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Stančeková, D.; Van Tuong, N.;

Novotný, J. Analyses of Tool Wear

and Chip Type for Different Coated

Carbide Inserts in Turning Hardened

1.6582 Steel. Coatings 2022, 12, 974.

https://doi.org/10.3390/

coatings12070974

Academic Editors: James E.

Krzanowski, Ben Beake and

Giorgos Skordaris

Received: 24 May 2022

Accepted: 1 July 2022

Published: 8 July 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

coatings

Article

Analyses of Tool Wear and Chip Type for Different Coated
Carbide Inserts in Turning Hardened 1.6582 Steel
Karel Šramhauser 1,*, Nataša Náprstková 1 , Jan Sviantek 1, Dana Stančeková 2 , Nguyen Van Tuong 3
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Abstract: This article deals with the comparative wear of CNMG-coated sintered carbide indexable
cutting inserts by several manufacturers when turning 1.6582 steel hardened to 40–44 HRC. The main
goal will be to demonstrate the different course of wear by testing seemingly identical inserts for
engineering companies, showing the connection between the course of wear and the production of
waste in the form of chips. The monitored type of wear was the flank wear VBmax of a cutting tool
depending on the length of the machining time. Additionally, the effect of cutting tool wear on chip
production, i.e., their quantity, shape and size, was monitored. For the purpose of mutual comparison,
uniform cutting conditions were chosen on the basis of previous experiments, ensuring the stability
of the given cutting process. For flank wear analysis, optical and electron microscopes were used.
Meanwhile, a portable roughness tester was used to analyze the roughness of the machined surface.
It was found that the quality of the interconnected coating layers has a perceptible influence on wear
rate of the evaluated cutting inserts. The relation between the degree and characteristics of wear
on the one hand, and the properties of the produced chips that identify the effect of the difference
in the deposition layers using EDX/SEM analysis on the other, foreshadows the importance of
choose between products with similarly declared properties was found. The current assessment of
cutting tool wear and the evaluation of the chip produced has significant economic potential for
manufacturing companies seeking to minimize costs.

Keywords: tool wear; turning; surface roughness; hardened steel; cemented carbide

1. Introduction

Coated indexable cutting inserts made of sintered carbides represent a now commonly
used group of cutting tools in the range of manufacturing companies. One of the impor-
tant factors influencing the machining process is the appropriate choice of cutting tool
depending on its properties, such as its own geometry, its change during machining to the
state of the cutting edge when changing tools, and the cutting material from which the
tool is made and the surface treatment of the cutting edge [1,2]. Improper choice of tool
or inappropriate use of the tool increases the company’s tool-related costs, which are still
taken lightly today [3]. Related to this phenomenon is the reluctance of manufacturing
companies to spend time or money on market research of machine tools, of which there are
many applicable variants [4]. Before starting the research itself, the manufacturer would
have to invest in the number of cutting tools they were interested in, and identify and
purchase suitable test material (or use material from their own production and thus reduce
stocks) [5]. Paradoxically, the costs of choosing a suitable cutting tool are projected to be
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completely marginal in the future compared to the costs associated with an inappropriate
choice of a specific cutting tool [6]. Manufacturing companies are increasingly taking
this reality into account; however, beyond the financial side of things, they are limited
by personnel and research capacities. Therefore, the problem could also be the lack of
educated employees able to conduct state research. Manufacturing companies have the
same limits in terms of the possibilities of using special measuring devices, which they are
reluctant to invest in because of their limited usability for other activities [7,8]. From this
point of view, laboratory research of phenomena occurring during the machining process
has a very significant potential for commercial use in practice [9].

Sintered carbide is a material composed of two or more phases formed by hard carbide
particles in a metal binder, which is prepared by powder metallurgy technology. The
production of these machine tools mainly uses Hexagonal tungsten carbide (WC) and
cubic titanium carbides (TiC) as well as tantalum (TaC) and niobium (NbC) contained
in cobalt (Co) binder, while carbide particles increase strength, hardness and chemical
stability [10–12]. The dimensions of carbide particles range from 0.1 to 14 µm. Normal
binder volume is between 5 and 40% [13]. In order to increase the cutting performance
of sintered carbide tools, their physical and mechanical properties are modified by PVD
or CVD vapor deposition [12–14]. The combination and quality of the deposited layers,
together with the mechanical properties of the carrier material and the geometry of the
cutting edge or chip breaker, have a very significant effect on the durability or cutting
ability of the machining tool [2,15]. The construction of coatings as a multilayer has been
known since the 1970s, with the possibility of a gradient design of the application of
individual coating layers [16]. Today, these methods are considered standard and, for
example, the problem of cracking is already practically solved by to the reduction of
application temperatures [17]. Very hard but also soft coatings can maintain the already
defined cutting geometry of the tools with the aforementioned increase of utility values
of cutting tools [18]. In addition, these are amplified by the recently developed HIPIMS
(High Power Impulse Magnetron Sputtering) coating application methods. However, CVD
applications are widely used, especially for roughing operation in machining [19,20].

