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Abstract

TiAl6V4 allows significant performance improvements in industrial applications. However, the machining is a considerable
challenge due to low thermal conductivity, Young’s modulus and strong adhesion tendency. This leads to high thermal and
mechanical loads on the cutting edge resulting in early tool failure. Today, uncoated cemented carbide tools are commonly
used. However, temperature active physical vapor deposition (PVD) coatings like CrAIVN and CrAIMoN provide a prom-
ising approach to increase tool life. For this, the coating’s ability to form lubricating oxide phases is vital. In the present
study, CrAIVN and CrAIMoN coatings were investigated to determine the more suitable version for increasing the economic
efficiency of machining TiAl6V4. The coatings were deposited by hybrid direct current magnetron sputtering/high power
pulsed magnetron sputtering (dlcMS/HPPMS) processes. Morphology, thickness, chemical composition, indentation hard-
ness, indentation modulus and oxide phase composition were analyzed. Moreover, friction and wear behavior of the coated
tools were determined using a pin on disc (PoD) tribometer at various temperatures. Additionally, tool life and deforma-
tion behavior were analyzed after turning TiAl6V4. The CrAIVN and CrAIMoN coatings show a dense morphology and a
smooth surface topography. Both variants have a good adhesion to the cemented carbide tools. For increased temperatures,
the tribological analyses showed a reduction in the coefficient of friction. In case of CrAIMoN coated samples, a friction
reduction compared to CrAIVN was observed at lower temperatures. Due to this, an increased tool life was achieved for
CrAlMoN coated cutting inserts during turning of TiAl6V4.
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1 Introduction

Titanium alloys, such as TiAl6V4 are frequently used mate-
rials in aerospace industries [1]. They enable a significant
performance increase due to the combination of a high
strength with a low density. Properties of TiAl6V4 include
high heat resistance of up to approximately 4 =550 °C,
low thermal conductivity of A=5.8 W/mK and a Young’s
modulus of E=110-140 GPa. It is for these properties and
the tendency to cause abrasive wear, that titanium alloys
are considered to be difficult to machine [2]. Since the heat
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generated during machining cannot completely dissipate via
the chip, the low thermal conductivity leads to high cutting
temperatures, leading to temperatures at the cutting edge of
600 °C <3 <750 °C, depending on cutting parameters and
cooling conditions [3]. Furthermore, TiAl6V4 has a strong
tendency to chemical reactions with cutting materials. In
addition, self-excited vibrations and increased stress con-
centrations at the cutting edge results from high tempera-
ture strength and low Young’s modulus [4]. Consequently,
high tool wear and build-up edge formation lowers the eco-
nomic efficiency of machining TiAl6V4. A frequently used
approach to increase wear resistance and performance of
cutting tools is the use of physical vapor deposition (PVD)
or chemical vapor deposition (CVD) coatings. These coat-
ings alleviate the separation of workpiece and tool in order
to reduce chemical interaction and cutting forces during the
tribological contact in turning processes. A self-lubricating
effect due to the formation of easy to shear oxide phases
contributes to the decrease of thermal and mechanical loads
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as well. Self-lubrication oxide phases can be formed under
tribological and thermal loads e.g. during machining, by
the oxidation of specific transition metals like vanadium or
molybdenum. Various self-lubricating oxide phases can be
classified as Magnéli phases [5]. To combine self-lubrication
effects and wear resistance, the transition metal should be
embedded in a nitride hard coating, such as chromium alu-
minum nitride (CrAIN). In the present study, self-lubricat-
ing CrAIMoN and CrAlVN coatings were investigated on
cemented carbide tools. Hybrid direct current magnetron
sputtering/high power pulsed magnetron sputtering (dcMS/
HPPMS) processes were used to deposit both coatings. Coat-
ing morphology, thickness, chemical composition, indenta-
tion hardness, indentation modulus as well as oxide phase
composition were analyzed. Moreover, friction and wear
behavior of the coated cutting tools were determined using
a pin on disc (PoD) tribometer at 3 =20 °C, 3 =600 °C and
9 =800 °C against a TiAl6V4 counterpart. Additionally tool
life and deformation behavior of the coated cutting inserts
were analyzed after turning of TiAI6V4.

