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In order to reduce the vibration and noise generated from mechanical structures, it is effective to understand
the vibration characteristics of the object. As a technique for this end, the experimental modal analysis
method has been developed to identify modal characteristics such as natural frequency, damping
characteristics, and mode shape from the response of the vibration test of the object, and the technique has
been established to some extent. However, today, along with changes in the characteristics of mechanical
structures and diversification of requirements, the vibration phenomenon becomes complicated, and there is
a new vibration and noise problem in which many vibration modes are excited over a wide frequency range
regardless of the magnitude of damping characteristics. In the identification of modal characteristics, some

problems to be solved have appeared.

The purpose of this study is to solve the problems caused by the frequency resolution, the problems when
the object has close modes and high damping characteristics. This thesis is composed of six chapters, and

the outline of each chapter is shown below.

In Chapter 1, the background of the research and the details of the tasks were represented.

In Chapter 2, the equation of motion of the mechanical structure and its frequency response function (FRF)
were formulated, and the problems caused by the frequency resolution were described in the use of the
conventional half-power method and mode circle adaptation method. Furthermore, the identification theory
of the linear fit method, which is the basis of the experimental modal analysis method in this study was
explained and showed that the problems of the conventional method could be solved by the linear fit method

using numerical examples.

In Chapter 3, the problem that the mechanical structure has close modes and the non-target mode
components adversely affect the mode identification was taken up. A new one-degree-of-freedom method
that can accurately identify mode characteristics even when targeting FRFs whose modes are relatively

close to each other was proposed. The method approximates the non-target mode components with




polynomials related to frequencies in both the real and imaginary parts of the FRF and introduces them into
the identification theory of the linear fit method. The appropriate order of the polynomial was determined by
a theoretical approach. The validity and applicability of the proposed method were verified by numerical

examples, good results were obtained.

In Chapter 4, the problem of applicability of the circumferential reduction method to periodic structures
with high damping characteristics and double curvature was taken up. First, it was clarified that the
eigenfunctions of periodic structures with double curvature could be approximated by trigonometric
functions by numerical examples. Next, in the experiment, the mode characteristics were identified for
motorcycle tires, which have few research cases regarding vibration behavior, using the circumferential
reduction method. In addition, the mode characteristics of motorcycle tires and automobile tires were
compared, and the characteristics of the mode characteristics due to having a double curvature were

clarified.

In Chapter 5, a new excitation method in which the damping characteristics of the target vibration mode can
be reduced was proposed. Specifically, a velocity feedback (FB) excitation method and a gain determination
method that reduce the damping of the target vibration mode were proposed. Using the velocity FB
excitation method with the feedback gain determined above, the modal characteristics of the reduced
damping structure can be identified, and then the original damping characteristics of the structure can be
identified. In the numerical example, the applicability of the proposed method was verified for a

multi-degree-of-freedom system with high damping characteristics, and good results were obtained.

Chapter 6 summarized the results obtained in Chapters 2 to 5 and presented the prospects for future

research.




