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Figure 1: Motorcycle rider (Iatrakis, 2019)
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The following assignment is an investigation formulated to show the understanding of:

Motorcycle geometry and dynamic handling characteristics, including:


· The measurement and presentation of geometric data such as trail, rake, Wheelbase and center of gravity.
· Gear ratios and maximum speed calculation.
· Explain how the motorcycles have been tailored to perform best to their application by analyzing the acquired data.
· Compare the acquired data to 2 other motorcycles explaining the differences in handling of each model and how they are suited to their purpose.



[bookmark: _Toc58104624]Methodology
To complete this investigation, 4 motorcycles were chosen to measure or acquire data from and represent a variety of measurements and aspects.

1. Honda VFR400 1998, race setup for a 400cc sprint class.
2. KTM RC390 2017, Stock except from the seat cowl and exhaust.
3. Honda CRF450R 2009 Stock Motocross bike.
4. Husqvarna FS450 2020, stock factory built Supermoto.

We’ve measured and calculated data From the VFR400 and CRF450. These data we are going to compare to newer, but similar style motorcycles to see the evolution and changes over the years of development.

First we measured the data to calculate COG with the practical method (see Figure 2 and 3). Both COG with and without rider were calculated.
Rake and Trail of the VFR and CRF were also measured.

[image: ]These data of the other 2 bikes were acquired through the user manuals. With researched data we have calculated the top speed and required power of The VFR and CRF using Microsoft Excel. After the geometry calculations, we have explained how these design elements were tailored to the motorcycle’s application.Figure 2: Weighing method COG (NT Project, 2005)



Excel was used to calculate and formulate the information.
Affinity Photo was used to make the bike schematic diagram.

Data acquisition and formulae used in each section of the process of this investigation are included in Appendices.

Sources including Internet, library and lectures were used.
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Automatisch gegenereerde beschrijving]Centre of gravityFigure 3: COG measurements (Iatrakis, 2020)


The centre of gravity is arguably the biggest variable in how the Motorcycle feels and handles. 

Weight distribution (in all three dimensions) is determined by where we choose to locate parts, particularly the very heavy ones such as thee engine, fuel tank, forks, wheels and rider. The overall result is defined by the location of something called the centre of gravity. (Bradley, 1996)

The center of gravity, is the point where forces like load transfer, acceleration, braking, and cornering can be considered to act.

The COG can be altered by different variables such as wheelbase, ride height etc. but the most important influence on the centre of gravity is the rider.
The riders’ weight, seating position, footrest and handlebar position will all alter the CoG position.
[image: ]Figure 4 (Cossalter 2006)

As we will see a bit further on, the Centre of gravity on each bike is on a different place, this is dependent on the type and purpose of the bike.

[bookmark: _Toc58104627]Rake and Trail

Rake and Trail (see Figure 4 and 5) are 2 of the vital factors in geometry and handling of the motorcycle.

Rake: Rake is the angle measured between the line projected through the steering stem, and the vertical line projected through the front axle.

The rake angle is different on motorcycles with different purposes. 

Changing the rake mainly alters the trail.

Trail: The primary function of trail is to build a certain amount of steering stability, and it also is of great importance to the lean-in phase when cornering. (Bradley, 1996)

Trail gives a self centering effect due to the front wheel being behind the steering axis (trailing)

-Too little trail: Self centering is decreased, bike becomes unstable.
[image: ]-Too much trail: Steering becomes heavy.Figure 5: Rake and Trail (TagTeamRacing, 2011)
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This motorcycle has been modified from a street bike to suit a certain purpose, In this case sprint racing. Which means that this motorcycle has been modified to make it faster. Modifications regarding to power output, weight, aerodynamics, height, length and brakes were made. To compare this motorcycle we will compare this to a newer, Similar lightweight 400cc, an 2017 KTM RC390.


