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In this report, the geometry of two motorcycles, a 2012 Suzuki SV650S and a 2004 Honda VFR800, was physically measured with workshop equipment. The geometry of two more motorcycles, a 2019 Honda C125 and a customized Indian Scout, was taken from manufacturer websites and calculated using photographs. The basic geometry of the bikes was then compared based on the vehicles’ intended functions. Additional exploration into the dynamics of the first two motorcycles was done using dynamometer data gathered in-house.
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The SV and VFR were measured using primarily meter sticks and scales. Wheelbase, axle heights, and steering head offsets were measured holding the vehicle upright with the front wheel straight; Vernier calipers were used for the offset. Wheelbase was measured by using a plumb gauge to mark the floor underneath each wheel axle and then measuring the distance between the marks. Weights were measured using one scale under each wheel. Both bikes were weighed level and with the rear wheel raised on a stool, both with and without a rider, to find the location of the center of mass. The results of the measurements are displayed in figures 1 and 2.
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Figure 1: SV650S Geometry (Author, 2019)
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Figure 2: VFR800 Geometry (Original photo: T. Schultze, 2019)
The chequered circle icons represent the calculated center of mass for each motorcycle, with dimensions from the front axle and from the ground. The second center of mass on each bike is the combined center of mass of both machine and rider, with the rider sitting in a natural upright position. The rider for the SV650S was weighed at 75.4 kg, and the rider for the VFR800 was weighed at 97.1 kg. The center of mass horizontal component was calculated using the formula  [Equation 1], where Wr is the weight on the rear wheel, Wt is the total weight, and L is the wheelbase. The center of mass vertical component was calculated with  [Equation 2], with Wre being the weight on the rear wheel when elevated, rf and rr being the front and rear wheel radii respectively, and ϴ being the angle of lift from horizontal.
Figures 3 and 4 describe the basic geometry of the second two vehicles. As these motorcycles were not physically present, the measurements shown were derived from a combination of given data and calculations. For the C125 in figure 3, the wheelbase, caster angle, and trail were taken from the manufacturer’s website (Honda, 2019). Using these known figures, the approximate length of one pixel was calculated (shown in top left) and used to measure the radius of front and rear wheel.
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Figure 3: Honda C125 Super Cub Geometry (Original photo: Honda, 2019)
In Figure 4, no measurements were known. Assuming a 17” wheel rim, the rear wheel radius was measured and used to find the approximate length of one pixel (shown top left). As the front wheel is hidden by the fairing, a perfect circle was drawn and scaled to fit the exposed section of rim. This drawn circle was then used to approximate the location of the front axle for use in geometry measurements. Using the calculated scale, pixel lengths were then measured and converted to ISO units.
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Figure 4: Custom Scout Geometry (Original photo: Maxim, 2019)
To calculate the steering head offset, once the trail and caster angle were measured, the formula  [Equation 3] was rearranged into  [Equation 4], where r is the front wheel radius, ϴ is the caster angle, and O is the steering head offset. This method was used to calculate offset for both Scout and C125.
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In examining the geometry data, some details become immediately apparent. All the measured motorcycles share similar wheel radii, and in nearly all cases the rear wheel radius is larger than the front—this is likely due to the larger tyre profile on the rear typical in modern motorcycles, and explains why the C125 is the only exception, as its front and rear tyres have extremely similar sizes and identical profiles (Honda, 2019). It should be noted, however, that according to the listed tyre sizes, the rear still should be slightly larger than the front on the C125; this discrepancy is likely due to inaccuracies in the measurement method as well as the fact that the rear axle is obscured in the diagram.
