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Parametric Design of Contact-Free Transportation System
Using The Repulsive Electrodynamic Wheels
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Abstract We propose a novel contact-free transportation system in which an axial electrodynamic wheel is applied
as an actuator. When the electrodynamic wheel is partially overlapped by a fixed conductive plate and rotates over
it, three-axis magnetic forces are generated on the wheel. Among these forces, those in the gravitational direction and
the lateral direction are inherently stable. Therefore, only the force in the longitudinal direction needs to be controlled
to guarantee spatial stability of the wheel. The electrodynamic wheel consists of permanent magnets that are repeated
and polarized periodically along the circumferential direction. The basic geometric configuration and the pole number
of the wheel influence the stability margin of a transportation system, which would include several wheels. The
overlap region between the wheel and the conductive plate is a dominant factor affecting the stiffness in the lateral
direction. Therefore, sensitivity analysis for the major parameters of the wheel mechanism was performed using a
finite element tool. The system was manufactured based on the obtained design values, and the passive stability of
a moving object with the wheels was verified experimentally.

Keywords : Contact-free conveyance, Electrodynamic wheel, Magnetic levitation, Self-stability, Sensitivity analysis
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Fig. 1. Basic configuration of the electrodynamic wheel
rotating over the conductive plate

Fig. 2. The electrodynamic wheel overlapped partially
with the conductive plate, resulting in the
lateral force
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Y-axial force

v

Y-axial displacement of wheel

Fig. 3. The operating range with a negative stiffness
guaranteeing the stability in the y-direction

Fig. 4. The concept configuration of the electrodynamic
wheel-based conveyance system moving along
the conductive rail
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(¢) Case 3 (d) Case 4

Fig. 5. The various configurations of the electrodynamic
wheel with a repetitive pattern
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Fig. 6. Transient responses of three-axial magnetic forces
by a rotation of the electrodynamic wheel
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Table 1. Nominal specifications of the
wheel used in simulation

electrodynamic

Spec. Values
Material NdFeB35
Pole pairs 4

PM Outer radius 80mm

Inner radius 40mm

Height 25mm

Height Smm

Conducti lat
onductive plate Overlapped length 40mm
from wheel center
. L. Rotation speed 3000rpm
Operating condition :
Air-gap length Smm
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Fig. 7. Force comparisons for the repetitive pattern of

PM array constituting the electrodynamic wheel
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Fig. 12. Force diagram of the constructed conveyance
system

Fig. 13. Supporting mechanism equivalent to the

conveyance system linearized at the nominal
position
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