps counteract rear suspension compression under acceleration and keeps the chassis more stable. As a result, the bike maintains a more consistent geometry through the corner exit, improving rear grip and allowing the rider to apply throttle earlier and with more confidence.
When set correctly, swingarm angle optimisation improves stability, traction, and overall balance, while still preserving the light, agile handling that defines the RS 250. By reducing rear suspension squat under acceleration, the motorcycle maintains a more consistent chassis attitude, which slightly limits changes in effective rake and trail during corner exit. Preventing excessive rear compression helps stop the front end from extending too much, avoiding increases in rake and trail that can slow steering and reduce front-end feel. As a result, the steering geometry remains closer to its intended values, giving more predictable handling and improved rider confidence as throttle is applied.
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