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Transfer System using Radial Electrodynamic Wheel
over Conductive Track
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Department of Mechanical Engineering, Korea National University of Transportation
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Abstract When a radial wheel is placed so as to partially overlap a conductive plate and rotated, a lift force is
generated on the wheel, a thrust force along the edge, and a lateral force which tends to reduce the overlap region.
When several of these wheels are combined, it is possible to realize a system in which the stability of the remaining
axes is ensured, except in the traveling direction. To validate the overall characteristics of the multi-wheel system,
we propose a transfer system levitated magnetically using radial electrodynamic wheels. The proposed system is
floated and propelled by four wheels and arranged in a structure that allows the thrusts generated by the front and
rear wheels to offset each other. The dynamic stability of the wheel and the effect of the pole number on the
three-axial forces are analyzed by the finite element method. At this time, the thrust and levitation force are strongly
coupled, and the only factor affecting them is the wheel rotation speed. Therefore, in order to control these two forces
independently, we make use of the fact that the ratio of the thrust to the levitation force is proportional to the velocity
and is independent of the size of the gap. The in-plane and out-of-plane motion control of the system is achieved
by this control method and compared with the simulation results. The experimental results show that the coupled
degrees of freedom can be effectively controlled by the wheel speed alone.

Keywords : Dynamic stability, Electrodynamic wheel, Finite element analysis, Independent control, Magnetic
levitation, Parameter sensitivity analysis
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Fig. 1. The concept configuration of the radial
electrodynamic wheel with lateral stability
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Fig. 2. Photograph of the transfer system using four
electrodynamic wheel over the conductive track
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Fig. 3. Force layout by each rotating wheel of the
transfer system shown in Fig. 2
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Fig. 5. Coordinate frame of the radial wheel
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