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Abstract

This paper develops a 3 DOF vehicle model which includes lateral, roll and yaw motion to study a
4WS vehicle. The model is used for the simulation of a 4WS vehicle behavior, and to derive a control
algorithm for rear wheel steering. This paper uses a feedforward plus feedback control scheme to
compute a rear wheel steering angle. The feedforward control scheme for computing the first rear
wheel steering angle uses a gain which is acquired by multiplying a proper value on a gain to
maintain a zero sideslip angle. The feedback control scheme for computing the second rear wheel
steering angle uses fuzzy logic and model following control scheme. A linear 2 DOF model is used as
a reference model for model following control, and is derived from the developed 3 DOF model by
neglecting sprung mass roll motion. A reference state variable is yaw rate, and is computed using the
linear 2 DOF model. J-turn and lane change maneuver simulation are performed to show the
effectiveness of the developed control scheme. The simulation results show that the 4WS vehicle with
the developed control scheme has much better performance in yaw rate, lateral acceleration, roll angle,
and sideslip angle than the 2WS vehicle. Also, the results show that the performance of the developed
control is close to the one of an optimal control which assumes all states are perfect.
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controller.
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Table 1 Fuzzy control rules.
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Table 2 Vehicle parameters for handling analysis.

Para;nebe Description Value unit Para:nete Description Value unit
m Vehicle mass 1300 kg g_}ﬁ Roll axis torsional stiffness | 6778752 | Nm/rad
Nm/s
mg Sprung mass 11675 kg g—; Roll axis torsional damping 3511.39 rad/
sec
a Dist. from cg to front wheel 1 m I, inertia moment{Z axis) 3000 kgm®
b Dist, from cg to rear wheel 154 m Lixg inertia moment(roll axis) 489.9 kgm?
Cornering stiffness
heg Height of cg above ground | 0533 | m | Ca e st 79500 | N/rad
of front tire
Dist. f C i tiffy
. ist. from sprung mass cg 04572 o C. ornering s 1. ness N/rad
to roll axis of rear tire
Ratio of front roll stiffness
Tw Track width 1.436 m Krsr to the 0.552
total roll stiffness
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Fig. 6 Front steer input for J-turn test.
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Fig. 9 Response of J-turn test : lateral
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Fig. 12 Front steer input for lane change
test.
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