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Abstract

Much research has been devoted to dynamic absorbers with the object of extending the
lifespan of structures and preventing human casualties. A tuned liquid damper (TLD), which
uses liquid as a damping mass, offers the advantages of long lifespan and high efficiency even
for small oscillations. However, TLDs are mostly passive dampers having narrow effective
frequency ranges. To overcome this limitation, controllable TLDs have been proposed in
previous studies; a tuned magnetic fluid damper (TMFD) is one of such device. The
characteristics of the TMFD, which is a semi-active damper, have not yet been clarified. This
study investigates the basic characteristics of the TMFD for a static magnetic field. Based on
this characterization, the control area of these devices is improved.

Chapter 1 introduces the background of the TMFD and relevant previous studies.

Chapter 2 describes the characteristics of a TMFD using a cylindrical container. A linear
theoretical analysis of the sloshing of magnetic fluid under axisymmetric magnetic field is
performed. In addition, the results of an experiment in which the TMFD is placed on a
structure to obtain the structural frequency response are reported. The natural sloshing
frequencies are derived from the frequency response, based on the fact that the maximum
damping frequency corresponds to the natural sloshing frequency. The results indicate that the
theoretical analysis quantitatively expresses the natural sloshing frequency. The optimal
TMFD fluid depth is calculated and confirmed by experiments. The relationship between the
amplitude of the pressure on the wall and that of the fluid displacement is also studied.
Vertical sloshing, which is the sloshing of the Oth mode in circumferential direction occurs
twice per horizontal vibration cycle, and also influences the pressure and fluid displacement.

Chapter 3 explains the performance of the TMFD by theoretically analyzing a coaxial
cylindrical container containing the sloshing magnetic fluid. On comparing with the cylindrical
TMFD, the amplitude of the structure at the maximum damping point increases while the
range of the changing natural sloshing frequency decreases. To increase the variation in the
natural sloshing frequency, an iron core is inserted into the inner cylinder of the coaxial
cylindrical container resulting in a substantial improvement in the controllable range of the
TMEFD.

Chapter 4 presents an analysis of the TMFD based on an analogous model of a tuned mass
damper. The critical damping coefficient becomes much larger and the effective mass becomes
smaller for the coaxial cylindrical TMFD than that for the cylindrical TMFD. It is observed
that a magnetic field effects a change of the first resonant frequency. This magnetic field was
also observed to increase the critical damping coefficient.

Chapter 5 summarizes the results of this study.
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