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ABSTRACT
In this thesis, the dynamics and stabilities of no rider controlled motorcycle running in the straight line have been studied. Firstly, the
motorcycle is described as a mathematical model. No longitudinal slip is considered as the constraint conditions. By using the
Lagrange’ s equation for quasi-coordinates, the equations of motion of motorcycle are derived. Secondly, the stabilities of
motorcycle is considered from the equations of motion. The eigenvalues show the stabilities and frequencies of oscillation of
motorcycle. The oscillations of motion are grouped into two kinds. The first kind is called by in-plane mode and the second one is
out-of-plane mode. The in-plane mode consists of pitch and bounce motion and concern with the rider comfort. The out-of-plane
mode is important in motorcycle stabilities, which include the capsize mode, weave mode and wobble mode. The stabilities of
motorcycle are studied in different conditions: constant speed conditions, driving conditions and braking conditions. The weave
mode and the capsize mode are hardly affected in the driving and braking condition while the wobble mode is neglected in the
driving condition and less stability in the braking condition. Finally, the effects of parameters design are considered: trail, position of
centre gravity of rear part, steering damper coefficient, steering head angle. From these result, the parameter can be designed to
improve the stabilities of motorcycle.

Keywords : Motorcycle DynamicsC] Multibody System[] Numerical Stabilityd Lagrange Equation

Table of Contents
O O OO e Il ABSTRACT ..ot iv
ACKNOWLEDGEMENTS......ootiieiirneiee s V TABLE OF CONTENT ....ocooiiiniireee e vi
LIST OF FIGURES........coo i Vil LIST OF SYMBOL......cooiiiiiiienneeenseeese e xi LIST OF
TABLES.......c oo xii Chapter I; Introduction............c.ccccevvvevivinienenie e 1 1.1 Introduction of Two
wheel vehicles........covvvriiniiiniiennn, 1 1.2 MOtIVALION......coveeieeiee e 413
ODJECLIVE.....ceveerceceee e 5 1.4 Literature reVIEW. .......coccvevveeeeiie e seceee e e see e sie s 6 1.4.1 Handling
ANAIYSIS....eeeieiier 6 1.4.2 Computing method...........cccoooiiiinninieee e, 9 Chapter Il: Motorcycle
MOCEL.....oiiiiiiiirie s 14 2.1 Motorcycle model..........occooviiiiiniienine e 14 2.2 Basic kinematic
tNEOKIES. ...t 18 2.3 KiNEtiC BNEIGY.....ccoveiriiiieirerie e 20 2.3.1 Kinetic energy of rear
frame.......coooeiiii s 20 2.3.2 Kinetic energy of front frame..........ccococereiinciciiienns 23 2.3.3 Kinetic energy of extra
TBIMS..ceii 26 2.4 Potential Nergy.........cccoovevreineiineiieseeeeien, 27 2.5 Tire forces and generalized
fOrCe. i 28 2.5.1 Camber angle and ground steering angle..........c.ccccoceeerernen. 292.5.2 Tire
FOFCES et 32 2.5.3 Generalized fOrCes........cccovvvreriienieneeeeee e, 34 2.6 Equations of motion of
MOLOrCYCIE.....ceeiiiicirceee e 36 2.6.1 Lagrange’ S equation............ccoceerveereerieenieinenneenns 36 2.6.2 Equations of
MOLION. ...cviviiiiie e 37 Chapter I11: Stability analysis...........ccoceoveerernninennenn 41 3.1 Eigenvalue
MEhOM.......ciicie s 41 3.2 Out-of-plane oscillation............cccocevverviivcneienecnnns 42 3.2.1 Capsize
4100 [ 43 3.2.2 WEAVE MOUE.......covireerrirse e e ses e e seeeenens 44 3.2.3 Wobble
4100 S S 46 3.3 In-plane osCillation...........cccceveveveierecccse s 48 3.4 Motorcycle under driving
and braking conditions..............cc.cc..... 50 Chapter 1V: Numerical result..........c.ccocovvveieviecrciinecnsnnn, 53 4.1 Stability of motorcycle
under constant speed conditions................ 53 4.2 Stability of motorcycle under driving and braking conditions........... 62 4.2.1 Driving
CONAILIONS.....oeieieiccce e 62 4.2.2 Braking conditions...........cccovevveierieninsnsiesesene e, 65 4.3 Stability of motorcycle
affected by the design parameters.............. 67 4.3.1 Mechanical trail.............cccocovvevevieiecicieciecceens 68 4.3.2 Steering head
angle. ..o 69 4.3.3 Steering damper coefficient..........ccccocevveiievevciciniinennas 71 4.3.4 Height of centre gravity
of rear part.........ccoceevvenninienn 73 Chapter V: Conclusion and perspectives............ccoceverereriereennn 75
RETEIENCES. ...t 77 Appendix : Matrix of equations of Motion...........c.ccoeevvrenenenne. 79

REFERENCES



[1]Wikipedia, History of the bicycle, available online at: http://en.wikipedia.org/wiki/History_of the_bicycle [2]Wikipedia , Motorcycle history,
available online at: http://en.wikipedia.org/wiki/Motorcycle_history [3]Whipple, F.J.W., “ The stability of the motion of a bicycle,” The
Quarterly Journal of Pure and Applied Mathematics, 1899, Vol.30, pp. 312-348.0

[4]Sharp, R.S, “ The Stability and Control of Motorcycles,” Journal of Mechanical Engineering Science, 1971, VVol.13(5), pp.316-329.00
[5]Sharp, R.S, “ Multi-body simulation software in the study of two-wheeled road vehicles,” Conference on Decision and Control, Kobe, Japan,
December 1996, pp.2804 - 2805 [6]R.Lot, “ A symbolic Approach for Automatic Generation of the Equations of Motion of Multibody Systems,”
Multibody System Dynamics, 2004, pp.147-172 [7]Sharp, R.S, “ A Motorcycle Model for Stability and Control Analysis,” Multibody System
Dynamics, 2001, pp.123— 142 [8]Limebeer, David J.N, “ The stability of motorcycles under acceleration and braking,” Proceedings of the
Institution of Mechanical Engineers, 2001, Vol.215(C), pp.1095-1109 [9]Limebeer, David J.N, “ Bicycles, Motorcycles and Models,” |EEE
Control Systems Magazine, 2006, pp.32-61 [10]Sharp, R.S, “ The Influence of the Suspension System on Motorcycle Weave-mode Oscillations,
" Vehicle System Dynamics, Vol.5, 1976, pp.147-154 [11]Vittore, Cossater, “ Optimum suspension design for motorcycle braking,” Vehicle
System Dynamics, VVol.34, 2000, pp.175-198 [12]Lai, Hsien-Chung, “ Design parameters study on the stability and perception of riding comfort of
the electrical motorcycles under rider leaning,” Elsevier Science Ltd, VVol.13, 2003, pp.49-76 [13]Haim, Baruh, Analytical Dynamics,
McGraw-Hill, Singapore, 1999 [14]Hans, B.Pacejka, Tyre and vehicle dynamics, Butterworth Heinemann, London, England, 2002 [15]John,
C.Dixon, Tires, Suspension and Handling, 2nd ed., SAE International, Inc. Warrendale, United State of America [16]Vittore, Cossalter,
Motorcycle dynamics, 2nd ed., United state of America, 2006 [17] Thomas, D.Gillespie, Fundamentals of vehicle dynamics, 1st ed., SAE
International, Inc. Warrendale, 1992 [18]Kelly, S.Graham, Fundamentals of mechanical vibration, 2nd ed., McGraw Hill, Singapore, 2000



