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1 [bookmark: _Hlk65784797][bookmark: _Toc90241567][bookmark: _Hlk65806345]Introduction
It is well known in motorcycling world that the handling characteristics of a motorcycle are importance in order the rider to have a comfortable feeling and feel safe to achieve the maximum power the engine of a motorcycle can offer. This report will investigate the handling characteristics of two motorcycles relatively old motorcycles and two modern types of motorcycle by obtain information about these motorcycles either by actual measurements where this is possible or from the workshop manuals. These information’s will be used to calculate the centre of gravity of the motorcycles and the expected maximum speed under dynamic conditions and the power speed requirements. Final how the geometry of the motorcycles affected the handling characteristics and performance of the motorcycles will be discuss and recommendations about as to how to improve the handling characteristics of one of the motorcycles which are under investigation in this report will be made. 
2 [bookmark: _Toc90241568][bookmark: _Hlk71725432][bookmark: _Hlk65786788]Methodology
To fulfil the requirements of this assessment the characteristics of the following motorcycles will be investigated:
a. HONDA CBR1000rr 2007
b. Zero SR/F – 2020
c. Kawasaki Ninja ZR-10 R 2021 and
d. BMW S 1000RR - 2016
The next step is to measure the physical characteristics of these motorcycles and obtain also other technical information from the workshop manuals.
Using the information which will be obtained the expected maximum speed of the motorcycles under dynamic conditions will be calculated and the handling characteristics of the motorcycles will be discussed.
Finally, recommendations will be made as to what changes can be made to any of the motorcycles which was physical measured in order its characteristics and performance to be improved.
3 [bookmark: _Toc90241569]Physical Measurements, Motorcycles Characteristics and Calculations
3.1 [bookmark: _Toc90241570]Task 1 - Determine the Centre of Gravity positions for 2 No Motorcycles
The first task of the report was to determine the centre of gravity of 2 No motorcycles and shown this information of schematic diagram. The two motorcycles which were selected to achieve this task are Honda CBR 1000rr 2007 and Zero SR/F 2020. See photos below:


[image: ][image: ]

[bookmark: _Toc90241556]Figure 1 – Photo of Honda CBR1000RR 200    Figure 2 – Photo of Zero SR/F 2020
(2007 Honda CBR1000RR - Gallery | Top Speed, no date)            (2020 Electric Motorcycle Spec Shootout, no date)


In order to determine the Centre of gravity of the motorcycles it was necessary to measure force that is exerted on the ground by the front and the rear wheel of the motorcycles in a level and incline positions with and without the rider.
The weight on the front and the rear wheel of the motorcycles under investigation was measured by placing a scale under each wheel of the monocycle as it is shown the figure 3.
The readings of the scales were recorded. Then the readings of the scales were recoded again by placing the rider on the bikes. Then the rear wheel of the bikes was placed on a stool and the reading of the weight scales were recorder with and without the rider.
The weight of the stool, the height of the stool and the wheelbase of each motorcycle were are measure and recorded (see table 1 and 2)

[image: ]
[bookmark: _Toc90241557]Figure 3 – Schematic diagram for calculating the Centre of gravity


[bookmark: _Toc90241878]Table 1 - Measurements for Honda CBR1000rr - 2007
	Motorcycle Model
	CBR 1000rr 2007 - Level
	CBR 1000rr 2007 - Lifted

	Characteristics
	No rider
	With rider
	No rider
	With rider

	Weight on front wheel (kg)
	104.4
	134.0
	112.0
	147.2

	Weight on rear wheel (kg)
	94.65
	137.2
	109.2
	146.0

	Rider’s weight (kg)
	N/A
	72.15
	N/A
	72.15

	Stool Weight (kg)
	N/A
	N/A
	22.15
	22.15

	Total weight of motorcycle (kg)
	199.05
	271.2
	199.05
	271.05

	Wheelbase (m)
	1.39
	-
	-
	-

	Average wheel radius (m)
	0.298
	-
	-
	-

	Stool height (m)
	-
	-
	0.35
	0.35

	Lifted angle (degrees)
	0
	0
	14.58o
	14.58o

	Rake angle (degrees)
	23.5o

	Tail (m)
	0.1

	Curb weight (kg)
	



