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ABSTRACT: This paper investigagtheinfluence ofcoated and uncoated H.S.S and Carbide endmills on machining
induced distortion in milling thikwall, thin-floor components. The endmills are coated wittanium Nitride (TiN),
Titanium Aluminum Nitride (TiAIN),and Diamond likeCarbon(DLC).The effect of each of the cestH.S.S and
carbide endnills is studied by calculating residual stresses using indentation method. The present arsclggasts

the optimumcoating and the tool material for minimizing distortidResults show that coatings on the tbals
significant effect on the residual stress distribution and distortion of components. It is als@aikat machining
induced stresses by usidg C coatingare minimum leading to minimum distortion.

KEYWORDS: Machining, