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Abstract

The authors performed cutting tests of pre-hardened steel so as to clarify wear characteristics of a micro taper end mill suitable for
mold making of fine needles such as micro-needles. A cone-shaped blind hole was processed by moving an end mill made of cemented
carbide in the depth direction by 200 um. When the spindle speed was varied in the range from 40000 min*to 120000 min, with
feed per revolution as constant, the flank wear in the end mill at the spindle speed 80000 min! was minimized. It has been revealed
that optimum spindle speed which allows to reduce the flank wear exists in cutting with a micro taper end mill, and the wear can be

reduced by 18 % by changing the spindle speed.
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1. Introduction

Fine needles for medical use such as micro-needle are
produced in the order of (1) Production of a master mold for the
final shape, (2) Production of a die for molding for which the
master mold is reversed, and (3) Forming of a micro-needle with
the die for molding [1]. While master molds are commonly
manufactured by lithography etc., needs for cutting with end
mills are increasing. In the cutting of a master mold with an end
mill, only fine needle parts are left, and therefore cut amount
becomes large and tool wear increases, indicating that the work
itself is inefficient. In order to solve this problem, it is effective
to produce a fine cone-shaped mold by moving micro taper end
mill in the depth direction similar to drills. It will be a metal mold
to mold a micro-needle, which will allow omission of a master
mold. It is necessary to clarify wear properties of micro taper end
mills for realization of such processing. In this study, we perform
cutting tests using micro taper end mills and verified influence
of spindle speed on wear characteristic of cutting edge.

2. Experimental procedure

2.1. Cutting tool

A cemented carbide end mill with taper-shaped cutting edge
was used for the cutting test. This is a tool used for V-groove
cutting and chamfering. Figure 1 shows cutting edge shape of
the taper end mill. The point angle is 60 degrees, the maximum
diameter is 1mm, and the minimum diameter is 0.08mm. The tip
of cutting edge as the minimum diameter is flat. The number of
teeth is 2, the helix angle is 0 degree and is not coated. Its
specification is shown in Table 1.

Figure 1. Shape of cutting tool.

Table 1 Cutting tool specifications

Tool material Cemented carbide

Point angle 60 °
Maximum diameter 1mm
Minimum diameter 0.08 mm
Flute length 2 mm
Number of tooth 2

2.2. Cutting Conditions

For the cutting tests, an NC milling machine with spindle speed
of 20000 min-1-120000 min"! and positioning accuracy of 0.1 um
was used. Work material is pre-hardened steel with the
hardness of 40 HRC. The processing shape is a tapered blind hole
of 0.2 mm in depth, and the maximum diameter of the hole is
approximately 0.23 mm. The spindle speed was changed within
the range of 40000 mint-120000 min™. Tool was moved only in
the depth direction with feed per revolution as constant. The
number of holes to be processed is 20, cutting fluid was not used.
Step feed is commonly adopted for processing of fine holes.
However, it was processed without giving steps in our
experiments. Cutting conditions are shown in Table 2. The
shapes of the Tool A, B, and C are the same, only the spindle
speed and feed are different.

Table 2 Cutting conditions

Tool A ’ Tool B ‘ Tool C
Workpiece material Pre-hardened steel (40 HRC)
Spindle speed (min) | 40000 | 80000 | 120000
depth of cut (mm) 0.2
Feed rate (mm/min) 4 ‘ 8 ‘ 12
Number of holes 20
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3. Experimental results and discussions

3.1. Flank Wear Pattern

A flank wear was observed with a microscope to evaluate wear
of the taper end mill. The flank wear of Tool A in the case that
20 holes were processed is shown in Figure 2. Since the tool was
moved in the direction shown with the arrow, left of the figure
corresponds to the cutting edge tip. The white dotted line
indicates the cutting edge ridge line before the cutting. No local
chipping occurred in the cutting edge and it is uniformly worn.
The wear increases with an increase in the distance from the tip
and it decreases over the point where wear width reaches its
maximum. Almost similar wear patterns were seen in other tools
regardless of spindle speed, and results similar to the case of
wear of ball end mills were obtained [2].

Feed direction

Figure 2. Flank wear of taper end mill.

3.2. Width of flank wear

Width of flank wear after cutting the 20 holes is shown in
Figure 3. Since a 2-flute end mill was used, the maximum widths
of flank wear in each cutting edge were added up and shown in
the graph. The figure shows that the width of flank wear is the
maximum in Tool A and minimum in Tool B, for which spindle
speed was increased. The width of flank wear in Tool C, for which
spindle speed was increased even more, increased more than
that in Tool B. It has been revealed that since optimum spindle
speed which reduces wear exists for the micro taper end milling.
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Figure 3. Comparison of flank wear in tools with different spindle speeds.

3.3. Cutting force in one drilling

In order to examine the influence of wear on cutting force,
cutting force was measured with a tool dynamometer of 3
components. The cutting force for the depth direction at the
time of processing the 5th hole with Tool A is shown in Figure 4.
It has been clarified that cutting force increases with an increase
in the depth, and the tendency similar to increase of cutting
force from a chisel to a corner when a drill is used is seen [3].
Cutting force suddenly increases in the processing start point
while itincreases gently afterwards. This is because the tip shape
is flat and does not function as a cutting edge.
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Figure 4. Cutting force in depth direction at spindle speed 40000 min™.

3.4. Maximum cutting force

The cutting force of Tool A, Band C were compared to examine
the influence of the spindle speed on it. Figure 5 shows the
maximum cutting force measured for each end mill for every 5
holes. The figure indicates that cutting force increases with an
increase in the number of holes for all tools due to progress of
wear. It is understood that since difference in cutting force is
small for all tools, influence of flank wear on cutting force in the
feed direction is small. Since the influence of flank wear on
cutting force is small, wear on corners on the flat part of the tool
tips was examined. The wear on corners was 12.2 um, maximum
for Tool C, and that for Tools A and B were 8.3 pum and 9.9 pum,
respectively. It has been clarified that wear on corners increases
with an increase in spindle speed, and cutting force increases
accompanied with it.
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Figure 5. Relationship between cutting force and number of holes

4. Conclusion

Cutting tests using taper end mills were performed by varing
the spindle speed from 40000 to 120000 min. As a result of
evaluating tool wear, the wear pattern was almost the same
regardless of the spindle speed. The flank wear width was
minimized at spindle speed 80,000 min, and clarified that the
spindle speed is effective for reducing the flank wear width.
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