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Abstract: This paper proposes a novel scheme titled ‘selective exchange of the worn cutting edge
(SEWCE),” which uses the cutting edge for an extended time by replacing the worn-out edge. This
possibility was investigated for single-edge cutting tools for several operations, such as oblique
and orthogonal cutting. The unique design of the turning tool incorporating cylindrical inserts was
developed, thereby providing new machining possibilities compared to marketed solutions for round
inserts. The prototype tool was prepared for the demonstration by using a cylinder with radius
re = 1.5 mm. A detailed analysis of the contact-zone cutting edge was performed considering a
theoretical number of edges for different strategies. With this, the possibility for reusing the cutting
element by resharpening the rake surface by up to 20x” was achieved. Additionally, round inserts can
be efficiently used in this developed scenario by turning them to compensate for the worn parts of the
cutting tools. Therefore, by rotating, the deformed section of the cutting tool can be eliminated, and
the number of edges can be created, directly reducing tool costs. Ultimately, conserving the health of
a cutting tool brings many advantages, such as extending useful remaining lifetime, improving the
surface quality and dimensional accuracy of machine parts, etc.

Keywords: tool life; cutting edge; increase tool life; unconventional tools

1. Introduction

Environmental issues are linked to modern technology, especially with the need for
a significant amount of energy and cost in the manufacturing processes of individual
products and the tools used to fabricate them. The tool costs cover a significant part of the
total outcome of the machining process. Reduction in these costs is achieved mainly by
improving the tools and their geometry [1-3], tool materials [1-3], lubricating the edge,
and optimizing the cutting parameters using artificial intelligence [4-6], among others.
The techniques used for removing material from the workpiece have a wide span and
involve numerous mechanisms/styles with which the cutting tool and workpiece interact.
The quality of the machined parts is based on the performance of three elements, such
as machine tools, workpiece materials, and cutting tools, as they play a critical role in
the capability and performance. Additionally, standard input parameters such as speed,
feed, and depth of cut set by experts are equally significant in reducing inconsistency in
machining. However, anomalous moments evolved during machining due to the material-
based variations, failure of rotating machine elements assisting machining, etc., which are
difficult to avoid. In addition, the effect of temperature and pressure on material properties
makes machining more complex. This affects overall machining, including cutting tool
edges, the surface finish of the workpiece, and ultimately the cost involved. Moreover,
owing to their peculiar nature, they are challenging to monitor and forecast. Let it be any
operation, such as grinding, milling, broaching, turning, boring, and turning, knowing
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material properties, machining mechanisms, and technological situations stands inevitable
to improve overall performance. Examining this subject from the perspective of diversified
modern sectors, such as automotive, space, aeronautics, medicine, medical, etc., the parts
manufactured for these areas require excellent surface qualities. To obtain such properties,
it is essential to create ideal cutting conditions in terms of the geometry and material of the
cutting tool, cooling and lubricating mediums, correctly selected cutting parameters, etc.
All these contributors affect the cutting performance slightly or greatly depending on the
material properties and type of the process, namely roughing, finishing, precision leveling,
etc. In this complex machining technology, tool wear is a critical factor due to its correlation
with surface-related characteristics such as roughness, topography, waviness, residual
stress, etc. The definition of tool life addresses the helpful utilization of a cutting tool. The
conserving the health of the cutting tool is of great importance, not only to benefit from
it in maximum time, but also to protect the machined surface from detrimental impacts.
Therefore, researchers have repeatedly focused on models to improve the life of the tool.
Using a neural network approach, Laghari et al. [7] investigated life prediction and
modeling of a carbide tool during turning of composite material. They stated that the
results of the tool-life model calculated with the artificial neural network are very close to
the physical experiment results and that the artificial neural network model predicts the
experimental results with minimum error. Feito et al. [8] have analyzed the machinability
of composite materials using the neural network approach. Kuntoglu et al. [9] studied
surface roughness of AISI 5140, modeling cutting parameters and tool geometry by means
of response surface methodology for multicriteria optimization of vibration generated
during machining. Younas et al. [10] investigated the optimum cutting parameters required
for turning Ti6Al4V material. Their study was carried out in dry cutting conditions using
uncoated H13 carbide inserts according to wear rate, specific cutting energy, material
