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'ArcelorMittal Long Carbon R&D — Gandrange Bars & Wires, Gandrange, France
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Abstract

For many decades ArcelorMittal has been developing solutions to enhance machinability of high strength steels
for automotive parts. Many well-known metallurgical solutions create or retain inclusions in the metal and then
promote machinability without decreasing the mechanical characteristics. Such metallurgical treatment usually
leads to the formation of so-called Built-Up Layers (BUL) or transfer layers on the cutting tool while machining.
The tool wear rate decreases and thus allows a longer tool life or a better productivity. The existence of such BUL
on the cutting tool depends on many parameters i.e. tool geometry, tool material, cutting parameters... There is a
growing need in the automotive industry for lighter parts. This has led to a global trend to develop new steel
grades with higher mechanical properties. ArcelorMittal is currently developing new metallurgical solutions to
optimize steel grades to ensure a better machinability thus preventing productivity losses. BUL characteristics are
being studied for the most important machining operations. This paper summarizes the main developments in
steel machinability for many decades. Some results from research works into turning and drilling highlight the

benefits of these new steels.
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1 INTRODUCTION

Machining and grinding are material removal processes
devoted to produce finished workpieces. Machining often
accounts for a substantial fraction of the total workpiece
cost (up to 65%). This is why machinability is thoroughly
investigated by steelmakers. This paper focuses on long
carbon products used in automotive industry. Market
studies highlight two steel families: free-cutting steels and
High and Super High Strength Steels. A bibliographic
survey shows that almost 40% of machinability studies
focused on metallurgical problems deals with free cutting
steels while 60% deals with construction steels.
Nowadays, new steel compositions are proposed to reach
higher yield stress and tensile stress while saving costs.
This trend leads to micro and low alloyed steels with
bainitic structure. Machinability should therefore be lowered
compared with usual quenched and tempered steels.
Solutions are to be found to enhance it. This review
summarizes the usual metallurgical solutions used by
steelmakers to improve the machinability. New solutions
for the machinability improvement are currently expected
to answer the new customer's requirements for
construction steels as well as high strength steels. The
paper also proposes some relevant results from research
work performed in turning and drilling.

2 MACHINABILITY

Machinability is fully dependent on the cutting process.
The results cannot be roughly adapted from process to
process [1], [2]. Four criteria usually describe
machinability i.e. cutting forces, surface quality, chip shape
and tool life. Some may be added to better describe the
mechanical phenomena involved in metal cutting i.e. the
apparent friction coefficient or the cutting temperatures.

For steelmakers, improvements in machinability are in
most of cases associated with metallurgical treatments
which have an impact on the following items:

e Reduction of the friction coefficient at both of the tool’s
interfaces,

e Improvement of the surface quality and dimensional
tolerances,

e Improvement of the chip breakage,
e Increase in tool life.

These machinability improvements usually depend on
interactions between the tool and the chip when cutting.

3 STEEL SOLUTIONS FOR MACHINABILITY

From the steelmaker’s point of view, machinability can be
enhanced by:

1. The addition of non-metallic and metallic miscible
elements in steel such as Mn, S, Se...

2. The addition of metallic and non-metallic immiscible
elements in steel such as Pb, Bi, Te.

3. The reduction of the number of hard particles which
leads to the decrease of the steel abrasiveness
during machining but requires the optimization of the
steelmaking process.

Depending of their composition — and thus their melting
point - non-metallic inclusions will appear and solidify at
several moments during the steelmaking process. The
knowledge of their composition, constitution and
occurrence is essential if their detrimental effects are to
be minimized and their positive effects used [3].

It is generally assumed that metallurgical treatment can
improve the machinability by:

e Improving chip breakability, for example through Liquid
Metal Embrittlement (LME).

o Limiting the formation of a Built-Up Edge (BUE).
e Creating a Built-Up Layer (BUL).
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Figure 1: Schematic drawing of the behaviour of various
types of inclusions during machining (after [4], [5])

A delicate balance between the deoxidisation elements
used and the resulting inclusion population is required to
achieve the optimum combination of machinability and
tool wear.

