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1. [bookmark: _Toc90841112]Introduction
This investigation will study the geometries of a 2006 Honda CBR1000RR Fireblade and a Zero SR/F, how these affect their handling and explain the benefits of each motorcycle’s geometry for their specific application. This report also outlines how the geometries could be altered to improve their handling characteristics. Additionally, the geometry of a Ducati Desmosedici GP19 and a Honda CRF450 Rally will be acquired and compared to see how each is tailored to improve their handling and performance for their application.
This report will also look at the gearing of a Yamaha R1 and investigate whether it can reach its mechanical top speed under certain conditions.


2. [bookmark: _Toc90841113]Motorcycle Measured Geometry
Geometry data was gathered for the Fireblade and the Zero. To create the schematics, a schematic of each motorcycle was imported into Solidworks and sketched to scale.
2.1. [bookmark: _Toc90841114]Honda CBR1000RR Fireblade
The following data was gathered for the Fireblade:
· Wheelbase=1.39m
· Average wheel radius=0.2975m
· Front sprocket to swingarm pivot=90mm
· Height of front sprocket from ground=425mm
· Height of swingarm pivot from ground=420mm
· Rake=23o(Urry,2021)
· Trail=102mm(Urry,2021)
· Seat height=820mm(Urry,2021)
The centre of gravity (CoG) of the Fireblade was calculated using the equations:
XCoG=(94.65*1.39)/199.1=0.661m from the front axle
YCoG=(1.39*(94.65-(109.2-22.15))/199.1*tan(14.58))+0.305=0.51m
[image: Diagram

Description automatically generated]This information is presented in Figure 1:Figure 1 - Dimensions of riderless Honda Fireblade

The CoG was calculated again with a rider weighing 72.15kg.
XCoG=(137.2*1.39)/(134+137.2)=0.703m
YCoG=(1.39*(137.2-(146-22.15))/(134+137.2)*tan(14.6))+0.2975=0.56m
[image: Diagram, schematic

Description automatically generated]This is presented in Figure 2.Figure 2 - Honda CBR1000RR Fireblade Schematic with rider


[image: Chart, diagram

Description automatically generated]This shows that when a rider is on the Fireblade, the CoG of the motorcycle is shifted up and backwards. This can vary due to rider mass, position and other adjustable features of the bike, such as ride height.Figure 3 - Honda Fireblade without Rider Squat Analysis

[image: Diagram

Description automatically generated]Figure 4 - Honda Fireblade with Rider Squat Analysis

·      =CoG
·      =100% line
·      =1G acceleration line
·      =Squat line
·      =Load transfer line

Figures 3, 4 show that when the CoG is shifted backwards and upwards, for example when there is a rider, it moves towards the 1G line. This means that the bike will be easier to wheelie (Harrison,2021). These also show it causes the angle of the load transfer line to increase, which in turn causes the anti-squat to decrease.
The squat ratio can be calculated using: R=Tan T/Tan θ, where T=angle between the level road surface and the load transfer line, and θ=the angle between the level road surface and the squat line.
Without rider:
R=Tan(19.23)/Tan(23.65)=0.797
With rider:
R=Tan(21.31)/Tan(23.65)=0.891





2.2. [bookmark: _Toc90841115]Zero SR/F
The following data was gathered for the Zero SR/F:
· Wheelbase=1.45m
· Average wheel radius=0.305m
· Front sprocket height from ground=335mm
· Swingarm pivot height from ground=335mm
· Front sprocket radius=38mm
· Rear sprocket radius=158mm
· Seat height=787mm(Zero,2020)
· Rake angle=24.5o(Zero,2020)
· Trail=94mm(Zero,2020)
Without Rider:
XCoG=(106.85*1.45)/(117.7+106.85)=0.69m from front axle
YCoG=(1.45*(106.55-(122.8-22.15))/(224.25*tan(13.97))+0.305=0.458m
With Rider:
XCoG=(152.6*1.45)/297.4=0.744m from front axle
YCoG=(1.45*(152.6-(161.1-22.15))/(297.4*tan(13.97))+0.305=0.573m
[image: Diagram

Description automatically generated]This is presented in the following schematics:
Figure 5 - Zero SR/F Schematic Without Rider