During machining, waste material is generated in the form of chips. In order to be able
to continuously machine complex workpieces, provided that easy tool change is possible,
there must be no obstruction in the tool path and the process fluid flow, leading to the
cutting area not being deflected [21]. The chips have to be generated in certain shapes
and according to specific dimensional conditions [22]. These conditions are especially
important when machining on automated machine tools and systems. The types and shapes
of chips are dealt with in the ISO 3685 standard, according to which chips are classified
into the appropriate categories according to shape and length, as well as according to the
direction of departure from the cutting point [23,24]. There are also qualitative reasons—a
long continuous chip impairs the structure of the machined surface—and quantitative
reasons [25]—the long continuous chip risks winding on the chuck or under the cutting
tool—which can lead to tool destruction if it gets between the tool and the workpiece in
the cutting area [26]. On the other hand, very short chips can initiate microcracks on the
cutting edge of the tool, leading to premature cutting edge breakage [27]. The shape and
length of the chip depends on the properties of the machined material, the setting of the
cutting conditions, the cutting environment, the tool geometry and the properties of the
cutting material, especially in the chosen coating protection [28].

Many studies deal with the optimization of the cutting process by adjusting the size
of individual cutting parameters, either by the Taguchi method or by means of variance
analysis (ANOVA). These methods are a very enriching field of machining, and due to
the inexhaustible number of input parameters, experiments of this type are very valuable
factors influencing the machining process [29]. However, the importance of the shape
and length of the chip produced, which influences the above-mentioned qualitative and
quantitative factors of the machining process, is often overlooked [30]. Currently, the
importance of the ecological side of waste management is also growing. For example, the
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ability to form ideal chips of small size during production offers benefits in the form of
reduced costs for storage, transfer and recycling of waste material.

2. Experiment

The data presented in this article are part of a long-term research study on cutting
tool wear carried out at the Faculty of Mechanical Engineering in cooperation with the
mechanical engineering industry and production. The experimental material, used devices
and evaluated inserts with selected cutting conditions are described below. Machining was
performed on a Doosan Lynx 220LM (Seoul, Korea) CNC lathe, equipped with a Fanuc
i-series control system. Tested cylindrical specimens had an initial diameter of 50 mm and a
length of 330 mm, a final diameter of 23 mm for system stability. The standard setting of the
test workpieces was in the chuck of a CNC lathe with a tailstock lock at the opposite end.

The cutting parameters have been unified to ensure the stability of the machine–
tool–workpiece system during machining. The cutting speed vc for the experiment was
chosen in 120 m·s−1, the depth of cut ap was set at 1.5 mm and feed rate f was set to
0.3 mm·ot−1; this was so the study could approach the cutting conditions used in practice
in conventional machining. In the range of these cutting speeds (vc from 80 to 140 m·s−1), a
speed of 120 m·s−1 was chosen to approach the more efficient limit of cutting speeds in
conventional machining. The values of depth of cut ap and feed rate f were determined
on the basis of testing when it was necessary to ensure the stability of the cutting process.
As a criterion for the completion of the experiment, the durability of the cutting edge for
a given exchangeable insert was determined or the achievement of the wear of the major
flank VBmax at level 0.4 mm. This value was chosen based on recommendations used in
industrial practice for a limit of flank wear 0.3 to 0.5 mm for coated carbides [31].