2 Experimental details
2.1 Coating deposition

The coatings were deposited by hybrid dcMS and HPPMS
process using an industrial coating unit CC800/9 HPPMS,
CemeCon AG, Wiirselen, Germany. The coating unit is
equipped with four dcMS and two HPPMS cathodes. The
targets had a size of A=500 mm X 80 mm. Figure 1 shows
the target configuration. All coatings were deposited with
threefold substrate rotation.

The target material had a purity of x(Cr)=99.99%,
x(V)=99.99%, x(M0)=99.99% and x(Al) =99.50%. The
plugged targets CrAl20 and VAI20 consisted of a pure
base plate with 20 Al plugs (diameter d=15 mm) each.
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Fig. 1 Schematic representation of the coating unit in top view with
two different target configurations for the deposition of CrAIMoN (a)
and CrAIVN (b)
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Schematics of the coating architectures for CrAIMoN and
CrAlVN coatings are shown in Fig. 2.

Both variants have the same coating architecture and dif-
fer only in the chemical composition of the functional layer.
The deposition of the CrAl/CrAlIN interlayer was performed
using the HPPMS cathodes solely. The interlayer is used
to achieve a strong adhesion between the carbide substrate
and the self-lubricating functional layer. Table 1 shows the
process parameters for the deposition of the self-lubricating
functional layers.

2.2 Coating characterization methods

To analyze the properties, the coatings were deposited on
cemented carbide inserts of grade HW-K10, Kennametal
Deutschland GmbH, Rossbach, Germany. The chemical
coating composition of aluminum, chromium, molybde-
num and vanadium was determined by energy dispersive
X-ray spectroscopy (EDS), ZEISS DSM 982 Gemini, Jena,
Germany. A quantification of the nitrogen content using
EDS was omitted. The coating morphology and thickness
were determined using cross-section images obtained
from scanning electron microscopy (SEM), ZEISS DSM
982 Gemini, Jena, Germany. The operating voltage for
the SEM measurements was Ug=4.0 kV. EDS and SEM
investigations were conducted at the Central Facility of
Electron Microscopy (GFE) at RWTH Aachen Univer-
sity. The roughness values Ra and Rz were determined by
confocal laser scanning microscopy (CLSM) VK-X 210,
Keyence Corporation, Osaka, Japan. Indentation modulus
E|r and the indentation hardness H;; were identified by
nanoindentation measurements according to DIN EN ISO
14577. For this, a Triboindenter TI 950, Bruker Corpo-
ration, Billerica, Massachusetts, USA, with an indenta-
tion force of F=10 mN was used. In order to avoid an
impact on the substrate hardness, the indentation depth
was limited to 10% of the coating thickness. Subsequently,
the evaluation was conducted according to the strategy of
Oliver and Pharr [6]. The Poisson’s ratio was assumed to
be v=0.25. The phase composition in the as-deposited
state was investigated by X-ray diffraction using a XRD

Cemented carbide substrate Cemented carbide substrate

Fig.2 Schematic representation of the coating architecture of
CrAIMoN (a) and CrAIVN (b)
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Tablf" 1 Proceﬁs parameters for Process parameters CrAIMoN CrAIVN
coating deposition
Total pressure p [mPa] 540 560
Argon flow j(Ar) [sccm] 200 200
Nitrogen flow j(N,) [sccm] Pressure controlled Pressure controlled
Heating power Py [kW] 8.0 8.0
Bias voltage Ug;, [V] - 100 — 100
HPPMS 1—target/power Pyppyis.; [(KW] CrAlI20/0.5 CrAl20/5.0
HPPMS 2—target/power Pyppyis.o [KW] CrAl20/3.0 CrAl20/5.0
dcMS-1—target/power Py.yiq.; [KW] - CrAlI20/4
dcMS-2—target/power Py g0 [kW] Mo/1.0 V/a.5
dcMS-3—target/power Py .3 [kW] - V/a.5
dcMS-4—target/power Pyyig.4 [KW] Al/3.0 VAI20/4.5

