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Abstract. Laser surface texturing has become popular methodcent years, its application results in sevieealefits
in different fields, such as machining. In mach@itaser texturing can increase the life of cuttingls by increasing
the adhesion of ceramic coatings on the substmataddition, the ordered texture of the surface change the
interaction between the tool and the workpiecehi ¢utting zone, both for dry and for cutting fluithchining. The
goal of this work is to compare through tool liésts and surface finishing of the machined padtrynturning of AISI
1045 steel and with application of wet cutting ditind MQL (Minimum Quantity Lubrication), surfaceodified
carbide inserts of ISO P grade by means of lasdurieg and blasting, and then coated with TiAINitéhium
Aluminium Nitride). The results showed a betterfpanance in the life tests of the blasted textuiregbrts, and a
better finish of the turned part with the use @& TAIN coating, both for the sandblasted and ldsgtured substrate
in relation to the uncoated tool. The applicatidrraiting fluid by MQL proved to be efficient infd tests, increasing
the tool life, exceptionally, in the TiAIN-sandbtad tool. In surface finishing tests, measuringdtierage arithmetic
roughness (Ra), the application of MQL was notcédfit. The superficial characterization by SEM (8tag Electron
Microscopy) showed that the TiAIN-laser tool suidran early detachment of the coating, which priybjaistifies its
poor performance in life tests.
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1. INTRODUCTION

Currently, it is essential for the metal mechamidustry to carry out machining operations that rotfee best
technologies in order to increase productivity aaduce manufacturing costs. These technologiesdacthe use of
more flexible equipment that cover a wider rangenwchining operations, new materials for cuttinglgp tool
substrates with oriented textures, use of cerapadtirngs, lubrication/cooling means, among others.

Ceramic coatings composed of transition metal dabor nitrides such as TiC (Titanium Carbide), Taéntalum
Carbide), NbC (Carbide Niobium), TiN (Titanium Nie), TIiCN (Titanium Carbonitride) and TiAIN (Titam
Aluminium Nitride) provide wear protection, heatsisance, corrosion resistance, good adhesion ecstibstrate,
exhibit high hardness and are applied in mechawmicaiponents, cutting tools such as optical and ré¢ive coatings
(Suhet al, 2003).

Because of the wide industrial applicability of tings, there is a growing need to understand timeldmental
properties of these hard films, and how they agirttect a surface.

The study of coatings has a multidisciplinary aspas it involves the knowledge of their chemigaiysical and
tribological properties (Santos, 2002).

The difference in performance of coated and uncbatéting tools is a result of the interaction be¢w these
properties, which probably modify the chip-toolarface region, increasing the performance of thteezbtool. In the
need to understand how coatings modify the perfao@af cutting tools, it is important that the dngtbe analyzed in
both machining tests and in tests that may chaiaetgs morphology, microstructure and especiaiyadhesion to the
substrate.

The performance of the coating deposited on thiasairof the tool to withstand constant changesénnechanical
and thermal stresses of the machining processdejlend, in particular, on a good adhesiveness erstbbstrate.
Adequate adhesion of the coating is very imporgéanthe insufficiently tacked coating tool may behaworse than the
uncoated one. The formation of hard and abrasivecles, resulting from the premature destructidrthe coating,
accelerates the wear of the surfaces that arentacb(Limaet al., 2005).
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Hence the importance of having new deposition meeg available, better control of the depositicocess, the
supply sources of the coating materials, substraéerials with properties that offer less discregyawith coating
properties and even techniques that can physicadiglify the substrate without significantly alteriitg mechanical
properties to improve the adhesiveness at the mtib&toating interface. The development of toolssiattes having
properties compatible with the coating propertieg/rhe a good alternative to improve the adhesiweatthe coating
on the substrate. However, it should be notedetample, that an increase in the hardness of th&tratie to approach
the hardness of the coating, thus obtaining lessreipancy between these properties, may cause aws@n
undesirable effect on the substrate, which is tled tenacity (Leyland and Matthews, 2000). Thisyrha undesirable
in cutting tools for machining, especially in intd@ttent cutting, where the tools constantly suffem impacts on the
part and demands for compression and traction eg #mter and leave the part, respectively. A goption to
approximate the substrate properties of the todlthe coating without adversely affecting the ®odughness is to
modify the properties of the substrate only in oagiclose to the interface with the coating (8ual, 1995).