The caster angles of the bikes are within a 3° range with the largest being the custom Scout and the smallest being the SV650S. More important to the dynamics of the machine is the trail itself, which interestingly does not correspond directly do the caster angle. While the SV650S has the smallest caster angle, it is the C125 with the shortest trail. In terms of handling, longer trails mean increasing linear stability (Cossalter, 2006), so the most stable would be the custom Indian motorcycle with its comparatively lengthy 133mm trail. This makes sense as, being a drag bike, the machine in question would not be expected to turn easily and due to the speeds involved with the sport, may in fact benefit from greater resistance to turning. By contrast, the C125 would not likely be capable of very high speeds, so less stability would not carry the same element of risk, and as a small commuter bike, it would benefit from the increased maneuverability.
The VFR800 and SV650S share similar trails as well as overall geometry so it can be assumed their handling characteristics might be nearly identical, but the SV with its smaller caster angle will experience more stress on the front fork assembly during maneuvers (Cossalter, 2006). Of perhaps more interest is the change in center of mass with the addition of the rider. Though the VFR is the heavier bike by nearly 45kg, its center of mass moves significantly more than the SV when the rider is included. This large difference could be partly due to the heavier rider, but it also hints that the VFR might change its behavior more than the SV with the addition of a second passenger or luggage. The measured values suggest that overall, the SV provides a more consistent handling experience.
Though not shown in the diagrams, the centers of mass with and without riders for both bikes are still forward of the 1G line, meaning neither motorcycle is likely to wheelie under regular usage. However, due to the VFR’s greater shift in center of mass, it will be the first to encounter underloading of the front wheel during acceleration if more passenger and luggage weight is added.
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Both the VFR800 and the SV650S were run on a rolling road dynamometer. The resulting data is displayed, along with velocity and force calculations, in tables 1 and 2:
Table 1: SV650S Dynamometer Data
[image: ]
Table 2: VFR800 Dynamometer Data
[image: ]
The power displayed is the power at the rear wheel. The velocities displayed are the linear speed of the motorcycle in 6th gear, assuming no wheel slip. These values were calculated by first multiplying the engine RPM by the inverses of the primary, gearbox, and final reduction ratios (Gillespie, 2019) to get the rotational velocity of the rear wheel, which was then converted to linear velocity in the resulting equation  [Equation 5] giving velocity in m/s, which was converted to kilometers per hour in the second column. In both tables, the final RPM value does not follow convention, and is instead the maximum RPM measured by the dynamometer in order to find mechanical top speed.
Fbike refers to the linear accelerating force produced by the motorcycle at each RPM, and was calculated using velocity and power:  [Equation 6] (power was first converted to ISO Watts). Fresist attempts to chart the resistance to motion, and is the combination of both rolling resistance and aerodynamic resistance, given by the formula  [Equation 7].
The frontal area used to calculate aerodynamic drag was found using photographs. As shown in figures 5, 6, and 7, a mask was cut around the outline of the motorcycles and its area in pixels was measured. Using the front tyre width, the approximate ratio of pixel to mm was found and then multiplied against the area and converted to m2. The drag coefficient was set at .7 for both bikes to match figures given in online forums (Rivers, 2014) and in articles (Uhlarik, 2016).
[image: ][image: ]Figure 5: VFR800 Frontal Area 1 (Original photo: Visordown, 2010)