removal rate, and roughness. They stated that optimized machining conditions increased
material removal rate by 34% and tool life by 7%, while reducing specific cutting energy
by 6% and surface roughness by 2%. Singh et al. [11] studied the machining of Inconel
625 alloy under a minimal amount of nanofluid lubrication. The aim of their work was
to reduce roughness and wear under several cutting environments. Tool performance
was compared with dry and flooded conditions under a minimal amount of nanofluid
lubrication, and it was determined that tool life and surface quality gave better results.
Alliche et al. [12] investigated the effects of lubrication on machinability by artificial aging
applied to A356 casting alloys. They stated that tool life increases at low cutting speeds and
dry machining conditions, and that lubrication during the process increases the surface
quality and extends the tool life. Orra and Choudhury [13] investigated the tribological
aspects of microextrusions with various geometric shapes in the cutting tool in order to im-
prove tool life in hard turning. Fang and Xu [14] in their study, examined the developments
in the micro- and nanocutting process according to the effect of material properties and
tool edge. Ginting et al. [15] investigated the turning of AISI 4340 material according to the
properties of PVD- and CVD-coated carbide tools. The aim of this study was to increase
the productivity of coated carbide tools in the machining of hardened steel. Efficiency was
evaluated according to material removal rate and removal volume. Agrawal et al. [16]
evaluated the comprehensive analysis of surface roughness, tool wear, machining cost,
carbon emissions, and tool life in the turning of Ti6Al4V alloy under cryogenic and wet
machining conditions. Aramesh et al. [17] conducted experimental studies to increase
tool life and reduce chip formation during machining of Inconel 718 superalloy. In their
study, they processed an aluminum-silicone workpiece in less than two seconds before
machining. Thus, a very thin aluminum-silicone layer was formed on the tool surface
during the preprocessing process, and during the Inconel process, aluminum-silicone
melted due to high temperatures, channeling itself into microcracks on the tool surface
and preventing their spread. As a result, they stated that chip formation was significantly
reduced and an overall improvement in tool life occurred. Liu et al. [18] investigated the
cutting performance comparison of microtextured WC-10Ni3Al and WC-8Co cutting tools
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in turning Ti6 Al4V material. As a result, they stated that microtextures effectively reduced
the cutting temperature and forces, decreased the adhesion on the rake surface, and ex-
tended the tool life at high cutting speeds. Varghese et al. [19] studied the performance of
maraging steel during milling of AICrN- and AlTiN-coated, cemented carbide cutting tools
in dry, wet, and cryogenic environments. Luo et al. [20] studied the improvement of tool
life during multiaxial milling of a nickel-based superalloy with a ball nose cutter based
on active cutting-edge shift strategy. Marques et al. [21] evaluated the effect of adding
solid lubricant to vegetable base oil applied with MQL when turning Inconel 718 with
whisker-reinforced ceramic cutting tools. Their work was evaluated according to tool life,
tool wear mechanisms, surface integrity, and cutting force. As a result, they stated that
the addition of MoS, improved the tool life. Mikolajczyk et al. [5] conducted studies to
predict cutting tool life in turning operations using image processing and neural networks.
Shokrani et al. [22] investigated hybrid cryogenic minimum-quantity lubrication to im-
prove tool life in machining Ti6Al4V alloy. Sirin et al. [23] evaluated the machinability
performances of X-750 nickel alloy under dry, minimum-quantity lubrication, and hBN-
mixed nanofluid-minimum quantity of lubrication with a SiAION ceramic cutting tool.
In another study, Yildirim et al. [24] examined the effect of adding hBN nanoparticles to
nanofluid-minimum spoilage on tool life, tool-wear patterns, temperature, and roughness
in turning Inconel 625. As a result of their studies, they stated that 0.5% vol. hBN nanofluid
gives good values for low roughness and tool wear and extended tool life. Parida and
Maity [25] conducted an experimental study on chip morphology and cutting tool life in
hot machining of Monel-400 material. They carried out their studies according to different
processing parameters and heating temperatures. Aramesh et al. [26] carried out a study
on the useful tool-life estimation of worn tools with different machining parameters. For
the prediction, they developed a proportional hazards model based on Weibull. As a result
of their studies, they compared the accuracy of the developed model with the experimental
data and stated that it was safe. Khanna et al. [27] studied the drilling of Inconel 718 alloy
according to a sustainable manufacturing process to determine the potential for cryogenic
machining. They determined that cryogenic machining increased tool life up to 87.50%. As
can be understood from this summarized literature review, various options were applied
to elongate the tool life in machining operations. This paper proposes a new model for
obtaining longer tool life, which is separated from the counterparts as it addresses an easy,
effective, and cost-friendly approach.