[image: ]Figure 6: VFR400 Diagram. (Iatrakis, 2020)

Geometry data visible in figure 6.
COG calculations are mentioned below, Used data visible in Table 1.
[image: ]Table 1: VFR400 COG calcs. (Iatrakis, 2020)

[bookmark: _Toc58104629]Honda CRF450

The Honda CRF450 is a competition motocross bike, its built to go fast on off-road tracks and be able to jump etc. It needs to be stable for the rough terrain but also turn fast in small corners. The bike we measured is completely stock.

Due to the long wheelbase and large rake angle/ trail the bike handles stable on rough terrain. This high amount of stability is compensated by the fairly low COG which sits pretty close to the crankshaft. The lower COG causes the bike to turn faster. The bike is also pretty high to have enough suspension travel and ground clearance, thanks to this it turns faster and easier too. 
[image: ][image: ]In figure 7 you see the schematic diagram of geometry data. On Table 2 the excel spreadsheet with used data.  Table 2: CRF450 COG Calcs. (Iatrakis, 2020)
Figure 7: CRF450 Diagram (Iatrakis, 2020)


COG calculations and measurement:

The COG measurements and calculations of the VFR400, CRF400 and FS450 where done by me, the VFR and CRF where both measured at the university workshop (see figure 6 and 8). The RC390 data were provided by Zero chassis. (See appendices for pictures and Excel spreadsheet)  
· Wheelbase: by measuring front axle to rear axle on both sides with the front wheel straight, average of both readings to give an accurate result.
· Front and rear axle height by measurement with motorcycle vertical.
· Front and rear load under level conditions: using scales, weighed the front and rear then repeated with rider on board.
· Centre of Gravity horizontal position. Using equilibrium/moments theory: Clockwise forces are equal to anticlockwise forces on the front axle.

Transposing gives:



· Centre of Gravity height:  by using the wheelbase ,front axle height, and front /rear loads as set out above then repeating with the rear raised by 0.345m. 

Where: WB₁ = Original wheelbase.   
            WB₂ = Horizontal wheelbase when lifted.

· Horizontal wheelbase when the rear is raised was found using the Pythagoras Theorem 


This process gets repeated with and without the rider on board.

[bookmark: _Toc58104630]KTM RC390
[image: ]Figure 8: KTM RC390 with dimensions (Iatrakis, 2020)


The RC390 (Figure 8) has been designed to be a street bike ready for the racetrack, which means it has been designed to be stable and agile. As we can see the geometry of this newer bike similar to the VFR400 hasn’t changed a lot. 

We can see that the rake angle is 0,5° larger than the VFR making it a bit more stable due to more trail. The wheelbase is a bit shorter to keep the bike from being too stable and turning slowly.

As I personally ride this Bike I’ve chosen to do the speed calculations on the RC390, the gear ratios were taken out of the workshop manual. Power data were taken of a dyno test of my personal bike (see appendices). On Table 11, 12 and Figure 9 we can see the speed and power results. The Bike makes enough driving force to overcome the aerodynamic resistance forces and reach it’s top speed of 168km/h. 

[image: ]
Table 3: Speed, Power results (Iatrakis, 2020)
[image: ][image: ]Figure 9: Speed Vs. Power for each gear (Iatrakis, 2020)
Table 4: Gear ratios and speed Calc. (Iatrakis, 2020)
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Overall gear ratio; Top gear.
 drive ratio

1.1.1 [bookmark: _Toc26950384][bookmark: _Toc29797502]Maximum Velocity using basic force. 

· Driving Force.  From,  
Transposing gives;

· Opposing force. 
= 

1.1.2 [bookmark: _Toc26950385][bookmark: _Toc29797503]Maximum Velocity by Formula. 

From;

Transposing gives;


1.1.3 [bookmark: _Toc26950386][bookmark: _Toc29797504]Maximum Velocity with all forces represented. 

· Coefficient of friction; General CdA Value taken of superbike from Vittore Cossalter.

· By multiplying primary, gear and final ratios to get overall gear ratio;

· Theoretical maximum velocity;

· Resistive force due to gradient;



·  Tractive effort. Being the force available to drive the vehicle forward at given velocity in given gear;

· Torque;
Torque = ((5252 ×Revs per Minute))/Horsepower
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Husqvarna FS450

The Husqvarna FS450 is a Supermoto ready built from the factory. 
As we see it is similar built to a motocross bike, we see that the wheelbase is shorter and there is more trail than the CRF450. 

