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Abstract

A superconducting bulk can levitate a permanent magnet. However, its damping factor is
very low, because there is no friction. Therefore, nonlinear vibration with large amplitude can
easily occur and the vibration have to be suppressed. It is preferable that the vibration
suppression be performed without any active control and any contact so that the system does not
lose its merits. The author focuses on a damper which is composed of an electromagnetic
transducer and a shunt circuit. It can transform vibrational energy into electrical energy and
dissipate the energy. The purpose of this research is to suppress vibration in a superconducting
levitation system with the electromagnetic shunt damper.

Chapter 1 describes research background and objectives.

In Chapter 2, a new type of electromagnetic shunt damper that utilizes internal resonance,
a kind of nonlinear resonance, is proposed to suppress vibration in the vertical direction in a
superconducting levitation system. The arrangement of fixed outer magnets is changed and the
ratio of natural frequencies of the levitated system and the circuit system is adjusted to be one to
two so that internal resonance between both the systems can occur. With a conventional
electromagnetic shunt damper, the ratio is required to be one to one, which leads to large
inductance and large resistance. On the other hand, it is analytically found that the proposed
damper can ease this condition.

In Chapter 3, a new type of electromagnetic shunt damper is proposed to suppress whirling
of a rotor supported by a superconducting magnetic bearing. A coil is wound around the rotor
and external magnetic field generated by ring-shaped magnets is applied to the coil. When the
rotor whirls, the Lorentz force acts on electrons in the coil and induced current flows to prevent
the rotor from whirling. In particular, dynamics of a vertically supported rotor is investigated
and it is theoretically and numerically found that vibration suppression is achieved in the
system. Unlike magnetic dampers, the proposed damper can suppress forward whirling. In
addition, considering the external magnetic field distribution, the optimum dimensions and
configurations of the coil and the ring-shaped magnets are obtained by numerical analysis.

Chapter 4 describes dynamic properties of a horizontally supported rotor with the damper
proposed in Chapter 3. Numerical analysis and experiment reveals that the proposed damper is
effective against main resonance and subharmonic resonance.

In Chapter 5, electromagnetic field analysis of the damper proposed in Chapter 3 is carried
out. Assuming that the whirling is small enough, distributions of scalar potential and current in
the conductor are investigated. The force exerted by the damper is expressed by linear
combination of the displacement and the velocity of the rotor.

Finally, Chapter 6 summarizes the contents of this thesis and concludes the results.




