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ABSTRACT

This paper is concerned with the variationsin the specific cutting pressure
with TiIAIN Cathodic-arc Physical Vapor deposition (CAPV D) coated inserts
while machining AlSI 1040 carbon steel. To reduce the cost and to make the
process environmentally safe, dry cutting is chosen. Coated and uncoated
carbide tools and different cutting conditions were tested in dry condition.
Cutting forces were recorded at different conditions and specific cutting
pressureis calculated. The adhesion bond of the coatingsis analyzed using

KEYWORDS

Metal matrix composites
(MMO);
Hardness,
Microstructure;
Scanning electron micros-
copy (SEM);
Coating.

Scanning Electron Microscopy (SEM). Comparison was made between coated
and uncoated carbide tools under the same conditions of machining.
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INTRODUCTION

New chdlengeshavebeen evolving out toimprove
thequdity of cutting tool materialsfor high speed ma-
chiningwhich eventudly increasesproductivity. Incress-
ing thequality of productivity isthemain challenge of
any manufacturing industry. Thisobjectiverequiresbet-
ter management of machining system corresponding to
cutting tool-m/c-tool-w/p, higher productivity; lower
manufacturing costs are associ ated with excellent sur-
facefinish™™. Thequdity of cutting tool can beimproved
by hard coating gpplicationsand d so by improving com-
bination of coating propertiesasshowninFgurelwhich
inturn leadsto abetter product.

Coating with hard substancesimproves cutting tool
capabilities so that the tool s can therefore cut at higher
speedsfor improved productivity with reduced power
requirements. Thewear resistance of thecoating itself
should be superior to that of the substrate material.

Coating lowersthefriction coefficient and thereby the
contact temperature. A decreasein friction aso reduces
the tendency to abrasive wear. The coating actsas a
heat barrier owing tolower thermal conductivity com-
pared with that of the substrate. Thusthe proportion of
frictional heat, which diss patesinto thesubstrateisre-
duced, whichinturnlowersthe substrate temperature.
Cemented carbidetoolsaretraditionally coated by two
methods. Chemica vapor depostion (CVD) and plasma
vapor deposition (PV D). The high hardness, wear re-
sistance and chemical stability of these coatings offer
better machining performance? CV D requireshightem-
peraturesthat can have an annealing effect onthe car-
bidetool® on the other hand PV D offerslower depo-
sition temperature (200°C-500°C). PV D can be cat-
egorized into vacuum evaporation, sputter deposition
andionplating (Figure2).

TiN hasbeenwiddy used ashard coating asit pro-
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Figurel: Coatingapplications

videsdry lubrication for better chip control™, alarge
improvement inthelifeof acuttingtool™ TiN coatings
couldreducefrictionintribologica contactsandincresse
the abrasivewear res stance®. Cemented carbidetools
coated with TiN by CVD or PVD process can show
anincreaseinthetool life by afactor of 10 compared
to uncoated toolg™. A major drawback of TiN isits
limited resistance to oxidation at high temperatures®
whichfailstheability toincrease productivity. A lot of
effortsweredoneby aloying TiN withAl and Si for
better oxidation resstance, high hardnessand improved
thermd stability ascompared with TIN®. Improvements
inthe coatingsof cutting tools have been achieved by
thedeve opment of TiIAIN coatingsdueto their advanced
wear resistance and superior performance under cor-
rosiveor hightemperature conditions. Thetool lifeat
cutting speeds46 and 76 m/minfor TiAIN coated tools
perform better than tool swith TiN coatings. Theexcel-
lent crater wear resistance of TiAIN coated toolsrela-
tiveto TiN isa so observed™? at high cutting speeds.
Studieshave shown that nitride coatingswithwith high
aluminium content such asAICrN and AITiN can pro-
vide better wear protection than Aluminiumfreenitride
coatings™ TiAIN coated tool inserts have shown
greater improvements during dry turning of quenched
temperedtool sted intermsof toal life, surfacerough-
nessand cutting force3. Most of TiAIN coatingsare
based on substantial lowering of operating costs by
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Figure?2: Categorization of PVD depositions

eliminating coolants, their disposal and chip cleaning.
Asaresult, they canimprovethe productivity in ma-
chining applications by asmuch as 40%0%3.

Many researchershave deposited TiIAIN coatings
using Balzers Rapid Coating System (RCS) inaca
thodic arcion-plating mode™**4, deposited using ca-
thodic vacuum arc PV D process at € evated tempera-
tures of >450° Cin pure nitrogen atmospherg?11.1517,
deposited using Filtered Arc Deposition (FAD) PVD
unit®, Based on the type of evaporation of the meta -
lic componentsand based on the plasmaconditionsthe
deposition process varies. The deposits can be of a
singlematerid, layerswith graded composition, multi-
layer coating or very thick deposits. Cathodic arc physi-
cal vapor deposition (CAPVD) method isone of the
PV D processbe onging to thefamily of vacuum evapo-
ration in which the cathode acts as the evaporation
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sourcefor deposition of thinfilm materia™®. Cathodic
arc physical vapor deposition (CAPV D) method has
received considerabl e attention for the production of
hard metallic coatingswhich arewear and corrosion
resistant!*317, Thistechnique offers advantages over
other PVD processesaslistedinthe Figure 3.

