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Abstract

The front suspension layout has crucial influencehe vertical and lateral dynamics of the mo-
torcycle. The most widely used front suspensiahestelescopic fork.

Alternatives offer some advantages, which can bdie@ through steady-state analysis. But
those front suspensions have never found broadcapiph in racing-oriented motorcycles. In-
stead, many riders claim to miss control on brakifg understand this criticism better from a
scientific point of view, the focus of this worksst on the transient dynamics of motorcycles in
the braking maneuver, which was inspired by thdigation of Tony Foale [1].

For an analytical analysis, a simple and lineartimodly-model is developed (Figure 1). It con-
sists of three bodies. The model represents a ietpmotorcycle with a rigid chassis body and
two massless and ideally stiff wheels of the samendter, an abstract front suspension and a
direct connection between chassis and rear whedte@&p the model as general as possible, the
front suspension is represented by its instantanbemter and a wheel related, linear spring (k)
and damper (c) unit.
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Figure 1. Front wheel load during sudden brake force vanetio

For a first approach, the adhesion limits of a g not considered.

Under this conditions, the transfer function betwé®e braking force, which is the output cre-
ated by the rider, and the dynamic front wheel Jaath be formulated as

AGdyn H — H r-l:ofG-'- Ltar(gB) _
?B(Jw) =Lk jac) kL2 +cl?jow-J,of tarfe,)

with J: Motorcycle inertia around point “0”.

Out of this equation, the system answer to a sutidake force variation can be calculated by
the inverse laplace transformation through corredpace tables. The results for typical motor-
cycle data are illustrated in Figure 2.
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Figure 2. Front wheel load during sudden brake force vanieio

These results suggest that a front suspensionanfitigphly negative squat angle, like the tele-
scopic fork, initially unloads the front, beforealting it up to the steady-state dynamic load.
Vice versa, a highly positive squat angle initiatleates a very high wheel load on a quick
brake force increase, which is later fading dowtht stationary value. Opposite effects can be
expected for a brake force decrease.

It can further be considered that there is a i@latietween the current wheel load, the thereby
transmittable braking force and the tyre slip, whig usually described through the tyre model.
This means generally, that at a constant brakesfdle adhesion coefficient and thereby the
slip is reduced by higher wheel loads.

The conclusion ,is, that a highly negative squafie@offers reduced grip on initial braking, as
the dynamic wheel load is applied with a delay.erersa, on instant brake release or grip loss
the dynamic wheel load increases due to the sqonatnatics. This can help to safe a possible
front wheel slide.

For a more realistic analysis, multibody simulasianith VI motorcycle have been used. They
are performed for three different front suspensiarigch have different brake squat angles.
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Figure 3. Wheel load due to sudden brake force increaseg éaft decrease (right) for different front sus-
pensions.

Indeed, the results show the same tendencies expéam the simple model. Additionally,
they show the relation to other effects, like tharrsuspension movement and the influence of a
complex tyre model, which were neglected in thepsgnmodel.

As a conclusion of this study, on the one handtautdil objective weight was given to the sub-
jective criticism of many alternative front suspiens, often mentioning the missing feeling for
the front on braking. The main goal, to deepenutiderstanding for this criticism from a scien-
tific point of view, was reached. On the other hamat of this aspect it will be possible to de-
velop evaluation criteria for new generations ohfrsuspensions, which might find more sym-
pathies from the riders.

[1] T. FoaleMotorcycle Handling and Chassis Design, 2™ Edition, Tony Foal Designs, Spain,
2006.