The progression of tool wear as a function of tool time in the frame was observed
using an Olympus SZX10 stereomicroscope equipped with a Bresser MicroCam-II digital
camera equipped with measuring software. The VBmax measurement took place after
each removal of the machined material, i.e., when the process was stopped, the VBD
was removed from the tool holder and measured with the micrometric method. The
disadvantage of this method is that it is laborious and time consuming. However, this
is a reliable method of measuring cutting tool wear, hence it was the chosen procedure.
At the same time that VBmax flank wear was evaluated, a sample of the produced chips
was evaluated in terms of their shape and size according to ISO 3685, also using an
Olympus SZX10 stereomicroscope (Olympus Corporation, Tokyo, Japan) equipped with
a Bresser MicroCam-II (Rhede, Germany) digital camera with micrometric measurement
method. Each evaluated indexable cutting insert was tested three times to obtain data
validity. Together with the evaluation of the chip size, the average number of chips per
100 g of produced chips was evaluated. This gives information about the relationship
between the size of the chips produced and their shape. The analysis of waste material in
the form of chips is currently not only useful in terms of storage and handling of chips,
but also for information on recycling, which is likely to play an even greater role in the
management of production companies in the future. Subsequently, the size and extent of
wear of the indexable insert was evaluated using a Tescan Vega 3 (Tescan Orsay Holding
a.s., Brno, Czech Republic) scanning electron microscope supplemented with a Bruker
X-Flash (Billerica, MA, USA) analyzer, which was used to map the elements of the worn
cutting tool.

2.1. Experimental Material

As the experimental material, the 1.6582 steel according to EN 10027-2 was chosen. It
is a medium-alloy, stainless steel with very good hardenability. This steel is characterized
by high values of fatigue limit under static and dynamic stress, and it is not sensitive to
overheating. In its refined state, the material retains high toughness (due to the addition
of Ni and Cr) and has a favorable tensile strength to yield strength ratio. Generally, it is
machined in the soft annealed state, and machinability is difficult due to higher toughness.
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For the purposes of the experiment, the test material was hardened to 40–44 HRC. This was
measured on a CISAM-ERNST AT250 hardness tester. The hardness was measured from the
center of the workpiece to the edge area. The hardening of the material to a depth of 15 mm
was confirmed, which meets the requirement to finish the hardened mass of the tested
material by turning. Steel 1.6582 according to EN 10027-2 is intended for highly stressed
parts used in mechanical engineering, especially in the automotive industry, e.g., in gears,
pins, eccentrics, shafts, etc. To a certain extent, this material also has damping properties
similar to gray cast iron. For this reason, it is used for cutting tool shanks, etc. This material
can be used for series production by drawing, extruding or cold pressing [32]. Therefore,
this material has a wide field of application in mechanical engineering and it is for this
reason it has been chosen. Last but not least, this material has great economic potential
in future due to its price and application possibilities [33]. The chemical composition of
used experimental material after electrospark analysis performed on a Bruker Q4 TASMAN
instrument is shown in Table 1. Chemical analysis confirmed that the tested material
complied with the standard; see Table 2 [34].

Table 1. The chemical composition of the 1.6582 steel according to measurements Q4 TASMAN.

Chemical Composition (wt. %)

C Mn P Cr Mo S Ni Si

0.342 0.57 max. 0.005 1.519 0.193 max. 0.001 1.470 0.329

Table 2. The chemical composition of the 1.6582 steel according to EN 10027-2.

Chemical Composition (wt. %)

C Mn P Cr Mo S Ni Si

0.30–0.38 0.50–0.8 max. 0.035 1.30–1.70 0.15–0.30 max. 0.035 1.3–1.7 max. 0.40

2.2. Investigated Cutting Inserts

For the purpose of the experiment, indexable cutting inserts of the CNMG type
according to ISO 6987 from three different manufacturers were used. Hard phase material
of these plates consists of sintered carbide type WC and Co binder with the addition of other
carbides (Ta, Nb, etc.). It is an ISO group of carbides HC (coated hardmetals) equipped
with coatings to reduce wear due to the mechanisms accompanying the machining process.
Specifically, these are the following inserts:

• CNMG 120408-PM 4315: substrate—HC with applied CVD coating Ti(C, N) + Al2O3 +
TiN (Figure 1a). The insert is primarily intended for machining steel; an alternative
use is for cast iron.

• CNMG 120408E-M GRADE T9315: substrate—HC with applied CVD coating TiCN +
Al2O3 (Figure 1b). The insert is primarily intended for machining steel; alternative
uses are for cast iron and stainless steel.