[bookmark: _Toc90241879]Table 2 - Measurements for Zero SR/F - 2020
	Motorcycle Model
	Zero SR/F 2020 - Level
	ZERO SR/F 2020 - Lifted

	Characteristics
	No rider
	With rider
	No rider
	With rider

	Weight on front wheel (kg)
	117.7
	145.3
	124.7
	159.2

	Weight on rear wheel (kg)
	106.85
	152.6
	122.5
	161.1

	Rider’s weight (kg)
	N/A
	73.15
	N/A
	73.15

	Stool Weight (kg)
	N/A
	N/A
	22.15
	22.15

	Total weight of motorcycle (kg)
	224.55
	297.9
	225.05
	298.15

	Wheelbase (m)
	1.45
	-
	-
	-

	Average wheel radius (m)
	0.305
	-
	-
	-

	Stool height (m)
	-
	-
	0.35
	0.35

	Lifted angle (degrees)
	0
	0
	13.97o
	13.97o

	Rake angle (degrees)
	24.5o

	Tail (m)
	0.094

	Curb weight (kg)
	225.9



Using the information that was obtained for each motorcycle by actual measurements the centre of gravity for each motor cycle was calculated using the equations 1 and 2 with and with and without the rider.
XCoG = 								Equation 1

[bookmark: _Hlk90132653][bookmark: _Hlk90136674]YCoG =  + Rav					Equation 2

Where:
XCoG = The horizontal distance from the centre of gravity to the centre of the front wheel
YCoG = The vertical distance from the centre of gravity to the ground
Wt = The total weight of the motorcycle
Wr = The weight on the rear wheel of the motorcycle
Wrlifted = The weight on the rear wheel of the motorcycle when lifted on block
Θ = The angle of the lifted motorcycle (=sin-1(height of block/L))
L = Length of the wheelbase
Rav = Average radius of the wheels

Centre of Gravity Calculations for Honda CBR 1000rr 2007
Without the rider
[bookmark: _Hlk90135313]XCoG =  	= 0.661m
YCoG =  + 0.298 = 0.502m 
With the rider
XCoG =  	= 0.703m
YCoG =  + 0.298 = 0.561m 
[image: ]

[bookmark: _Toc90241558]Figure 4 – Schematic diagram for showing the CoG of Honda CBR 1000rr 2007 with and without the rider
Centre of gravity calculations for Zero SR/F 2020
Without the rider
XCoG =  	= 0.690m
YCoG =  + 0.305 = 0.474m 
With the rider
[bookmark: _Hlk90199590]XCoG =  	= 0.743m
YCoG =  + 0.305 = 0.572m
[image: ]
[bookmark: _Toc90241559]Figure 5 – Schematic diagram showing the CoG of Zero SB/R 2020 with and without the rider
3.1 [bookmark: _Toc90241571]Task 2 - Determine the max speed of the motorcycles and the power speed requirements

From the workshop manual and from other sources in the internet the geometric data and the gear rations and other characteristics of the above-mentioned motorcycles were obtained and are listed in the table 3 below.

[bookmark: _Toc90241880]Table 3 – Motorcycle characteristics for Honda CBR1000rr 2007 and Zero SB/R 2020
	Characteristics
	Honda CBR1000rr 2007 *
	Zero SB/R 2020 **

	Max. Length (m)
	2.03
	

	Max. Width (m)
	0.72
	

	Overall Height (m)
	1.118
	

	Wheel Base (m)
	1.402
	1.45

	Rake angle (degrees)
	23.5o
	24.5o

	Trail (m)
	0.100
	0.094

	Primary gear ratio
	1.604
	

	Top Gear ratio
	1.16
	

	Final Reduction
	2.625
	4.5 (overall ratio)

