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Abstract: A permanent magnet bearing system utilizing the repulsive forces operating between the stator and rotor
permanent magnet for levitation and radial control has been fabricated. The repulsive type magnetic bearing has
the advantages of simplified control scheme and less number of electromagnets. This magnetic bearing
system can be used for inertial energy storage using fly-wheel under small radial disturbance. This bearing
system can be realized for two types of machine configurations : Vertical-shaft machines and Horizontal-
shaft machines. The stability of both types of magnetic bearing systems is strongly influenced by the
configuration of the permanent magnets in the bearing system, so it is indispensable for the system to grasp
the characteristics of repulsive force and stiffness along passive control axis. The repulsive forces,
stiffnesses, and magnetic losses operating between the stator and rotor permanent magnets have been
calculated by three dimensional finite element analysis, and the optimum permanent magnet configuration
has been derived.

This bearing system characteristically has constant stiffness in the radial direction and soft levitation at steady
position, therefore, the rotor has a low natural frequency of oscillation. Hence the region of steady rotational speed
between second order oscillation mode and third one is wide. Even if the oscillation of rotor occurs around the
natural frequency of oscillation, the rotor runs through the critical speed effectively by changing the rotational speed
owing to the soft stiffness. This system having the peculiarity as stated above is suitable for application of fly-
wheel energy storage system.

The consistency of the permanent magnet magnetization effect the continuous steady-state and dynamic
performance of the system. Due to demagnetization or ageing or manufacturing asymmetry, the field distribution
may not be uniform along the periphery of the magnet. In this respect, we have shown experimentally that the
magnetic material fit on the permanent magnet reduces the changes in the magnetic flux density along the periphery
effectively .
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Fig.1 Bearing system configuration.
(Horizontal shaft type)

Fig.2 Bearing system configuration.
(Vertical shaft type)
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Fig. 3 Permanent magnet configuration. Fig. 4 Permanent magnet configuration.
{Horizontal shaft type) (Vertical shaft type)
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Fig. 5 3-D FE model of PM configuration. Fig. 6 Eddy-current loss characteristics.
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Fig. 7 Radial vibration characteristics.
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Fig. 9 Natural frequency of oscillation ]
versus rotational speed. Fig. 10 Decay of rotor speed.
(Stiffness K = 2320 N/m) (Horizontal shaft type)
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Fig. 11 Decay of rotor speed. Fig. 12 Characteristics of Magnetic flux density
(Vertical shaft type) along the periphery.
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