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1. [bookmark: _Toc28956208]Introduction
This piece of coursework will evaluate acquired measurements of two available motorcycles. The two motorcycles which happened to be available were a 2004 Honda VFR 800 and a 2013 Suzuki SV650S. The data measured will then be portrayed on a motorcycle schematic diagram. From these measurements a number of values will be calculated, such as the centre of gravity, the rake and trail, and the wheelbase and portrayed on the schematic as well. The two chosen bikes then will be compared in handling.
After having calculated all these values, the gear ratio will be determined of the Honda and from this the top speed, it should theoretically be able to achieve will be calculated. These values will be contrasted against reality to see if it actually can achieve this calculated top speed.
At last two further motorcycles will be analysed from modern competitive environments, such as WSB and the Dakar Rally.


2. [bookmark: _Toc28956209]Procedure
The Honda and the Suzuki were brought into the workshop of the University of Wales Trinity Saint David to be measured out. 
At first the wheelbase was measured with a plumb bob, which was hung from the front wheel axis and the rear wheel axis respectively. From the markings the plumb bob gave us the wheelbase was measured. The radius of both front and rear wheel were measured with the plumb bob as well. The length of the plumb bob was measured from the floor to where it was held, the middle of the wheel’s axis, which gives the radius of the wheel
Then the rake angle was measured with an electric and magnetic protractor stuck to the suspension forks.
The offset between the front suspension and the steering axle was calculated with a Vernier calliper, with which the diameter of the forks and the triple clamp nut was measured from. From these measurements, the offset was calculated with. 
The bikes then were weighed on two separate scales to attain separate values for the front wheel and the rear wheel weight. This was done four times. Two times while being on a flat surface, once without the rider and once with. The other two times the bikes were lifted in the rear with a stool, again once with a rider once without. 
At last the stool and both riders were weighed to be able to calculate the centre of gravity correctly and to have values with the rider as well.
For the two other bikes, from more competitive environments, video footage and pictures were analysed to attain approximate data.


3. [bookmark: _Toc28956210]Results 
Table 1 Bike Measurements
	Measurements
	2004 Honda VFR800
	2013 Suzuki SV650S

	Wheelbase L (m)
	1.464
	1.432

	Front wheel radius (m)
	0.283
	0.294

	Rear wheel radius (m)
	0.293
	0.305

	Average Wheel Radius (m)
	0.288
	0.300

	Swing arm axle (m)
	0.360
	0.393

	Rake angle (°)
	27.020
	25.120

	Front wheel weight (kg)
	109.500
	90.800

	Rear wheel weight (kg)
	123.700
	98.300

	Front wheel lifted (kg)
	115.150
	96.700

	Rear wheel lifted (kg)
	117.650
	91.800

	Front wheel weight w/ rider (kg)
	142.400
	117.900

	Rear wheel weight w/ rider (kg)
	187.300
	144.300

	Front wheel weight w/ rider lifted (kg)
	158.500
	129.700

	Rear wheel weight w/ rider lifted (kg)
	171.400
	132.550

	Rider weight (kg)
	97.100
	75.400

	Stool weight (kg)
	3.950
	3.950

	Stool height (m)
	0.360
	0.360

	Offset
	42.950
	27.285

	Total weight 
	233.200
	189.100

	Total weight w/ rider
	330.300
	264.500

	Angle of lift (°)
	14.235
	14.560

	Trail (mm)
	95.99
	107.71



Table 2 Centre of Gravity calculations
	Centre of Gravity
	Honda
	Suzuki

	xcog
	0.777
	0.744

	ycog
	0.476
	0.581

	xcog with rider
	0.830
	0.781

	ycog with rider
	0.292
	0.291



Table 3 Weight Split between front and back for the Honda
	Honda
	Split w/o rider
	Split w/ rider

	Front (%)
	46.955
	43.112

	Rear (%)
	53.045
	56.706





Table 4 Weight split between front and back for Suzuki
	Suzuki
	Split w/o rider
	Split w/ rider

	Front (%)
	48.017
	44.575

	Rear (%)
	51.983
	54.556
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[image: ][image: ]Figure 1 Data taken from Honda Service Manual

















[image: ]Figure 2 2004 Honda VFR800 Schematic

[image: ]Figure 3 2013 Suzuki SV650S Schematic

[image: ]Figure 4 2020 Honda Fireblade SP Schematic (Honda,2019)