	Dry weight (kg)
	176
	225.5

	Front tyre size
	120/70/ZR17
	120/70/ZR17

	Front tyre (m)
	0.6
	0.6

	Rear tyre size
	190/50ZR17
	180/55/ZR17

	Rear tyre (m)
	0.622
	0.63

	Time from 0-100 km/hr
	3
	3.7

	Top Speed (km/hr)
	295
	200

	Drag Coefficient Cd (assumed)
	0.6
	0.62

	Frontal area m2
	0.58
	0.65

	Max Power
	126.4
	82

	RPM at Max Power
	12500
	5000

	Calculated Max Speed (Km/hr)
	300.03
	131.9


*(2007 Honda CBR1000RR Fireblade (up to 2007) specs review, no date)
*(Full performance review of 2007 Honda CBR1000RR Fireblade (model up to 2007), no date)
*(2007 Honda CBR1000RR Fireblade, no date)
*(Honda CBR1000RR Service manual with hyperlinks, no date)
*(2007 Honda CBR 1000 RR Fireblade specifications and pictures, no date)
*(2007 Honda CBR1000RR - Gallery | Top Speed, no date)
**(2020 Zero Motorcycles SR/F | Cycle World, no date)
**(2020 Zero Motorcycles SR/F Review | Cycle World, no date)
**(2020 Electric Motorcycle Spec Shootout, no date)
 
Using the information from the above table the maximum speed of each motorcycle was calculated using equation 3.
[bookmark: _Hlk90201917]Vmax =  = 		Equation 3
Where:
Vmax = The estimated maximum speed of the motorcycles based on gear ratios and the engine’s RPMs at maximum power.
RPM = The engine revolution per minute at maximum power
RP = Primary ratio
RΤ = Top gear ratio
[bookmark: _Hlk90201031]RP = Final ratio
Ro =Overall gear ratio (in case on the electric motorcycles)
Π = 3,14
Dr = The diameter of the rear tyre

By applying equation 3 for the for the above-mentioned motorcycle the estimated maximum speed of the motorcycles was calculated as shown below:
Calculations for the estimated speed at maximum power for Honda CBR 1000rr 2007
[bookmark: _Hlk90202028][bookmark: _Hlk90202325]Vmax =  =  = 300.3 km/hr
Calculations for the estimated speed at maximum power for Zero SR/F 2020
Vmax =   = =  = 131.9 km/hr
[bookmark: _Hlk90215785]It is claimed that the CBR 1000rr 2007 can reach a speed of 295km/hr (estimated)  (2007 Honda CBR1000RR Fireblade (up to 2007) specs review, no date) and Zero SR/F 2020 can reach speed of 124mph (200km/hr) (2020 Zero Motorcycles SR/F Review | Cycle World, no date)
In order to be able to determine if these two motorcycles have enough power to rich the above- calculated speeds at the maximum power of their engine/motor it is required to consider the forces that are opposing the motion like the drag force and the rolling resistance and compare the resultant of these forces with the driving force. These forces are given with equations 4, 5 and 6 respectively.
Fd 								Equation 4
Where:
Fd = Drag Force
Cd = Coefficient of drag
P = density of the fluid (in this case is air 1.167kg/m3 at 20oC and 987mbar)
V = speed of the object
A = Frontal area of the object

Fw 							Equation 5

Where:
Fw = Rolling resistance
m = the mass of the motorcycle and the rider
g = acceleration of gravity 9.81 m/s2

F 										Equation 6
Where:
F = The driving force
P = The power of the engine or motor
V = the speed of the object (motorcycle)

Considering the above forces, the motorcycles will reach their top speed when the driving force is equal with the opposing forces Fr (Fr = Fd + Fw). In order to find this speed all the data required were entered in a spreadsheet in a excel and the driving force (Fd) and the resultant of the opposing forces Fr were calculated at 10km/hr intervals up a velocity of 350km/hr. Where the value of the driving forces was close to the value of the opposing forces the value of the speed was adjusted so that to the driving force to be equal with the resultant of the opposing forces. The results are presented on Forces Vs Speed graphs and are shown on the figure 6 and figure 7. It has to be noted here that it was assumed that the motorcycles move on a horizontal plane other wire the opposing or the driving for due to the slope of the ground should have been considered.
	