The trail keeps the bike stable at higher speeds while the shorter wheelbase and very low COG (figure 10 and excel file) keep it very easy to handle and able to turn fast. This makes the supermoto a perfect bike for it’s purpose, being fast on small karting tracks.
[image: ]Figure 10: FS450 (Iatrakis, 2020)
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[bookmark: _Toc58104633]VFR400 alternations

[bookmark: _Toc58104634]When I rode the VRF400 I noticed the steering in small corners was very heavy and hard to change directions fast. I can try and shorten the wheelbase, or insert new headstock inserts to shorten the trail and make the bike turn faster. Also with the current seat the COG with rider is very high. Changing the seat or handlebar height will hopefully lower the COG and make the bike turn faster.

[bookmark: _Toc58104635]Conclusion
We’ve found that the Geometry of all 4 bikes were different to each other to suit each bike’s individual purpose as good as possible. 
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(app.1)
· Conversion from radians to degrees for calculating result purposes ;



· Yoke offset is measured from headstock centerline to fork leg centerline  
· Rake angle information from relevant service manuals
· Trail calculation formula;
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[image: ]Table 5: FS45O COG Calc. (Iatrakis, 2020)Figure 11: COG measurement (Iatrakis, 2020)

[image: ]Figure 12: Wheel radius measurement (Wienclaw, 2020)
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Figure 13: Wheelbase measurement (Iatrakis, 2020)
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image9.emf
COG VFR400

level level w rider lifted lifted w rider

Front wheel (Kg) 79 104 85,5 118

Rear wheel (Kg) 70,5 111 64 96

Wheelbase (m) 1,345 Bike weight (Kg) 149,5

Rw Rad. (m) 0,29 Rider weight (Kg) 65,5

Fw Rad. (m) 0,304 Total weight (Kg) 215

Raverage. (m) 0,297

stool height. (m) 0,345 Stool weight (Kg) 5

lifted angle. (Deg) 14,35

%F %R

Xcog (m) 0,634264 Ycog (m) 0,525586 52,84281 47,15719

Xcog With Rider (m) 0,694395 Ycog W. rider (m) 0,6638 48,37209 51,62791
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COG CRF450

level level w rider lifted lifted w rider

Front wheel (Kg) 47,1 79 50,3 92,5

Rear wheel (Kg) 48,9 114 45,35 97

Wheelbase (m) 1,49 Bike weight (Kg) 96

Rw Rad. (m) 0,381 Rider weight (Kg) 97

Fw Rad. (m) 0,319 Total weight (Kg) 193

Raverage. (m) 0,35

stool height. (m) 0,345 Stool weight (Kg) 5

lifted angle. (Deg) 13,41

%F %R

Xcog (m) 0,759 Ycog (m) 0,581 49,06 50,94

Xcog With Rider (m) 0,880 Ycog W. rider (m) 0,900 40,93 59,07
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RC390:   Road Speed (km/h): Driving force (N): Force to overcome (N):

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

4000 25 21 18,64 21,21 30,45 39,79 49,48 59,12 67,32 3164,85 2204,09 1686,53 1356,36 1135,22 996,93 47,70 55,22 65,57 79,19 95,69 112,03

4500 24 27 17,90 23,86 34,26 44,77 55,67 66,51 75,73 2700,67 1880,82 1439,17 1157,43 968,72 850,71 49,58 59,10 72,19 89,44 110,32 131,00

5000 26 31 19,39 26,51 38,06 49,74 61,85 73,90 84,15 2633,15 1833,80 1403,19 1128,49 944,50 829,44 51,69 63,44 79,60 100,90 126,67 152,20

5500 29 36 21,63 29,16 41,87 54,72 68,04 81,29 92,56 2669,98 1859,45 1422,82 1144,28 957,71 841,04 54,01 68,24 87,79 113,55 144,74 175,63