The development of tools with a specific design using a continuous edge opens the
possibility for using a new very effective way of increasing tool life. This method is based
on the selective exchange of the worn cutting edge (SEWCE). This method was developed
at the Bydgoszcz University of Science and Technology for tools with a continuous cutting
edge—without a nose [28,29]. The principle of the SEWCE method is to replace a worn
edge by moving it to remove a fragment of the edge that determines the roughness of the
machined surface. Oblique cutting with a straight cutting edge is researched both with
positive and negative edge inclination angles [29,30]. The SEWCE method was first used
for longitudinal oblique turning with a single straight edge (As = —60°) [28]. In the trial, the
wear criterion was VB = 0.2 mm because of the inclination angle and corresponding sliding
distance of 0.3 mm. The worn cutting edge was moved in the specified displacement, such
as ‘dl’ of the active part of the cutting edge ‘1’. Elongations of dl = (1.0, 0.5, 0.33, and 0.2)
were assumed. The results show the possibility for a very significant increase in tool life,
especially for dl = 0.2. Tool life for cutting using the SEWCE effect was similar to tool life
obtained for the new cutting edge. Using a straight cutting edge, a positive flat angle a¢ was
obtained when the edge was displaced, which promotes its reuse. A virtual model of the
special tool for oblique cutting using a straight cutting edge with a special mechanism for
moving the cutting insert was represented. The concept of using SEWCE for a circle handle
insert was presented in [28]. The paper shows both theories of the SEWCE concept, which
uses a circle insert in orthogonal cutting, and the experiment results. Mikolajczyk et al. [28]
identify the edge fragment shaping the surface roughness according to the geometric and
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kinematic mapping of the edge (GKME) as the smallest renewal movement of the edge, and
the hatch of the entire contact ensures complete edge replacement. However, the presented
test results indicate that a higher edge rotation is necessary. The authors explain this by
the influence of additional cutting-edge wear phenomena mainly related to the hardening
of the machined surface [3]. The results indicate that it is advisable to conduct further
research into the wear process of a continuous edge, and to search for new applications of
the presented SEWCE effect for a significant increase in tool life and reduction in its cost.

The paper presents the basis for the optimization of single cutting edges in the shape
of a circle using the SEWCE effect developed at the Bydgoszcz University of Science and
Technology [28,29]. In the article, based on the practical range of the insert dimensions
used, graphs showing the effect of radius of insert and feed f on the angle are presented.
The in-depth SEWCE analysis of the phenomenon, based on the existing solutions for the
diameters used, represents a significant advance compared with the authors’ previously
presented work [28]. It opens a new field of research on implementing the SEWCE effect
for marketed tools.

This article shows a design solution for an unconventional folding tool with a cylindri-
cal cutting element. The new tool allows for the use of the SEWCE effect and the possibility
to sharpen the tool surface repeatedly to increase tool life. Analyses for a tool with a
cylindrical element having radius r, = 1.5 mm are presented. In Section 2, an idea for
increasing tool life by different replacement strategies for the active section of the cutting
edge is presented. Section 3 presents the idea of a special tool for increasing tool life by
using the SEWCE effect. Section 4 contains the development of the new tool and the results
of an analysis of the tool’s potential for increased sustainability. Section 5 presents the
article’s conclusions.

