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[bookmark: _Toc57891353]Introduction
 The aim of the task was to collect (through measurement) motorcycle geometry data to determine the centre of gravity of two motorcycles, and assess the geometry against the known handling characteristics of the motorcycles. Also, using gear ratio information, calculate the maximum possible speed of the fitted gear ratios and determine whether each motorcycle has enough power to reach this speed when considering forces resisting motion.
 Additionally, the geometry data (through research) for two motorcycles that can be considered to be at the peak of their respective disciplines was required. This information would be related to the desired use of the motorcycle, and compared to the two measured motorcycles.
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[bookmark: _Toc57891355]Centre of Gravity
[image: A motorcycle parked on the side of a building

Description automatically generated]  Figure 1 - CBR400RR on scales, showing the "level" weighing (Note that the side stand would not be used during the test).

  The two motorcycles chosen for the test were the Honda CBR400RR (1994) and the Kawasaki ER6n (2011). Prior to performing the centre of gravity test, the motorcycle dimensions seen as key to handling and performance characteristics were measured (See Results section for data).
For the centre of gravity test, separate scales were placed underneath the front and rear wheels. The bike was held balanced upright with minimal input so as not to increase or decrease the force applied to the scales. The values from the scales were recorded in 4 different scenarios for each bike;
[image: A motorcycle parked on the side of a building

Description automatically generated]Level without a rider (Shown Figure 1), level with a rider, inclined without a rider (as shown in Figure 2) and inclined with a rider.Figure 2 - Kawasaki ER6n in the “inclined” position.


 

 In this case, the rear wheel was raised 0.23 m in order to give a significant angle of incline but still remain practical. The values recorded from the scales were used in the following calculations before excel was used to plot a schematic showing the centre of gravity of the motorcycles. 


[bookmark: _Toc57891356]Resistance to Motion (FD, FW, FP)
  The aero drag forces, FD, were calculated by aligning a grid over a picture of the front of each motorcycle, with a rider in a neutral position. The grid was aligned with a 0.0025 m2 piece of tape attached to the most vertical part of the motorcycle. The total frontal area was then estimated using the grid overlay shown in figures 3 & 4 before being used in the following equation;

Typical drag coefficients for a faired and an unfaired motorcycle will be used, 0.35 m2 and 0.5 m2 respectively (Cossalter, 2006). Density of Air = 1.167 kgm-3.
[image: A picture containing building, small, large, sitting

Description automatically generated][image: A picture containing building, indoor, large, skiing

Description automatically generated]
Figure 3 - Frontal area of ER6n (0.430 m2)                    Figure 4 - Frontal area of CBR400R (0.385 m2)

The rolling resistance , FW, was calculated  using the following equation;

The resistive force due to the gradient, FP, was calculated as follows (gradient Ɵ = 0, for this test); 
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[bookmark: _Toc57891358]Centre of Gravity & Geometry
[image: ]Table 1 - Kawasaki ER6n measured dimensions








[image: ]Table 2 - Honda CBR400RR measured dimensions

Table 3 - Kawasaki ER6n Centre of Gravity Data
[image: ]
Table 4 – Honda CBR400RR Centre of Gravity data
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[bookmark: _Toc57891359]Schematics
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Figure 5 - Kawasaki ER6n Excel drawn schematic
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Figure 6 - Honda CBR400RR Excel drawn schematic


[bookmark: _Toc57891360][image: ]Driving Force & Resistance to Motion – Kawasaki ER6nTable 5 - Driving Force of Kawasaki ER6n 4000-11000 RPM.

[image: ][image: ]Table 6 - Resistance to Motion (Aero Drag, Rolling Resistance, and Gradient).

[image: ]
Figure 7 - Speed (mph) VS Driving force for each gear, with Resistive Forces curve.

