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Back-EMF based Slip Prevention Controller for EV
utilizing Characteristics of DC Motor

Shinya Kodama, Lianbing Li and Yoichi Hori (University of Tokyo)

In this paper, a novel slip prevention controller with a load torque disturbance observer using the signal of back EMF is
proposed. When slip occurs, the equivalent inertia of EV system will change, and the acceleration of the drive wheels will
also change. By constructing an observer, the value of the back EMF is acquired, which includes the information of wheel
speed. Then a load torque observer is designed using the signal of back EMF to limit the torque (current) command, and keep
the status of EV within a safe area. By selecting observer gain properly, the torque reduction can be adjusted freely in some
range. The experimental results of the slip phenomenon simulator utilizing Motor-Generator set verified the effectiveness of
the proposed approach.
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Fig.1. One-wheel vehicle model.
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Fig. 2. Block diagram of the vehicle.
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Fig.3. Back-EMF observer.
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Fig.4. Load torque observer.
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Fig. 5. Bode diagram of open loop transfer function.
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Fig. 6. Simulation results of EV system.

gooooooooooooOooooKOODODOODDOOOO
gooboooboooboboboboobooobo



o T

O

7 0000 MGOOO

Fig. 7. Experimental system.
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Fig.8. Block diagram of experimental system.
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Fig.9. Experimental results.
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