• CNMG 120408-MP3 WPP10S: substrate—HC with applied CVD coating TiCN + Al2O3
(Figure 1c). The insert is primarily intended for machining steel; an alternative use is
for cast iron.
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Figure 1. Indexable inserts used in tests: (a) CNMG 120408-PM 4315, (b) CNMG 120408E-M GRADE
T9315, and (c) CNMG 120408-MP3 WPP10S.

Before starting the experiment, the tested cutting inserts were subjected to EDX/SEM
analysis using a Tescan Vega 3 scanning electron microscope supplemented with a Bruker
X-Flash analyzer in order to identify the composition of deposited coating layers in the
unloaded (unworn) condition. After EDX analysis of the CNMG 120408-PM 4315 indexable
cutting insert, the TiN layer was not clearly identified (occurs on the head ridge), and the
presence of a 12 µm TiC layer and an 8 µm Al2O3 layer can be confirmed with certainty
(Figure 2). EDX analysis confirmed the chemical bonding of the coatings; conversely,
the diffusion of elements from the substrate to the coating was not demonstrated by
this analysis.
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After EDX analysis of the CNMG 120408E-M GRADE T9315 indexable cutting insert,
the presence of an 11 µm TiC layer and an 11 µm Al2O3 layer can be confirmed (Figure 3).
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EDX analysis of the CNMG 120408-MP3 WPP10S indexable cutting insert confirmed
the presence of an 8 µm thick TiC layer and an 11 µm thick Al2O3 layer (Figure 4).
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Figure 4. Coating thickness of CNMG 120408-MP3 WPP10S carbide cutting insert.

3. Results

At the end of the experiment, the measured values of flank wear VBmax were analyzed
and projected onto the timeline based on the tool time in the engagement. In parallel,
samples of the produced chips were examined in terms of their length and shape. The
number of chips per 100 g of chips was also calculated, which is an analogous value related
to their size, respective of length. The worn cutting inserts were then subjected to SEM
evaluation and element mapping was also performed using an EDX analyzer.

3.1. Evaluation of Worn Cutting Inserts

The main parameter determining the course of the experiment was the flank wear
VBmax pending on the machining time spent by tool. When the value VBmax = 0.4 mm was
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reached, the experiment was stopped for the given cutting insert. During turning, tool
wear was continuously measured using an Olympus SZX10 stereomicroscope equipped
with a Bresser MicroCam-II digital camera, see Figure 5.
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Figure 6 is a graphical representation of the wear profile for all three cutting inserts. It
is obvious that the best result, i.e., the longer machining times, was achieved by the CNMG
120408-PM 4315 cutting insert, with the time of reaching the maximum specified wear rate
T = 25.5 min. It is followed by a CNMG 120408-MP3.
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Inserts that had already reached the specified wear rate were subsequently examined
using a Tescan Vega 3 electron microscope. SEM analysis confirmed several types of cutting
edge wear, the most dominant of which was flank wear. At the same time, there is wear in
the form of crater on the face and chipping of the blade or built-up edge (BUE).

The CNMG 120408-PM 4315 insert was worn abrasively on the surface of the main
ridge just below the blade; a relatively continuous increase along the cutting edge is evident,
see Figure 7a. The abrasive form of wear was also used on the face of the insert, behind
which the relief is copied by a small worn surface in the crater wear form, see Figure 7b.
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EDX analysis showed the extent of wear on the main flank of the CNMG 120408-PM
4315 cutting insert, see Figure 8. Abrasive wear penetrated to the level of the TiC layer, so
the TiN and Al2O3 layers on the main flank of the tool were worn. The Fe content in the
adhering workpiece material is noticeable. Traces of Si emulate the presence of C, and the
analyzer classified it on the basis of similar physical properties.
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In addition to the abrasive wear of the 120M8E-M GRADE T9315 insert on the main
flank, the heat-affected interface in the area of the major flank and the tool corner is
visible. There is also a noticeable built-up edge on the main flank of the instrument, see
Figure 9a. There is significant crater wear on the tool face, probably due to the outgoing
chip (Figure 9b).
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EDX analysis of the CNMG 120M8E-M GRADE T9315 cutting insert showed the wear
of the Al2O3 layer to the level of the TiC layer just below the cutting edge, see Figure 10.
The content of the machined material elements in the built-up edge is also evident.
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The main type of wear on the CNMG 120408-MP3 WPP10S cutting insert was also
abrasive (see Figure 11a), with the presence of built-up edge. In addition, part of the cutting
edge on the main flank was broken out, see Figure 11b.
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Figure 11. SEM analysis of wear of CNMG 120408-MP3 WPP10S: (a) main flank view, (b) rake face.

