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Prediction of Vehicle Handling —Nonlinear Tire Model Considering Transient Characteristics of the Tire—
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ABSTRACT

The vehicle dynamic handling properties should
be analyzed in consideration of the tire dynamics,
which is known to make large contribution to the
vehicle handling. Therefore our existing tire model
has been upgraded by combining an empirical non-
linear function tire model and a transient tire model.

The time constant of first-order properties of
the tire side forces has been expanded as a non-
linear function of the tire load and the slip angle that
can reflect both tire dynamics and nonlinearity on
vehicle handling prediction. With this “dynamic” time
coefficient and the most prevailing “Magic Formula”
tire model, the dynamic and nonlinear tire force can
be calculated by the help of numerical integration.
Thus the vehicle transient behaviors can be simulated
more properly even when its tire properties are in
nonlinear region with large side slip or under heavy
normal load condition.

In order to validate the proposed tire model,
the calculation of vehicle impulse response
characteristics has been made and compared with
the test results. The comparison has shown it to be
accurate and reproduce actual vehicle maneuver.
It has proved that the transient tire side force is
calculated correctly for fast steering input and that
the simulation of dynamic behavior of the vehicle
is closer to actual response.
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Table 2  Specifications of Bicycle Model

Specs Value Unit
m 1334.0 [kel
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a 1.032 [m]
b 1.689 [m]
Y 27.778 [m /sec)
Kf* 39226.6 [N.“rad]
Kr* 42168.6 [Nrad]
Ky 100027.8 [N/ m]

*Estimated Value from Constant Redius Turn Test
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