3003, GE Energy Germany GmbH, Ratingen, Germany.
The evaluations were conducted using Cu-Ka radiation
with a wavelength of A=0.154 nm, a voltage of U=40 kV,
a current of [=40 mA, a diffraction angle of ® =3°, a step
size of s=0.1° and a step time of t=5 s. Moreover, the
adhesion between coating and cemented carbide sample
was evaluated by Rockwell indentation tests according to
DIN 4856. For this purpose, a Rockwell tester HP100,
Knuth Machine Tools GmbH, Wasbek, Germany, with a
normal force of F ~ 588.4 N (F=60 kp) was used. After-
wards, the indentation region was analyzed via CLSM to
evaluate the adhesion class.

2.3 Tribological behavior

The tribological behavior of the coated cemented carbide
samples were tested under continuous sliding conditions
in a pin on disc (PoD) tribometer. All tests were conducted
under dry conditions in a coating/TiAl6V4 contact at ini-
tial Hertzian pressure p,= 1,000 MPa, calculated based
on base and counterpart properties. For the tests, a normal
force Fy=5 N, velocity v=0.1 m/s, radius r=2.5 mm,
distance 1 =500 m and a TiAl6V4 pin with spherical tip
d=6 mm was chosen. Test-temperatures were 3 =20 °C,
9 =600 °C and 9 =800 °C with one repetition of each tri-
bological test being performed. The average coefficients of
friction (CoF) were evaluated after a running in distance
of approximately 1 & 150 m between 100 m <1< 500 m.
Topography and wear analyses of the wear tracks on the
basic parts and wear areas on the counterparts were con-
ducted on one of the two samples after tribological test-
ing by means of CLSM. Furthermore, the surface of the
wear tracks were analyzed by Raman spectroscopy using
a Raman spectroscope, Renishaw InVia Reflex, Renishaw
GmbH, Pliezhausen, Germany, with a A=532 nm laser and
a diffraction grating g(A =532 nm) = 1800 I/mm. The laser
was calibrated using a silicon reference sample.

2.4 Cutting tests

For the cutting experiments, longitudinal turning of
TiAl6V4 with a depth of cut of a,=1.2 mm, a setting angle
of k,=95°, a feed rate of f=0.12 mm and different cutting
velocities used in finish turning, were chosen, see Table 2.

For the cutting tests, a flank wear land width VB, =100
um and a maximum tool life of T=20 min are used as tool
life criteria. The tests were carried out with CrAIMoN and
CrAlVN coated cemented carbide cutting inserts CNGP
120,408 of grade HW-K10, Kennametal Deutschland
GmbH, Rosbach, Germany, with a corner radius of r,=0.8
mm, an effective rake angle of y.;=2°, an effective clear-
ance angle of o.;=6° and a cutting edge radius of ry=(6+2)
um. For reference, the tests were performed with uncoated
cutting tools as well. All tests were conducted using cooling
emulsion (9%) consisting of deionized water and cooling
lubricant B-Cool 675, Blaser Swisslube AG, Switzerland
using a CNC lathe MDS5S, Gildemeister Drehmaschinen
GmbH, Bielefeld, Germany. The CNC lathe was equipped
with a dynamometer type 9257B, Kistler Instrumente
GmbH, Sindelfingen, Germany, for force measurement. A
schematic representation of the experimental setup is shown
in Fig. 3.