[bookmark: _Toc57891361]Driving Force & Resistance to Motion – Honda CBR400RRTable 7 - - Resistance to Motion (Aero Drag, Rolling Resistance, and Gradient).
Table 8 - Driving Force of Honda CBR400RR

[image: ][image: ]
[image: ][image: ]Figure 8- Speed (mph) VS Driving force for each gear, with Resistive Forces curve.
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[bookmark: _Toc57891363]Centre of Gravity & Geometry
· The calculated centre of gravity for both motorcycles shows similar weight distribution Fr / Re (tables 3 & 4);
Kawasaki Bike Only = 54 / 46 			Honda Bike Only = 54 / 46
Kawasaki + Rider = 48 / 52			Honda + Rider = 47 / 53
· With calculated CoG positions X(from front axle) / Y (from ground) (m);
Kawasaki Bike Only = 0.651 / 0.510 		Honda Bike Only = 0.627 / 0.444
Kawasaki + Rider = 0.728 / 0.651		Honda + Rider = 0.728 / 0.672
Δ (X / Y) = 0.077 / 0.141			Δ (X / Y) = 0.101 / 0.228
  
  The even weight distribution in the X-axis provides a balance between acceleration and braking performance. Shifting the bias forwards is not necessary, as power wheelies are unlikely in all but first gear, given the power and gearing of the two motorcycles. Conversely, shifting the weight too far rearwards would make wheelies more likely, making front flip-overs during heavy braking less likely.
[bookmark: _Hlk57381231] The YCoG values are within typical CoG heights (0.5 – 0.7 m with a rider) (Cossalter, 2006), and in similar positions relative to the wheelbase, as shown by the schematics, figures 5 & 6. The addition of a rider moves the YCoG significantly higher, particularly for the Honda. The lower motorcycle weight, means the addition of a rider weighing nearly one third of its mass, has a larger effect on the CoG. 
 Similarly for the X-axis weight distribution, the Y-axis distribution is balanced to reduce wheelies and front flip-overs. Both motorcycles are designed for the road, where traction is relatively high and large load transfers are not required to generate enough traction. Comparatively, off-road motorcycles have a higher YCoG, to account for lower traction coefficients (Cossalter, 2006), using the load transfer to each tyre to increase traction.


· Rake;
Kawasaki = 25.88˚ 				Honda = 25.18˚
· Trail; 
Kawasaki = 0.105 m				Honda = 0.095 m
 The rake and trail values are similar, as shown in tables 1 & 2, both approximately 0.1 m with rake values of roughly 25˚. 
  Using the comparison parameter Rn, taking into account wheelbase (trail / (Wb + trail) ), the Honda has a ratio value of 6.5 %, which is on the upper limit of typical sports bike values of 6.0-6.5 %, where the Kawasaki has a ratio value of 6.9 %, falling into the sports touring values of 6.5-8.0%. 
 Both motorcycles require stability at high speed, however are primarily designed for urban use, necessitating agility for small and busy streets. The wheelbase and the trail values provide a balance between the two. In comparison, a small engine scooter or a cruiser, where high speeds are generally not achieved, the trail / wheelbase ratio is small, giving greater manoeuvrability at low speed but instability at high speed (Cossalter, 2006).

· Squat Ratios, R,  were calculated using the equation; 
R = 

Giving ratios of;
Kawasaki =  94.99 %				Honda =   105.57 %
 Whilst static, the geometry of both motorcycles offset close to 100 % of the weight transfer.  The ratios would vary in a dynamic situation as the swingarm angle varies.  Too much squat on corner exit, although giving rear wheel grip, would unload on the front wheel inducing understeer. Squat ratios above 100 % cause the rear to be unloaded upon acceleration, inducing oversteer.




[bookmark: _Toc57891364]Resistance To Motion & Maximum Speed
  The driving forces, 𝐹 (𝑁), as shown in tables 5 & 7, were calculated using dynamometer (BHP converted to kW) measurements for power, 𝑃  (𝑘𝑊), and road speed calculated using gear ratios (see appendix), 𝑉 (𝑚𝑠−1),  results using equation;
𝐹=𝑃𝑉

[image: ] Tables 6 & 7 show the calculated resistive forces working against the driving force at a given RPM/gear/velocity. The opposing forces at maximum speed are compared in tables 9 & 10.Table 9 - Comparison of driving force and resistive forces for the Kawasaki at maximum speed

[image: ]Table 10 - Comparison of driving force and resistive forces for the Honda at maximum speed


 Both motorcycles reach maximum speed whilst the resistive forces are less than that of the driving force, showing that the limiting factor is gearing, and that both motorcycles can reach their max RPM in top gear. Figures 7 & 8 also show the available acceleration force, as the difference between the driving force and resistive force.
[bookmark: _Toc57891365]Comparison - 2019 MotoGP & 2020 Dakar
[image: A person riding a motorcycle on display