[bookmark: _Toc90241560]Figure 6– Forces acting on the motorcycle Vs speed for Zero SR/R 2020


[bookmark: _Toc90241561][bookmark: _Hlk90222216]Figure 7 – Forces acting on the motorcycle Vs speed for Zero SR/R 2020
The frontal area of the bike with the rider was measured after drawing into scale the front view of the bike with the rider in AutoCAD and then using area function in AutoCAD the frontal areas of the bike with the rider was recoded. The coefficient of drag of the motorcycles with the rider couldn’t be obtained from any source these values were assumed based on values CdA values which were presented in last year’s lecture by Tim Tudor.(Tudor, 2020) The rake angle, the trail the wheel base and other characteristics of the bikes were obtain from the workshop manuals and from other sources in the internet and are summarized on table 1. In the calculation the total mass of the motorcycles the it was assumed that the weight of the rider is 65kg and the weight of the fuel, oil and coolant are 10kg.
3.2 [bookmark: _Toc90241572]Task 3 – Evaluation of the results
 From the results obtain it can be observed the Honda CBR 1000RR has enough power to reach a speed of 304 Km/hr as it can be seen from the graph 1. This value is 9km/hr more than the estimate reported in “MotorbikeCatalog”  (2007 Honda CBR1000RR Fireblade (up to 2007) specs review, no date) This deviation it might be due to the assumptions made in relation to the coefficient of drag and also due to the errors which have been made during he calculation of the frontal area. The rake angle of 23.5o, the tail of 100mm and the wheel base of 1.39m make this motorcycle quick at the bends but it might not he so stable on the straights.
On the other hand, Zero SR/F 2020, which is electric motorcycle has longer Wheel base than CBR 1000rr which makes this motorcycle more stable on the straights. The rake angle of this motorcycle is 24.5o and its tail 94mm. Even though the difference is no much from Honda CBR 1000rr this might make this motorcycle more comfortable to ride due to the increase in the rake angle. Looking on the graph 1 considering the power of this motorcycle it is expected the bike can achieve a speed of 249km/hr. This estimate contradicts the estimated value of 131.9km/h that was calculated based on the gear ratios and the motor RPM of the motor at maximum power and also contradicts the reported value of 124MpH (200km/hr) by “Cycle World” by (2020 Zero Motorcycles SR/F Review | Cycle World, no date) The Graph 2 show that the power of the motorcycle con be used to achieved a speed up to 249km/hr the value of the that was obtained base on the gear ration and the RPM at maximum power tells us that engine revolutions at maximum power are not enough to make the motorcycle go faster given the existing overall gear ratio. To make a more realistic conclusion the power curve of the motor has to be studied in order to assess the performance of the motor after the maximum power is obtained.
3.3 [bookmark: _Toc90241573]Task 4 – Geometric data of two modern motorcycles.

In order to make comparison on how the new motorcycles were modified in order to fulfill the requirements of their use, Kawasaki Ninja ZR-10R and BMW 1000RR 2016 were selected for this investigation. Photos of these motorcycles are shown in Figures 8 and 9 below.

[image: ]              [image: ]
[bookmark: _Toc90241562]Figure 8– Photo of Kawasaki Ninja ZX-10R      Figure 9– Photo of BMW S 1000RR 2016
(KAWASAKI ZX-10R (2021 - on) Review | MCN, no date)   (First Ride: 2016 BMW S1000RR, no date)

The geometric characteristics of these motorcycles were obtained from workshop manuals and from other sources in the internet and are listed in Table 4. This table also shows the results of the calculations which were made using a spread sheet in excel related to the expected maximum expected speed base on the gear ration and the engine RPM at maximum power. The same calculations were performed in an excel spreadsheet as it was previously described and the results are graphically presented in figures 10 & 11.






[bookmark: _Toc90241881]Table 4 – Motorcycle characteristics for Kawasaki Ninja ZX-10R 2021 and BMW S1000rr 2016
	[bookmark: _Hlk90232679]Characteristics
	Kawasaki Ninja ZX-10R 2021 *
	BMW S 1000rr 2016 **