Within this context a currently widespread medisrsurface laser texturing. In recent years, laseuting has
been presented as a competitive option for holelymion and/or alteration of the previous surfaeeture of the
surface (Lowet al, 2001). Examples are present in the aeronautidssiry, which has employed this technique in
turbine (vane) components, in the combustion chart®erfe, 1983), and in microtechnology, where gineblems of
permanent lubrication of miniaturized component® da the minimal amount of lubricant and the diffty of
confining it to contact surfaces is a challengaf{®@fret al, 1999; Watanabet al, 2000).

In machining processes, laser texturing is useidhyove the adhesion properties of hard coatingsudting tool
surfaces. In the process of laser texturing, a lashort pulses and of high repetition rate cawséexture resulting
from the formation of liquid pools. After the sdfidation of these puddles, nanostructures are éatrithat allow a
better anchoring of the coating. In this procegsdimultaneous cleaning and texturing of the satesitan take place,
the material receives an additional amount of gndogmelt superficially. Macroscopically, the rougss of the
surface increases, generally due to the formatfacraders from the melting and ablation of the matglLima et al,
2005), which probably can contribute to increase #ldhesiveness of the coating on the substrates. Mbans of
modifying the substrate texture of cutting toolsrbgans of laser beams in order to improve the aahes coatings is
relatively new in machining, and still needs manyeistigations since few published works in the af&ze to its
potential, it is observed that it is a very promisalternative to improve the adhesiveness of Bgatin cutting tools.

Another relevant research front in machining irerggyears is cutting fluids and their applicatiomfis, since they
are technically indispensable in the machiningarious materials. However, they can harm the enuient and also
the health of the machine operator. Consequetttyirtteraction between textured tools and the distting fluids
and their application form is another interestiogit to be researched in the machining area.

The use of cutting fluid is significant in any méathg operation to cool the cutting tool and woege surface,
and/or lubricate the tool-part interface, and prtanchip removal from the cutting zone. Recentlynynaesearches
have focused on lubrication with minimal amountlafricant or cutting fluid (MQL or MQF) among theanious
existing methods in the application of a coolaiicant (Saicet al, 2019).

The MQL/MQF reduces the use of refrigerant/lubriclay pushing a mixture of compressed air and aytfinid
into the cutting zone in reduced amounts, on awetagto 50 mi/h. For certain machining operaticugh as milling
with tools with diameters greater than 40 mm, thisntity can be greater than 150 mi/h for a shertop of time
(DGUV, 2010). The MQL/MQF method proves to be ampiate in machining, as the application of a finestnof
cutting fluid with compressed air in the cuttingheomeets the needs of a "green" machining, witeaogical and
economical solution (Kamata; Obykawa, 2007; Pereti, 2019; Saickt al,, 2019).

Thus, the main justification for carrying out thirk is to contribute to new investigations andvile data that
will provide technical support in enabling the usfesurface texturing of cutting tools using a labelam with the
application of a minimum amount of lubricant.

At first, the contribution of this work was interitléo evaluate the performance of ISO P grade carliderts
blasted and coated with TiAIN (Titanium Aluminumtilde) used commercially, and laser textured aratembcarbide
inserts of ISO P grade TiAIN through tool life testnd surface finish tests of the machined paAl#l 1045 steel
turning with MQL application, dry machining and tng fluid wet.

The tool substrate/coating conjugate was also atedu by means of confocal laser and scanning electr
microscopy tests.
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2. EXPERIMENTAL PROCEDURES
2.1. Tool-life tests

In these tests, laser-textured and microblastecentsd carbide inserts ISO P grade coated with Tidke used.
The objective of these tests is to check which rinsgccording to the cutting conditions of Tab.lyegthe best
combination for the turning AISI 1045 steel.

The performance of the inserts will be evaluatesebdaon turning length from the AISI 1045 steel vpieke, until it
reaches the end-of-tool-life criterion based on tiedium flank wear, VB = 0.3 mm, using a Zoom 645T-Koye
stereomicroscope flank wear measurement.