Description automatically generated]
Figure 9 - Honda RC213V 2019 MotoGP (MotoGP.com, 2020)
[image: ]
Figure 10 - KTM 450 Rally 2020 Dakar (advpulse.com, 2020)

· Using the overlayed grid (figures 9 & 10) for a visual comparison and using researched figures, the comparison between the Honda and the KTM shows the rake and trail for the KTM are larger than that of the Honda;

Honda Trail = 0.095 m 				KTM Trail = 0.120 m
Honda Rn % = 6.62 %				KTM Rn % = 8.01 %
Honda Rake = 24.0 ˚				KTM Rake = 62.5 ˚ 
 The KTM designed for off-road riding needs to make use of the self-aligning stability that rake and trail increases. The Rn values (trail as a percentage of wheelbase) show the difference between the MotoGP need for manoeuvrability and the Dakar requirement for stability. Modern MotoGP motorcycles gain some of their high speed stability aerodynamic means such as winglets (cycleworld, 2020) and steering dampers, allowing for lesser trail.
· Adding an estimated CoG (marked by the ‘X’ on figures 9 & 10), shows a large difference in YCoG, but similar XCoG positions relative to wheelbase;

Honda XCoG = 0.75 m				KTM XCoG = 0.76 m
Honda YCoG = 0.43 m 				KTM YCoG = 0.65 m
 Due to the lack of traction available off-road compared to tarmac, the KTM has a higher CoG. This increases load transfer during acceleration and braking, increasing traction. The “open” seat design also enables the rider to position themselves forward or rearwards, moving the CoG depending on the terrain. The much lower CoG of the Honda, is designed to reduce load transfer minimising wheelies under acceleration, and rear lift during braking. The low CoG also makes for easier changes in direction, for instance through chicanes. 
[bookmark: _Toc57891366]Improvements To The CBR400RR and ER6n
 The CBR400RR measured and the RC213V MotoGP share similar geometry and both weigh approximately 160 kg (UltimateSpecs.com, 2020) (FIM Regulations, 2020). The CBR400RR is known as being very accurate and manoeuvrable which is not surprising given the similarities to the modern RC213V. 
 The ER6n would seem to be similar to the CBR400RR and RCV213V based on the measured geometry values, however the Kawasaki is heavier with a slightly longer trail, and whilst it does not have poor handling (in fact, they are used in the mini and super twin championships race series), it lacks the speed of directional changes that the two Hondas exhibit. Decreasing the weight and trail could improve this. Lowering the front or increasing rear ride height would achieve this.


   


[bookmark: _Toc57891367]Evaluation
 The geometry measurements were close to the factory spec measurements as shown by tables 11 & 12. The largest difference was the Honda rake value. The rake was calculated after measuring headstock height (G7) and headstock to trail (G9) shown in figure 9. Particularly with the Honda and its fairing, measuring vertically from the headstock was difficult due to obstructions from other parts of the motorcycle. However, for this test, being within 1˚ of the specification is acceptable.
[image: ]
Figure 11 - Determining rake

Table 11 - Comparison of measured values and factory spec values - Honda
[image: ]
Table 12 - Comparison of measured values and factory spec values - Kawasaki
[image: ]
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Table 13 - Gear ratio / speed calculator for the Kawasaki at max RPM. (Gear ratios – Kawasaki Motors Europe, 2020)
[image: ]
Table 14 - Gear ratio / speed calculator for the Honda at max RPM (Gear ratios - Honda Motor Co., 1994).
[image: ]


[bookmark: _Toc57891372]Dynamometer Graphs
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Figure 12 - Dyno chart for the actual Kawasaki ER6n used in the test, with gridlines/RPM added.
[image: ]
Figure 13 - Dyno chart sourced online for a Honda CBR400RR with gridlines/RPM added. 
(Gavin, 2017)
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4.3 43.0 0.0 47.3 8.5 43.0 0.0 51.5 13.4 43.0 0.0 56.4