2. Basis of Increased Tool Life by Selective Exchange of Worn Cutting
Edge—SEWCE Effect

Tools are increasingly used with edges in the form of round inserts [1,3,28]. For this
insert, it is possible to apply the method of restoration of worn cutting edges by the SEWCE
effect [28]. This insert is used especially in and near orthogonal cutting for turning or
milling. The main advantage provided by this special tool is to develop an effective cutting
ability, producing good surface roughness owing to the large tool tip radius [1,3,28].

Figure 1 shows the edge circle view, which is appropriate to make an analysis of the
contact conditions between the cutting edge and the surface area during orthogonal cutting.
The arc between points A and B’ limits the contact conditions between the cutting edge and
the machined surface. This addresses an angular part of the cutting-edge corners with a
radius rg and an angle &« + . The cutting-edge part—arc BB” with an angle-2a—is critical to
the state of the surface texture formation and in this respect it is the development of surface
roughness Rzt, which can be achieved based on geometric and kinematic mapping of the
edge GKME from Equation (1) [3,31,32]:

Rzt = J;j 1

The values for angles « and f can be found according to Equations (2) and (3) [28]:

f
a= arcsin (2r> 2
€
2a,1, — a2
p €
= arcsin rip 3)
€

where r¢ represents the cutting-edge radius of the cutting tool, f is the feed rate, and ap,
addresses the depth of cut value.
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AB’- full wearable contact of cutting edge
with machined surface

AB - part of cutting edge BB’- part of cutting edge
for rough machining for finish machining
\ C Rzt
B e B' Y

A

Direction of edge rotation to
restoration cutting properties - &

Direct of feed

O
[ =

Figure 1. Presentation of contact conditions between the cutting edge and workpiece surface.

Based on analysis of Equation (2), we can see that angle « depends on feed f and
radius of insert r.. From the analysis of Equation (3), we can observe that the  value
depends on a, and r.. Round inserts are produced in a wide range of diameters. For
example, Sandvik Coromant produces round inserts: T-Max® P system RCMX type
(cylindrical-Figure 2a) for 10, 12, 16, 20, 26, 32 mm diameter; and the CoroTurn® 107 sys-
tem RCMT-type (cone shape—Figure 2b) for 05, 06, 08, 10, 12, 16, 20, 25, 32 mm diameter.
Based on the practical range of insert dimensions used, graphs showing the effect of the
radius of insert rand feed f on angle a (Figure 3) and a, on angle B (Figure 4) were drawn.
The in-depth SEWCE analysis of the phenomenon, based on the existing solutions for
the diameters used, as shown in Figures 3 and 4 and the following figures, represents a
significant advance compared with our previous work [28].

(a) (b)

Figure 2. Round inserts produced by Sandvik Coromant [33]: (a) T-Max® P system RCMX type
(IC =10, 12, 16, 20, 26, 32 mm); (b) CoroTurn® 107 system RCMT type (IC = 05, 06, 08, 10, 12, 16, 20,
25,32 mm).

We can consider two main cases for replacing a worn edge section:

e  Complete, by rotating the insert through the angle 6 = a + f5;
e  Partial, by rotation of the insert through an angle contained within the limits 2a < <a + .
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Figure 3. Effect of insert radius r. and feed f on angle «.
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Figure 4. Effect of insert radius r. and a, on angle .

The total variation in the cutting-edge actuation can be obtained by turning the round
end tip at a certain angle as can be equated by the formulation of 4 = « + B (Figure 1)—the
contact conditions between the tool and workpiece. However, this change does not ensure
that the intensification of the work structure from the boundary of the cutting movement is
cut off [1].

The theoretical number of edges that can be obtained for a full circuit cutting edge
(360°) with full exchange of contact can be determined from the following formula [28,29]:

360

i:IH_ﬁ 4)

Graphs prepared using Equation (4) are presented in Figure 5.
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Figure 5. Theoretical number of edges determined by using the round insert & + f rotation for
different r¢, f, and a;, values.