The life tests were carried out dry, wet and MQL floree tools tested - uncoated, sandblasted aatkaawith
TIAIN, and laser and coated with TiAIN. The cuttifigid used was Rocol Ultracut 250 HW applied bytwed MQL.
In the MQL application, a Quimatic V nebulizer walflow rate of 50 ml/h and a pressure of 6 bar usel, with only
one injection nozzle inclined at 45° in relatiorthe rake face of the tool. In the wet applicatitme, flow was 20 I/min.

In order to guarantee statistical reliability, eaest was repeated three times (test and two epland the average
results were considered in the analyses.

Turning tests were carried out on a CNC lathe Db Logic 195 VS equipped with a commercial tooldieo
having the following geometry: rake anglg -2°, clearance angbe= 5°, inclination anglés= 0° and side cutting edge
anglex,= 45°. The workpiece material used was AlSI 104&Isin the form of a round bar with an externaintker
50.8 mm and length of 113 mm.

Laser ablation on the cemented carbide surfacecasai®d out using a hybrid copper laser sourceckvidielivers a
laser beam with a wavelengtk 510 nm, pulse duratiory =30 ns, focus diametek= 30 pm, repetition raté,= 13.8
kHz and high beam quality & 3.5. The hybrid copper laser source was develdpyetthe Photonics Division of the
Institute of Advanced Studies of the General ComarafnfAerospace Technology (IEAv-CTA).

Following laser ablation, an TiAIN layer was depedion the cemented carbides surfaces using astimPVD
(Physical Vapor Deposition) installation.

The tools used were manufactured by Sandvik, spatdn CNMG 12 04 08 H13A. The TiAIN coated anddied
tool was prepared by Oerlinkon-Balzers. In thipstgcanning electron microscopy (SEM), model MESI JESM-
7000F, was also used to characterize the wearwafate analysis of the tools.

Table 1. Cutting conditions used in tool-life tests

Conditions Value
Cutting speed [m/min] 200
Feed rate [mm/rev] 0.5
Depth of cut [mm] 2.0
Turning length [mm] 50

2.2. Roughness assessment

Two roughness parameters, i.e. arithmetical meaghioess Ra, was determined using roughness tegigioyb
SJ-210, tip radius 2 um, tip angle 60°, cut-off Oud, measuring speed 0.25 mm/s and applicableatdn80 4287.

Dry turning tests were carried out on a CNC lathgldnat Logic 195 VS equipped with a commerciall toolder
having with geometry: rake angjg= -2°, clearance angtg= 5°, inclination anglé.s= 0° and side cutting edge angle
K= 4%. The workpiece material used was AISI 1045 ste¢he form of a round bar with an external diamé&i@.8
mm and length of 113 mm.

In the tests the arithmetical mean (Ra) roughnésseomachined surface were obtained with threesomegments
for each tool tested with scanning at 120° fromhezber.

The cutting conditions used in the roughness wstshown in Tab. 2.

Table 2. Cutting conditions used in roughness assest.

Conditions Value
Cutting speed [m/min] 200
Feed rate [mm/rev] 0.1
Depth of cut [mm] 1.0
Turning length [mm] 50
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2.3. Morphological analysis of the substrate/coatm conjugate

For the morphological analysis of the substratdiogaconjugates of the tools, optical and confotzder
microscopy tests were performethe objective of the optical microscopy test washaracterize the surface of the
conjugates regarding the macroscopic differencesdieg in the laser and sandblasted textures. Tugpeent used in
this analysis was a Zoom 645T - Koye stereomicrnpecbhe Confocal Laser Microscopy test aimed to studg more
realistic and precise way the surface charactesigif textured and coated tools, using a Zeiss Axiager 2 optical
microscope coupled to a Zeiss LSM 700 laser scgnsyistem, equipped with diode laser (405 nm) andPESN-
NEOFLUAR 40x0.75 objective lens. The images weneegated from mosaics of 5x5 images totaling a Sognarea
of 800x800 um. With the images obtained, it wassiiids to compare the topography of the tools bysueag the
roughness amplitude parameters (Sq, Sa and Szamaptitude distribution or statistical parametersk(&nd Sku),
shape variation, irregularities and induced chargekser and sandblasted texturing. Confocal lageroscopy was
performed at the Regional Center for Technolodimtelopment and Innovation (Crti-UFG).

3. RESULTS AND DISCUSSIONS
3.1. Tool-life tests

Figure 1 shows the results obtained in the liféeste$ the tested tools. The tool with the worstfgenance was the
uncoated one, both dry and with the applicatiowef cutting fluid and MQL.