Mapping of elements on the worn flank of CNMG 120408-MP3 WPP10S confirms the
adhered machined material, see Figure 12. Wear under the blade has reached the level of
the TiC coating layer.
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3.2. Evaluation of Produced Chips

Another part of the experiment was the analysis of produced chips. The collection of
samples took place in parallel with the measurement of flank wear VBmax, see Section 3.2.
For evaluation, an Olympus SZX10 stereomicroscope equipped with a Bresser MicroCam-II
digital camera with measurement software was used. The result is chronological documen-
tation of the chip type (see Figure 13a–f) and analysis of its shape and size according to ISO
3685 (see Figure 13g). Chip length measurement was performed by the micrometric method
using Bresser MicroCamLab II measurement software. The measured chips were selected
numbers of four to five pieces so as to best represent the sample of a specific sample.
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Figure 13. Exemplary macroscopic chip evaluation of CNMG 120408E-M GRADE T9315 indexable
insert depending on the cutting time T [min]: (a) T = 1.5, (b) T = 3, (c) T = 4.5, (d) T = 6, (e) T = 7.5,
(f) T = 9, (g) T = 10.5.

For the resulting data processing of the length and shape of the chips produced for
each insert, see Table 3. The table also shows the average number of chips per 100 g of
chips for each insert. These are analogous values based on the length of the chips produced,
which gives a more specific idea of production in terms of possible storage or disposal.

Table 3. Comparison of produced chips for individual cutting inserts.

Investigated Cutting Insert Chip Type Chip Length
[mm]

Average Number of
Chips/100 g of Chips

CNMG 120408-PM 4315 arch loose/arch
connected 13.7 ÷ 19.7 1676

CNMG 120408E-M GRADE
T9315 arch connected 8.9 ÷ 31.2 1753

CNMG 120408-MP3 WPP10S arch connected 25.9 ÷ 103.6 700

The values in Table 3 show that the most favorable chip type within the examined
group was formed during machining with a CNMG 120408-PM 4315 cutting insert, even in
terms of the most constant chip length progression. The average number of chips per 100 g
of chips was very similar for both the CNMG 120408-PM 4315 and the CNMG 120408E-M
GRADE T9315; however, the second named cutting insert produced a less ideal chip type in
a relatively large length range. The least favorable results were achieved when machining
the CNMG 120408-MP3 WPP10S cutting insert.

Figure 14 shows the size evolution of the produced chips as a function of the machining
time for the individual manufacturers of the monitored inserts. From the data shown, it
is clear that the size of the chip produced by the CNMG 120408-PM 4315 cutting insert
culminated around a length of 16 mm, but there was no obvious progression in terms of
tool wear depending on machining time. A certain increase in chip length was observed
in the CNMG 120408E-M GRADE T9315 cutting insert in terms of tool wear. The chip
length evolution of the CNMG 120408-MP3 WPP10S cutting insert was increasing from
approximately half the tool engagement time, but with a relatively large dimensional peak.
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4. Discussion

Based on the measured data and their evaluation, which is described in previous
sections, the following facts can be pointed out.

The CNMG 120408-PM 4315 cutting insert with a time T = 25.5 min achieved the best
results in terms of cutting edge durability and chip composition depending on machining
time. This is contributed to by the fact that, unlike other manufacturers, this producer of
CNMG 120408-PM 4315 cutting insert has a TiCN coating on the surfaces of the main and
secondary cutting edges. TiCN coating does not have the same hardness as TiC, but it is
more thermodynamically stable and shows less tendency to cracking form. EDX analysis
did not confirm the mutual diffusion of elements between the individual coating layers and
the substrate; therefore, it is a quality deposition of coating layers, chemically connected to
each other. A continuous worn surface was created on the main flank of the tool, on which
it was possible to identify individual coating layers according to EDX analysis, while there
was no loss of tool weight up to the supporting material. An unstable built-up edge can
also be identified on the main flank. There is a small amount of wear on the tool face in
the form of a crater wear; this can affect the gradual change in the type of chips produced,
which split between arch loose and arch connected during the experiment, which are not
advantageous from a machining point of view. In terms of chip length, their production
with the CNMG 120408-PM 4315 cutting insert was relatively stable, with a total length of
around 16 mm.