[image: Diagram

Description automatically generated]Figure 6 - Zero SR/F Schematic With Rider

2.3. [bookmark: _Toc90841116]Comparison
The Fireblade has a 6cm shorter wheelbase than the Zero whilst also having a smaller rake angle. As stated by Cameron (2021), a shorter wheelbase causes the steering to be quicker as there is a direct relationship between wheelbase and how quick the steering is. This is because as the front wheel moves sideways from the motorcycle’s previous direction after steering input, the wheelbase is used as a lever to steer the rear wheel and the shorter the lever, the greater the steering of the rear wheel. This in combination with the smaller rake angle means that the Fireblade will be more agile than the Zero. 
The CoG of the Fireblade is also slightly lower and further towards the front of the motorcycle than the Zero. The Fireblade will have been designed this way to keep the CoG beneath the 1G line as much as possible, therefore making it possible to accelerate more on track without the front wheel rising.
Overall, it is clear to see how the two motorcycles have been developed and designed for two different purposes. The Fireblade has been designed to be agile and as fast as possible around a track, being described as having balanced and sharp steering in an article by MCN(2019), whilst the Zero has been designed to be more stable whilst maintaining good handling (Sutherland,2021), therefore being comfier and more confidence inspiring to ride on the road.
 
3. [bookmark: _Toc90841117]
MotoGP and Dakar Geometry
[image: Diagram

Description automatically generated]In an article, Road Racing World(2014) stated that from the 2016 MotoGP season teams will be required to use 17-inch wheels. This information was used to scale a photo of a Ducati Desmosedici GP19 in Solidworks to get approximate geometry data.Figure 7 - Scaled Desmosedici GP19, (MotoGP, 2021)

From this figure, it is possible to estimate that the Desmosedici has the following geometry:
· Rake=23.8o
· Trail=70.4mm
· Triple clamp offset=48.9mm
· Seat height=906.1mm
· Wheelbase=1500mm


[image: A picture containing text, outdoor, transport, bicycle

Description automatically generated]Williams(2020) states that the Honda CRF450 Rally uses a 300mm front brake disc. This was used to scale an image of the bike in Solidworks.Figure 8 - Scaled Honda CRF450 Rally (Williams, 2020)

From this, the following geometry was estimated:
· Rake=27o
· Trail=65.1mm
· Triple clamp offset=61.5mm
· Seat height=1057.3mm
· Wheelbase=1660mm
Although the geometry information is estimated and slightly incorrect due to the bikes being on stands, it is accurate enough to make a comparison.
The CRF has a longer wheelbase than the Desmosedici, however it is not designed to be as agile as possible, but it is designed to be stable whilst crossing thousands of kilometres of desert. The same can be said about the rake of each bike, the Desmosedici has a smaller rake angle to improve its manoeuvrability.


4. [bookmark: _Toc90841118]Methodology
4.1. [bookmark: _Toc90841119]Gearing Calculator
To create the gearing chart for the 2016 Yamaha R1, the following information was gathered:
· Primary drive input/output=41/67 
· Final drive input/output=16/41 
· 1st gear=15/39 
· 2nd gear=17/37 
· 3rd gear=19/35 
· 4th gear=19/30
· 5th gear=21/29
· 6th gear=24/30
(Yamaha,2016)
· Rear wheel diameter=0.640842m(Motorcyclespecs,2016)
· Chain links,size=114, 525(Sportbiketrackgear,2021)
· Redline=14500rpm(Conner,2015)
To calculate the top speed of the bike in each gear, the following equation was used (Harrison,2021):
) 

The number of revs for the next gear was calculated using the equation (Harrison,2021):




Using this, the following table was produced:

Table 1 - Gear Calculator for Yamaha R1 [image: Table

Description automatically generated]
[image: Chart, line chart

Description automatically generated]Data from the following dyno chart was copied at 500rpm increments into excel to calculate the road speed and driving force of the motorcycle in each gear at each increment.Figure 9 - Dyno Chart for 2016 Yamaha R1 (Bennetts,2015)

The following calculations were used to calculate the road speed and driving force:
) 


The results were used to produce Figure 10:

Figure 10 - Shift Point Chart for Yamaha R1
This shows that to achieve the maximum driving force in each gear it is beneficial to redline the bike in each gear, as there is no crossover of each line showing that the amount of driving force at the top end of the previous gear is greater than the driving force of the next gear in almost every gear. The only exception is between 5th and 6th, however at the crossover the bike is already almost redlining.
 