Figure 6: SV650S Frontal Area
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Figure 7: VFR800 Frontal area 2 (Original photo: Perkins, 2001)
The initial frontal area calculations for the VFR returned suspiciously low values, so an additional reference from a different photograph was taken. As these values also appeared to be very low, a precalculated CdA was found for a similar motorcycle, the previous model of VFR. This value was used to calculate Fresist 3 in table 2.
These force values for each bike were plotted against velocity in figures 8 and 10. From the graphs, the data would seem to suggest that both vehicles are capable of reaching their mechanical top speeds, though the trouble with the VFR frontal area calculations speaks towards a significant level of uncertainty in the numbers. It is also worth noting that the force of the bikes closely matches their respective torque curves (figures 9 and 11), which makes sense as the engine torque would have the largest effect on accelerating force.

Figure 8: SV650S Force vs Velocity

Figure 9: SV650S Power and Torque

Figure 10: VFR800 Force vs Velocity

Figure 11: VFR800 Power and Torque
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Based on the data seen in this report, some recommendations for alterations for the SV650S and VFR800 can be made. Provided the force and velocity data has a reasonable amount of accuracy, the SV650S need not be concerned with decreasing aerodynamic drag, and it is unlikely either bike will see significant gains by doing so. The trail of the SV650S might be shortened to take better advantage of its lighter weight and make it more maneuverable. By contrast, a longer wheelbase or perhaps a more front-biased center of mass on the VFR800 might help it keep more consistent handling as passenger and luggage loads increase—this is particularly salient as the VFR is sold as a touring model. In the same vein, its trail might be increased to gain more stability, but care should be taken so as not to make its heavy weight unwieldy at low speeds. For the SV, a reduction in steering head offset might be paired with an increase in caster angle to preserve trail while putting less stress on the front fork assembly to enhance component longevity.
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SV650S Power and Torque
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VFR800 Force vs Velocity
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VFR800 Power and Torque
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RPM Torque (Nm)Power (HP) V (m/s) V (kph) Fbike (N)Fresist (N)

4000 49.52 27.43 24.06 86.61 850.30 105.43

4500 51.72 32.22 27.07 97.44 887.82 123.58

5000 52.33 36.17 30.07 108.26 896.91 143.86

5500 51.67 39.14 33.08 119.09 882.32 166.28

6000 53.59 44.27 36.09 129.92 914.74 190.83

6500 55.40 49.54 39.10 140.74 944.91 217.52

7000 58.60 56.45 42.10 151.57 999.84 246.35

7500 59.36 61.15 45.11 162.40 1010.83 277.31

8000 57.88 63.32 48.12 173.22 981.33 310.41

8500 56.86 65.82 51.12 184.05 960.07 345.64

9000 55.52 67.72 54.13 194.88 932.89 383.00

9500 53.26 68.04 57.14 205.70 887.90 422.50

9965 50.90 67.67 59.94 215.77 841.98 461.15
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RPM Torque (Nm)Power (HP) V (m/s) V (kph) Fbike (N)Fresist (N)Fresist 2 (N)Fresist 3 (N)

3000 63.82 25.97 17.16 61.77 1128.65 58.86 60.91 108.63

3500 67.54 32.08 20.02 72.07 1194.83 63.60 66.38 131.34

4000 66.55 35.94 22.88 82.36 1171.49 69.06 72.69 157.54

4500 66.47 40.25 25.74 92.66 1166.28 75.25 79.85 187.23

5000 67.27 45.12 28.60 102.95 1176.51 82.16 87.84 220.41

5500 68.90 50.75 31.46 113.25 1202.97 89.81 96.68 257.09

6000 71.35 57.28 34.32 123.54 1244.62 98.19 106.36 297.26

6500 73.22 63.49 37.18 133.84 1273.54 107.29 116.89 340.93

7000 76.80 71.62 40.04 144.13 1333.89 117.12 128.25 388.08

7500 81.14 80.88 42.90 154.43 1405.94 127.68 140.46 438.73

8000 80.61 85.06 45.76 164.72 1386.19 138.97 153.50 492.88

8500 82.38 92.24 48.62 175.02 1414.90 150.98 167.39 550.52

9000 83.89 99.06 51.48 185.31 1435.00 163.73 182.12 611.65

9500 82.97 102.74 54.34 195.61 1410.03 177.20 197.70 676.27

10000 81.38 105.25 57.20 205.90 1372.28 191.40 214.11 744.39

10500 80.76 108.62 60.06 216.20 1348.75 206.33 231.37 816.00

11000 78.49 109.66 62.92 226.49 1299.80 221.98 249.47 891.10

11500 74.39 107.14 65.78 236.79 1214.63 238.37 268.41 969.70

11740 71.82 104.56 67.15 241.73 1161.14 246.49 277.80 1008.66
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