Model simulation

The latest dynamic simulation developments for motorcycle tires
by V. Cossalter & A. Doria, Department of Mechanical Engineering, University of Padua

otorcycle tire mechanics differ
[rom car tire mechanics
because tires on the two-
wheeled transport have
toroidal-shaped cross-sections and the
contact area is smaller than on a car tire.
Moreover, in a curve, motorcycle tires are

speed curves without large side-slip.
Analytical expressions of tire lateral forces
can be obtained by litting experimental
data collected for several values of roll and
side-slip angles by means of special testing
machines. Empirical formulas, such as the

tire magic formula, can be used to perform
the fitting.

Rolling resistance torque is generated
by the asymmetric distribution of normal
stresses, causing a forward displacement
of vertical load.

always rolled, and a substantial part of tire
force is due to the presence of roll angle.
Therefore, specific motorcycle tire models
are necessary.

Motorcycle tire models for
multibody simulation

Nowadays, multibody codes make it
possible to calculate the points of contact
between the road and the motorcycle
equipped with rigid or elastic toroidal
tires. Hence, in tire models, the forces
can be applied in the area around the
point of contact between the road and lateral force
the toroidal tire. F
Figure 1 shows tire forces and torques.
Tire forces are vertical load, N, lateral
force, F, and longitudinal force, S
(driving or braking). Tire lateral force longitudinal force
includes a component based on side-slip S
angle A (Figure 2a) and a component
based to roll angle @, which is called M?x_.'
camber thrust (Figure 2b). When the
wheel rotates, the trajectory of any point
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Figure 1: Tire forces and torques
vertical load were present, there would be

only one contact point between the tire
and the road, no deformation and lateral
force would be present. If there is a
vertical load, the tire is deformed and a
contact between tire and road would take adhesion zone
place on a finite area. When the tire s
surface reaches the contact area, it cannot
follow the elliptical trajectory because of
adhesion with the ground, therefore a
lateral deformation takes place and a
lateral force is generated.

The presence of camber thrust, which
depends on tire carcass deformation, and
can be larger than side-slip force, has a
large influence on motorcycle steering
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Lateral force
t=tire trail

which allows the rider to perform high Figures 2a and b: Lateral force generation
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Figure 3: Twisting torque generation (w spinning angular velocity, W yaw velocity)

Figure 4: Experimental apparatus
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Figure 5: Displacements along force direction of a high-performance road tire Figure 6: Displacements perpendicular to force direction of a high-performance tire
Overturning torque is caused by the The tire horizontal forces S and F Equation 1:
lateral displacement of the contact point. always depend on the instantaneous c 1) =
Yaw torque includes two contributions, slip quantities (side-slip angle A and Ssip A8, N)= S iugne &J
The first is due to the asymmetric longitudinal slip k), on roll angle ¢ and Equation 2:

distribution of shear stresses longitudinally:
Figure 2a shows that lateral force is
applied behind the center of the contact
area and the moment tends to align.

The second contribution is the
twisting torque (Figure 3). When a
motoreycle goes along a curve, there are
two zones in the contact area due to the
roll angle: the external zone with positive
longitudinal slip (thrusting), and the
internal zone with negative longitudinal
slip (braking). If, at a certain moment, the
wheel is let [ree, it begins to run along a
curve with a shorter radius, due to the
presence of the twisting torque. The
twisting torque does not tend to align;
it can be measured by means ol special
testing machines. A good approximation
of experimental data is a linear function
of the roll angle.

In steady-state conditions, tire elastic
properties influence the position and the
extension of tire-ground contact area
and hence, the generation of tire forces
and torques.

vertical load N. In order to maintain
equilibrium, tire horizontal forces
expressed in terms of slip quantities have
to be equal at every instant to the elastic
lorces exerted by tire carcass on tire tread,
which depend on tire deformation (vector
&) and roll angle. These equilibrium
conditions lead to equations 1 and 2
which make it possible to study transient
tire behavior and mean an improvement
and relaxation of tire models. Both
equations again highlight the importance
of a good understanding of tire

elastic properties.

Experimental equipment

Figure 4 shows the experimental
equipment that has been developed to
evaluate stiffness properties of the carcass
ol motorcycle tires in the presence of roll
angles. It is a pendulum arm with three

joints (roll, pitch and yaw).

The tire is tilted at the assigned roll
angle with the help of the roll joint, which
is then locked. The other joints make
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vertical and lateral displacements of the
tire possible when forces are exerted on
the hub.

Forces are exerted vertically and
laterally by means of cables and pulleys.
Hub displacements are measured by
means of a mechanical comparator.

Resuits

Several high-performance radial front
tires made by different manufacturers
and a slick racing tire were measured. A
constant vertical preload (600N) was
applied, inflation pressure was 2.25 bar,
and roll angle was varied in the range
zero to 43°.

Figure 5 shows the vertical hub
displacement against the vertical load and
the lateral hub displacement against the
lateral load of a high performance road
tire with zero degrees steel belt. The
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