4.2. [bookmark: _Toc90841120]Resistive Forces
The calculated mechanical top speed of the R1 is 323.08km/h, producing a calculated driving force of 1512N. However, when it is attempting to reach this speed it will experience resistive forces. The three main resistive forces are:
· Aero drag(AD)
· Rolling resistance(RR)
· Gradient resistance(GR)
These were calculated using the following equations:
 (Harrison,2021)
 (Harrison,2021)
 (Harrison,2021)
[image: A picture containing map

Description automatically generated][image: A picture containing diagram

Description automatically generated][image: ]To calculate the AD of the motorcycle, the frontal area of the R1 must be found. To do this a frontal picture of the R1 was uploaded to Solidworks, scaled using the known tyre width and the outline was sketched. Solidworks then calculated the area of this sketch which came out to 0.4053m2.Figure 13 - Frontal Area
Figure 12 – Sketched & scaled image
Figure 11 - Front Image of Yamaha R1 (MCN,2021)

Assuming a coefficient of drag of 0.7 and air density of 1.167kg/m^3, the results were as followed along a flat plane:
AD=1333.25N
RR=39.04N
Total resistance=1372.29N
Therefore, the R1 can reach its top speed on the flat as the driving force is greater than the resistive forces.
The gradient resistance calculation was repeated at increasing slope percentages and added onto the rolling resistance and aero drag force total.
Table 2 - Resistive Forces Table at Increasing Slope Percentages[image: Table

Description automatically generated]
Table 2 shows that up until a 8% slope (4.57o) the R1 can reach its mechanical top speed. Above 8% the resistive forces are greater than the available driving force, preventing the mechanical top speed being reached.	


5. [bookmark: _Toc90841121]Geometry Improvements
The 2006 Honda Fireblade is described as having a good combination of stability and comfort by MCN(2021) and Urry(2021), however both also state that the Fireblade was lacking the sharp steering of its contemporary rivals, such as the 2006 Kawasaki ZX-10R. To make the Fireblade more agile the wheelbase could be shortened whilst the rake angle and trail decreased. This however would cause the bike to be less stable whilst cornering and in straight lines, whilst also causing the motorcycle to wheelie more (Siahaan,2021). These adjustments may also require new components to complete, such as a shorter swingarm and an adjustable triple clamp. However, it is possible to decrease rake angle and trail to increase the agility of a motorcycle by raising the fork tubes within the triple clamps (Siahaan,2021).
Milbank(2019) states that the Zero has a tendency to squat whilst cornering due to its soft suspension setup. Increasing the anti-squat of the Zero by lowering its CoG would help to counteract this issue. This may however cause more wheel slip as there will be less load transfer when accelerating/braking.









	


