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Abstract
The paper deals with the issue of cutting edge radius sizes their influence on the tool life of coated cemented carbide
drills. Theoretical analysis was focused to the issue of cutting edge microgeometry, discussing the classification and
importance of cutting edge microgeometry. The most famous and used edge preparation methods are summarized in this
article. The tool lives of cemented carbide drills were compared when cutting edge radius was varied. Cemented carbide
drills were deposited by TiAlN coating. Tool life tests were carried out on EMAG VSC 400 machining centre. These
results were investigated in the process of machining of EN-GJL-250 grey cast iron (equivalent to DIN GG25, equivalent
to ASTM A48).
Keywords: cutting edge preparation; treatment; cemented carbide, cutting tool; cutting edge microgeometry

1. Introduction
The cutting edge geometry and the applied edge preparation methods affect the tool wear of coated cutting tools [1],
[2] and [3]. A thorough study of the efficiency of various cutting edge rounding methods as well as the effects of these
treatments on the wear behavior of coated tools in milling various metallic materials is introduced in [1].
In terms of edge characterization, it has thus far been expedient in most instances to specify the geometry of honed
edges by a simple edge radius parameter. This inherently assumes the edge profile that bridges the rake and flank faces
to conform to an arc of a circle. This need not however be the case, and indeed tool performance may be enhanced by
rendering the cutting edge to be appropriately asymmetric [4]. Given the critical influence of edge geometric attributes
on process responses, and the evolving capability of aforementioned novel processes in the generation of tailored cutting
edges, it is imperative to develop methodologies for the comprehensive geometric characterization of the cutting edge.
Publication [2] deals with the complexity of cutting edge microgeometry and evaluates its interactions with machining
processes. In the experiment, Yue et al. [5] showed that surface quality of MgAl2O4 spinel to be related to cutting speed,
feed and the cutting edge radius of the diamond tool.
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Using sharp diamond tools can facilitate the ductile-regime turning of MgAl2O4 spinel, and has considerable potential
to reduce surface roughness and produce smooth final surfaces for the brittle and hard materials. In the article [6], the
influence of cutting edge radius sizes on the tool life was investigated. Prepared cemented carbides turning inserts with
required cutting edge radii rn = 24, 44, 64 μm and unprepared cemented carbide turning inserts with cutting edge radii rn
= 11.49 μm were tested. Furthermore, the various edge preparation methods were compared in term of tool life of turning
inserts. Vopat et al. determined that the tool life of prepared cemented carbide turning inserts by brushing is approximately
the same as tool life of prepared cemented carbide turning inserts by wet microblasting for cutting edge radii smaller than
45 μm. The tool life of turning cemented carbide inserts prepared by brushing is approximately 32% longer than cemented
carbide turning inserts prepared by wet microblasting for cutting edge radius rn = 64 μm. The results show that the tool
life of cemented carbide turning inserts increases when cutting edge radius is smaller. In addition, the tool life of
unprepared cemented carbide turning inserts is longer than prepared ones. This phenomenon occurs during the machining
of austenitic stainless steel material when cutting parameters as depth of cut and feed are selected for semi-finishing and
finishing operations.
Publication [7] is concerned with the requirements and challenges in preparing and designing the cutting edge micro
shape using wet abrasive jet machining. Wet abrasive jet machining with a robot guided system allows to prepare local
tool areas and to realize a specific design of the cutting edge, as well as advantageous surface qualities. Yussefian et al.
[8] investigated sink electrical discharge machining as an optional method for controlled preparing of cutting edges by
sinking the cutting edge into a counterface. Although the manufactured rounding variability is stated as minimal, the
capability to prepare straight cutting edges is not limited by the tools’ material hardness.