3.1. Sulphur (S) — sulphides

After oxygen, sulphur is the most important non-metallic
element in steelmaking practice. The main part of sulphur
is combined with manganese, forming MnS inclusions.
The other principal sulphide inclusions types are FeS and
(Mn,Me)S (Me as metal) [6]. It has been known for many
decades that MnS inclusions can enhance machinability.
Scientific studies on this topic have been undertaken only
since the end of the 60s. There are two opposite trends in
the steel development process. The first is to produce a
steel grade with the lowest possible sulphur content and
then ensure the highest notch toughness. The second is
to increase the concentration in sulphides to improve
machinability and retain notch toughness. The most
relevant solution to limit the sulphides concentration in
steel while increasing machinability consists in optimizing
the sulphides morphology. Before hot rolling, sulphides
are spheroidal due to their solidification in the liquid
metal. The melting point of pure MnS is about 1600°C.
Sulphides in steel contain oxides (FeO, MnO, SiO,) and
FeS which decreases the melting temperature under the
steel liquidus (around 1500°C).

MnS size in the work material

The size of sulphides has supposedly a major influence
on machinability improvement. A few big MnS inclusions
seem more efficient than numerous small ones [6], [7]. In
substance, these results don’t explain the influence of the
MnS size on a lubricating effect in machining.

Built-Up Edge (BUE) is usually considered as detrimental
for machining. It is supposed to occur at low cutting
speed and progressively disappear when cutting speed
increases. Several authors have found that larger MnS
inclusions may reduce the BUE appearance at low cutting
speed [8], [9]. However, the mechanisms leading to these
results are not well known. Some studies have shown
that the size of MnS is directly linked to the cooling rate in
continuous casting. When the cooling rate is lower, MnS
can grow for a longer time. It may explain why MnS
inclusions are bigger when steel comes from blooms
rather than from billets.
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Figure 2: Relationship between machinability and number
of sulphide inclusions in free-cutting steel. There is a
constant volume fraction of MnS in the steel. In this way,
the larger the sulphide particle size (i. e. the smaller the
number of sulphides) the better the machinability (after [7]).

MnS action on machinability

The contact length on the rake face of the tool is
shortened by the presence of MnS [10], [11]. The
separation of the chip from the tool on which it is sliding
requires fracture. The shorter contact length results in
thinner chips and lower cutting forces. It is also possible
that, in this form, they may provide surfaces of easy flow
where the work done in this shear zone is less than it
would be in the body of the metal [10]. In this way,
sulphides can act as internal lubricant, promote chip
breakage and can also lead to the transfer of MnS layers
on both rake and flank faces of the cutting tools [5].
These effects are particularly noticeable for free-cutting
steels rather than for construction steels because of their
higher sulphur content.

Selenium

Selenium (Se) inoculates the MnS inclusions. The melting
point of Se is low (217°C at 1 bar). This element changes
the visco-plastic behaviour of the MnS inclusions. During
hot rolling, MnS inclusions are more resistant to the
deformation and therefore become less elongated. On the
final product, MnS have a more globular shape. Kiessling
[6] has studied the influence of Se and found that the
MnS inclusions become larger and more globular through
Mn(S,Se) formation. The usual Selenium content in these
steels is ~ 0.02 to 0.04%. However selenium is regarded
as a toxic element. Steelmakers usually avoid it to
preserve worker’s health.

3.2.Pb/Bi/Te

Lead (Pb) and bismuth (Bi) can be added to enhance
machinability and surface roughness. Both of these
elements are heavy metals and induce liquid metal
embrittlement with its consequences on chip breakage,
lubricating effect at the tool/chip and tool/work piece
interfaces leading to the decrease of the cutting forces.
These phenomena are mainly due to their physical
properties: Pb and Bi are both immiscible elements in the
steel matrix. Both have a low melting point: 327°C for Pb,
and 271°C for Bi at 1 bar.