6. [bookmark: _Toc90841122]Reference List
Bennetts (2015) Full UK Test: 2015 Yamaha R1. Available at: https://www.bennetts.co.uk/bikesocial/reviews/bikes/yamaha/uk-test-yamaha-2015-yzf-r1
TheBlueprints (N.A) Honda CBR1000RR (2006). Available at: https://www.the-blueprints.com/blueprints/motorcycles/honda-motor/8711/view/honda_cbr1000rr/
Cameron, K. (2021) How the Motorcycle Wheelbase Affects Handling. Available at: https://www.cycleworld.com/story/blogs/ask-kevin/how-the-motorcycle-wheelbase-affects-handling/
Harrison, A. (2021) ‘Motorcycle Gearing Lecture’ Motorcycle Technology Module. UWTSD, Swansea, [16th November 2021]
Harrison, A. (2021) ‘Resistance to Motion Lecture’ Motorcycle Technology Module. UWTSD, Swansea, [2nd November 2021]
Harrison, A. (2021) ‘Squat and Anti Squat Lecture’ Motorcycle Technology Module. UWTSD, Swansea, [2nd November 2021]
Motorcycle News (2021) Honda CBR1000RR Fireblade (2006-2007) Review. Available at: https://www.motorcyclenews.com/bike-reviews/honda/cbr1000rr-fireblade/2006/
Milbank, J. (2019) Zero SR/F (2020) electric motorcycle review | Real World. Available at:
https://www.motorcyclenews.com/bike-reviews/honda/cbr1000rr-fireblade/2006/
MotoGP (2019) Ducati Team 2019 Launch. Available at: https://www.motogp.com/en/gallery/2019/01/18/ducati-team-2019-launch/281657
Motorcycle Specs (2016) Yamaha YZF-1000 R1. Available at: https://www.motorcyclespecs.co.za/model/yamaha/yamaha_r1%2016.htm
Road Racing World (2014) MotoGP Will Go To 17-inch Wheels Beginning In 2016. Available at: https://www.roadracingworld.com/news/motogp-will-go-to-17-inch-wheels-beginning-in-2016/
Siahaan, T. (2020) What The Heck Is Rake and Trail? Available at: https://www.motorcycle.com/features/what-the-heck-is-rake-and-trail.html
Sportbiketrackgear (2021) Driven 520 Chain and Sprocket Kit Yamaha YZF-R1S 16-18. Available at: https://www.sportbiketrackgear.com/driven-520-chain-and-sprocket-kit-yamaha-yzf-r1s-16-18/
Sutherland, D. (2021) Zero SR/F review (2019-on). Available at: https://www.motorcyclenews.com/bike-reviews/zero/sr-f/2019/
Urry, J. (2021) Honda CBR1000RR Fireblade (2004-2007): Review & Buying Guide. Available at: https://www.bennetts.co.uk/bikesocial/reviews/bikes/honda/cbr1000rr-fireblade-2004-review-used-price-spec
Williams, D. (2020) 2021 Honda CRF450 Rally First Look (9 Fast Facts + Specs and Photos. Available at: https://ultimatemotorcycling.com/2020/12/31/2021-honda-crf450-rally-first-look-9-fast-facts-specs-photos/
Yamaha (2016) Yamaha YZF-R1 Owner’s Manual. Available at: https://cdn2.yamaha-motor.eu/prod/owner-manuals/Motorcycles/P2CR28199E1E.PDF
Zero (2020) Zero SR/F 2020 Owner’s Manual. Available at: http://media.zeromotorcycles.com/resources/owners-manuals/2020/2020-Zero-Owners-Manual-SRF.pdf