The application of laser machining for manufacturing the cutting edge roundness of cemented carbide inserts could
have a beneficial effect on the wear behaviour of coated tools. The main advantage of using laser machining for
manufacturing the cutting edge radii is the achievement of a reproducible micro-geometry [9] and [10] as well as the
capability of versatile application with respect to manufacturing of complex-shaped geometries and setting up high surface
qualities for cemented carbide tools [11]. In [12], the feasibility of using laser machining for manufacturing the cutting
edge roundness of cemented carbide inserts was investigated. In this context, diverse laser machining parameters such as
of the laser-pulsing duration and –beam feed velocity were applied for shaping the cutting edge roundness. Hereupon,
shorter laser pulsing durations in the order of pico-seconds and larger feed velocities eliminate the negative effects of a
thermal affected zones associated with its thickness, material properties and adhesion on the coated tool life. Moreover,
the conduct of micro-blasting on the already laser-treated cemented carbide substrates increases the effective coating
adhesion, thus leading to a cutting performance improvement of the coated tools.
The Publication [13] evaluated the relationship between the cutting edge radius and the immersion depth during the
drag finishing process. The smallest radius of 8.1 μm was measured in a depth of 330 mm. The value of the radius
increased to 14.6 μm in the depth of 430 mm. Besides, deeper immersion depth caused a higher intensity of cutting edge
modification where marks after grindstone disappeared from flank and rake face. Another advantage is that the symmetry
of cutting edge is achieved after drag finishing.
The article [14] dealt with the influences of the cutting edge radius on the workpiece surface roughness. Three variants
of cutting edge radius (15 μm, 20 μm and 25 μm) were tested during the experiment. Authors determined that larger
cutting edge radius caused an increase of surface roughness parameters Ra; Rz; Sa. In [15] authors investigated influence
of the cutting edge preparation on tool life of cemented carbide inserts when milling.
Publication [16] deals with testing cemented carbide cutting tools with different cutting edge qualities obtained by
different grinding conditions during the experimental cutting of Inconel 718 super-alloy.
In terms of edge characterization, it has thus far been expedient in most instances to specify the geometry of honed
edges by a simple edge radius parameter. This inherently assumes the edge profile that bridges the rake and flank faces
to conform to an arc of a circle. This need not however be the case, and indeed tool performance may be enhanced by
rendering the cutting edge to be appropriately asymmetric [4]. Given the critical influence of edge geometric attributes
on process responses, and the evolving capability of aforementioned novel processes in the generation of tailored cutting
edges, it is imperative to develop methodologies for the comprehensive geometric characterization of the cutting edge.
In publication [17], Denkena et al. presents a novel method for preparing of customized cutting edges by means of
grinding. The reliability of the new method has been proven and the dependency of the obtained relative error on the
chamfer size discussed. Moreover, an evaluation of the edge chipping has been carried out. It has been shown that
preparing the edge as proposed by the method reduces the edge chipping by approximately 1 μm in comparison to a sharp
edge. Varying the micro geometry does not lead to a variation of the edge chipping. Influence of used edge preparation
method on the coating adhesion to substrate is discussed in [18].
It is a well-known fact that cutting tool wear is a function of basic process parameters. The publications in introduction
presented that cutting the edge microgeometry has a great influence on the tool life. The aim of this article was to
investigate influence of cutting edge radius rn sizes on the tool life in machining of EN-GJL-250 cast iron material.
2. Materials and methods
With support of the Staton, s.r.o. Company, drag finishing as edge preparation method was used. Cemented carbide
drills were manufactured with the two cutting edge radius sizes: rn = 15μm (± 2 μm) and rn = 25 μm (± 2 μm).