Based on idea of SEWCE, however, we can change only part of the cutting edge, which
creates surface roughness Rzt. The theoretical number of edges achieved using this strategy

can determined from:
. 360

T2

as presented in the graphs shown in Figure 6.

©)

600 -
g f (mml/rev)
-§’ 500 - —o— 0.2
e 400 —u— 0.4
@ 0.6
0
E 300 0.8
c
3 200 -
©
® 100 -
=
- 0 I I I I I I | 1

2 4 6 8 10 12 14 16
r, (mm)

Figure 6. Theoretical number of edges determined by using the round insert 6 = 2a rotation for
different r. and f values.

An area of possibility for applying different SEWCE strategies is presented in Figure 7.
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Figure 7. Example of SEWCE area for a round insert: 2 <t <16, for f = 0.4 mm/rev and a, = 0.4 mm.

Restoration of the cutting edge within the GKME does not, however, ensure the
displacement of the cutting edge within the scope of concentrated edge wear from the
surface of the machined surface [3].

In a previous article [28], research on the minimum round insert rotation for obtaining
the initial surface roughness was presented. In the study, a round insert r = 6 mm
(tool-PAFANA SRDCN 2525-12) was used. Machining of C45 steel was performed by
using v¢ = 200 m/min, ap = 0.25 mm, and f = 0.2 mm/rev until the edge was worn out
(VB = 0.4 mm) after a cutting time of 50 min. A short section of the surface was cut with
the worn edge using different 6 rotations of the edge relative to the starting position. The
test results are shown in Figure 8 and compared with the calculated values for these trials
20 = 1°44’. We can observe that stabilization of surface roughness was obtained for & = 4°.
This is more than twice the value of 2«.

3.5

200=1°44'

2.5

1.5

1
O T T T T
0 2 4 6 8

3, ()

Ra, (um)

Figure 8. Influence of the 5 angle of rotation on the worn round insert (r = 6mm). Ra is the surface
roughness parameter.
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Using larger values for the insert angle rotation permits extra reduction in the ma-
chined surface roughness. The cause of this can be explained by the plastic structure of
the impact, and also the increasing width for the edge 6 = 2« of the angle specified only in
theory, resulting in a long processing zone for the dense edge. Further action is appropriate
to determine the strength of the diluted boundary edge and the latest information on
mechanical progress throughout this process.

3. Concept for a Special Tool to Increase the Tool Life by Considering the
SEWCE Effect

The concept of increasing the edge duration by restoring the cutting properties of the
edge by partially replacing the worn part of the cutting edge can be applied in practice
by using existing tools with round inserts [1,3,32]. Manufactured cutting elements with a
cutting edge and a circular arc, however, have a significant radius of cutting edge r¢. The
inserts used commercially have both a cylindrical and truncated cone shape, which provide
a greater angle of attack, owing to the angle of application [28]. This corresponds to the
commonly used inserts with straight corner edges [1,3].

Existing tool solutions with cutting edges and round edge, mainly used with a hole for
fixing the insert, limits the possibility for reducing the radius of curvature of the circle. It
has been proposed to solve this problem by using a cutting element with a different shape
in the form of a cylinder, the base of which is the rake surface, and the cutting element can
be fixed by a cylindrical surface (Figure 9a).

Restoration of cutting edge by
Cylinder-shaped C : rotation using SEWCE effect
cutting element

Successive rake surfaces
obtained after sharpening
z- number of cycle

Cylinder clamping
system In socket

(a) (b)

Figure 9. The essence of restoring cutting-edge properties with a cylindrical cutting element: (a) de-
sign concept for the tool; (b) phases of using the rotation of the cutting element and sharpening the
rake surface.

This shape of the insert, with its flat contact surface, allows the rotation of the cutting
element to be used to reproduce the cutting properties, along with sharpening the contact
surface after the entire circumference of the insert has been used and can be reused many
times (Figure 9b). This new concept for cutting inserts, due to the clamping method, opens
possibilities for reducing the diameter of the cutting element, which can be advantageous
for the conditions of surface shaping by turning. This would not have been possible using
commercial round plates of a much larger diameter.

