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Schematics

1.1 Honda CBR 1000RR 2019 Schematics

(Image by Ludovico Cents, 2021)
XCoG = 0.661
YCoG = 0.501
Rake Angle θ
23.2o





[image: Honda CBR1000RR]Length: 2075 mm
Width: 720 mm
Height: 1125 mm
Wheelbase
1405 mm
R Wheel radius 
310.9 mm
Trail
96.2 mm
F Wheel Radius
299.9 mm







(Data sourced from Motorcyclespecs 2021, Tacomaworld 2021) 




1.2 Zero SR 2019 Schematics

(Image sourced from TheBlueprints, 2021)
Rake Angle θ
24.0o

XCoG = 0.690 
YCoG = 0.466


[image: Zero SR vector drawing]R Wheel Radius
314.9 mm
F Wheel Radius
299.9 mm

Wheelbase
1450 mm
Trail
94 mm


Length: 2064.8 mm
Width: 436mm
Seat Height: 787 mm







(Data sourced provided by ZeroMotorcycles 2020, Tacomaworld 2021)




1.3 Centre of Gravity Calculations

1.3.1 Honda CBR1000RR:


XCoG = (Wr * L) / Wt				
Wr (load on rear wheel) = 94.7kg
[bookmark: _Hlk89869373]L (wheelbase) = 1390 mm (measured data slightly different to online specification data)
Wt (total weight) = 199.1 kg 
XCoG for Honda CBR 1000RR = 0.661 m



YCoG = ((L * (Wr – Wrlifted)) / (Wt * tan θ)) + Rav
Wr (load on rear wheel) = 94.7 kg
Wrlifted (load on rear wheel lifted – stand weight) = 87.05 kg
Wt (total weight) = 199.1 kg
L (wheelbase) = 1390 mm
θ (angle of lifted bike) = 14.58o
Rav (average wheel radius) = 0.2975 m
Block height = 350 mm
YCoG for Honda CBR 1000RR = 0.503 m





1.3.2 Zero SR:


XCoG = (Wr * L) / Wt
Wr (load on rear wheel) = 106.85 kg
L (wheelbase) = 1450 mm
Wt (total weight) = 224.55 kg
XCoG for Zero SR 2019 = 0.690



YCoG = ((L * (Wr – Wrlifted)) / (Wt * tan θ)) + Rav
Wr (load on rear wheel) = 106.85 kg
Wrlifted (load on rear wheel lifted – stand weight) = 100.65 kg
Wt (total weight) = 224.55 kg
L (wheelbase) = 1450 mm
θ (angle of lifted bike) = 13.97o
Rav (average wheel radius) = 0.305 m
Block height = 350 mm
YCoG for Zero SR 2019 = 0.466







Know Handling Characteristics

3.1 Honda CBR1000 RR
The CBR1000 RR’s handling characteristics are predictably like that of most sport bikes, with sensitive steering, balanced weight, and a stiff build that results in a bumpy ride on anything but a consistently even surface. The sensitive steering can be in part due to the wheelbase of the bike, however the rake/trail measurements for this bike are what contribute the most to its steering capabilities. The suspension, obviously, plays the biggest part in the ride quality on different surfaces, however the wheel diameter of the Honda being smaller than that of a cruiser or enduro bike, are less capable of absorbing shocks.

3.2 Zero SR
While similar to the Honda in some ways, there are distinct differences between it and the Zero which can have an affect on then handling characteristics. There is a difference of almost 30kg in the total weight of the two bikes, the Zero being the heavier, and this can result in slightly more sluggish turning but it may also increase the downforce depending on the distribution of the weight. One advantage that the Zero SR has over the Honda in a situation such as riding at high altitudes, is that its motor is not affected by the lack of oxygen.




Modern Motorcycle Geometry Analysis

4.1 Geometry Relating to Application

4.1.1 Kawasaki Ninja 1000SX 2021

The Ninja 1000SX is a bike designed with speed and acceleration being the focus but also to be practical for casual use, this tells in the geometry data of the bike as presented by Kawasaki (2021). Firstly, the ground clearance of the Ninja 1000SX, at 135 mm is at a height that will help put the horsepower down by lowering the centre of gravity, while still being high enough to allow for effective cornering. The Trail measurement of the bike is a very important consideration in its design as it can have a huge impact on the steering of the bike which is crucial when riding at speeds the Ninja 1000SX is capable of. With a trail length of 98mm it is within the same range as similar sport bikes, giving the bike sharp, responsive steering. Motorcycles with a lot of horsepower usually have a shared issue in that while accelerating, the front wheel is constantly trying to lift due to the rear wheel being the only one driven. The wheelbase and mass of the bike are 2 factors that can aid in keeping the front wheel down, with a wheelbase of 1440mm and mass 235kg the motorcycle is would still be possible to wheelie; however, the risk would be greater were those values to be decreased.