The main differences between Pb and Bi are:

e For the same gain in machinability, Pb content is three
times higher than Bi (for example: 0.3% Pb compared
with 0.1% Bi).

e The hot forming of Bi steels is problematic because of
the LME at grain boundaries under hot rolling
temperatures [5].

e The cost of bismuth and the very low number of
suppliers can also be an issue. In May 2013, the
average cost of Bi pure element was 15,31 € per kg
while pure Pb was about 1,70 € per kg. Bi is then about
9 times more expensive than Pb.

Tellurium (Te) can be added alone or in association with
Pb and/or Bi. Te’s melting point is 450°C at 1 bar. Te
surrounds the sulphide inclusions, as Pb and Bi do.
Oxides and tellurides play an essential role in hot rolling.
Having a thin form at the inclusion/matrix interface, these
phases behave as a lubricant which, by reducing the
friction stress, reduces the deformability of sulphides. In
addition, as in the case of Selenium, the MnS inclusions
become less plastic through the Mn(S,Te), resulting in
less deformation during hot rolling. This is explained by
the fact that there is a small solid solubility of Te in MnS
[6]. This leads to more globular inclusions in the steel and
a better machinability. The Te content must be lower than
0.030% to prevent surface defects occurring during hot
rolling [5], [6], [12], [13].

3.3. Oxides

Oxide inclusions are often considered as detrimental for
many properties of steel. Because of their high hardness,
they are assumed to be a huge source of possible
nucleate cleavage cracks [6], then decreasing many
mechanical characteristics of steel, such as ductility,
toughness, and fatigue resistance [14]. In reason of their
high melting point, they can already be solid during the
steel making process. Important inclusion phase are
corundum, escolaite, spinels and the calcium-aluminates
[6]. The main difficulty is to avoid or to limit as well as
possible the presence of sharp-edge hard oxides such as
AlLbOs. At the contrary, the presence of malleable oxides
can lead in some cases to an improvement of
machinability  (especially, inclusion within certain
composition ranges in the MnO-SiO2-Al,O3 and CaO-
SiO2-AlbO3; systems). Special metallurgical treatments
conduct to such results. A typical example, well
encountered in the case of construction steels, is the
calcium treatment. Kiessling describes the effects of a
calcium treatment on Al-Si deoxidized steels, explaining
that the usually encountered inclusion compositions are in
the area | and Il respectively (see figure 3), depending on
the Al and Si levels. An addition of Ca makes the
composition of the inclusions evolve. This change is done
following the direction of the arrows. Some “new”
inclusions appear (area Ill and IV respectively).

The principle leading to this phenomenon is almost the
same as with sulphides: a good deformability in the
primary shear zone allowing a better chip fragmentation
and a lubrication which reduces the increase in
temperature at the tool/chip and tool/work material
interfaces [15]. As an additional result, the inclusion’s
hardness and so abrasiveness decreases leading to a
longer tool life.

Figure 3: Influence of calcium treatment on the inclusions
in the system CaO-Al,03-SiO; (after [16])

4 BUILT-UP LAYER (BUL)
4.1. Definition

It is commonly assumed that so-called Built-Up Layer
(BUL) or transfer layers are formed by plastically
deformable inclusions which soften at the contact zone
between the tool and the steel (see figure 4). The BUL
and the BUE (Built-Up Edge) are quite different, since the
selective transfer mechanism is done inside the flow
layer, the thickness of the MnS layer stuck on the tool
face is fairly constant (for given cutting conditions), and
much smaller than a Built-Up Edge. In this case, there is
no space between tool face and chip bottom, and all of
these features correspond to the definition of the BUL
(CIRP Unified Terminology, 1986) [17].

Built Up Layer

Work piece

Figure 4: Built-Up-Layer formation on the tool during the
cutting operation

4.2. BUL domain of existence and BUL thickness

A BUL can be described in many ways: composition,
structure, thickness... Many authors show that BUL
depends on many parameters (cutting parameters, work
material, tool material, cutting time, tool wear...).
However, for a given tool and a given work material, the
only parameters should be the cutting speed, the cutting
feed, the cutting depth and the cutting time. Many studies
highlight that BUL'’s thickness will evolve with the cutting
speed: BUL starts to appear when the BUE disappears,
the thickness then reaches a maximum (up to 30 pm
[18]-[20]), and then progressively decreases.