The tool with the best performance in the life 4esas the TiAIN coated tool with blasted substratgh dry and
with the application of wet cutting fluid and MQL.

In the evaluation regarding machining with cuttfhgd, it is observed in Figure 1 that the use pdgted and MQL
increased tool life, with greater emphasis on tdN-blasted tool.

The application of cutting fluid, by wet and MQL odified the cutting zone, particularly the secondstiear zone
in machining, causing a decrease in friction atdhig-tool interface and in the heat generatedblémaan increase in
life of the tool.

As for the behavior of the tested substrates, dastal and laser, it is observed that the TiAINsted tool had a
much better performance, both dry and with spoated MQL application, in relation to the TiAIN-lastwol. The
justification for this result may lie in the adhasiof the TiAIN coating on blasted and laser suies.

Figure 2 shows images of the rake face of the Tikdér tool. The images clearly show the early aatgnt of the
deposited TiAIN coating. The premature detachménhe TiAIN coating on the laser-textured tool niag related to
different degrees of brittleness of the coating eifasto-plastic properties, the internal residtr@sses of the deposited
film and even a low adhesiveness of the deposit@doih the metal substrate hard with laser texture.

A low adhesiveness of the coating on the substiaily interferes with the tools behavior duringtmng, as the
delamination of the layer leads to premature cdardét¢he substrate carbide with the workpiece. ddigon, coating
fragmentation generates hard and abrasive parttbiEsinteract with the part-tool tribological sgst, which can
further accelerate tool wear (Newetsal, 2006).

Figure 3 shows the TiAIN-blasted and TiAIN-Laseol®after end of life. The images clearly show rearflank
wear on the tools. Flank wear is considered tohleentost common form of wear that occurs on mactooés. It is
even a preferable form of wear as it indicatesealigtable and stable tool life.

Flank wear occurs mainly due to wear mechanismatmasion and attrition, caused by hard elementh asc
carbides present in the workpiece material or éethe early detachment or delamination of theiogatused, TiAIN
in this study.
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Figure 1. Life tests in turning of AISI 1045 steel.
(Cutting conditions: vc= 200 m/min, f= 0.5 mm/revdaap= 2.0 mm)

Figure 4 shows, by SEM, an area plastically defarrimethe flank wear region of the TiAIN-blasted kothe
presence of micro grooves and part material adhterdtle tool, clearly characterizing the perfornramt the wear
mechanisms by abrasion and attrition, whose thedase has as a remarkable characteristic the amthesid the
material dragging of the part during the machining.

100pm LM UnB
SEM WD 15. lmm|

100pm I UnB
SEM WD 15. lmm|

Figure 2. SEM rake face of the TiAIN-laser tool.
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Figure 3. Images of tool flank wear at end of I{f&) - TiAIN-blasted and (b) - TiAIN-laser.

Abrasion and attrition wear mechanisms were alsd@minant in uncoated and TiAIN-laser tools.

.
i

1

WD 12.7mm X 5,000 15. 0KV

100pm LM UnB

Figure 4. SEM image of flank wear of a TiAIN-blast®ol.
3.2. Roughness assessment

Figure 5 shows the results obtained in the roughtessts of AISI 1045 steel in turning using theldoouncoated,
TiAIN-blasted and TiAIN-laser. In general, the ritsishow that the use of the TiAIN coating sigrafitly affects the
arithmetical mean roughness (Ra) values of thestlisurface.

As mentioned in the previous item 3.1, TiAIN cogtiduring machining undergoes oxidation forming rhain
aluminum oxide on the tool surface. This formeddexacts as a solid lubricant during workpiece nwanogi The
presence of aluminum oxide on the tool surfaceyaedese machining forces, thus enabling a betteshing of the
machined workpiece (Endriret al., 2007).

It is clear from the results shown in Fig. 3, ttia use of the TIiAIN coating modifies the tool/wpitce interface
since it interferes directly in the areas of thienary and secondary shear planes, reducing friciigith the reduction
of the friction, the tendency is that there is @rdase of the micro irregularities formed in thechiaed surface,
improving the finishing.