4.1.2 Yamaha YZ450F 2021

The Yamaha YZ450F being a motocross bike, has its geometry designed with stability, toughness, and off-road practicality in mind. This can be seen in the geometry data listed in YZ450F’s Owner Service Manual (2021), such as the values for the bikes Rake angle (26.9o) and Trail length (120mm). These measurements are greater than that of the Ninja 1000SX above so that the bike is more stable at top speeds and handles rough terrain easier, as a result of this the bikes steering would be slightly more sluggish. Due to the nature of the sport and the rough terrain, motocross bikes must also be able to absorb as much of the shock of impact for the rider as possible, for this reason the YZ450F is equipped with a larger travel of 310mm on the front and 317mm on the rear as claimed by Yamaha (2021). Lastly some final geometry values that are vital to the classification of the YZ450F, as listed in the Owners Service Manual, are the ground clearance (330mm) and seat height (965mm). These values will always be greater for motocross bikes so that they are better equipped to handle harsh terrain. 







Alterations to Improve Handling Characteristics
5.1 Alterations to Zero SR 2019

As an electric bike, the Zero SR produces a lot of torque and as is the issue with petrol bikes, the front wheel can lift very easily under acceleration. An alteration that would aid in preventing this would be including a system like Ducati’s ‘variable geometry’ system, which as described by Matteo Aglio (2020), allows the rider to remotely lower the swing arm to lower the centre of gravity, enabling the rider to put down more horsepower.


5.2 Alterations to Honda CBR1000 RR 2019

The CBR1000 RR on the other hand was built purely for race performance and so as a result the bikes geometry is setup for sharper handling. If you wished to soften the steering slightly, so that the bike was tamer for everyday use, you could increase the Rake Angle and the Trail a very small amount.





References
6.1 Word Document References
· Ludovico Cents, (2021) https://www.the-blueprints.com/vectordrawings/show/3363/honda_cbr1000rr/ Accessed on: 07/12/2021
· Motorcyclespecs, (2021) Honda CBR 1000RR Fireblade https://www.motorcyclespecs.co.za/model/Honda/honda_cbr1000rr_19.html Accessed on: 07/12/2021
· Tacomaworld, (2021) Tire Size Calculator https://www.tacomaworld.com/tirecalc Accessed on: 07/12/2021 
· ZeroMotorcycles (2020) Zero SR https://www.zeromotorcycles.com/model/zero-sr Accessed on: 07/12/2021
· TheBlueprints (2021) https://www.the-blueprints.com/vectordrawings/show/10781/zero_sr/ Accessed on: 07/12/2021
· Matteo Aglio (2020) MotoGP, Ducati with variable geometry https://www.gpone.com/en/2020/02/25/motogp/ducati-with-variable-geometry-all-the-inventions-of-the-men-in-red.html?refresh_ce Accessed on: 08/12/2021
· Kawasaki (2021) Ninja 1000SX https://www.kawasaki.co.uk/en/products/Sport_Tourer/2021/Ninja_1000SX/specifications?Uid=086ADgtbXQoNDVtZDVlQXFxdCVEKDFBZWl9cXgtRWFxfXl0 Accessed: 10/12/2021
· Manualslib (2021) Yamaha YZ450F 2021 Owner Service Manual https://www.manualslib.com/manual/1991360/Yamaha-Yz450f-2021.html?page=50#manual Accessed on: 10/12/2021
· Yamaha (2021) 2021 YZ450F https://www.yamaha-motor.eu/mk/mk/products/offroad-motorcycles/competition/2021-yz450f/techspecs/          Accessed: on 10/12/2021
6.2 Excel Document References

· Manualslib (2021) Triumph Scrambler 1200XC 2019 Owner’s Handbook Manual https://www.manualslib.com/products/Triumph-Scrambler-1200-Xc-2019-10421150.html Accessed on: 13/12/2021
· (Image) John Burns (2018) https://www.motorcycle.com/mini-features/2019-triumph-scrambler-1200-xe-xc-first-look.html/attachment/102418-2019-triumph-scrambler-1200-xc-green-front Accessed on: 13/12/2021 
· Triradar (2013) https://www.triradar.com/training-advice/how-to-calculate-your-drag/ Accessed on: 13/12/2021
· (RPM Value) TJ Hinton (2020) 2019-2020 Triumph Scrambler 1200XC https://www.topspeed.com/motorcycles/motorcycle-reviews/triumph/2019-2020-triumph-scrambler-1200-xc-ar183370.html Accessed on: 13/12/2021














2

image3.jpeg
Zer0 SR (2014)

[ P B the-bluepriniscom




image1.tmp
Prifysgol Cymru
Y Drindod Dewi Sant

University of Wales
Trinity Saint David





image2.jpeg
@ the-blueprintscom




