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Microgrinding techniques have the potential to be used to fabricate ultraprecision
microstructures from hard materials such as cemented carbide and silicon carbide,
which are commonly used as the materials of dies and molds. However, a
microgrinding tool with not only superior wear resistance but can also be used with
microgrinding techniques to grind surfaces of hard materials to a roughness of less
than 10 nm Rz has not been developed, which means that microgrinding has never
been applied in practical industrial use. In this study, an electroformed diamond tool
with the same bending strength as P-type cemented carbide and a polycrystalline
diamond (PCD) were used as a microgrinding tool. A truing technique was developed
that enables diamond grains on a tool working surface to be flattened with the aim of
rapidly fabricating ultraprecision ground surfaces.

This doctorate thesis is made up of five chapters: an introduction, three chapters in
which the background, objectives and results of this research project are presented,
and a summary. Previous studies and the context of this research project in relation
to trends in microgrinding, its objectives, and its effectiveness from both theoretical
and practical viewpoints are discussed in chapter 1.

In chapter 2, it is argued that the conventional ultraprecision grinding technique
using a V-shaped resin-bonded diamond wheel with the shape of V-formation, which
is commonly used for the production of glass lens molds made of cemented carbide,
cannot be adapted to the production of tiny lens molds with a diameter of less than 1
mm. In addition, the objectives of this research project are given.

In chapter 3, the results of truing tests conducted on an electroformed diamond tool
with a tool tip radius of 200 pm and a diamond mesh size of #1000 are presented. A
PCD disc with a diameter of 15 mm and a primary diamond grain size of 0.5 pm was
used as a truer, and a guide groove with the reverse profile of the tool was preformed
on the truer using laser machining and wet lapping. 93% of the diamond grains on
the hemispherical tool working surface were successfully flattened by bringing the
tool into elastic contact with the guide groove.

In chapter 4, the results of truing and dressing tests conducted on a PCD tool with
a tool tip radius of 50 um and a primary diamond grain size of 4 to 5 um are
presented. A diamond disc with a diameter of 15 mm fabricated by chemical vapor
deposition was used as a truer. The tips of the diamond grains on the hemispherical
tool working surface were successfully flattened by bringing the tool into elastic
contact with the truer. A new dressing technique using electrochemical machining
was developed that caused diamond grains to protrude from the tool working surface
by separating the covalent linking of diamond grains on the tool working surface.

In Chapter 5, it is concluded that the results of this research project discussed in
Chapter 3 and 4 satisfy the objectives given in Chapter 2. It is emphasized that the
truing technique proposed in Chapter 3 is original from a theoretical viewpoint and is
essential for fabricating smooth ground surfaces with a roughness of less than 10 nm
Rz on cemented carbide, which has so far not yet been accomplished. Moreover, the
effectiveness of these microgrinding tools with flattened diamond grains for
nanometer grinding has been acknowledged in practical industrial fields, indicating
their suitability for use in microgrinding techniques in industry.
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