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Using a photograph found online (MCN, 2024), I have added my own accurately measured geometry data over the top to visualize various important pieces of information of this bike.
Presented below is an Aprilia RS250 (1994-2004 model).
(TheTankSlapper, 2024)[image: ]


The centre of gravities were calculated using the following formulae (Harrison, 2024):Ycog:
(L x (Wr – WrLifted) / Wt x TanTheta) + Rav
WrLifted = Load on rear wheel whilst raised on block
Theta = Angle of lifted bike
Rav = Average of the wheel radius
Inputting the applicable numbers into this:
Ycog     = (1.365 x (68.1kg - 56.9kg) / 140.1kg x Tan(26.08)) + 0.305m
=0.527m
=527mm

[bookmark: _Hlk185072266]
Xcog:
(Wr x L) / Wt
Wr = Load measured on the rear wheel
Wt = Total weight of the motorcycle
L = The length/wheelbase
Inputting the applicable numbers into this:
Xcog = (68.1kg x 1.365m) / 140.1kg
          = 0.663m
          = 663mm
[All measurements used above were acquired first-hand]

Presented below is a Ducati Panigale V4 (2023) 2023 World Champion Replica.
(Ducati, 2024)[image: ]






The centre of gravities were calculated using the following formulae:Ycog:
(L x (Wr – WrLifted) / Wt x TanTheta) + Rav
Inputting the applicable numbers into this:
Ycog     = (1.445 x (89.4kg – 76.9kg) / 187.3kg x Tan(24.533)) + 0.310m
=0.521m
=521mm

Xcog:
(Wr x L) / Wt
Inputting the applicable numbers into this:
Xcog = (89.4kg x 1.445m) / 187.3kg
          = 0.689m
          = 689mm

[All measurements used above were acquired first-hand]
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	Gears
	Teeth
	Ratio
	Top speed (km/h)

	1st
	11/27
	1:2.454
	72.63

	2nd
	16/26
	1:1.625
	109.69

	3rd
	17/21
	1:1.235
	144.33

	4th
	22/23
	1:1.045
	170.57

	5th
	24/22
	1:0.916
	194.59

	6th
	25/21
	1:0.840
	212.2

	Final drive
	14/42
	1:3.000
	



To calculate top speed per gear, we utilize the following formula:
(ChatGPT, 2024)[image: ]
To clarify; RPM represents the RPM of peak-power production, Primary Ratio is the engine->transmission reduction and Final Ratio is the ratio of the sprocket. Multiplying by 60 and 1000 is to convert minutes to seconds and metres to kilometres, respectively.
We know the max power (72.5hp) outputted by the RS250s engine occurs at 11,900 RPM. (MotorcycleSpecs, 2024), so that has been used here.
The tire on the rear is a 150/60-17 which means the diameter is 611.8mm. The diameter multiplied by Pi gives us a circumference of 1.921m. 
To calculate the total forces acting against the motorcycle, I am using the following two formulae:
(Harrison, 2024)
[image: ]




And utilising the following information as part of my aero-forces calculation:
(ChatGPT, 2024)[image: ]

There are 203 yellow squares denoting an area impacted by wind/air/drag.

[image: ]


[image: ]To calculate if the motorcycle has enough power to max-out a gear with the rider sat in the position seem above, please consult this excel table:
 
We can conclude the rider will need to assume a more aerodynamic position (i.e full-tuck) to achieve the top speed of the gears 5 and 6. The drag resistance/force is otherwise too high to overcome on level ground. In essence, his body is acting as a parachute.
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Now to discuss their handling characteristics we can review the geometric diagrams used above. Looking at their rakes, they are both sport-focused motorcycles so have quite sharp rakes – only 25.5 degrees. A sharper rake enables more “twitchy”/responsive response from the handlebars due to reducing the trail. If we imagine the trail as a lead pipe, a larger trail means more weight to move when turning. The smaller the trail, the less area we have to move – the sharper the response as less effort is required. A reduction in gyroscopic forces/effects also occurs with the steering being more vertical, which again makes turn-in far easier than, say, a cruiser style motorcycle with a shallower rake. 
Both are light bikes, the RS250 being 140.1kg and the Panigale being 187.3kg, which will mean less weight for the handlebars to transpose during use – which makes them more agile. The Panigale’s extra weight can be largely put down to the engine size increase, which grants nearly 3x the horsepower and offsets the extra weight in terms of power/weight ratio.  
The tire size difference between the two will again largely be down to the engine size difference. The lesser power delivery of the RS250 demands a smaller tire surface area to maintain traction, compared to the Panigale’s demonic power delivery. The RS250 utilises a 150mm width rear tyre, which the Panigale utilises a 200mm width tread (MotorcycleSpecs, 2024). The extra width increases surface area, which increases traction due to increase friction across that area. 
Both are designed for fast/sporty riding, which means they need to have strong power/weight ratios, light frames and bodywork, sharp rakes and carefully engineered anti-squat geometry. 
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Geometry vs Handling Characteristics  

