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[bookmark: _Toc57992587]Introduction
The aim of this assignment was to obtain technical information for 4 different motorcycles, 2 being motorcycles where practical assessments could be carried out, including measurements for centre of gravity as well as specific geometric measurements. The other 2 motorcycles were required to be more modern. The reason for this was to compare the 2 bikes’ physical measurements to those that had been researched. However, due to the pandemic, physical measurements could only be conducted on a motorcycle that could be accessed at home. This meant physical measurements for the second motorcycle had to be taken from readings that had been carried out previously and provide to us by the University. 
Research on gearing ratios also had to be conducted on the motorcycle of our choice. This information was then used to determine the maximum speed of the bike. All readings acquired were then to be used to evaluate the handling characteristics for the 2 motorcycles measured.
The information obtained from researching the 2 modern bikes was then compared to that of the 2 motorcycles that were measured, to determine how the modern motorcycles had been designed to get the maximum performance out of the bike.
Finally, using all the information obtained, suggestions had to be made on any changes that could be made to the 2 motorcycles measured to improve the handling characteristics.

[bookmark: _Toc57992588]Finalised Results
[bookmark: _Toc57992589]Theoretical and Practical Max Speed
The motorcycle that was accessible from home and had practical measurements taken from was a 2018 Yamaha Tracer 900 GT. This was also the bike on which research was carried out to find the machines gear ratios and thus carry out calculations for speed. The gear ratios were inputted into a gearing calculator to find the bikes maximum possible speed.
 [image: ][endnoteRef:3] [3:  https://cdn.yamaha-motor.eu/owner-manuals/Motorcycles/PB1J28199E0E.PDF
] 

Figure 1 Gear Calculator
Figure 1 shows the top speed achievable by the motorcycle was 270.67km/h. To find out if the bike had enough power to achieve this speed, research had to made on dyno readings for the motorcycle. Once power readings had been obtained for the motorcycle, calculations could be made to find out if the maximum power output of the bike at 270km/h, was enough to achieve this top speed once resistance was considered.



[image: ][endnoteRef:4] [4:  https://www.engineeringtoolbox.com/drag-coefficient-d_627.html
   https://www.bennetts.co.uk/bikesocial/reviews/bikes/yamaha/yamaha-tracer-900-and-gt-road-test-review
] 





Table 1 Key Values



Table 1 shows the power required for the bike to reached 270km/h was 164kW, however looking at Table 2, at 11000rpm the bike was only producing 76.8kW. This clearly shows the bike did not enough power to reach 270km/h after considering the forces acting against it.
[image: ][endnoteRef:5]Table 2 Dyno Readings/Speed/Force Calculations [5:  https://www.motorcyclistonline.com/paradox-2019-yamaha-tracer-900-gt/
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To understand the handling characteristics for the 2 bikes analysed, motorcycle schematic diagrams had to be constructed. This was to get a clearer view of the differences in dimensions between the 2 machines.
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Figure 2 Honda Schematic Diagram
[image: ]
Figure 3 Yamaha Schematic Diagram

	Firstly, the Honda CRF 450R is a motocross racing bike, this requires the bike to have a deeper triple clamp offset to allow the headstock to have a greater rotation for more clearance in the bikes turning radius for the tighter corners of a motocross racetrack. The Honda also has a front wheel suited to the terrain, with a larger diameter to ride over uneven track. The Honda is designed to have more control in a racing scenario, despite the slacker rake angle, the larger clamp offset allows the bike to corner sharper than the Tracer. Figure 2 shows the centre of gravity of the bike to be relatively central as expected however, with a rider on, the bikes centre of gravity shifts to be further back and higher up. This compliments the bikes style of riding as the rider sits more upright as turns into corners with his leg out as opposed to keeping his legs tucked in and leaning into the corners. It also shifts the weight to the bike of the bike allowing the rider to pick up the front easier. The shorter wheelbase allows the bike to be nimbler in a motocross racing scenario.
	In comparison, the Yamaha is designed for more stable road going style touring. This is demonstrated by the bikes longer wheelbase and shorter clamp offset. The bike is not designed to turn sharp corners at speed like the Honda is, but instead designed for a smoother lean around soft corners. The centre of gravity on the Yamaha is also located central for the bike, however when a rider is placed on the bike, the centre of gravity raises almost directly up, suggesting a slightly more leant forward approach to that of the Honda. This might be due to the more comfortable position for the rider to take on long journeys the bike is designed for. The rake angle and trail for the Yamaha are less than that of the Honda, this might be due to the shorter offset, the rider does not need to turn the bars as drastically to achieve the same turn as the Honda might, whilst still maintaining a stable feel for the bike in a straight line.