Thistechniqueuseshigh current, low negativevolt-
age arc to vaporize acathodic el ectrode and deposit
the vaporized material on asubstrate. The vaporized
materia isionizedinavacuum chamber and the sub-
strates are biased so as to accelerate the ions to the
subgtrate surface. Figure4 showsaschematic diagram
of thedeposition process. CAPVD providesdensefilm
with excellent adhesion to the substrate and thistech-
niqueisused to deposit on cutting tools such asend
mills, drills, inserts, plastics, meta moldsand highwear
resistancetribol ogy components. The only drawback
with thistechniqueisthat it produces unwanted micro
particles(droplets). Moreisthedroplet formation higher
istheresidua stress.

Inthe present study new advanced coating system
like PLATIT 7*® (Figure5) isused inwhich asymmet-
ric arrangement of the cathodes with respect to the
samplesto be coated enablespre- cleaning of the cath-
odes by meansof avirtual shutter that effectively re-
ducestheemission of dropletsand significantly improves
the performance of the coatings®.

TABLE 1: Chemical composition of Carbidetool (%owt)
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EXPERIMENTAL DETAILS

Materials

In the present study, A1SI 1040 carbon steel was
considered as a work piece material and cemented
carbidewith TiAIN coated and uncoated as cutting tool
inserts.

Coatingdeposition

The coating deposition was conducted inthe pure
nitrogen atmosphere. DC current isapplied therotat-
ing cathodes Ti and Al. Prior to the deposition the
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TABLE 2: Technological Par ameter sfor deposition

Coating Substrate Thickness Substrate temper ature °C N, Pressure Accelerating Voltage Coil Current Time of Deposition Ttgmp
Pa \4 A min C
TiAIN  Cemented Carbide 3 410 3 23 20 30 410

TABLE 3: Cutting Conditionsfor turning

Feed rate
0.05-0.4 mm/rev

Work piece
1040 AISI steel(HB 200)

Cutting speed
208 m/min

Depth of cut

1.5mm

substrates were cleaned in Thermovide V300 Pre-
cleaning unit by argon—ion-etching process. Thepre
cleaned mirror polished substrates were mounted
on a carousel substrate holder. The chemical com-
position of the cutting toolsis presented in TABLE
1. The thin TiIAIN coating was deposited onto the
cutting tool substrate by CAPV D method. Thetech-
nologica parametersof the used procedurearegiven
inTABLE 2.

Har dness test

The microhardness of CAPVD TiAIN coatings
were measured using Vickerstypeindentor. Theload
applied was 60N.

Machining test

The machining testswere carried out on 250mm
long and 80mm diameter cylindrical bars without
coolant with the constant cutting speed and depth
of cut. Thework piece material and cutting condi-
tions used in the experiment are listed in TABLE
3. The machining tests were conducted onaHMT
Lathe.

For each cutting, the cutting forces are recorded.
The specific cutting pressure (K ) was estimated
from the mean cutting values calculated using the
following equation.

Fc_ Fc

AT D
where F_is the cutting force, A is the undeformed

chip cross-sectional area, which is the product of
feed rate (f) and depth of cut (b) and K_in N/mm?.
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Figure5: PLATIT n*® coating system
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Figure6: SEM micrograph of TiAIN coated carbidetool
Microstructural characterization

The microstructure of the coated carbidetool was
examined using JSM-6610LV scanning € ectron micro-

scope equipped with energy dispersive X-ray anayzer

TABLE 4: Coating Char acterization data

. . L. . . Properties
Substrate Coating Chemical composition, at % Al/Tiratio - p'
Thickness (um) Microhardness (GPa)
Uncoated carbide tool -- - - -- 18
Coated carbide tool TiAIN Ti0,25A|0,22N0.53 1.0 3.0 30
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rate
(EDX).

RESULTSAND DISCUSSIONS

SEM micrograph of TiAIN coating on carbide
tool isshownin Figure6. It isevident that the adhe-
sion of the coatings to the hard substrate was good
and no flaking was observed. The micro hardness
gain due to the coating is clearly understood from
TABLE3.

Figure 7 shows values of the specific cutting
pressure obtained from the experiments. It is seen
that there is a decrease in K_ when machined with
the coated carbide tool when compared with un-
coated one. It isevident that higher feed rate corre-
spondsto low K _value. Henceit is understood that
coating exerts significant influence on the specific
cutting pressure when turning with higher feed rate.
It is also understood that K _ can be maintained and
influenced by coating properties.

CONCLUSION

High hardness of TiAIN coatings significantly
enhanced the machining productivity. Coated inserts
have shown a much greater performance improve-
ments than uncoated tool inserts during dry turning.
Reduction of machining cost and elimination of cut-
ting fluids is a'so achieved in machining. Thermal
aspects can be taken into consideration for future
research.
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