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Abstract. Processing of high-precision holes in one technological operation is an urgent problem of
advanced manufacturing. Processing of precise holes in parts for aerospace and machine-building industries
with a diameter of up to 30 mm is performed during countersinking, deployment or grinding operations.
These operations are applied only if there already exists a pre-treated hole. Monolithic three-fluted drills have
been becoming common for processing high-precision holes of 7-8 quality over the last few years. The
processing of various types of materials such as stainless steels, cast iron and heat-resistant steels requires
rational geometric and structural parameters of the cutting tool. The nature of the load distribution between all
the teeth during drilling plays a huge role in the processing efficiency. Even load distribution between the
three teeth and a positive geometry improves self-centering and reduces the deviation from the specified axis
of the hole. The drill sharpening provides positive geometry along the entire main cutting edge. The influence
of the geometric parameters of the cutting edge of the screw groove on the shape of the drill bit is equally
important. Existing approaches to the design of the thinning do not account for the influence of the geometric
parameters of the cutting edge on the section of the screw groove. Analytical approaches to modelling of the
main cutting edges are typically married with difficulties associated with achieving a smooth change in the
angle of inclination to the tangent of the cutting edge. The complexity of the aforementioned task is largely
due to the presence of critical points at the interface of the spiral groove and thinning. Determining the
rational shape of two sections of the main cutting edge performed in this study is a complicated task that
includes several steps needed to find the number of nodal points. Achieving a positive rake angle in the
normal section to the cutting edge at the gash area that was formed via a special sharpening is one of the
most important results of this paper. The rational shape of the cutting edge and the front surface provides an
increase in the strength of the cutting part by 1.3 times.

1 Introduction

Three-fluted designs of monolithic drills have better self-
centering due to the convergence of three cutting edges
at one point at the top and a more uniform load
distribution due to three cutting teeth [1], which together
increases the productivity of hole processing with high
precision requirements. Since the advent of three-
pronged designs, various designs have been developed
that can improve accuracy, durability or processing
performance. The working surfaces of such structures
have a complex profile geometry. They provide a more
rational distribution of geometric parameters. Thus, the
back surface of the cutting part of the drill as a screw is
sharpening, allows not only smoother distribution of the

values of the back angle along the main cutting edge, but
also lower values on the transverse front cutting edge
due to the stabilization of the cutting process. With the
radial shape of the cutting part [1-2] reducing stress
concentrations at the edge corners, the shape of the back
surface is formed along a curve lying on a spherical
surface, thereby forming a complex profile surface. The
curvature on the undercut also forms the front surface of
a complex shape.

The complexity of designing such drills lies in the
formation of these surfaces with taking into account the
interaction of the totality of all shapes and geometric
parameters. Thus, the design of the gash depends on the
shape and location of the edge on the screw groove
section, which in turn depends on the shape and
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geometric parameters of the chip groove and the back
surface.

Existing approaches to the design of such types of
drills do not functionally link the shape of the cutting
part and the groove profile, in order to achieve the
desirable shape of the main cutting edge that affects the
stability of the cutting process. The straight shape of the
cutting edge is optimal for the best cutting stability due
to a uniform distribution of geometric parameters along
the edge. An equally important design element is
sharpening of the main cutting edge to reduce the length
of the section with a negative front angle, which prevents
the cutting process during drilling. Existing approaches
to the design of the gash do not take into account the
shape of the edge. There are various types and shapes of
gash, with the most common being straight and radius
gashes. Straight-line sharpening is performed at a certain
angle from the main cutting edge to the top of the drill,
forming a sharp transition at the junction of the two
sections. The radius sharpening is also performed at
some angle to the vertex, but in a radius shape. In this
case, a sharp transition can be avoided at the expense of
the optimal curvature of the undercut. In the first case,
the sharp transition forms a zone of stress
concentrations, which under load during cutting can lead
to breakage of the drill. In the second case, the uneven
distribution of the angle of inclination along the entire
section of the cutting edge contributes to an uneven load,
which leads to a loss of productivity. The optimal shape
of the undercut should take into account the shape of the
main cutting edge on the chip groove section [3-47].

