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e Micromechanical and scalebridging modeling of deformation, fracture and fatigue of
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Summary of research plan

Background: Diamond cutting of hard and brittle ceramics is a technological challenge because
it requires a detailed knowledge about the mechanisms of material removal to guarantee a
stable process and a high-quality surface finish. While most ceramics behave in a completely
brittle manner in macroscopic tests, micromechanical testing frequently reveals some ductility
of the material. During diamond cutting, such a brittle-ductile transition can be observed as a
function of the process parameters. It has been shown in the literature that operating the
diamond cutting process in the ductile regime offers several advantages and can lead to an
ultra-low surface roughness of the machined part. Furthermore, the literature has revealed that
phase transformations, as the transition from the crystalline to the amorphous state under the
high pressure of the tool, have a strong influence on the material separation process, which is
not well understood yet.

Study objective: In this research project, the diamond cutting process of brittle SiC ceramics
will be investigated on a microstructural scale with the help of numerical models to gain insight
into the influence of microstructure and phase transformations on the brittle or ductile nature
of the material removal process.

Expected Results: It is expected that this project results in several scientific publications in
which the conditions for ductile machining and the mechanisms of the material removal
process are described in a fundamental way. In particular, the consequences of the formation of
an amorphous layer will be elucidated; and the role of grain boundaries on the resulting surface
quality is assessed.

Methods: The crystal plasticity-finite element method will be employed to study the diamond
cutting process, where the material removal is described based on a damage model. An existing
model for phase transformation will be adopted to describe the amorphization and other phase
transformations that might occur during the cutting process of SiC. In every step, the model is
validated based on literature data from experiment and atomistic simulations.

Candidate Requirements: MSc degree in materials science, mechanical engineering or related
disciplines. Experience with numerical modeling. Good English language skills.

Motivation for CSC application: The successful candidate will be a member of the department
Micromechanical and Macroscopic Modeling (MMM) at the Interdisciplinary Centre for
Advanced Materials Simulation (ICAMS), which is a research center of Ruhr-Universitit Bochum.
The PhD candidates will also be a part of the ICAMS Graduate School and the Ruhr University
Research School, in which they receive a special training on the most important methods of
scalebridging and data-oriented materials science and scientific key qualifications. They have
access to a powerful computer infrastructure and a modern software environment, in which their
research projects can be conducted in an efficient way. The MMM department forms a team with
an active and stimulating culture with plenty of scientific and social activities.
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