[bookmark: _Toc57992591]Modern Motorcycles[endnoteRef:7] [7:  https://www.yamaha-motor.eu/gb/en/products/motorcycles/sport-touring/tracer-9-gt/techspecs/ 
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For the modern motorcycles, research was conducted on 2021 versions of the same 2 bikes that can be seen in Figures 2 and 3. The main measurement that stands out, that has not already been covered, is the ground clearance for both bikes. The Honda shows a significantly larger ground clearance than the Yamaha whilst still being shorter in height. The obvious reasoning for this drastic ground clearance is the application of the bike in motocross racing and the terrain that the bike is expected to perform on, it allows for a larger suspension travel and therefor a smoother ride for the racer. The newer model of the Honda also has a decreased rake angle whilst maintaining the same trail, this suggests the clamp offset has been reduced giving the rider more control over the steering. 
The 2021 model of the Tracer has not changed dramatically since the 2018 model shown in Figure 3, The rake angle has been increased by a degree, thus giving the bike 8mm more trail, allowing the bike to have a stabler feel when riding in a straight line. This is a small change, but a change that would improve the bikes performance in its designed area.

[bookmark: _Toc57992592]Methodologies
[bookmark: _Toc57992593]Resistance Calculations
To find out if motorcycle would reach its top speed of 246km/h, substantial research and calculations had to be made. Firstly, the gear ratios for the Yamaha were found in the user manual referenced in Figure 1. These could then be used to calculate the maximum speed. To work out the total resistive force acting on the motorcycle at this speed, numerous values were required. 
A rough value for the frontal area of the motorcycle was found be multiplying the height of the bike, by its width, and divided by 2, this gave a value of 0.584m^2. 
The drag coefficient for the bike was found through conducting research and was found to be a value of 1.1 when the frontal area of the bike was 0.51m^2, which was not far off the rough value previously calculated.
Using these values for drag coefficient and frontal area, a value for drag friction was calculated to be 1752N as seen in Table 1. Friction at the wheel also had to be considered. This value, the total weight of the rider and bike, as well as the value for gravity, was found to be 61N, giving a total resistive force of 1813N.
Then, knowing the total resistive force at 246km/h, the maximum power required to reach the maximum speed was found to be 123.9kW. Directly comparing this to the power achieved from the dyno readings in Table 2 shows the Yamaha to have insufficient power output to achieve this top speed.


[bookmark: _Toc57992594]Schematic Diagrams
For the Yamaha schematic diagram, all measurements were taken by hand and recorded in a table. This could not be repeated for the Honda due to complications and so the same geometric readings for the Honda were supplied by the University.
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	The more complicated readings to measure were the readings for centre of gravity. These readings for the Honda were also supplied by the University. However, for the Yamaha results for the weight of the bike were obtained by using a set of scales and various slabs of wood with known thicknesses. The difficulty came in finding an object that had the same thickness as the set of scales, so when measuring the weight at each wheel, the bike was still on a level plane. These readings could then be shown in a table and used to work out the X and Y co-ordinates for the centre of gravity for each bike, with and without a rider. These measurements had to be repeated with the rear wheel on a support raising it a known measurement off the ground.Table 4 Centre of Gravity Measurements Continued
Table 3 Centre of Gravity Measurements
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The geometric values, as well as the coordinates for centre of gravity could then be plotted on an excel graph to create the bike schematic diagrams seen above in Figure 2 and Figure 3.
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It is relatively easy to suggest alterations to be made to the 2 previous bikes studied in Figures 2 and 3, after completing research on the improvements already made in the new models. The Hondas rake angle had been reduced whilst keeping the trail at 114mm, this suggests the triple clamp offset had been reduced. This would have been done to give the rider a lighter feel on the bars when steering, and to improve the versatility of the machine when taking corners at high speeds.
The Yamaha had a slightly increased rake angle to increase the bikes trail. This would allow the bike to have a stabler feel when riding in a straight line for example when performing long rides like the bike was designed to do. The basic dimensions of length, width and height of the Yamaha had also all been increased, meaning the newer model is a larger bike with a larger power output. 
	


[bookmark: _Toc57992597]Evaluation
The assignment was challenging, performing some of the physical measurements at home proved difficult, especially when it came to the centre of gravity measurements. When it came to calculations on excel, difficulty came in creating a bike schematic diagram using excel graphs. Having never ridden a motorcycle, understanding the handling characteristics was challenging, considerable research had to be made on the basic handling characteristics of a motorbike. 
Having some experience in riding a motorcycle would greatly improve my understanding of how a motorcycle handles and allow me to improve some aspects of the assignment. Gaining clarity on some of the questions sooner from fellow students and lecturers would have saved me a lot of wasted time researching incorrect methods for the assignment. 
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Gear Calc.

