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Abstract of Thesis

In recent years, the demand for high-mix, low-volume manufacturing in metal forming processes has risen,
alongside an increasing emphasis on high-quality production and cost-effective technologies. To meet these
demands and effectively prevent surface defects, a comprehensive understanding of tribological phenomena at the
interface is crucial. However, conventional friction models used to depict these phenomena mainly rely on
empirical equations based on various assumptions, often differing from actual observations. Therefore, it is
particularly crucial to explore friction models based on the response of actual deformation behavior for a
comprehensive understanding of tribological phenomena. This exploration serves as a major motivation and
objective of this dissertation. Nevertheless, a key challenge in this endeavor is the technique for quantifying
deformation behavior due to the extreme difficulty in investigating interface deformation quantitatively near the
contact interfaces.

Therefore, in Chapter 2, wedge indentation experiments were conducted as a model system to characterize and
quantify deformation behavior using direct in-situ observations coupled with high-speed imaging and particle
image velocimetry techniques. These experiments aimed to quantify the effects of tribological phenomena on
deformation and explore the distinct phenomena at the interface. The results indicate that existing friction
models are inadequate for precisely describing tribological phenomena under current indentation configuration.
Additionally, the findings suggest that surface expansion behavior holds significant potential for further
exploration of the effects of adhesion phenomena.

In Chapter 3, the surface expansion distribution was characterized, and the quantitative relationship between
adhesion phenomena and surface expansion behavior was explored. The results verify that the microscopic
surface expansion ratio exhibits non-uniformity along the indenter face and propose the friction model for
adhesion stress distribution based on surface expansion distribution.

In Chapter 4, the effects of friction on plastic deformation in both the metal surface and bulk were elucidated,
and the factors contributing to the uneven distribution of the surface expansion ratio were discussed. The findings
show that the surface expansion distribution results from the variation in wall-slip velocity along the sliding
surface caused by interface friction. Additionally, the interactions between interface friction, wall-slip velocity,
and surface expansion distribution were analyzed, facilitating the proposal of a quantitative approach to assess
tribological conditions at sliding contact.

In Chapter 5, the quantitative stress distribution models, including both friction stress and normal stress
distribution were developed. The findings include the introduction of a quantitative friction stress and normal
stress distribution model, facilitating more comprehensive discussions and potential developments in engineering
applications.

In summary, this study employed direct in-situ observations coupled with high-speed imaging and particle
image velocimetry techniques to quantify the effects of interface friction on deformation by characterizing surface
expansion behavior and boundary layer phenomenon. Additionally, a more accurate friction model based on
observed deformation behavior was proposed and verified, thereby enabling the quantification of stress
distribution and establishing a quantitative evaluation method for tribological conditions at the sliding contact,

offering a deeper comprehension of extreme friction conditions at the interface in metal forming processes.
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