In order to analyze plastic deformation behavior of the
cutting edge as result of thermal and mechanical loads while
cutting of TiAI6V4, height profiles of the flank surfaces h,,
were measured using an Alicona InfiniteFocus G4, Alicona
Imaging GmbH, Graz, Austria, [7]. As shown in Fig. 4,
height profiles are measured from the point M, along the

Table 2 Machining parameters for turning experiments

Machining  Depth of cut Feed rate f  Cutting Flank wear
strategy a, [mm] [mm] velocity v, land width
[m/min] VB, ax [Mm]
0.12 65/80 100

Finish turn- 1.2
ing
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Cutting insert Coolant supply

TiAl6V4 workpiece

Feed direction (f)

Fig.3 Schematic representation of experimental setup on CNC lathe
used for cutting tests

Fig.4 Measurement situation for obtaining height profiles on the
flank surface of the tested cemented carbide insert

Table 3 Chemical composition of CrAIMoN and CrAIVN after coat-
ing deposition by EDS analysis

Coating system CrAIMoN CrAIVN
Cr [at.-%] 35 51

Al [at.-%] 39 12

V [at.-%] 0 37

Mo [at.-%] 26 0

path of 1.,=150 um at a distance which represents 75% of
the depth of cut a,=1.2 mm.

3 Results and discussion

3.1 Coating characterization

Table 3 shows the chemical composition of the functional

layers from the coatings CrAIMoN and CrAlVN. For the
CrAIMoN coating, an aluminum-rich CrAIN was combined

@ Springer
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Fig.5 Cross-section images of CrAIMoN and CrAIVN by SEM
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Fig.6 Indentation hardness and modulus of CrAIMoN and CrAIVN

with molybdenum, which should contribute to the formation
of friction-reducing oxide phases. In contrast, the CrAIVN
coating combines a chromium-rich CrAIN with the transi-
tion metal vanadium. This is motivated by results of prelimi-
nary investigations in the context of [8], which had shown
that the formation of friction reducing vanadium oxides was
enhanced by a low x,,/xy ratio.

The SEM cross-section images in Fig. 5 show a dense
and fine columnar morphology for both coatings with an
identical average line roughness of Ra=0.02 um for both
cases. The measured mean squared roughness for CrAIMoN
is Rz=0.16 pm, thus being slightly increased compared to
CrAIVN with Rz=0.13 pm. The coating thickness of s=4.3
pum was identical for both sample types.

Nanoindentation measurements were performed to inves-
tigate the indentation hardness Hyr and the indentation mod-
ulus Eyr. The results are shown in Fig. 6 and were averaged
across 30 indents. Compared to the CrAIVN coating with
an average indentation hardness of Hjp=(28 +2) GPa, the
average indentation hardness H;; of CrAIMoN was signifi-
cantly lower with Hip=(19 +3) GPa. An identical tendency
can be observed for the indentation modulus E;;. Such dif-
ferences are attributed to the chemical composition and pre-
sent elements, which can lead to a varying degree of lattice
distortion.

In order to analyze the phase composition in the as-depos-
ited state, XRD measurements were carried out. The results
are shown in Fig. 7. For both variants, cubic CrN and AIN
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—— CrAIMoN c-CrN (03-065-2899) ¢ c-MoN (01-076-6129)
—— CrAIVN 4 c-AIN (00-025-1495) ® c-VN (00-035-0768
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Fig.7 XRD measurements of CrAIMoN and CrAlVN in the as-
deposited state

CrAIMoN

CrAIVN

Fig.8 CLSM micrographs of Rockwell indents of CrAlMoN and
CrAlVN on cemented carbide samples

peaks were detected. Moreover five typical cubic MoN peaks
for CrAIMoN respectively several cubic VN peaks in case
of CrAlVN were identified.