6000 34 37,5 25,35 31,81 45,67 59,69 74,22 88,68 100,98 2869,46 1998,38 1529,12 1229,77 1029,26 903,88 56,56 73,49 96,76 127,42 164,53 201,30

6500 36 37 26,85 34,46 49,48 64,66 80,41 96,07 109,39 2804,54 1953,16 1494,53 1201,95 1005,98 883,43 59,33 79,19 106,51 142,49 186,05 229,19

7000 42 42 31,32 37,11 53,29 69,64 86,59 103,46 117,81 3038,26 2115,93 1619,07 1302,11 1089,81 957,05 62,31 85,36 117,03 158,77 209,28 259,32

7500 44 41 32,81 39,76 57,09 74,61 92,78 110,85 126,22 2970,74 2068,91 1583,09 1273,17 1065,59 935,78 65,53 91,98 128,34 176,25 234,24 291,68

8000 47 41 35,05 42,41 60,90 79,59 98,96 118,24 134,64 2974,96 2071,85 1585,34 1274,98 1067,10 937,11 68,96 99,05 140,43 194,93 260,92 326,27

8500 49 40 36,54 45,06 64,70 84,56 105,15 125,63 143,05 2919,11 2032,95 1555,58 1251,05 1047,07 919,52 72,61 106,59 153,29 214,83 289,31 363,10

9000 50 39 37,29 47,71 68,51 89,54 111,33 133,02 151,47 2813,20 1959,19 1499,14 1205,66 1009,08 886,16 76,49 114,58 166,94 235,93 319,43 402,15

9500 52 38 38,78 50,36 72,32 94,51 117,52 140,41 159,88 2771,74 1930,32 1477,05 1187,89 994,21 873,10 80,58 123,02 181,37 258,23 351,27 443,44

10000 53 37 39,52 53,01 76,12 99,48 123,70 147,80 168,30 2683,79 1869,07 1430,18 1150,20 962,66 845,39 84,90 131,93 196,57 281,74 384,84 486,96

10200 53,9 36 40,19 54,07 77,65 101,47 126,17 150,75 171,67 2675,85 1863,54 1425,95 1146,79 959,82 842,89 86,69 135,62 202,87 291,48 398,74 504,99

Drag coefficient * Frontal area (general superbike value, Vittore Cossalter):  0,35 m2

Density of air (ρ

):

1,167 kg/m3

Mass (Rider+bike): 207 kg
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Gearing/ Speed calculator

Bike: Rc390

Primary gearing:  30 80

Secondary gearing: 15 45

Wheel Diam. : 0,6 m

RPM: 10000 revs/minute

Ratio: Speed (km/h): Revs: Falls:

1st

12 32 2,67 53,01 10000

6964,29 3035,71

2nd

14 26 1,86 76,12 10000

7651,82 2348,18

3rd

19 27 1,42 99,48 10000

8042,33 1957,67

4th

21 24 1,14 123,70 10000

8369,57 1630,43

5th

23 22 0,96 147,80 10000

8781,82 1218,18

6th

25 21 0,84 168,30
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COG FS450 2020

level level w rider lifted lifted w rider

Front wheel (Kg) 53,9 81,4 56,2 95

Rear wheel (Kg) 56,1 107 55,7 94

Wheelbase (m) 1,475 Bike weight (Kg) 110

Rw Rad. (m) 0,322 Rider weight (Kg) 78,4

Fw Rad. (m) 0,305 Total weight (Kg) 188,4

Raverage. (m) 0,314

stool height. (m) 0,345 Stool weight (Kg) 5

lifted angle. (Deg) 11,5

%F %R

Xcog (m) 0,752 Ycog (m) 0,340 49,00 51,00

Xcog With Rider (m) 0,838 Ycog W. rider (m) 0,814 43,21 56,79


image18.jpeg




image19.jpeg




image20.png




image2.png
Prifysgol Cymru
Y Drindod Dewi Sant

University of Wales
Trinity Saint David




image3.png
Wetenschap &
Sport

Atlas College