5.5 43.0 0.0 48.4 10.8 43.0 0.0 53.8 17.0 43.0 0.0 60.0

6.7 43.0 0.0 49.7 13.3 43.0 0.0 56.3 21.0 43.0 0.0 64.0

8.2 43.0 0.0 51.1 16.1 43.0 0.0 59.1 25.4 43.0 0.0 68.4

9.7 43.0 0.0 52.7 19.2 43.0 0.0 62.2 30.2 43.0 0.0 73.2

11.4 43.0 0.0 54.4 22.5 43.0 0.0 65.5 35.5 43.0 0.0 78.4

13.2 43.0 0.0 56.2 26.1 43.0 0.0 69.1 41.1 43.0 0.0 84.1

15.2 43.0 0.0 58.1 30.0 43.0 0.0 73.0 47.2 43.0 0.0 90.2

17.3 43.0 0.0 60.2 34.1 43.0 0.0 77.1 53.7 43.0 0.0 96.7

19.5 43.0 0.0 62.5 38.5 43.0 0.0 81.5 60.7 43.0 0.0 103.6

21.8 43.0 0.0 64.8 43.2 43.0 0.0 86.1 68.0 43.0 0.0 111.0

24.3 43.0 0.0 67.3 48.1 43.0 0.0 91.1 75.8 43.0 0.0 118.7

27.0 43.0 0.0 69.9 53.3 43.0 0.0 96.3 83.9 43.0 0.0 126.9

29.7 43.0 0.0 72.7 58.8 43.0 0.0 101.7 92.6 43.0 0.0 135.5

32.6 43.0 0.0 75.6 64.5 43.0 0.0 107.5 101.6 43.0 0.0 144.5

35.7 43.0 0.0 78.6 70.5 43.0 0.0 113.5 111.0 43.0 0.0 154.0

38.8 43.0 0.0 81.8 76.8 43.0 0.0 119.7 120.9 43.0 0.0 163.9

42.1 43.0 0.0 85.1 83.3 43.0 0.0 126.3 131.2 43.0 0.0 174.1

45.6 43.0 0.0 88.6 90.1 43.0 0.0 133.1 141.9 43.0 0.0 184.8

49.2 43.0 0.0 92.1 97.2 43.0 0.0 140.1 153.0 43.0 0.0 196.0

52.9 43.0 0.0 95.8 104.5 43.0 0.0 147.4 164.5 43.0 0.0 207.5

1st 2nd 3rd
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1st 2nd 3rd 4th 5th 6th

RPM Power BHP Power kW F=P/V F=P/V F=P/V F=P/V F=P/V F=P/V

4000 5.0 3.80 542.04 385.59 307.26 260.71 235.12 216.02

4500 15.0 11.40 1445.45 1028.23 819.37 695.22 626.99 576.04

5000 16.0 12.16 1387.63 987.10 786.59 667.41 601.92 553.00

5500 18.0 13.68 1419.17 1009.53 804.47 682.58 615.60 565.57

6000 20.0 15.20 1445.45 1028.23 819.37 695.22 626.99 576.04

6500 23.0 17.48 1534.40 1091.50 869.79 738.00 665.58 611.49

7000 26.0 19.76 1610.64 1145.74 913.01 774.68 698.65 641.87

7500 29.0 22.04 1676.72 1192.74 950.47 806.46 727.31 668.21

8000 32.0 24.32 1734.54 1233.87 983.24 834.27 752.39 691.25

8500 35.0 26.60 1785.56 1270.16 1012.16 858.80 774.52 711.58

9000 37.0 28.12 1782.72 1268.15 1010.55 857.44 773.29 710.45

9500 39.0 29.64 1780.19 1266.34 1009.12 856.22 772.19 709.44

10000 41.0 31.16 1777.90 1264.72 1007.82 855.12 771.20 708.53

10500 43.0 32.68 1775.84 1263.25 1006.65 854.13 770.31 707.71

11000 46.0 34.96 1813.38 1289.96 1027.93 872.19 786.59 722.67

11500 48.0 36.48 1809.95 1287.52 1025.99 870.54 785.11 721.30

12000 50.0 38.00 1806.81 1285.28 1024.21 869.03 783.74 720.05

12500 51.0 38.76 1769.23 1258.55 1002.91 850.95 767.44 705.07

13000 51.0 38.76 1701.18 1210.14 964.33 818.22 737.92 677.96

13500 51.0 38.76 1638.18 1165.32 928.62 787.92 710.59 652.85

14000 51.0 38.76 1579.67 1123.71 895.45 759.78 685.22 629.53

Dyno Data
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18.7 43.0 0.0 61.6 22.9 43.0 0.0 65.9 27.2 43.0 0.0 70.1

