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CE VA T S Ultraprecision Micromachining of Hard Material with Cutting Point
Swivel Machining by Using a Non-rotational Tool with Special
Chamfer
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Recently, in accordance with the technical development and
miniaturization of information equipments, the demand of optical elements
with high precision and miniaturization has been increasing. The optical
elements including lenses are manufactured by the mold, so it is requested to
fabricate the mold with high precision, miniaturization and complex shape.
In the machining of the mold, the tool is pushed into the material, and the
unnecessary part is removed by moving the tool, so the shape of tool is
transferred into the surface. To obtain the surface with high shape accuracy
and roughness, there is a proposition that of how to suppress the tool wear
in the machining. There are a large number of investigations to solve this
proposition, from the view-point like tool materials, the shape of tool,
surface treatment, machining conditions and so on. However, in the
machining of hard material, to keep the high precision machining as long as
possible, the serious issue is the shortage of tool life.

This study focuses on the [ Machining method) to suppress the tool wear
and to increase the tool life in the machining of hard material. This study
aims to create a new machining method which has the ability to suppress the
tool wear, and to realize high precision machining at the same time. Then, by

investigating the mechanism of the proposed machining method and applying
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it to the machining of complex shape, it is confirmed that a new machining
method which has the ability to suppress tool wear and to vrealize
ultraprecision machining is constructed.

In Chapter 1, the machining technology of the hard material, especially the
investigations of the tool wear are summarized, and the background of this
research work is introduced.

In Chapter 2, the mechanism of the brittle fracture in the machining of
hard material and the effect of the tool with negative rake angle is
introduced. Then, a method which is called [ cutting point swivel machining],
by using the tool with special chamfer, which has the same negative rake
angle along the rake face and the circle cross section of tool shape, is
proposed. By compensating the setting error, it 1is confirmed that
ultraprecision machining can be realized by using this cutting point swivel
machining. The effect of the tool wear suppression is verified by the cutting
experiment of SiC. It is found that good surface can be obtained by
suppressing the tool wear at the same time.

In Chapter 3, it aims at investigating the mechanism of the cutting point
swivel machining. It is found that the cutting point swivel machining has the
ability to change the actual cutting direction in the machining. At this time,
the moving distance of the cutting edge becomes longer than the conventional
machining to remove the same volume of workpiece. Thus, the actual cutting
width can be reduced and the cutting force can be reduced at the same time.
In addition, by using the broad part of the cutting edge, the tool wear can be

reduced substantially. Then, the relationship between cutting force and the

‘speed ratio is investigated. It is found that the cutting force can be reduced

by increasing the speed ratio. After that, it is found that the tool wear can
be suppressed by increasing the speed ratio. However, when the speed ratio
is increased furthermore, the tool wear becomes severe. As a result, it is
shown that there is an appropriate speed ratio which has the ability to
suppress the tool wear to the least.

In Chapter 4, to machine the complex shape, the cutting point swivel
machining is applied to the creation of curved microgrooves. It is confirmed
that microgroove with arbitrary curvature can be machined with good
accuracy by using cutting point swivel machining. Then, to compare with ball
end milling, which is mostly used in the machining of curved surface, it is
found that although the efficiency of cutting point swivel machining is worse,
the tool wear is less than that of ball end milling, and high precision
machining can be obtained for a longer time. At last, the cutting point swivel
machining is applied to the machining of curved surface. It is confirmed that
both good shape accuracy and surface roughness can be obtained by using
cutting point swivel machining.

In Chapter 5, this study is summarized.

As above, a new machining method which is called cutting point swivel
machining is proposed in this study. The cutting point swivel machining is
applied to curved microgrooving and the machining of curved surface. As a
result, it is confirmed that the machining of complex shape with tool wear
suppression can be realized. The use of this new machining technology can
contribute significantly to the machining technology with high precision and

complex shape, which is requested in the machining of mold.
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