     Primary 47 79

       Final 16 45

       Diam 0.64 m

       RPM 8500 rev/min

     Ratios Speed Revs Falls

(km/h)

1st A 15 40 2.667 81.34 8500

6375 2125

2nd A 19 38 2.000 108.45 8500

6881 1619

3rd A 21 34 1.619 133.97 8500

7250 1250

4th A 21 29 1.381 157.07 8500

7328 1172

5th A 21 25 1.190 182.20 8500

7404 1096

6th A 27 28 1.037 270.67 11000


image3.emf
Max Speed (m/s) 75.187

RPM 10000

Density of Air (kg/m^3) 1.167

Frontal Area (m^2) 0.584

Drag Coefficient 1.1

Mass of Rider + Bike (kg) 311

Gravity (m/s^2) 9.81

Drag from Friction (N) 2120.362

Drag from front wheel (N) 61.018

Total Resistance (N) 2181.380

Power Required (kW) 164.011

Max Power (kW) 78.3
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 Road Speed (km/h)     Driving Force (N)

RPM Power (hp)Torque (Nm)Power (kW) 1st 2nd 3rd 4th 5th 6th 1st 2nd 3rd 4th 5th 6th

3500 37 75.0 27.591 33.49 44.66 55.16 64.67 75.02 86.12 2965.7 2224.3 1800.6 1535.8 1324.0 1153.3

4000 42 74.4 31.319 38.28 51.04 63.04 73.91 85.74 98.43 2945.6 2209.2 1788.4 1525.4 1315.0 1145.5

4500 47 73.5 35.048 43.06 57.42 70.93 83.15 96.46 110.73 2930.0 2197.5 1779.0 1517.3 1308.1 1139.5

5000 51 71.7 38.031 47.85 63.79 78.81 92.39 107.18 123.03 2861.5 2146.1 1737.3 1481.8 1277.4 1112.8

5500 56 70.8 41.759 52.63 70.17 86.69 101.63 117.89 135.34 2856.4 2142.3 1734.2 1479.2 1275.2 1110.8

6000 63 75.9 46.979 57.42 76.55 94.57 110.87 128.61 147.64 2945.6 2209.2 1788.4 1525.4 1315.0 1145.5

6500 72 78.5 53.690 62.20 82.93 102.45 120.11 139.33 159.94 3107.5 2330.6 1886.7 1609.2 1387.3 1208.5

7000 79 80.1 58.910 66.98 89.31 110.33 129.35 150.05 172.25 3166.1 2374.5 1922.2 1639.6 1413.4 1231.2

7500 86 81.1 64.130 71.77 95.69 118.21 138.59 160.76 184.55 3216.8 2412.6 1953.1 1665.9 1436.1 1251.0

8000 91 81.2 67.859 76.55 102.07 126.09 147.83 171.48 196.85 3191.1 2393.3 1937.5 1652.5 1424.6 1241.0

8500 97 81.3 72.333 81.34 108.45 133.97 157.07 182.20 209.16 3201.4 2401.1 1943.7 1657.9 1429.2 1245.0

9000 102 79.2 76.061 86.12 114.83 141.85 166.31 192.92 221.46 3179.4 2384.6 1930.4 1646.5 1419.4 1236.4

9500 104 77.7 77.553 90.91 121.21 149.73 175.55 203.63 233.76 3071.1 2303.3 1864.6 1590.4 1371.0 1194.3

10000 105 71.6 78.298 95.69 127.59 157.61 184.79 214.35 246.07 2945.6 2209.2 1788.4 1525.4 1315.0 1145.5

10500 104 70.5 77.553 100.48 133.97 165.49 194.02 225.07 258.37 2778.6 2084.0 1687.0 1438.9 1240.5 1080.6

11000 103 65.4 76.807 105.26 140.35 173.37 203.26 235.79 270.67 2626.8 1970.1 1594.9 1360.3 1172.7 1021.5
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         Yamaha Tracer 900GT

F.W. Radius

mm

R.W. Radius

mm

Wheelbase

mm

Bike Length

mm

Bike Width

mm

Bike Height

mm

Trail

mm

Rake Angle

°

Seat Height

mm

Offset

mm

Swing Arm Length

mm

Bike Weight

kg

Average Wheel Rad

mm

315

100

24

850

27

592

227

310

320

1500

2160

850

1375
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              Honda CRF 450R

F.W. Radius

mm

R.W. Radius

mm

Wheelbase

mm

Trail

mm

Rake Angle

°

Offset

mm

Swing Arm Length

mm

Bike Weight

kg

Average Wheel Rad

mm

569

112

324.5

334

315

1473

114

32

54
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CoG Measurements

     Honda CRF 450R

Front Rear Front w/Rider Rear w/Rider

Flat (kg) 47.4 49.4 69.8 102

Lifted (kg) 50.8 45.9 84.5 86.9

Yamaha Tracer 900GT

Front Rear Front w/Rider Rear w/Rider

Flat (kg) 107 99 112 134

Lifted (kg) 112.5 97 132 128
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Honda Yamaha

Stool Height

mm

Angle of Lift

°

Angle of Lift

Rads

Rider Weight

kg

CoG X Co-ord

No Rider

CoG Y Co-ord

No Rider

CoG X Co-ord

With Rider

CoG Y Co-ord

With  Rider

646.30225

849.3416

80

3.1

0.0541052

84

654.18502

559.02384

351

13.4

0.233874

74.45

649.6982

517.719

805.8246

825.2423