4.3. BUL Localization and structure

Several authors have already studied the morphology of
BUL when machining several kinds of steel [13], [15],
[19]-[21]. It is therefore difficult to bring out global trends.
However, many assumptions can be made.

BUL are mostly observed on the rake face and the flank
face of the tool, even if strong differences appear
between layers from the rake and the flank face, as
reported [13], [18], [20]. On the rake face, it is often
observed experimentally that the BUL is spread in the
Chip Flow Direction and is located at the centre region
and the exit region of crater wear [22].

The morphology of the BUL depends on many factors,
especially tool geometry and the possible presence of a
chip-breaker. It is indeed often described in the literature
that the deposit layer doesn’t entirely cover the rake face
and appears irregular and non-uniform at the end of the
tool/chip contact zone [13] when using a cutting insert
with a chip-breaker (which is the case for most of the
modern cutting inserts). At the contrary, the use of a
cutting insert without chip-breaker leads to a more regular
BUL which covers continuously the rake face of the tool.
In this way, a huge number of undertaken studies on BUL
were performed by using cutting inserts having no chip-
breaker, which overcomes the geometry of the tool.

Layers on the flank appear generally thinner and more
scattered than at the rake. It has also sometimes been
found differences in terms of chemical composition.

Concerning the rake face, most of the studies distinguish
three zones [23] (see figure 5) which are different
because of their structure and chemical composition:

o A first zone (A), very close to the cutting edge, where
very few material seems deposited,

e A second zone (B) which appears first covered by MnS,
CaS and oxides, then more covered by oxides and CaS
but with few MnS.

e A third zone (C), with less deposited material

Each of these zones corresponds obviously to different
tool/chip contact conditions in terms of stress and
temperature, as reported by [23], [24]. Many studies link
these three regions with the nature of the tool/chip
contact and the composition of the material deposited:

e Zone (A) is often assumed to be the “pure sticking
zone”. The nature of tool/material contact in this zone
could explain that scarcely no material is deposited.

e Zone (B), where the contact conditions evolve along
the Chip Flow Direction. This zone groups together :

a) a first zone often called “adhesion zone” or “mixed
shear and sliding zone”

b) a second zone mostly considered as a “pure
sliding zone” and located after the first sub-zone.

e Zone (C) is considered as another “pure sliding zone”,
but the tool/chip contact is intermittent.

Deposited layers are mostly observed in zones (B).

Mn,S
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Figure 5: Schematic presentation of the elemental
distribution in the inclusion layer (after [23])

4.4. BUL composition

The composition of the adhered inclusion layer highlights
manganese, calcium (in case of Ca-treated steels) and
sulphur as major elements. The oxygen content is often
negligible. In case of dry machining, the chip flow can be
considered as the only source of non-metallic inclusions
which may contribute to the BUL occurrence [25].
According to the literature, the composition of the BUL
closely resembles that of the non-metallic inclusions
present in steel. This composition however evolves
according to its position on the tool face, as previously
mentioned. Helle [26] has summarized the compositions
of many kinds of non-metallic inclusions assumed to form
deposit layers on the cutting tool during machining. As a
conclusion, both the layers on the tool and the inclusions
in the steel were often close to anorthite or gehlenite, and
sometimes spessartite. The composition of the layers on
the rake face and flank face were found to be similar,
even if the manganese content of the layer appeared
slightly higher on the flank face.

In many studies, authors relate that inclusion layers on
the rake face appear cracked [13], [15], [18], [20], [25].
Authors attribute these cracks in the layer to the thermal
stress during the machining: the BUL and the tool do not
have the same coefficient of thermal expansion. Soon
after machining, during the cooling of the tool, thermal
stresses could appear and lead to cracks, thus leading to
the removal of part or totality of the BUL.