	Max. Length (m)
	2.085
	2.05

	Max. Width (m)
	0.75
	0.826

	Overall Height (m)
	1.185
	1.138

	Wheel Base (m)
	1.45
	1.425

	Rake angle (degrees)
	25.0o
	23.5o

	Trail (m)
	0.105
	0.097

	Primary gear ratio
	1.681
	1.652

	Top Gear ratio
	1.304
	1.261

	Final Reduction
	2.411
	2.267

	Dry weight (kg)
	207
	175.5

	Front tyre size
	120/70/ZR17M/C
	120/70/ZR17

	Front tyre (m)
	0.6
	0.6

	Rear tyre size
	190/55ZR17M/C
	190/55/ZR17

	Rear tyre (m)
	0.641
	0.641

	Time from 0-100 km/hr
	2.91
	3.1

	Top Speed (km/hr)
	304
	201.2

	Drag Coefficient Cd (assumed)
	0.6
	0.6

	Frontal area m2
	0.642
	0.642

	Max Power
	149.3
	145.3

	RPM at Max Power
	13200
	13500

	Calculated Max Speed (Km/hr)
	301.63
	295.34


*(Kawasaki, 2021)
*(Kawasaki ZX-10R | Acceleration and Top Speed - MotoStatz, no date)
*(KAWASAKI ZX-10R (2021 - on) Review | MCN, no date)
**(BMW S 1000 RR | 2016 | specs & pictures, no date)
**(2016 BMW S 1000 RR Reviews, Prices, and Specs, no date)



[bookmark: _Toc90241563]Figure 10 – Forces acting on the motorcycle Vs speed for Kawasaki Ninja ZR-10R 2021

[bookmark: _Toc90241564]Figure 11– Forces acting on the motorcycle Vs speed for BMW S 1000rr 2016
Looking at these graphs Kawasaki Ninja ZR-10R 2021 can reach a speed of 311km/hr and BMW S1000rr can reach a speed of 308km//hr. Considering the assumptions which were made as far as the coefficient of drag and in the possible errors in calculating the frontal areas, it can be said that the maximum speeds are close the speed which were calculated based on the gear ratios and the RPM of the engines at the maximum of their power.
It seems that a wheel base of 1.4 to 1.45 m a rake angle between 23.5o to 25o and a tail around 100mm contribute to the performance of these motorcycle. Looking at the photos of these motorcycles it is obvious that the aerodynamic design contributes a lot in the performance of these motorcycles. The fact that the rider’s seat is low and engine is low contribute a lot in the stability and the handling characteristics of the motorcycles.
3.4 [bookmark: _Toc90241574]Task 5 – Recommendations for alteration to Zero SR/F 2020
From the motorcycles which were studied under this assignment it seems that Zero SR/F 2020 can be improved. According to Figure 7 this motorcycle can reach a speed of 249km/hr due to the power of its motor. The calculation which was made based on the RPM of the motor at the maximum power and considering the overall gear ratio it was calculated the maximum speed of 131.9 km/hr can be reached. This means the motor of the motorcycle has the power but the setup of the motorcycle does not help to achieve the maximum performance. Also considering the power curve of the motor Figure 12 it shows that the motor can work up to 6500RPM at 90Hp (66.2kw). Considering these factors by reducing the overall gear ratio of the motorcycle to 3.95 a top speed of 195km/hr can be achieved.
Regarding the rake angle, the tail and the wheel base any changes to these parameters have to be tested in the real conditions in order the right combination of these parameters to be established.
Also, it was noticed from the calculations for the centre of gravity with the rider siting on the motorcycle, the centre of gravity is higher. It is recommended to lower the seat of the motorcycle in order to achieve lower centre of gravity.
[image: ]
[bookmark: _Toc90241565]Figure 12 - Power Curve of Zero SR/F 2020
(2020 Zero Motorcycles SR/F Review | Cycle World, no date)
4 [bookmark: _Toc90241575]Conclusions
The power of the engine/motor of the motorcycles and the aerodynamic design contribute to the performance of the motorcycle. The geometry of the motorcycle helps the rider to push the motorcycle to its limits. The aim is to produce a motorcycle that will have comfortable riding properties considering the maximum human capabilities. The rake angle the rail the wheel base and the centre of gravity are the contributing factors. Definitely a low centre of gravity helps a lot in the stability of the motorcycle. The other factors like the rake angle, the trail and the wheel base have to be set according to the use of the motorcycles in order achieve comfortable riding characteristics, safe driving and the highest possible performance. The factors can only be assessed by test drives.
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F	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	249	260	270	280	290	300	310	320	330	340	350	29520	14760	9840	7380	5904	4920	4217.1428571428578	3690	3280	2952	2683.6363636363635	2460	2270.7692307692305	2108.5714285714289	1968	1845	1736.4705882352941	1640	1553.6842105263158	1476	1405.7142857142856	1341.8181818181818	1283.4782608695652	1230	1185.5421686746988	1135.3846153846152	1093.3333333333333	1054.2857142857144	1017.9310344827586	984	952.25806451612902	922.5	894.5454545454545	868.23529411764707	843.42857142857133	Fr	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	249	260	270	280	290	300	310	320	330	340	350	59.036580000000001	60.851012870370369	66.294311481481486	75.36647583333334	88.067505925925929	104.39740175925927	124.35616333333336	147.94379064814814	175.16028370370373	206.00564250000002	240.47986703703708	278.58295731481485	320.31491333333344	365.67573509259267	414.66542259259256	467.28397583333333	523.5313948148148	583.40767953703698	646.91282999999999	714.04684620370369	784.80972814814822	859.20147583333335	937.22208925925929	1018.8715684259259	1104.1499133333336	1184.0031039583334	1285.5932003703706	1381.7581425000001	1481.5519503703702	1584.9746239814817	1692.0261633333332	1802.7065684259262	1917.0158392592593	2034.953975833334	2156.5209781481481	2281.7168462037043	Motorcycle Speed in (km/hr) 


