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Vehicle Dynamics Stabilization with Minor Controller on Each Wheel of EV

Shin-ichiro Sakai, Member (The Institute of Space and Astronautical Science), Yoichi Hori, Member

(The University of Tokyo)

Vehicle dynamics stabilization with wheel minor controller is proposed and discussed for electric vehi-

cles(EVs). Quick motor torque response is the significant advantage of EVs, thus fast feedback control

techniques can be fully applied in EVs. If appropriate controller is applied, it can change the dynamics of

each wheel and the wheel comes to be stable for slip phenomena. This paper studies its influence on the

vehicle lateral dynamics. We assume that (1) such minor wheel controller can stabilize the unstable lateral

motion, (2) thus can be an effective minor loop in the vehicle stability control system or DYC(Direct Yaw

Moment Control) system. Experimental results with “UOT March II”, which is newly constructed, are also

discussed.
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Fig.1. In-wheel motor(left) / “UOT March II”
with four in-wheel motors(right).
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Fig.2. “UOT Electric March II” at 100 [km/h].
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Fig.3. Block Diagram of wheel velocity controller.
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Fig.4. Bode diagram of V,,/Fy,.
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Fig.5. Exp. results of wheel stabilization.

7=0.1[s], and K of Eq. (3) is 4.52 for this vehicle.
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Fig. 6. Stabilizing effect with “controlled four

wheels” is visualized with vehicle’s trajectory.
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Fig.7. “UOT March II” in turning experiments.
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Table 1. Specifications of “UOT Electric March II”.

Drivetrain
Max. Power (20 sec.)

4 PM Motors / Meidensya Co.
36 kW] (48.3[HP])*

Max. Torque 77" [Nm]

Gear Ratio 5.0
Battery Lead Acid
Weight 14.0 [kg](for 1 unit)

Total Voltage 228 [V] (with 19 units)

Nissan March K11

Base Chassis

Wheel Base 2360 [m)]
Wheel Tread F/R 1365/1325 [m]
Total Weight 1400 [kg]
Wheel Inertia™* 8.2 [kg]***
Wheel Radius 0.28 [m)]
Controller
CPU MMX Pentium 233[MHz|

Rotary Encoder
Gyro Sensor

* ... for only one motor.

**x* .. affected by gear ratio.

3600 [ppr]***
Fiber Optical Type
.. mass equivalent.
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Fig.8. Unstable turning without feedback con-
troller(Exp. Results.) |y| unstablly increases.
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Fig.9. Eexp. results with wheel minor controller.
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Fig.10. Comparison of experimental results. Ve-

hicle dynamics is stabilized with wheel minor
controller.
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