4.5. Mechanisms of BUL formation

BUL formation occurs during the cutting. A flow-zone
(about 1 - 30 um thick) is then created at the tool-chip
interface at the secondary shear plane. Qi and Mills [27]
have formulated a hypothesis for the formation of the
adhering layer, described in four stages:

e Extraction of viscous non-metallic inclusions onto the
cutting tool surfaces,

o Adhesion of the coating onto the tool,
e Hardening and growth in the coating,
o Formation of a stable layer.

It is necessary for the BUL to be renewed. This occurs
thanks to the deposition of new non-metallic inclusions
during the machining.

The behaviour of the inclusions in the flow zone of the
steel has a major influence on BUL formation. In this
zone, where the temperatures reaches 800°C and a even
higher value, the most important property of the
inclusions is their ability to deform plastically with the
steel over a wide range of temperature.




In this way, Palmai [25] shows that, depending on the
viscosity of the steel nswer and that of the inclusions Ninciu
moving in the flow zone, two cases can be distinguished:

(a) Ninclu < Nsteel
(b) Ninclu > Nsteel

In this theory, case (a) leads to a possible BUL formation.
On the contrary, case (b) doesn’'t seem to allow a BUL
formation. This could explain BUL formation due to the
transfer of deformable inclusions. However transfer of
abrasive inclusions harder than the steel matrix onto the
cutting tool, has also been observed during experiments.
This can be detrimental for the cutting tool, and this is
why, in order to protect the cutting tool, it is important for
steelmakers to control the composition of these oxides.

4.6. Wettability and chemical reactions

Many authors [28] have suggested a relation between
steel’s ability to form a BUL and wettability of the non-
metallic inclusions on the cutting tool. Authors focus
mainly on low-carbon resulphurized free-machining steels
with high sulphur contents. Wettability is only considered
for sulphide inclusions. Similar explanations for high
strength steels are proposed and take into account the
wettability and reactivity of complex oxides with two
carbide grades [29]. It is suggested that a thin titanate or
tungstate layer on the tool may bind the inclusion to the
tool, depending on the carbide grade or coating. This
could provide an explanation for the experimental results
concerning the percentage area of the tool covered by the
adherent layer.

According to [18], [21], [23], [26], [29]-[31], the BUL can
chemically react with the cutting tool during machining.
The extremely severe thermo-mechanical conditions could
therefore be considered as catalyser, enhancing the
possible chemical reactions. It has been suggested that
chemical reactions, i.e. tool oxidation, can occur to create
an efficient and stable BUL. Similar trends are found for
sulphide and oxide inclusions. A very thin layer composed
of titanium oxide such as CaTiOs3 could then appear at the
tool interfaces. It should then promote the adherence of
inclusions with which chemical affinity is high. TiC is often
identified as a tool substrate component furthering BUL
since it reacts with steel oxide inclusions such as MnO,
SiO,, FeO and CaO+MnS [29]. It is also assumed that
wettability of non-metallic inclusions with tool is
considered as a prerequisite for the BUL formation.

5 ADVANTAGEOUS EFFECTS OF A BUL DURING
MACHINING

In the literature, most studies dealing with BUL in
machining find an improvement of machinability. This is
usually considered as the result of several mechanisms
acting between the cutting tool, the forming chip and the
work piece. The tool/chip contact conditions can be
described with the qualification and/or quantification of
several phenomena principally occurring at the tool/chip
interface, with for example: the cutting forces, the
apparent friction coefficient, temperature distributions of
the tool/chip and tool/work piece interfaces. The BUL is
often seen as a third body whose presence changes the
tool/chip and tool/work piece contact conditions.

5.1. Cutting force and feed force

The hypothetical influence that a BUL could have on the
cutting forces has been investigated in many studies.

Several authors have observed a slight decrease of the
cutting forces when machining free-cutting or construction
steels with the presence of a BUL on the cutting tool [13],
[15], [32], [33]. Assumptions were made about the
viscoplastic nature of the BUL during machining.
However, other authors did not observe any significant
decrease of the cutting forces when machining Ca-treated
42CrMo4 construction steel [21]. In this way, the
presence of a BUL doesn’t systematically lead to a
decrease of the cutting forces.

