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Bearingless motors, in which a magnetic bearing function is magnetically
integrated in a single motor, have several key advantages: they suffer no wear,
require no lubricant or maintenance, and are non-polluting. As a result, bearingless
motors have been applied in a range of applications, including centrifugal pumps,
contamination-free ventricular-assist devices, high purity pharmaceutical mixing
devices, rotating stages, flywheels, compressors and cooling fans.

One of the most effective solutions for the down-sizing and the cost reduction is
reducing the number of the active positioning axes because the numbers of actuators,
displacement sensors and inverters can be reduced. Therefore, two-axis actively
positioned bearingless motors have been developed. Only radial positions of the
disk-shaped rotor are actively regulated. The other axial and tilting directions are
passively stabilized. In addition, one-axis actively positioned bearingless motors have
been studied for further cost reduction and downsizing. Only axial position of the
rotor shaft is actively regulated. The other radial and tilting directions are passively
stabilized. Therefore, when a disturbance is applied to the rotor, vibrations occur in
the passively stabilized directions. Thus, the vibration reduction is required.

In past studies, several vibration reduction methods have been proposed.
However, additional permanent magnets, copper rings, displacement sensors, the
damping coils or damping materials must be installed to reduce the vibration.

This paper presents a novel method of the tilting vibration reduction without any
additional physical components in the two-axis actively positioned bearingless motor.
When the rotor is non-collocated structure, the tilting vibration is reduced by an
interference between radial and tilting directions. In addition, this paper presents a
novel method of the radial vibration reduction in the one-axis actively positioned
bearingless motor by minimization of angular position error. Furthermore, a novel
single-drive bearingless motor has been proposed for cooling fan applications with
high torque and high radial stiffness. In experiments, it is found that stable magnetic

suspension and the motor drive of the proposed machine are successfully achieved.
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