[image: ] (Honda, Honda Rebel Specifications, 2024)                                                               mm

Rebel 500
The Rebel is designed as an around town cruiser, so smoothness and stability are essential. To achieve this, Honda designed this bike to have a large wheelbase, wide tyres and a low seat height. 
The lower seat height means both the motorcycle and the riders weight is kept down low, requiring more force to destabilize the gyroscopic forces and lean the bike over. As a result, the bike is not eager to lean – you’d need to use counter-steering to turn at road speeds… or really shift your bodyweight and hang off the side!
The wider tyres simply give more weight to the tyres, enhancing the gyroscopic forces/effect of those tyres rotating at high speed. They carry more inertia, making turning slower… smoother.
The larger wheelbase means more distance between the contact patches of the tyres, so turning/changing direction is a little more force-demanding. The two biggest generators of gyro-forces are farther apart, requiring more force to change the direction they are going.
All tying together to make the Rebel a smooth, road-planted, motorcycle to ride. 


[image: ]
(Honda, Honda CRF250L ABS Specifications, 2020)

CRF250L
Contrasting the Rebel, we have the CRF250L. With this bike, the taller seat-height keeps the centre of gravity high up therefore reducing the amount of force needed to tip the bike over in a corner. This makes tight corners and rough terrain significantly easier to navigate. 
In the same vein, the taller suspension and increased travel; a stronger ability to clear larger obstacles when off-road, minimizing the chance to bottom out and scrape the engine or chassis. Also makes it easier to get the front wheel up (wheelie) which is needed off-road on occasion (such as clearing logs). 
Being taller, there is the bonus of the foot-pegs/foot-levers being less prone to catching on obstacles – and even the ground during tight turns.



[bookmark: _Toc184995534]Alterations/Performance Recommendations
Looking at the Ducati Panigale V4 we can appreciate it has strong performance with no glaring issues; improvements can only be marginal. With that said, we can always make something lighter. 
We can achieve this in many ways, all with their own trade-offs. We could change the material of the frame such as using a metal which is slightly less dense/less stiff, this would mean less weight for sure however would impact the “warping” of the frame as it undergoes movement forces. A less stiff frame, however, could make the bike more stable in the corners by absorbing a fractional amount more of lateral forces. 
Another way to improve the frame could be to take advantage of a composite material utilised within MotoGP. Unfortunately, this information is truly classified to common-folk like me.
The wheels/rims used could adjust the composition to bear a stronger presence of lighter materials, as we know from the Rebel a heavier wheel makes the steering heavier. Less agile. To improve the agility, we could focus development on making the wheels lighter – therefore the bike more agile. 
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1. Typical Values for Motorcycles

For motorcycles, drag coefficient values are generally estimated as follows:
» Standard Street Motorcycles: Cp ~ 0.55 — 0.65
» Fully-Faired (Sport) Motorcycles: Cp ~ 0.45 — 0.55
* Naked Motorcycles (No Fairings): Cp = 0.6 — 0.7

The Aprilia RS250, being a sportbike with fairings, would likely have a drag coefficient of around 0.5.
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Gears V (km/h) V (m/s) 1000/3600: Drag Force Total ResistForce Needed Power Engine Power Able to overcome forces?

1st 72.63 20.175 0.277777778 133.001 N 154.11 N 3,109.22 W 49846.6 W Yes

2nd 109.69 30.46944444 0.277777778 303.360 N 324.47 N 9,886.45 W 49846.6 W Yes

3rd 144.33 40.09166667 0.277777778 525.215 N 546.33 N 21,903.12 W 49846.6 W Yes

4th 170.57 47.38055556 0.277777778 733.549 N 754.66 N 35,756.22 W 49846.6 W Yes

5th 194.59 54.05277778 0.277777778 954.696 N 975.81 N 52,745.06 W 49846.6 W No

6th 212.2 58.94444444 0.277777778 1135.310 N 1156.42 N 68,164.63 W 49846.6 W No
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Rake: 28 degrees
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Wheelbase:[1365mm
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CoG: X Rake: 25.5°
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RPM x Wheel Circumference (m) x 60
Primary Ratio x Gear Ratio x Final Ratio x 1000

Max Speed (km/h) =
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= Aero Drag Force
Fo = %p x CoxA x VA2
= Rolling Resistance

Fw=0.02xmxg