Force in (N)




Forces Vs Speed
for Kawasaki Ninja ZR-10R 2021

F	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	260	262	280	290	300	311	320	330	340	350	53748	26874	17916	13437	10749.6	8958	7678.2857142857147	6718.5	5972	5374.8	4886.181818181818	4479	4134.4615384615381	3839.1428571428573	3583.2000000000003	3359.25	3161.6470588235293	2986	2828.8421052631579	2687.4	2559.4285714285711	2443.090909090909	2336.8695652173915	2239.5	2149.92	2067.2307692307691	2051.4503816793895	1919.5714285714287	1853.3793103448274	1791.6000000000001	1728.2315112540193	1679.625	1628.7272727272727	1580.8235294117646	1535.6571428571428	Fr	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	260	262	280	290	300	311	320	330	340	350	55.328400000000002	57.062691666666666	62.265566666666672	70.937025000000006	83.077066666666667	98.685691666666671	117.76290000000003	140.30869166666668	166.32306666666665	195.80602499999998	228.75756666666666	265.1776916666667	305.0664000000001	348.42369166666668	395.24956666666662	445.54402499999998	499.30706666666663	556.53869166666675	617.23889999999994	681.40769166666666	749.04506666666668	820.151025	894.72556666666674	972.76869166666665	1054.2804000000003	1139.2606916666668	1227.7095666666669	1245.8155716666665	1415.0130666666666	1513.8676916666668	1616.1909000000001	1732.7526429166669	1831.2430666666667	1943.9720250000007	2060.1695666666669	2179.8356916666667	Motorcycle Speed in (km/hr) 


Force in (N)




Forces Vs Speed
for BMW S1000RR

F	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	260	270	280	290	300	304	320	330	340	350	45504	22752	15167.999999999998	11376	9100.7999999999993	7583.9999999999991	6500.5714285714294	5688	5056	4550.3999999999996	4136.7272727272721	3791.9999999999995	3500.3076923076919	3250.2857142857147	3033.6000000000004	2844	2676.7058823529414	2528	2394.9473684210525	2275.1999999999998	2166.8571428571427	2068.363636363636	1978.4347826086957	1895.9999999999998	1820.16	1750.153846153846	1685.3333333333333	1625.1428571428573	1569.1034482758621	1516.8000000000002	1496.8421052631579	1422	1378.9090909090908	1338.3529411764707	1300.1142857142856	Fr	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	260	270	280	290	300	304	320	330	340	350	49.246200000000009	50.813005555555563	55.513422222222232	63.347450000000009	74.315088888888894	88.416338888888902	105.65120000000002	126.01967222222223	149.52175555555556	176.15745000000001	205.92675555555559	238.82967222222226	274.86620000000005	314.03633888888891	356.34008888888883	401.77744999999999	450.34842222222215	502.0530055555555	556.89120000000003	614.86300555555556	675.96842222222233	740.20744999999999	807.58008888888901	878.0863388888888	951.72620000000029	1028.4996722222222	1108.4067555555557	1191.4474500000001	1277.6217555555554	1366.9296722222223	1459.3712	1497.2252222222223	1653.6550888888887	1755.4974500000005	1860.4734222222221	1968.5830055555557	Motorcycle Speed in (km/hr) 


Force in (N)
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