Efo[of-xI2F CIE|ZE[E 2 7|t OIE HE| X|2ke| Qu|0|E |0

X gV & M

Yaw Rate Control of a In-Wheel-Motored Vehicle based on Tire-Vehicle
Interactive Model

Jiyeol Oh" * Seibum Choi®

YDepartment of Mechanical Engineering, Korea Advanced Institute of Science and Technology,
291 Dachak-ro, Yuseong-gu, Daejeon 34141, Korea

Abstract : The motion of a vehicle is determined by the friction forces generated by the interaction of the tire and the
road surface. Therefore, a quantitative model which describes the tire force characteristics properly is necessary for
vehicle motion control. In previous studies, individual tire models which have tire longitudinal slip, tire side slip angle,
and tire vertical load of each tire as its arguments have been used for vehicle motion control. However, those
conventional models have a limitation that the dependency of tire vertical load on tire longitudinal slip ratio is ignored
because they treat tire vertical load as an independent variable from tire slip variables. This study proposed a
tire-vehicle interactive model by which the interaction between tires and the vehicle via load transfer is internally
considered. Brush tire model was adopted to take combined-slip effect of tire into consideration in the integration of
proposed tire model. In addition, direct yaw moment controller (DY C) with optimal torque distribution in vehicle-level
was designed based on the proposed tire model. The verification and comparison of the controller were performed for
double lane change (DLC) maneuver in Matlab/Simulink/CarSim simulation environment. Simulation results indicate
that the controller based on the proposed model improves yaw rate tracking performance in comparison with the
controller based on the conventional brush tire model.
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Nomenclature F,;; - tire longitudinal force, N
F .. : tire lateral force, N

yij
m : vehicle total mass, kg F,; : tire vertical load, N

a, : longitudinal acceleration of vehicle CG, nm/s’ 8, : road wheel steer angle, rad
a. : lateral acceleration of vehicle CG, m/s’

v, : longitudinal speed of vehicle CG, m/s

v, * lateral speed of vehicle CG, m/s L : distance from front axle to rear axle

B : vehicle body side slip angle, rad 1, : distance from front axle to vehicle CG
y : vehicle yaw rate, rad/s

A;; « tire longitudinal slip ratio

a;

: tire side slip angle, rad
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[, : distance from vehicle CG to rear axle

¢ : vehicle half track, m

h,, : height of vehicle CG from ground, m

7, : effective radius, m

1 : tire-road friction coefficient

NC, : normalized tire longitudinal stiffness, N

NC, : normalized tire cornering stiffness, N/rad

K, : roll stiffness compensation coefficient for front
axle

K, : roll stiffness compensation coefficient for rear axle

Subscripts

ij : fl, rl, fr, rr = front left, rear left, front right, rear

right
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yaw rate ¥ RMSE BTM IT™
{rad/s}
dry asphalt (2 = 0.85) 0.0175 | 0.0126
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