The adhesion between coating and cemented carbide sam-
ple was evaluated by Rockwell indentation tests according to
DIN 4856. Figure 8 shows the CLSM micrographs of these
tests on the cemented carbide sample. Except of some radial
cracks, no coating delamination could be observed. This
indicates a strong adhesion between coating and substrate,
which is classified as adhesion class HF 1. Furthermore, the
results indicate that the coating is able to withstand a sig-
nificant plastic deformation of the substrate material with-
out coating delamination. This is crucial during cutting to
prevent chipping.

3.2 Tribological behavior

To analyze the friction behavior at different temperatures,
tribological PoD-tests were conducted at 8 =20 °C, 3 =600
°C and 9 =800 °C, Fig. 9. All following specifications of
the coefficient of friction (CoF) were determined after a
running-in distance of =100 m. At 8 =20 °C, the CoF was
approximately pu = 0.55 for the CrAIVN and p = 0.59 for the
CrAIMoN coated samples. After the tests at § =600 °C the
CoF appeared higher for the CrAIVN coating. This effect

—9=20°C — 9=600°C 9=800°C @
Substrate material: WC-Co,

Pin material: TiAl6V4, Pin diameter dp;, = 6.0 mm, Radius r = 2.5 mm, Normal load
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Fig.9 Coefficient of Friction (CoF) analyses of CrAlMoN and
CrAlIVN coated cemented carbide substrates against TiAI6V4 using
PoD
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Fig. 10 Raman spectra at the surface of CrAIMoN and CrAIVN after
PoD analyses at 9 =20 °C, $ =600 °C and 9 =800 °C

has already been shown in [9] and is probably caused by
the formation of difficult-to-shear oxides, such as AIVO,. In
contrast, the CoF of the CrAIMoN coated samples decreased
significantly to pu = 0.40. The investigations at § =800 °C
showed, that for the CrAIVN coated samples, the CoF was
reduced to p =~ 0.40 after a running-in distance of approxi-
mately =150 m. In comparison, the coefficient of friction
for the CrAIMoN coated tools showed a slight increase to p
~ 0.46. Therefore, it is deduced that molybdenum containing
coatings require lower process temperatures for the forma-
tion of friction reducing oxide phases compared to vanadium
containing coatings.

Subsequently, an oxide phase analysis using Raman spec-
troscopy was carried out within the wear track. The graphs
obtained after PoD tests at § =20 °C, § =600 °C and 3 =800
°C are shown in Fig. 10. For both coatings, a wide variety
of oxide peaks can be seen after the experiments at § =800
°C, as presented by the yellow curve. For CrAIVN coated
samples, most of them can be assigned to V,05 [10, 11],
V0,5 [11], V505 [11], AIVO, [12] and TiO, [13]. The TiO,
detected within the wear track is attributed to the TiAl6V4
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counterpart. For the CrAIMoN coated samples, the peaks
can be assigned to MoOj; [14], MoO, [14], Mo,O,; [15],
Al,04[16], Mo,N [17] and WO; [18].

In contrast only a few weakly pronounced peaks, mainly
the oxide V,05 were identified for the samples coated with
CrAlVN after the experiments at 8 =600 °C. Due to it, WC
[18] and WOs;, peaks are caused by the cemented carbide
substrate. Therefore, the increased friction coefficient at
9=600 °C for the CrAIVN coated samples can be explained
by the reduced number of lubricating oxide phases. In con-
trast, after $ =600 °C, the samples coated with CrAIMoN
show an almost identical formation of oxide phases com-
pared to the experiments at § =800 °C. Therefore, it seems
that CrAIMoN is able to form friction reducing oxide phases
at lower temperatures than (Crs; Al;,V3;)N. After the experi-
ments at § =20 °C, no significant formation of lubricating
oxide phases could be detected for both coating systems.

