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This thesis deals with influence of nonlinear behavior of friction on dynamic characteristics
of rolling guideways, and it is composed of six chapters as following. In the first chapter, the
background and the purpose of the thesis were described. In particular, it includes influence of the
dynamic characteristics on both machine tool dynamics and machining efficiency. In the next two
chapters, the experimental results clarified that the nonlinear behavior of friction in microscopic
displacement region affects the dynamic characteristics. In the second chapter, a new evaluation
method for the dynamic characteristics is proposed. The dynamic characteristics can be evaluated
using this method when both external moment and force are applied to a carriage of rolling
guideway. The evaluation results showed that the damping ratio of pitching mode is higher than
that of rolling mode. It means that the damping capacity of rolling guideway has dependency in
directions. The direction dependency is caused by sliding friction between the roller edge face and
the raceway. Both of frequency and compliance at resonance of rolling mode are constant.
However those of pitching and translational modes show remarkable changes against external
force amplitude. This force dependency of the dynamic characteristics are caused by nonlinear
behavior of friction. In the fourth chapter, influence of nonlinear behavior of friction on the
dynamic characteristics is numerically analyzed by a newly proposed friction model based on
Masing rule. As analytical results, tendency of the dynamic characteristics variation against the
external force amplitude is changed by slight variation of friction characteristics in microscopic
displacement region. In addition, it is verified that both variations of frequency and compliance at
resonance against the external force amplitude can be predicted by the proposed friction model. In
the fifth chapter, an approximate analytical method for the dynamic characteristics considering
nonlinear behavior of friction was constructed. For steady state response analysis, nonlinear
friction force is replaced by complex spring equivalently. The approximate solution can be
calculated by the harmonic balance method without numerical integration, and is comparable with
the solution by numerical integration. Finally, the conclusion and future works of this study were

mentioned in the sixth chapter.
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