[image: ]Figure 5 2020 KTM EXC 450 Rally Conversion Schematic (KTM,2019)




[image: ]Figure 6 Forces diagram for cornering of VFR
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Figure 7 Frontal Area of 2004 VFR with rider







[image: ]Table 5 Speed (km/h) in different gears for VFR (DUCMAN (2019))








	
	Data

	Max velocity (m/s)
	75.38

	Mass with rider (kg)
	330.30

	Gravity g (m/s²)
	9.81

	Air Density at sea level and 15°C (kg/m³)
	1.225

	Drag coefficient
	0.70

	Frontal Area with rider not tucked A (m²)
	0.56

	Frontal Area with rider tucked A (m²)
	0.45

	Air Drag Force with rider not tucked Fa1 (N)
	1364.20

	Air Drag Force with rider tucked Fa2 (N)
	1096.23

	Rolling Resistance Fr (N)
	64.80

	Fa1+Fr (N)
	1429.01

	Fa2+Fr (N)
	1161.04

	Power needed with rider not tucked (kW)
	107.72

	Power needed with rider tucked (kW)
	87.52


Table 6 Power Calculations to attain top speed for VFR
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Figure 6 Dyno Data of VFR

4. [bookmark: _Toc28956211]Analysis
[bookmark: _Toc28956212]Task 2
From figure 6, a frontal area with the rider not tucked was calculated to be 0.56m². With the rider tucked the frontal area was only 0.45m². The Drag Coefficient was decided to be 0.7 as the VFR is just a normal tourer. These measurements were used then to calculate the Power to attain top speed, which can be seen in Table 5, with the values used shown in Table 6. The power to attain 271.36 km/h with the rider not tucked is 107.72kW, whereas it is only 87.52kW when the rider is tucked. 
Comparing that data to figure 6, the dyno data, the power calculations are not straying too far from reality. On the dyno the VFR had 109.6 hp which is 77.6kW. Bearing in mind that the dyno run was made in fifth gear and having calculated the kW needed in fifth gear at 11000rpm was 71.71kW, the results do seem attainable in real life too.
[bookmark: _Toc28956213]Task 3
The VFR 800 is one of the most established sports tourers out there. Some features of a sports tourer include a long wheelbase and a low centre of gravity to improve stability and handling on those long trips. This can be seen figure 2, that the VFR has a wheelbase of 1464mm. Its rake, also specified as caster in the service manual, was measured to be 27.02°. This means it is very stable while driving in a straight line. This is needed for those long stretches on the highway. The trail was calculated from the rake to be 95.99mm. That means that the VFR is stable and not too heavy to turn into a corner. All these variables do not stray too far from the original values listed in the service manual. In the manual the wheelbase is specified to be 1460mm whereas the rake is 25°. The trail is to be 95mm long. This means that the measurements were taken precisely.
The centre of gravity (cog) on the Honda is where it can be expected to be. The cog might be a little further back on the schematic than expected because the fairings were taken off to fix a leaking radiator. It might be also a little lower because the tank was nearly empty when the measurements were taken. With the rider the cog is very low, at x=830mm and y=293mm. This shows that it is very stable in corners although it might be a bit more difficult to push it down while cornering.
The weight distribution in table 3 shows realistic data, with an ideal weight distribution of about 43% on the front and 57% on the rear with a rider. 
To calculate squat, acceleration was calculated from 0-100km/h. This can be realistically achieved in 4 seconds by the VFR. Acceleration was calculated to be 6.94 m/s². From this the load transfer was calculated to be 458.77N. The squat ratio which was calculated from the different angles of load transfer line and the squat line which can be seen in figure 2, which respectively are 21.13° and 38.98° give a squat ratio of 0.54/1.
A random corner radius was used to calculate the ideal cornering angle for the VFR. The radius was calculated with the variables of s=20m and i=50m. From these values a corner radius was established of 72.5m. The velocity for the VFR was set at 80km/h which is 22.2 m/s. From this, the ideal lean angle of 34.25° was calculated. The centrifugal force was calculated to be 2245.31N. The tire thickness was measured to be t=0.0615m. From these values the actual lean angle was calculated to be 34.25°+8.53°=42.78°. A forces diagram can be seen in figure 7.

