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Abstract

This work is about controlling the geometry of the rear saspEn to reduce cornering weave
oscillations associated with high performance motoreydperating at high speeds. The main
lateral oscillations in two-wheeled vehicles are “wobbéeid “weave”. The wobble mode is a
steering oscillation whose frequency is normally in thegeth— 9 Hz and varies little with speed.
The weave mode is a fishtailing motion that involves mainlyiya, rolling and steering of the
vehicle. At low and intermediate speeds it is well dampeddeabmes less damped as the speed
increases, in straight running or under moderate lean armglditions. The natural frequency is
lower in heavier motorcycles and rises from zero at very lp@esl to somewhere in the range
2 — 4 Hz. In cornering, the above lateral modes and the in-plaredgflections and suspension
modes become coupled, as was first shown by Koenen [1]. Therayote becomes prone to
resonant forcing when regular road undulations producplatisment forcing that is tuned to
lightly damped modal frequencies of the machine. Moderalleangles appear to represent the
worst case conditions [2].

Conventional motorcycle rear monoshock suspension sgstem designed to provide varying
but predetermined leverage ratios between spring damieansh road wheel, as the suspension
travels to its limits. These characteristics are motivated designed by static equilibrium consid-
erations. Further variations of the leverage ratio can perposed by utilising variable geometry
arrangements in which the mechanical path along the suspekiaematic loop is combined with
an actuator. The actuator will essentially act as a disptece controller and will interact with
the conventional passive force-producing elements, g@imd damper, to provide active control.
The degree of their interaction will primarily be deterrmdnlgy the geometric design, and it will
prescribe the actuator force and power requirements. Margeometry suspension ideas have al-
ready been explored in [3, 4, 5, 6, 7] for cars and in [8] foronogcles. In the case of motorcycles
the participation of the rear suspension in weave osahatimplies the potential for an active
variable geometry suspension to add damping to the weave.mod

The broad purpose of this research is to investigate theigadity and performance of a vari-
able geometry suspension scheme in improving the corneveaye behaviour of modern high
performance motorcycles. The suspension under consigieraims to incorporate four major
characteristics. Firstly, due to packaging constraitis,aperating space of the variable geometry
system should be close in size to that of the standard pasgitem. Secondly, in order to reduce
costs it should be possible to use much of the existing passthnology with easy retrofitting
of any new parts. Thirdly, variation of the geometry shoutddmne with low actuation forces
and power so that actuators of reasonable size can be usathlfzdfail safe operation should be
easily achievable.

The large perturbation performance of the variable-georatntrolled motorcycle is studied by
simulation. An illustration of such simulation results svn in Figure 1.
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Figurel. Transient behaviour of the roll and steer angles and thegtefor the uncontrolled
(dashed line) and controlled (solid line) machine, in resgoto sinusoidal road forcing that
begins at = 0 and ends at = 0.623 s, and has a peak amplitude of 5 mm. The forcing
frequency is tuned to the weave mode. The forward speed is/3%@nd the lean angle 15
deg.
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