3.3 Cutting tests

To analyze the effect of both coating versions on the wear
behavior during cutting TiAl6V4, turning tests were car-
ried out with uncoated cemented carbide inserts tested as
reference as well as using the parameters given in Table 2.
Figure 11 shows significant differences regarding the devel-
oping flank wear land width VB along the cutting time t,
for both cutting velocities. At a cutting velocity of v, =65
m/min, the uncoated and CrAIMoN coated insert reach the
tool life criteria of T=20 min. The CrAIVN coated insert
reaches a cutting time of t, & 19 min until a failure at the cut-
ting edge occurred. For v,=80 m/min the CrAIMoN coated
inserts show significantly longer cutting times compared to
CrAlVN and uncoated inserts.

For a cutting velocity of v, =65 m/min, a flank wear land
width of VB =45 pm is measured for the CrAIMoN coated
inserts just after start of cutting tests, subsequently increas-
ing slightly to VB =~ 55 um over the cutting time of t,=20

—&@— Uncoated —&— CrAIVN CrAIMoN
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Material: [Depthof cuta, 1.20mm Tool material HW-K10
TiAl6V4 | Feed rate f 0.12mm Geometry CNGP 120408
Coolant Emulsion (9%)

Fig. 11 Flank wear land width VB for varied cutting velocities v,
under constant feed rate of f=0.12 mm
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min. For CrAIVN coated cutting insert, a flank wear land
width of VB =50 um was measured initially after starting
the cutting tests and increased to an approximate flank wear
land width of VB =75 um after a cutting time of t.=19 min.
After a cutting time of t.=18 min, the cutting edge of the
CrAlIVN coated insert chipped abruptly. In contrast to the
coated samples, the flank wear land width of the uncoated
reference reached a flank wear land width of VB =35 um
after a cutting time of t,=2.5 min before it slightly increased
up to VB =60 um at a cutting time of t,=20 min.

After the cutting tests with a velocity of v,=80 m/min,
the CrAIMoN coated cutting inserts reached a flank wear
land width of VB =65 um after a cutting time of approxi-
mately t,=1.5 min. Subsequently a slightly increasing up
to VB =70 pm until sudden breakouts of the cutting edge
occurred after t,=10.0 min and t,=12.5 min. The CrAIVN
coated inserts reached a value of VB ~ 50 um just after
starting the cutting process. Further on, the flank wear land
width increased to approximately VB =70 um shortly before
cutting edge breakouts at t,=7 min. The second CrAIVN
coated insert reached a VB > 100 um after t.=6.5 min. The
two uncoated tools showed no uniform process behavior at
this cutting velocity. While in the first experiment it reached
the lifetime criteria of VB, =100 um within t,=2.5 min
the second attempt showed an almost similar wear process
compared to the coated cutting tools. A slight incrase of
flank wear land width up to VB =45 um can be observed
until t,=8 min. This is followed by a breakout of the cutting
edge. The advantages of coated tools become apparent when
comparing the process behavior in machining of TiAl6V4 at
increased cutting speeds to the nonuniform wear develop-
ment of the uncoated cutting tools,. In the test with a cutting
velocity of v,=80 m/min, a significant increase in cutting
time t, can be reached by using molybdenum containing
coatings not only compared to the uncoated reference but to
the vanadium containing version as well as.

Figure 12 exhibits the development of the wear pattern for
the uncoated reference tool, the CrAIVN and the CrAIMoN
coated cutting tools. All tools were used at a cutting speed
v.=65 m/min and a feed rate f=0.12 mm. The wear pattern
was recorded at defined steps, being initial state before the
cutting tests, after t, = 10 min and t, =20 min.

A reduced substrate exposure, indicated by less reflec-
tions on the cutting edge, of the CrAIVN coated tool com-
pared to the one with molybdenum containing coating, can
be observed when comparing the flank wear of both tools
after a cutting time of t,= 10 min. Furthermore, this implies
that the CrAIVN coating provides a slightly higher resist-
ance to abrasion with slight irregular chipping at the same
time.