- 0422 -

29TH DAAAM INTERNATIONAL SYMPOSIUM ON INTELLIGENT MANUFACTURING AND AUTOMATION
After drag finishing, all cemented carbide drills were cleaned and then they were deposited by TiAlN coating when
deposition conditions were constant. MikroCAD Plus optical measurement device was used to measure the cutting edge
radius sizes. The solid cemented carbide drills MZS1150MB with cutting dimeter of 11.5 mm, shank diameter of 12 mm,
point angle of 140°, usable cutting length of 36.6 mm, length chip flute of 59.6 mm, functional length secondary of 62.1
mm and overall length of 124.1 mm was selected for this research. The selected workpiece material was gray cast iron
material grade EN-GJL-250. Chemical composition is shown in Table 1.
Element
wt. %

C
2.90 – 3.65

Si
1.80 – 2.90

Mn
0.40 – 0.90

P
max. 0.30

S
max. 0.10

Table 1. Chemical composition of EN-GJL-250 gray cast iron material
Cemented carbide drills were tested on the multifunctional vertical turning centre. Cemented carbide drills were
clamped in ER collet chuck toolholder. Coolant was used in the machining process. The cutting parameters (cutting speed,
feed and depth of cut) of cemented carbide drills are shown in Table 2. The depth of drilling was 11.5 mm.
cutting speed vc (m/min)
100

feed f (mm)
0.4

depth of cut ap (mm)
5.75

Table 2. Cutting parameters for coated cemented carbide drills
In this article, a typical tool wear types of cutting tool were not observed in machining process. Tool life was
investigated in order to quality of machined hole. The machining tests were stopped when there was reached the one of
the following three defects:
• hole diameter was outside the tolerance (± 0.2 mm)
• or surface roughness parameter Ra was exceeded (Ra > 6.3 μm)
• or workpiece material was remained on the edges of the holes (Fig. 1).
It follows that tool life criterion was the number of holes which were drilled without previous defects. Every type of
cemented carbide drills (the same cutting edge radius rn) was tested three times in order to exclude the impact of other
factors involved in the process. After that, the average value was calculated.

Fig. 1. Remained material on the edges of the holes
3. Results and discussion
The graph in Fig. 4 shows tool life of cemented carbide drills (the number of holes which were drilled without defects)
in order to cutting edge radius size of cemented carbide drills. The tool life of cemented carbide drills was obtained as
average value of three measurements. Standard deviations are also inserted to the graph in Fig. 2.
Tool life of cemented carbide drills with cutting edge radius rn = 15 μm was 1230 drilled holes without defects and
tool life of cemented carbide drills with cutting edge radius rn = 25 μm was 3233 drilled holes without defects.
The results show that the tool life of cemented carbide drills increases when cutting edge radius is larger. The tool life
of cemented carbide drills with cutting edge radius rn = 25 μm is approximately 163% longer than cemented carbide drills
with cutting edge radius rn = 15 μm.
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Fig. 2. Graph of tool life of cemented carbide drills with various cutting edge radius size
4. Conclusion
In this article, the influence of cutting edge radius sizes on the tool life of cemented carbide drills was investigated.
Solution to this issue consists of the following steps: cutting edge preparation and surface treatment, cleaning, PVD
coating, measurement of cemented carbide drills, tool life tests and evaluation. Tested cutting tool material was cemented
carbide and selected workpiece material was EN-GJL-250 grey cast iron. Cemented carbide drills were deposited by
TiAlN coating. Tool life was investigated in order to quality of machined hole. The machining tests were stopped when
there was reached the one of the following three defects: hole diameter was outside the tolerance (± 0.2 mm) or surface
roughness parameter Ra was exceeded (Ra > 6.3 μm) or workpiece material was remained on the edges of the holes.
Prepared cemented carbide drills with required cutting edge radii rn = 15 and 25 μm were tested. The tool life of
cemented carbide drills with cutting edge radius rn = 25 μm is approximately 163% longer than cemented carbide drills
with cutting edge radius rn = 15 μm. The results show that the tool life of cemented carbide drills increases when cutting
edge radius is larger.
In the future research, authors are going to focus on investigation of issue of cutting edge microgeometry during the
machining the difficult-to-materials material such as Inconel superalloy and stainless steel. Authors are also going to
determine the influence of edge preparation on the tool life of cemented carbide turning inserts and cemented carbide
milling cutters.
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