In Figures 5 and 6, graphs are presented that show strategies of SEWCE for 6 = 2a and
b = a + B (Figure 7), theoretically decreasing the number of edges for the smaller radius r.
This affects the theoretical number of edges, but the use of a cylindrical cutting element
in turn allows the entire circumference of the cutting edge to be reused after being worn
down by sharpening the cutting edge z times. The number of edges can be determined for
the 6 = « + § strategy by modifying Equation (4):

2360

i:a—i-,B ©)
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where z is the number of resharpenings of the rake surface.
Similarly, Equation (5) for the = 2« strategy can be modified:

z360

s @)

4. Results and Discussion

The concept for using a new kind of cutting insert based on its cylinder shape is
described in this paper. The theory and analysis of this innovative design, which may
increase tool life, is presented in this section.

4.1. Design of an Innovative Cutting Tool with a Cylindrical Insert

Based on the concept for using a new shape of cutting insert, the original design of
tool was modified. The proposed solution is equipped with a cylindrical cutting element
mounted in the holder (Figure 10). The structure developed allows for the rotation of
the cutting element in the socket. This ensures that the cutting properties are restored by
replacing completely or partially the worn part of the cutting edge.

Restoration of cutting edge
using SEWCE effect

Restoration of RS by

Clampin

screwp . re-sharpening z- cycle
Cylindrical

Socket cutting element

Figure 10. A virtual model of the tool ensuring the reproduction of cutting properties using the
SEWCE effect and resharpening of the rake surface (RS).

The shape of cutting inserts used allowed for a reduction in diameter compared to
commercial solutions of round inserts. The smallest diameter—5 mm-—holds a round insert
CoroTurn® 107 system RCMT 05 02 MO. Based on the design developed, a prototype of a
folding tool with a cylindrical element 3 mm in diameter (r. = 1.5 mm) was prepared from
sintered carbide S30. The body of the tool was prepared from C45 upgraded steel using a
section that was 24 x 22 mm (Figure 11a). The seat of the tool was located at an angle of
Yp = —6°,and As = —6° was used for the tip of the cutting edge (point C) (Figure 11).

The holder was prepared by making a hole with a diameter of 3 mm, the positioning
of the hole axis was determined according to the adopted values for angles As = —6° and
Yp = —6° (Figure 11b); along the axis of the socket, a 22 mm deep cut was made. A hole
with a diameter of 3.5 mm was drilled in the tool holder parallel to the axis of the cutting
element socket, thus ensuring that the socket could be deformed. Perpendicular to the
surface of the cut, a through-going hole was drilled from the outside and then tapped. An
M5 countersunk screw with a hexagonal socket was used for clamping.

The geometry of the tools was checked using ATOS II Triple Scan with two cameras
2 x 5,000,000 pixels (Figure 12). The measurement resulted in a stereo lithography file STL
characterized by a dense mesh. The average mesh vertex distance for the surface of the
cutting element was 0.08 mm. The measurements were taken using Rhinoceros 7 software.
An example of the measuring procedure is presented in Figure 12b for angle ap,. In order to
measure the a, angle, a reference surface was determined, in this case the bottom surface
of the tool body. The position of this surface was determined from the position of the
extreme vertices of the mesh surface. A group of mesh surface vertices representing the
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extreme area at the bottom and top parts of the cutting element was then determined. For
these points, a straight line was determined for which the a;, angle was measured. Results
of the measurements are shown in Table 1, which indicate high measurement accuracy
and precision.

(@) (b)

Figure 11. Prototype of the special tool with its cylindrical insert: (a) view of tool prepared using
ATOS II Triple Scan; (b) geometry of cutting edge.

Tool to be measured

(a) (b)

Figure 12. ATOSII Triple Scan: (a) view of measuring setup, (b) an example showing the measurement
of angle ap.

Table 1. Results of cutting-edge geometry measurement.

