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Nanoindentation is an important research technique for investigating mechanism of
microstructural changes such as deformation, brittle fracture, and phase transformation of materials.
There are various previous studies, but most of them only focus on behaviors during single
loading/unloading processes, and microstructural changes during cyclic loading/unloading
processes, which is similar to situations of real material use and machining processes, have not been
investigated enough. In this research, cyclic nanoindentation on representative hard-brittle materials
of single-crystal germanium, polycrystalline zirconia, and amorphous fused silica is performed, and
new mechanism of microstructural changes is investigated. Via cross-sectional observation of
indents and load-displacement analysis, new microstructural changes which have never been
reported in previous single nanoindentation tests are confirmed, and the mechanism is clarified.

Chapter 1 provides an introduction and overview of the issues related to this research. The
research significance and the research objectives are also included in this chapter.

Chapter 2 provides a literature review of nanoindentation studies. Basic microstructural changes
observed in single-crystal, polycrystalline, and amorphous materials are explained in this chapter.

Chapter 3 explains fundamentals of nanoindentation.

Chapter 4 presents multi-cyclic nanoindentation on single-crystal germanium. Microstructural
changes depending on the holding load between indentation cycles are observed. The mechanism is
revealed through various analyses like load-displacement analysis.

Chapter 5 deals with multi-cyclic nanoindentation of polycrystalline yttria stabilized zirconia.
The results indicate that multi-cyclic nanoindentation promotes phase transformation outside the
indents than single nanoindentation. The model of such microstructural changes is suggested.

Chapter 6 presents incremental-cyclic nanoindentation of amorphous fused silica. It is found that
incremental-cyclic nanoindentation promotes brittle fracture by lateral cracks. In addition, there are
some characteristic brittle fracture like secondary lateral cracks outside the inner lateral cracks
adjacent to indents. The mechanism is also discussed.

Chapter 7 presents the overall conclusions from this research and the future works.