Shift Point Chart

1st gear	44.379654157045209	49.927110926675866	55.474567696306515	61.022024465937164	66.569481235567807	72.116938005198477	77.66439477482912	83.211851544459762	88.759308314090418	94.306765083721061	99.854221853351731	105.40167862298236	110.94913539261303	116.49659216224366	122.04404893187433	127.59150570150496	133.13896247113561	138.6864192407663	144.23387601039695	149.78133278002758	155.32878954965824	2419.5952410988639	2580.9015905054544	2661.5547652087503	2639.5584448351242	2540.5750031538078	2605.7179519526221	2696.1204115101623	2838.9917495560007	3357.1883970246731	3586.6941220994931	3656.2772532160602	3642.1275734435535	3629.3928616482958	3687.0022721506502	3607.3965412746693	3660.9527995756725	3568.9029806208241	3484.2171471823635	3406.0456086237846	3297.8186989791916	3145.4738134285226	2nd gear	53.015694965983734	59.642656836731703	66.269618707479651	72.896580578227628	79.523542448975604	86.150504319723581	92.777466190471543	99.404428061219491	106.03138993196747	112.65835180271546	119.28531367346341	125.91227554421137	132.5392374149593	139.16619928570731	145.79316115645526	152.42012302720323	159.04708489795121	165.67404676869916	172.30100863944716	178.92797051019511	185.55493238094309	2025.4530298791399	2160.4832318710819	2227.9983328670537	2209.5851235045166	2126.7256813730969	2181.2571091006116	2256.9333761510406	2376.5315550581909	2810.3160789573062	3002.4362560561358	3060.6845784840325	3048.8398239233361	3038.1795448187099	3086.4046169586891	3019.7663354561719	3064.5984973823502	2987.5432190717306	2916.6523630259612	2851.214649752942	2760.6174629463826	2633.0889388428809	3rd gear	62.638711867372372	70.468550850793918	78.29838983421547	86.128228817637023	93.958067801058547	101.78790678448011	109.61774576790164	117.44758475132322	125.27742373474474	133.10726271816631	140.93710170158784	148.76694068500939	156.59677966843094	164.42661865185252	172.25645763527405	180.08629661869557	187.91613560211709	195.74597458553865	203.57581356896023	211.40565255238175	219.23549153580328	1714.2881262846206	1828.5740013702616	1885.7169389130822	1870.1325014014042	1800.0025325988518	1846.1564436911297	1910.2067692885771	2011.4314015072875	2378.5747752199109	2541.1800460219079	2590.4798352745374	2580.4547585126393	2571.4321894269301	2612.2485733860876	2555.847751915252	2593.7924693349905	2528.5749862698153	2468.5749018498532	2413.1902085391193	2336.511223973112	2228.5745641700069	4th gear	73.078497178601111	82.213309325926261	91.348121473251382	100.48293362057653	109.61774576790164	118.75255791522679	127.88737006255192	137.02218220987709	146.15699435720222	155.29180650452736	164.42661865185252	173.56143079917763	182.69624294650276	191.8310550938279	200.96586724115306	210.10067938847817	219.23549153580328	228.37030368312844	237.50511583045358	246.63992797777877	255.77474012510385	1469.3898225296743	1567.3491440316523	1616.328804782642	1602.9707154869177	1542.8593136561587	1582.4198088781113	1637.3200879616372	1724.084058434818	2038.778378759923	2178.1543251616354	2220.4112873781742	2211.8183644394048	2204.084733794512	2239.070205759504	2190.7266444987872	2223.2506880014207	2167.3499882312703	2115.9213444427314	2068.4487501763883	2002.7239062626672	1910.2067692885767	5th gear	83.556176447402336	94.000698503327641	104.44522055925295	114.88974261517824	125.33426467110351	135.7787867270288	146.22330878295412	156.66783083887941	167.11235289480467	177.55687495072999	188.00139700665528	198.4459190625806	208.89044111850589	219.33496317443115	229.77948523035647	240.22400728628173	250.66852934220702	261.11305139813231	271.5575734540576	282.00209550998295	292.44661756590824	1285.1330035140491	1370.8085370816518	1413.6463038654535	1401.9632765607805	1349.3896536897514	1383.9893883997449	1432.0053467727971	1507.8893907898173	1783.1220423757427	1905.020687562002	1941.9787608656734	1934.4633631843049	1927.6995052710729	1958.2979101166459	1916.0164779663999	1944.4621096647345	1895.5711801832219	1850.5915250602302	1809.071843408238	1751.5886862709995	1670.6729045682632	6th gear	92.309680646654044	103.84839072748578	115.38710080831753	126.9258108891493	138.46452096998104	150.00323105081281	161.54194113164456	173.08065121247631	184.61936129330809	196.15807137413984	207.69678145497156	219.23549153580328	230.77420161663505	242.3129116974668	253.85162177829861	265.39033185913036	276.92904193996208	288.46775202079391	300.00646210162563	311.54517218245729	323.08388226328913	1163.2669428359923	1240.8180723583916	1279.5936371195917	1269.0184830938099	1221.4302899777922	1252.7490153618378	1296.2117363029627	1364.8998795942309	1614.0328831849388	1724.3721740862945	1757.8256025077217	1751.0228718478625	1744.9004142539886	1772.5972462262744	1734.3252602282066	1760.0734613344578	1715.8187406830887	1675.1043976838284	1637.5219272229735	1585.4897591246117	1512.2470256867898	Road Speed (km/h)


Driving Force (N)




2

image3.PNG
703.00

1390.00





image4.png




image5.png




image6.png




image7.png




image8.PNG




image9.PNG
— 1057.26

1659.84




image10.png
Road Speed

Mainshaft | Countershaft | Ratio (km/h) Revs Rev Falls

1st Gear 15 39 26 160.8762463 14500
12138.01 | 2361.991

2nd Gear 17 37 2.176 192.1818943 14500
12272.4 | 2227.596

3rd Gear 19 35 1.824 227.0653305 14500
12428.57 | 2071.429

4th Gear 19 30 1.579 264.9095523 14500
12681.75 | 1818.254

5th Gear 21 29 1.381 302.8911396 14500
13125 1375

6th Gear 24 30 1.25 334.6225923 14500
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