When comparing the TiAIN-laser and TiAIN-blastedl) it is observed that there is no statisticdfedénce
between them. Modifying the texture of the tool studite, laser or sandblasted, does not alter thardizs of the
cutting process. The micro-irregularities formedtba surface of the turned workpiece did not chasigeificantly in
its roughness values.
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Figure 5. Roughness testing of AISI 1045 steel.
3.3 Optical and Confocal Laser Microscopy

For the morphological analysis of the substratdingaconjugates, optical and confocal laser micopgctests were
performed. Figure 6 shows images of the textuth@®xit surface of the tested tools: TiAIN-blasted TiAIN-laser.
With the use of a stereomicroscope one can sediffieeence between the sandblasted and laser textfrthe tools
used. In sandblasted tools there is no macrosaogéaring of the texture, like the parallel arrangetof lines
visualized in the TiAIN-laser tool. This differeated ordering between the coatings was probablgiardor the
performance of the tools in the life tests. Essdigtithe ordering of the texture in the laser toals ineffective, the
premature degradation of the coating leads to ¢hmdtion of “microchips” of TiAIN coatings with aahdness of
approximately 3000 HV. These TIiAIN “chips” then bate part of a tribological system, probably causibgasive
wear to three bodies: workpiece, tool and the TiAt\ips” as an interfacial element. The TiN “michygs” are
pressed against the workpiece and the tool ataheedime, causing microcracks and, mainly, wearanjgzooves on
the tool flank, as seen in Fig. (4).

Figure 6. Detail of the rake face tools of TiAlNabted (left) and TiAIN-laser (right).

Figures (7) and (8) shows the results of confaaséll microscopy tests for the TiAIN-blasted andINiAaser tools.
Images were acquired by laser scanning throughocahfmicroscopy, after scanning the images weratdce using
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MountainsMap® 8.Xoftware. In the images it is possible to cleadyg that the sandblasted texture is random, while
the laser texture has a notoriously ordered digion of peaks, which can probably change the abmanditions at the
chip-tool interface, and occasionally modify tHe Ibf the tool.

Table 3 shows the measurement results of the rasghamplitude parameters (Sq, Sa and Sz) andtistdtis
distribution parameters (Ssk and Sku), obtainedhi laser scanning of the tools surface by meansoafocal
microscopy. Basically, laser texturing caused arelese in the Sa and Sq amplitude parameters dbthesurfaces,
which may contribute to a decrease in the averagghness of the machined workpiece. As for the asgtmy (Ssk),
the texture distribution is moderately skewed, waitkurtosis above 3 for all textures of the testeds.

Table 3. Amplitude and statistical parameters.

Tool Sa Sq Sz Ssk Sku
(um) (um) (um)
TiAIN-blasted 1,221 1,505 13,729 -0,698 3,245
TiAIN-laser 0,959 1,305 16,748 -1,620 7,203

Figure 7. Textures of TiAIN-blasted (a) and TiAlNxger (b).



26" ABCM International Congress of Mechanical Engineering
November 22-26, 2021. Floriandpolis, SC, Brazil

4. Conclusions

In this study, the surfaces of carbide inserts wextured: (i) by laser beam, specifically, lasbfation using a
source of CuHBr (Copper and Bromine Hydride), aiids@ndblasting (commercial process), subsequenttjured
inserts were coated with TiAIN. The performancediferent textures, laser and sandblasting, westetein tool life
tests and machined surface finish in the dry tgroh AISI 1045 steel and with application of wettog fluid and
MQL. The different textures were also characterimsthg optical and confocal laser microscopy. Adaay to the
results previously presented and discussed, th@niolg conclusions were reached:

v"In the life tests, the TIAIN coating significantiycreased the turned length compared to the ueddabl,
both dry, with wet and MQL application;

v" The TiAIN-blasted tool showed the best resulifie tests, followed by the TiAIN-laser tool;

v' Probably the premature detachment of TiAIN depasdn the laser textured substrate was the maiorfac
for its low performance in life tests;

v" The use of TiAIN reduced the mean arithmetic rawegts (Ra) of the turned surface in relation to the
uncoated tool,

v' The application of wet cutting fluid and MQL inased tool life compared to dry machining,
exceptionally for the TiAIN-blasted tool;

v' The application of wet cutting fluid and MQL did tnhsignificantly alter the surface finish of the ried
surface compared to dry machining.
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