23.6 43.0 0.0 66.6 29.0 43.0 0.0 72.0 34.4 43.0 0.0 77.4

29.2 43.0 0.0 72.1 35.8 43.0 0.0 78.8 42.5 43.0 0.0 85.4

35.3 43.0 0.0 78.2 43.4 43.0 0.0 86.3 51.4 43.0 0.0 94.3

42.0 43.0 0.0 84.9 51.6 43.0 0.0 94.6 61.1 43.0 0.0 104.1

49.3 43.0 0.0 92.2 60.6 43.0 0.0 103.5 71.8 43.0 0.0 114.7

57.1 43.0 0.0 100.1 70.2 43.0 0.0 113.2 83.2 43.0 0.0 126.2

65.6 43.0 0.0 108.6 80.6 43.0 0.0 123.6 95.5 43.0 0.0 138.5

74.6 43.0 0.0 117.6 91.8 43.0 0.0 134.7 108.7 43.0 0.0 151.7

84.2 43.0 0.0 127.2 103.6 43.0 0.0 146.5 122.7 43.0 0.0 165.7

94.4 43.0 0.0 137.4 116.1 43.0 0.0 159.1 137.6 43.0 0.0 180.5

105.2 43.0 0.0 148.2 129.4 43.0 0.0 172.4 153.3 43.0 0.0 196.3

116.6 43.0 0.0 159.6 143.4 43.0 0.0 186.3 169.8 43.0 0.0 212.8

128.6 43.0 0.0 171.5 158.1 43.0 0.0 201.0 187.3 43.0 0.0 230.2

141.1 43.0 0.0 184.1 173.5 43.0 0.0 216.4 205.5 43.0 0.0 248.5

154.2 43.0 0.0 197.2 189.6 43.0 0.0 232.6 224.6 43.0 0.0 267.6

167.9 43.0 0.0 210.9 206.4 43.0 0.0 249.4 244.6 43.0 0.0 287.5

182.2 43.0 0.0 225.2 224.0 43.0 0.0 267.0 265.4 43.0 0.0 308.4

197.1 43.0 0.0 240.0 242.3 43.0 0.0 285.2 287.0 43.0 0.0 330.0

212.5 43.0 0.0 255.5 261.3 43.0 0.0 304.2 309.5 43.0 0.0 352.5

228.5 43.0 0.0 271.5 281.0 43.0 0.0 324.0 332.9 43.0 0.0 375.9

4th 5th 6th
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488.5 Limiting Factor For Top Speed Driving Force at Max RPM, Top gear (N) = Resistance to Motion at Max RPM, Top Gear (N) =

Outcome = The Maximum Speed is Limited By Gear Ratios. The Driving Force is Greater Than The Forces Resisting Motion, at Max RPM in Top Gear

508.97
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Outcome = The Maximum Speed is Limited By Gear Ratios. The Driving Force is Greater Than The Forces Resisting Motion, at Max RPM in Top Gear

Limiting Factor For Top Speed Driving Force at Max RPM, Top gear (N) =629.53 Resistance to Motion at Max RPM, Top Gear (N) =375.9
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Rake˚ 25.18 24.3

Trail (m) 0.095 0.0901

Wheelbase (m) 1.370 1.375

Seat Height (m) 0.745 0.75

Measured Factory Quoted
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Rake˚ 25.88 25.00

Trail (m) 0.105 0.102

Wheelbase (m) 1.407 1.405

Seat Height (m) 0.780 0.785

Measured Factory Quoted
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1-Dyno Run.Dpr, Kawasaki ER6N, 5262018, 14:35:00

Alr Tomperatura 15.7°C, Al Pressure 1024.8mBar, Humidity 64.2 %, RAD 99.83%, SAE J1349 C/F:0955
Max Power 63.5 bhp @ 8937 rpm, Max Torque 42.1 FUb @ 7250.2 rpm

2-Dyno Run.Dpr, Kawasaki ER6N, 57262018, 14:35:51
A Tomperature 15.8°C, Alr Pressure 1024.9mBar, Humidity 65.9 %, RAD 99.76%, SAE J1349 C/F0.965
Max Power 65.13 bhp @ 9244.4 rpm, Max Torque 40.9 FUIb @ 7757.3 rpm.

Spaed (mph)

Run Notes
Pipewerx exhaust

Fun Notes
Pipewerx exhaust
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