The brownish area below the cutting edge is less pro-
nounced at the CrAIMoN coated tool. Therefore, it can
be deduced that fewer chemical interactions might have
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CrAlVN

Material: | Cutting velocity v, 65 m/min Tool material  HW-K10
TiAl6V4 [ Depth of cuta, 1.20mm Geometry CNGP 120408
Feed ratef 0.12mm Coolant Emulsion (9%)

Fig. 12 Progress of flank wear land widths VB for uncoated, CrAIVN
and CrAIMoN inserts at a cutting velocity of v,=65 m/min

occurred just below the cutting edge compared to the
CrAlVN coated version.

The flank wear at the cutting edge of both coated tools
after t,=10 min is very similar compared to the one of the
uncoated reference tool. Uniform wear with slight chipping
of the cutting edge area can be observed for all tools. After
a cutting time of t.=20 min, the smallest increase in wear
is observed for the CrAIMoN coated tool, followed by the
uncoated reference cutting tool, whereas the CrAIVN coated
insert shows a breakout at the cutting edge at this time. For
a cutting velocity of v,=80 m/min, the progress of flank
wear land widths appears almost identical until the breakout
occurred.

In order to investigate the influence of the coating systems
CrAlVN and CrAIMoN on the plastic deformation behav-
ior of the cutting edge, height profile measurements of the
inserts across the flank surface were conducted. Figure 13
shows the measured height profiles.

For both coated cutting inserts, no significant plastic
deformations at a cutting velocity of v,=65 m/min were
observed. The curve for the height above tool flank surface
h.. of the CrAIVN cutting tool showed a negative progres-
sion towards the cutting edge. This corresponds with the
abrasive tool wear on the flank surface, indicated in Fig. 12.
The CrAIMoN coated tool showed a slight plastic deforma-
tion with a maximum of h_, & 2 um. However, since no clear
maximum is evident, the changes are attributed to reaction
products with the cooling emulsion visible as brownish sur-
face area in Fig. 12. At a cutting velocity of v,=80 m/min
plastic deformations of h, &~ 5 um occurred for the CrAIVN
coated insert, probably resulting from chipping of the cutting
edge before the tool life of T=20 min was reached. For the
CrAlMoN coated cutting tool an almost negative progression
is visible. The increase at a cutting distance of 1., =100 um
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Fig. 13 Height above tool flank surface h, for cutting veloci-
ties v,=65 m/min and v,=80 m/min for uncoated, CrAIVN and
CrAlMoN coated inserts

is again attributed to adhesion processes and chemical reac-
tions. When comparing the plastic deformation of the coated
and the uncoated cutting tools obvious differences can be
seen. For the uncoated cutting insert, pronounced plastic
deformation is visible at the cutting edge. These deforma-
tions become more intense with increasing cutting velocity
up to a height above flank surface of h,, ~ 7 pm at v, =80
m/min.

4 Conclusions

In order to increase the economic efficiency and tool life
while turning titanium alloy TiAl6V4, the use of self-lubri-
cating coating systems based on the formation of lubricating
oxide phases while cutting is a suitable approach, resulting
in the following findings:

e Tribological analyses using a PoD tribometer showed
a reduction in the coefficients of friction for CrAIMoN
coated samples already at a temperature of § =600 °C.

e Raman analyses revealed that friction reducing oxide
phases can already be measured at 8 =600 °C within the
wear track of CrAIMoN coated tools in contrast to those
of CrAlIVN coated tools under similar conditions.

e CrAlMoN coated tools have a comparatively longer ser-
vice life of at least 30% at v,=80 m/min and f=0.12 mm
compared to the other variants.

e The plastic deformation behavior of the cutting edge of
the coated inserts are lower. This probably results from
reduced friction and better load distribution, thus indicat-
ing that CrAIMoN coatings are more suitable for the use
in machining TiAl6V4, mainly due to self-lubricating
oxide phases being already available at lower process
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temperatures, which makes them more effective in the
machining process.
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