5.2. Reduction of tool wear / Increase in tool life

Most studies on BUL point out that the presence of a BUL
has a beneficial effect on the tool wear. This is seen as
the result of the decrease of abrasion and diffusion wears
[18], [26], [34].

The tool surface under the inclusion layer displays few
wear patterns and seems close to an unworn tool surface.
The chip is apparently not sliding against the surface of
the tool coating but on the relatively thick inclusion layer
which decreases the tool wear [16], [20].

However, BUL is sometimes assumed to increase other
kinds of wear, especially chemical wear of the tool
substrate and/or tool coating material, as suggested by
[21], [30], [31].

The observed wear reduction appears to be different for
the rake (crater wear) and flank (flank wear) faces. The
reduction of crater wear is the most encountered
phenomenon attributed to the beneficial presence of a
BUL [13], [15], [18], [21]-[23], [28], [32], [33], [35], [36].
Occurrence of a BUL on the rake face induces a longer
tool life for the same cutting conditions. In certain studies,
the presence of a protective BUL is assumed to change
the position and morphology of the crater [37], revealing a
change in the nature of the tool/chip contact length, stress
and temperature distributions. It is interesting to notice
that most studies dealing with machinability enhancement
methods propose flank wear measurement as
machinability index, even if BUL is observed — in most
cases — on the rake face of the cutting tool, and is thus
supposed to reduce the crater wear.

5.3. Anti-diffusion barrier

Most turning operations for steel machining usually deal
with coated carbide inserts. Diffusion wear is supposed to
occur with the increase in temperature at the tool/chip
contact zone to become the predominant tool wear
mechanism at higher cutting speeds. Even if cemented
carbide inserts have a good aptitude for machining at
high temperatures, they are particularly subject to
diffusion mechanisms. The most important mechanism to
remember is the cross diffusion of cobalt contained in the
tool material with iron from the work material, which will
little-by-little leave the cutting tool. Cobalt is the most
concerned chemical element for diffusion. In this way,
cobalt will be progressively extracted with the chip flow
and disappear from both the faces of the tool. This is
detrimental for the cutting insert because of cobalt’s role
as a binding element, as reported in [38]. In order to limit
this phenomenon, solutions are generally found with the
use of an adequate tool coating which will act as an anti-
diffusion shield.

However, when the tool coating disappears due to the
contact with the chip or the work piece, diffusion may
occur, leading to a rapid wear. When a BUL exists, the
protective layer plays a similar role as an anti-diffusion
shield.




6 EXPERIMENTAL RESULTS IN MACHINING

According to tool manufacturers the highest consumption
of tools relates to turning and drilling which are the most
prevalent metal cutting operations. Automotive industry
has some major specific machining operations such as
gear machining. However a bibliographic survey shows
that about 95% of the cutting experiments devoted to BUL
investigation are turning experiments. ArcelorMittal creates
steel grades with enhanced machinability and tests them
for most of these cutting operations [39]-[43]. Studies are
carried out in turning, drilling, gear machining and even
deep hole drilling. This paper focuses on turning and
drilling. All machining tests are performed without
lubricant.

6.1 Machinability improvement in turning

Tests were carried out on a medium carbon steel grade
(0,35 - 0,40%C). A reference heat and two calcium-
treated heats were investigated. The parameters of the
calcium-treatment process (targeted amount of calcium,
etc...) have been determined thanks to modeling with
non-commercially available software CEQCSI, developed
by ArcelorMittal Maiziéres (formerly IRSID) and based in
a large part on IRSID slag model [43].

The cutting operation studied is a single point turning with
three cutting tools: a HSS WKE45 tool, a P30 uncoated
carbide tool, a P15 TiC-Al,Os-TiN coated carbide tool.
Machinability indexes are calculated for each tool: V60,
V20 and V15 deduced from a Taylor tool wear model and
should be seen as the cutting speed allowing a tool life
about 60 or 20 or 15 minutes respectively. The cutting
parameters used for each test are detailed in Table 1.