The Suzuki SV650 is one of the most known naked bikes around. It is very easy to ride with a wheelbase of 1432mm, which can be seen in Figure 3. The rake angle which was measured to be 25.12°, makes it easier turning into a corner. The SVs trail of 107.71mm means it takes away a little of corner stability but increases its stability in a straight line. This means it is still very flickable through corners while still being stable in a straight line on a highway for example.
The SVs weight distribution with rider is also well distributed with about 44% on the front and 56% percent in the rear.
[bookmark: _GoBack]
[bookmark: _Toc28956214]Task 4
For this part a 2020 Honda Fireblade SP was chosen to be analysed, the data was gathered from the Honda UK website. A bike like this would be used in Factory stock competitions such as WSB or BSB, where they are slightly tuned but the dimensions would still be the same.
In figure 4 the Fireblade has a wheelbase of 1455mm with a rake of 24.1°. This leads to the bike having a trail of 101.4mm. These factors make it a good bike to be used for racing. It is stable on the straights and agile in the corners. (Honda, 2019)

The second bike which was chosen to be analysed was a KTM EXC450, which was converted into a rally bike. Such bikes are heavily used in the Dakar Rally and have won in the competition in the past few years. This bike has been ridden by Sam Sunderland, Toby Price, Matthias Walkner and Mick Extance in the past very successfully.
The KTM Rally has a wheelbase of 1428mm. Its rake of 26.5° results in a trail of 110mm. The diameter of the wheels is noticeably bigger compared to the other motorcycles. The bigger wheels help the KTM get through rougher terrain such as sand.
The centre of gravity has been improved because of the addition of the new navigation system used for rallying, including a roadbook and a gps unit Due to that and the addition of a 19l tank in the front and a 14l tank in the back the front and back suspension have been stiffened up (44Teeth, 2019), and the swingarm has been slightly lengthened. The chassis has been improved as well in terms of rigidity and braking stability, all while still being fast and stable during high speed straights. (nieuwsmotor, 2017).


5. [bookmark: _Toc28956215]Conclusion
The VFR and the SV650 are already well-established bikes for the purpose they were designed for.
Looking at the 2020 VFR 800 nothing from the dimensions has changed except for that the rake increased by 0.3°.
For the SV650, the 2020 model the wheelbase has increased by about 13mm. This would lead to the SV being more stable at faster speeds and on a straight line.
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DIMENSIONS

Overall length
Overall width
Overall height
Wheelbase

Seat height
Footpeg height
Ground clearance

2,120 mm (83.5 in)
735 mm (289 in)
1,195 mm (470 in}
1,460 mm (575 in)
805 mm (317 in)
349 mm (137 in}
125 mm (4.9in)
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Caster angle 25.5°
Trail length 95 mm (3.7 in)
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DRIVE TRAIN

Ciutch system

Clutch operation system
Transmission

Primary reduction

Final reduction

Gear ratio

st

2nd
3rd
4th
5th
Bth

Multi-plate, wet
Hydraulic operating
Constant mesh, 6-speeds
1.939 (64/33)

2,687 (43/16)

2.846 (37/13)

2,062 (33/16)

1.578 (30/19)

1.291 (31/24)

1111 (30/27)

0.665 (28/29)
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Curb weight ‘Standard type 244 kg (538 Ibs)
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m*g=

Centrifugal Force= 3240.24N
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Ente

RPM—» 1200 2230 3260 4290 5320 6350 7380 8410 9440 10470 | 11500
to display (help)

Speed 1st Gear| 961 17.85 261 3434 4259 5083 5907 | 67.32 7556 8381 9205
Speed 2nd Gear| 1326 2463 36.01 4739 5877 7014 8152 929 10428 | 11565 | 127.03
Speed 3rd Gear| 17 31 3218 47.04 619 76.76 9162 | 10649 | 12135 | 13621 | 151.07 | 16593
Speed 4th Gear| 2117 3933 575 7567 9384 12 13017 | 14834 | 1665 | 18467 | 20284
Speed 5th Gear| 24 61 4572 66.84 8796 | 109.08 | 1302 | 151.32 | 17244 | 19356 | 21468 | 2358
Speed 6th Gear| 2832 5262 7692 | 10123 | 12553 | 14984 | 17414 | 19845 | 22275 | 247.05 | 271.36
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