Angle No. 1 2 3 4 5 M
ap (%) 5.81 5.80 5.79 5.80 5.78 5.80
Yp (°) —5.79 —5.79 —5.80 —5.78 —5.81 —5.80

As (°) —6.00 -5.99 —-5.98 -5.99 6.01 5.99
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A cylindrical element with a length of 35 mm was used. For the proposed tool design,
this allows about z = 20 edge resharpenings, considering the part of the element necessary
for attachment in the holder.

This tool was used for preliminary experiments of turning on a TUD 50 lathe
(Figure 13). In the experiments, C45 steel was machined, with ap = 0.2 mm, cutting
speed vc = 206.4 m/min, and different feed rates: f = 0.08, 0.19, and 0.27 mm/rev. In the
trials, a microscopic method with a marker was used to control the position before and
after rotation. Before rotation, the cylinder was unclamped by gripping the protruding
part, rotated, and reclamped. Work is underway on a practical solution to control
the rotation of the component. Measurements of the surface roughness parameter Ra
were performed using a Mahr Gd 120 profilografometer (Figure 14) equipped with a
magnetically fixed measuring needle (MFW 250B).

Figure 14. Mahr Gd 120 profilografometer equipped with a magnetically fixed measuring needle
(MFW 250B).

Results of the experiment are presented in Figure 15 and compared with theoretical
values calculated using Equation (1) and divided by 4. This is the coefficient usually
used. Note that the surface roughness decreases for the smallest values of feed. This can
be explained by the effect of the minimum uncut chip thickness (MUCT), which causes
that the height of the bumps can increase because of the influence of MUCT hmin [31,32]
for small feed values. For r, = 1.5 mm feed, 0.08 mm/rev and 0.19 mm/rev are low
values [32].
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Figure 15. Comparison of experimental and theoretical values for the surface roughness Ra parameter.

4.2. Analysis of Theoretical Possibility for Increased Tool Life by Using the Developed Tool

An analysis of the contact conditions between the cutting element and the machined
surface was carried out for the developed tool.

Given the radius of the tool with a cylindrical element (r. = 1.5 mm), the values for 2«
(Equation (1)) and « + B (Equation (2)) angles were calculated for different values of feed f.
Figures 16 and 17 show graphs of the results.

35
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Figure 16. Effect of feed on the 2« angle for re = 1.5 mm.

Results of calculating the theoretical number of edges for the developed tool with
a cylindrical element and r, = 1.5 mm are presented in Figure 18 for the 6 = 2« strategy
and in Figure 19 for the = a + f strategy. The theoretical results are presented from
f = 0.2 mm/rev because, owing to the minimum uncut chip thickness effect of MUCT, it is
not advisable to use small feed rates, as this increases the surface roughness, especially for
a larger corner radius r, [31,32]. Different values for the resharpening number of cycles are
presented. Because the B angle does not depend on feed, we can observe a very small effect
of feed on i for the b = « +  strategy. Figures 18 and 19 were prepared using a different
scales for i. For directly comparing the theoretical number of edges using SEWCE strategy,
Figure 20 presents a comparison of results for the 6 = 2a and 6 = a + 8 strategies, given the
middle value of z = 10 and feed f = 0.4 mm /rev.
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Figure 20. Example of SEWCE area for the developed tool (re = 1.5 mm) for z = 10 and ap = 0.4 mm.

This is only a theoretical comparison of a possible number of edges using SEWCE
and the resharpening effect in applying the tool. Of course, to find the optimal solution,
subsequent experimental research is needed to understand the actual process of cutting-
edge wear and the application of the SEWCE effect. Previous research [28] found that it
needs to use more than two times & = 2 rotation to obtain surface roughness similar to the
new edge. This ensures multiple increases in the hypothetical number of edges that can be
obtained with the reproduction of cutting properties by partially replacing the worn part of
the cutting edge. It also allows the entire cutting edge to be restored by sharpening the rake
surface, ensuring a repeat cycle. The analysis of the developed tool shows the advantages
of the new solution and demonstrates the possibilities for re-creating the cutting properties
of its cutting edge. However, this requires confirmation through experimental studies. At
the same time, the usefulness of the solution presented should be emphasized owing to
obtaining a tool with a relatively small, i.e, much smaller than commercial, cutting-edge
radius re. This creates new opportunities for shaping the surface with cutting edges with
a circular arc. The solution is characterized by a simple design ensuring a significant
reduction in tool costs. The article opens a new area in research for achieving savings in
cutting materials for environmental protection and reducing machining costs. Using a new
tool solution with a cylindrical cutting element of a small diameter extends the possibilities
for finishing with a circular cutting edge. The SEWCE presented for increasing tool life and
reducing cost appears more effective than the conventional methods. It should be noted
that this also applies to tools with a straight cutting edge.

