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Dynamic Characteristics Analysis of Four Wheel Steering Vehicles
Using Nonlinear Tire Model
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ABSTRACT

Four wheel steering(4WS) systems which can control the lateral and yaw motions of vehicles
by steering front and rear wheels simultaneously, have been regarded as effective for improving
the stability and handling performance of vehicles. However, since the 4WS systems depend only
on the lateral force of tire, they have some limitation due to the nonlinear characteristics of tire re-
lated with the saturation phenomenon of lateral force to the slip angle of tire in a near-limit-per-
formance maneuvering range. In this study, in other to evaluate the effect of nonlinear character-
istics of tire on the dynamic performance of vehicles, a new concept for deriving the cornering
stiffness of nonlinear tire by using the “Magic Formula” tire model is proposed. In addition, the
nonlinear 4WS vehicle model is constructed based on the proposed cornering stiffness of nonlinear
tire. It is noted from simulation that the nonlinear characteristics of tire affect greatly on the 4WS
vehicle performance.
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Fig.1 Linear and nonlinear tire models

Fig.2 Model of 4WS vehicle

P
X G R KGP
(kN) (kN/deg)
Front Tire 0.15 1.3 5.826 - 1.5 1.136
Rear Tire 0.15 1.3 4.841 1.5 0.944
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Table 2 Parameters of vehicle model

m 1,300kg I, 1,627kg-m?
a 1.00m b 1.45m
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