Table 1: cutting parameters and wear criteria

Machinability Depth | ooy | Wear
. Tool of cut criteria
index (mm/rev)
(mm) (mm)
V60 HSS 1 0,1 Tool death
VB =0,3
V20 Carbide 2 0,4 or
KT =0,18
VB =0,3
V15 g;itlzg 2 0,4 or
KT =0,18

Results in terms of machinability are given in Figure 6. In
the graph, the value 100% corresponds to the V15 index
of the reference grade.

140%-
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60%
40% |
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W Heat 1
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Figure 6: Machinability results

The modification of the oxides in the Ca-treated steels
has no influence (neither detrimental nor beneficial) when
cutting with HSS tools or uncoated carbide tools.

However, a significant improvement in machinability is
observed when using coated carbide tools, which means
with higher cutting speeds, thus higher temperatures in
the flow zone at the tool/material interface.

The increase in the machinability index V15 is
respectively of 31% for Heat 1 and 21% for Heat 2. This
highlights differences in terms of inclusionary populations
between Heat 1 and Heat 2. The predicted liquid oxides
were found to contain some % in SiO, and MgO, with a
basic calcium aluminate being C12A7 for Heat 1 and CA
for Heat 2. This trend was confirmed by the oxides really
obtained in the product. Thus, the success of the
metallurgical treatment, directly depending on the
steelmaking process, has a huge influence on the
machinability.

6.2 Machinability improvement in drilling

The following results deal with drilling operations of
construction steels [39]. In this example, industrial trials
were carried out on three medium carbon steel grades
(0,40 - 0,50%C) called C1, C2 and U1. C1 and C2 are
some commercially available steel grades.

Their chemical composition is similar but a treatment is
applied to C2 to enhance machinability. U1 is a
developed high strength steel grade with higher
machinability. Two different metallurgical treatments are
applied to this steel grade to enhance its machinability for
a wide range of cutting conditions. Chemical
compositions and mechanical properties are listed in
Table 2.

Table 2: Steel grades compositions

Chemical composition (%)

HVa0 ¢ Mn S
C1]| 245 | 0457 | 0,739 0,028
C2| 240 | 0468 | 0,634 0,036
U1| 345 | 0,429 | 0,1283 0,300

The employed tool is a HSS uncoated twist drill provided
by Titex. Its outer diameter is 6 mm with flute height of 57
mm. A drill-sharpening operation is performed before any
experiment to create two relief faces per cutting lip.

Tool wear tests are performed within the range of cutting
conditions previously determined [39]. The chosen tool
wear criterion is VB = 100 ym. The tool life is expressed
as a length L (m), the sum of the depth of the holes drilled
until the tool wear criterion is reached.
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Figure 7: Tool life for C1 steel grade
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Figure 8: Tool life for C2 steel grade

The tool wear is directly linked with the cutting speed. As
can be seen in figures 7 and 8, metallurgical treatment
applied to C2 steel grade improves the tool life, even at
higher cutting speeds.

T
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Figure 9: Tool life for U1 steel grade

Concerning the U1 steel grade (see figure 9), the wear
results reveal two different domains which are
representative of the two different metallurgical
treatments for machinability improvement. The first one
seems effective for low cutting speeds (up to 25-30
m/min), whereas the second one improves machinability
at higher cutting speeds (30 m/min and higher). Despite
higher mechanical properties (see table 2), U1 steel
grade shows better results than C1 and C2 steel grades.

7 CONCLUSION

Recent progresses in new high strength steel grades lead
to higher mechanical specifications and downsizing for
automotive applications. Global cost saving requires to
focus on machinability. This leads to new challenges in
metallurgical treatment for machinability enhancement.
The key of success depends on the steelmaker as well as
the machinist since efficient machining of these improved
steels is also linked to the cutting tool properties and the
cutting conditions. BUL appearance depends on the tool
coating or tool substrate. New experimental means and
protocols are currently being applied to provide more
information concerned with the thermo mechanical
conditions at BUL.
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