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Three Degrees of Freedom Control Method using Wheel Margin of Workload
for Four Wheel Independent Driven Electric Vehicles.

«N. Shimoya, H. Fujimoto (The University of Tokyo)

Abstract— This paper presents a three degrees of freedom control method with in-wheel motor electric
vehicles for improving vehicle stability and riding comfort. In generally, the vehicle stability has a great
connection with yaw rate and side slip angle. Those states can be controlled independently with a decoupling
control using EPS and in wheel motors. In this case, driving force distribution minimizing maximum tire
workload can be calculated simply. Moreover, using the margin of tire workload for rolling control makes
riding comfort improving without reducing the vehicle stability. The effectiveness of the proposed method is

verified by simulations and experiments.
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Fig. 1: FPEV2-Kanon.
Table 1: Parametres of FPEV2-Kanon.

Vehicle Mass (m) 863 kg
Yaw Moment of Inertia (1) 617.0 kg - m°
Wheelbase (1) 1.7m
Distance from CG (lf) 0.999 m
to Front/Rear Axle (i) 0.701 m
Height of the center of gravity (hy) 0.51 m

Tread Width (d;)
Front Cornering Stiffness (Cy)
Rear Cornering Stiffness (Cr)

Wheel radius (r)

1.3 m
12500 N/rad
29200 N/rad

0.302 m
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Fig. 4: Rolling model.

Fig. 5: Friction circle.
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Fig. 6: Yaw rate and side slip angle controller.
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Fig. 7: Roll controller using wheel margin of workload.

Table 2: Parameters of reference model.

I, C, K,
Plant 1.1x10% | 4.7 x 10% | 2.1 x 104
Reference model | 1.1 x 102 | 2.0 x 10° | 1.5 x 10*
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Table 3: Driving force redistribution.
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