In terms of wear, the CNMG 120408-MP3 WPP10S cutting insert achieved the second
best result. Achieving the specified critical wear VBmax was equal to time T = 22.5 min,
which is a relatively small difference compared to the CNMG 120408-PM 4315 cutting insert.
The total thickness of the coating layers was the smallest of all the inserts evaluated, while
the Al2O3 layer was 8 µm thick and TiC layer was 11 µm thick. In addition to the difference
in thickness compared to the CNMG 120408-PM 4315 insert coatings, a TiC coating was
used, which has slightly different properties than the TiCN coating. This fact may have
contributed to the similarity of the achieved blade life, as with CNMG 120408-PM 4315.
Based on SEM/EDX analysis, a break out of the material below the level of the cutting edge
was identified, which could result in changes in the chip formation process. The built-up
edge was formed both on the surface of the main flank of the tool and on the site of the
broken out mass at the level of the cutting edge, which, however, does not necessarily have
a negative impact on the machining process. The produced chip had an arch connected
shape combined with the largest length within the sample. The difference in temperature
stability between the types of TiCN and TiC coatings could affect the change in the type and
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shape of the chips produced; part of the heat could be distributed differently and thus affect
the production of chips. However, this claim would still be subject to further investigation.
The difference in coating thickness compared to the previous insert may also have played a
role in the formation of the resulting chips. From the point of view of waste management,
this is a very disadvantageous type of chip, and in the experiment it is the worst result in
terms of chip production.

The CNMG 120408E-M GRADE T9315 cutting insert achieved the shortest tool life,
with a time T = 13.5 min. Based on SEM/EDX analysis of the coating layers, TiC coatings
with a thickness of 11 µm and Al2O3 with a thickness of 11 µm were identified, which were
the largest in terms of thickness within the monitored inserts. It is not entirely clear from the
EDX analysis why the result in the shortest time of the specified flank wear VBmax (0.4 mm)
was achieved with the most coated insert. Despite the relatively thick layer of Al2O3
coating, there was a thermal effect in the area of the flank and tool corner. The produced
chips had an arch connected shape, with a length ranging from 8.9 mm to 31.2 mm and a
noticeable increasing trend depending on machining time.

5. Conclusions

Indexable CNMG cutting inserts from three different producers were compared when
turning 1.6582 steel according to EN 10027-2, hardened to 40–44 HRC. As part of the
comparison, the time of reaching the specified critical flank wear VBmax = 0.4 mm. The
durability of the cutting edge depending on machining time and the shape and length of
the produced chips according to ISO 3685 under the above-mentioned cutting conditions
were evaluated. The results obtained from the experiment made it possible to formulate
the following conclusions:

• The longest tool life is achieved by a CNMG 120408-PM 4315 cutting insert with a
time T = 25.5 min. The CNMG 120408-MP3 WPP10S insert with a time T = 22.5 min
achieved an approximately 8% worse result. The worst durability was achieved by
the CNMG 120408E-M GRADE T9315 insert with a time T = 13.5 min, i.e., 48% worse
durability compared to the CNMG 120408-PM 4315 cutting insert.

• The composition and chosen types of coating layers deposition had a fundamental
effect on the durability of the inserts.

• The initial state of the individual evaluated inserts could also have an effect on the
final form of the produced chips in terms of the thickness of the individual coating
layers and also in terms of the type of applied coatings.

• The nature and continuity of cutting insert wear affected the progression of the length
and shape of the produced chips.

• The CNMG 120408-PM 4315 cutting insert was worn evenly distributed on the main
flank, which led to a stable increase in the length of the chips produced around 16 mm
in diameter.

• The break out of the CNMG 120408-MP3 WPP10S cutting insert mass below the level
of the cutting edge did not have a significant effect on the durability of the insert, but
similarly had an effect on the oscillation of the length of the produced chip.

• The resulting deposition of CNMG 120408E-M GRADE T9315 cutting insert coatings
resulted in a rapid increase of wear and a change in tool geometry; the increase in the
length of produced chip grew analogously with an increase in wear on the flank of the
tool, with consequent wear in the form of crater wear on the face of the tool.
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Nomenclature

Symbols and acronyms
PVD physical vapor deposition
CVD chemical vapor deposition
BUE built up edge
ap depth of cut [mm]
vc cutting speed [m·s−1]
f feed rate [mm rev−1]
VBmax maximal flank tool wear [mm]
T tool edge life [min]
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