2 Results and Discussion

As discussed earlier, the section of the main cutting edge
determines the starting point and shape of the gash. It is
worth noting that with a different shape of the main
cutting edge, the curvature and position of the gash will
also change. The formation of a straight cutting edge
shape requires the construction of a mathematical model
of the surfaces forming the cutting edge. Such surfaces
are the screw surface of the chip groove and the conical
surface. It is their intersection that forms the main
cutting edge in the undercut area. The profile of the chip
groove in the radial section is determined by the formula
D).

The slope of the cutting edge in the chip groove
section is determined by the angle "' of the blade
relative to the line on the conical surface connecting the
beginning of the cutting edge at the corner and the tip of
the drill.
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The profile of the chip groove consists of two circles
tangent to each other, as well as tangent to the inner
diameter of the drill. The circle rk1 also touches the front
surface located at an angle yk.

Fig. 1. Chart of the three-fluted drill design

The profile of the chip groove consists of two circles
tangent to each other, as well as tangent to the inner
diameter of the drill. The circle rkl also touches the front
surface located at an angle vk.

The next step, after modeling the main working
surfaces, based on a mathematical model, is to build a
section of the gash. In the polar coordinate system, on a
plane perpendicular to the tool axis, a spline tangent to
the cutting edge is defined with a different number of
reference points. The resulting spline is projected onto a
conical surface. The description of the conical surface is
determined by the formula (3):
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The spatial curve on the surface is the cutting edge
on the gash area.

Thus, changing the number of nodal points of the
sharpening edge from 3 to 10, we get 7 different designs
of the cutting part of the drill. It should be noted that on
a design with 4 reference points, the shape of the cutting
edge is slightly distorted. An edge with 3 nodal points
loses its original shape, acquiring a more rectilinear
curvature. Changing the shape of the cutting edge
introduces a limitation in the formation of optimal
curvature, which entails a narrower range of processed
materials. The structures with the 9th, 7th and 5th
reference points are shown in Figure 2.

Fig. 2. Areas of the gash with the 9th, 7th and 5th reference
points

The next step is to study the curvature of the gash
section, by measuring the angle of inclination of the
cutting edge 1 (Fig. 1), along the entire section on each
structure. — the angle between the tangent to the cutting
edge and the axis of the drill in a plane perpendicular to
the line passing through the test point and the tip of the
drill.

Measurements of each structure were carried out at
11 equidistant points. The graph will allow you to
determine the design with the most uniform distribution
of the angle of inclination of the cutting edge.

The graph shows that the smoothest distribution of
the angle on structures with 3 and 4 reference points, as a
result of a more rectilinear shape of the edge. These
structures, as mentioned above, have distortions of the
edge shape, so they cannot be selected as optimal. The
design with 5 reference points is devoid of this
disadvantage, as a result of which it is defined as an
optimal design.
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Fig. 4. Graph of the change of the angle ®1 along the cutting
edge in the section of the gash

To confirm the increase in the performance of this
design compared to similar ones formed with a large
number of nodal points, the final stage of the study is the
analysis of structures in the ANSY'S engineering analysis
system.

Fig. 3. The results of engineering analysis of structures with
8,7,6 and 5 control points

Table 1. The results of the internal stresses of each

structure

Number of eplge Maximum internal stress
reference_po!nts values, Mpa
on the thinning '

5 307

6 346

7 398

8 422

It follows from the table that the lowest values of
internal stresses are shown by a design with 5 nodal
points on the cutting edge of the studied area.

3 Conclusion

The design with the lowest value of internal stresses and
a uniform distribution of the values of the angle of
inclination of the cutting edge, allows you to increase
productivity by more than 27% compared to analagic
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