This proposed concept for using the SEWCE effect for increasing tool life by controlled
movement of a round continuous edge is presented in the article for point tools, but, of
course, it is also possible to implement this solution for other multipoint tools that are
equipped in round inserts. Additional research is needed to obtain optimal results. Perhaps
this article cannot answer all enquiries, but this issue opens the field of research, which will
enable significant savings to be achieved for the benefit of the environment by seeking to
optimize the use of blade material while maintaining product quality.

5. Conclusions

Tool and machining cost reductions can be achieved by developing the current state of
the tool and cutting element design, cutting materials, and optimizing machining conditions.
This article presents a new way to re-create the cutting properties of cutting continuous
edges with an arc-shaped cutting edge in orthogonal cutting. This is accomplished by
using a selective exchange of the worn cutting edge—SEWCE. The scope of commercial
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round inserts with a large radius of r. (2.5 to 16 mm) and a specially developed tool with
re = 1.5 mm is analyzed in this article. The following items are the article’s main findings
for edges with a curved cutting edge:

The overall contact between the edge and the workpiece includes a fragment defined
by angle 2a, which shapes the roughness of the machined surface through geometric
and kinematic mapping of the edge (GKME) and part described by the f — a angle,
which removes the machining allowance ay,.

The equations presented show that fragment 2o depends on feed rate f and radius of
the cutting edge r. (Equation (2)), while part § — a depends on the depth of cut a,,
and the radius of the cutting edge r. (Equation (3)).

We consider two boundary possibilities for opening the cutting properties of an edge:
complete replacement of the edge contact by rotating the edge through an angle
b =a + B, and in the GKME area by rotation 6 = 2a. The area between these strategies
is referred to as the SEWCE area. Reducing the edge radius r, significantly reduces
the theoretical number of edges i.

Calculations of the theoretical number of edges i indicate that a very high number of
edges is obtained, especially for strategy & = 2a, while preliminary results available
in the literature indicate that a higher value of 4 angle rotation is needed due to edge
wear in the theoretical contact.

This paper presents an original solution for a tool with an circle-shaped cutting edge
using a cylindrical cutting element with radius re = 1.5 mm. This creates additional
application possibilities for surface machining in comparison to marketed round
inserts with larger r,.

By using this new tool, the possibility for applying the SEWCE effect and, in addition,
the possibility for reusing the cutting element by resharpening the rake surface by up
to 20x was achieved. In this way, the possibility for obtaining a large number of edges
has been achieved despite using a small radius for the cutting edge r.

The issue presented opens a new area of research in terms of exploring the possibility
for a considerable increase in tool life using the application of the SEWCE effect for
edges with a continuous cutting edge and by application of a cylindrically shaped
insert. Future research should cover wear, machinability indexes, and the search for
new design solutions.
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Abbreviations

GKME  geometric and kinematic mapping of the edge
MUCT  minimum uncut chip thickness

RS

rake surface

SEWCE selective exchange of worn cutting edge

STL

stereo-lithography file
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ap deep of cut, mm

F feed rate, mm /rev

Te radius of cutting edge, mm

20 angle of finishing part of circle cutting edge, °

B angle of rough machining part of circle cutting edge, °
«+p  angle of contact zone of edge with machined surface, °
d angle of rotation of cutting element for obtain SEWCE effect, °
i number of edges on one cutting edge

z number of resharpening cycles of rake surface

Yo angle of rake surface, °

As angle of inclination of cutting edge, °

Bmin minimal value of uncut chip thickness, um
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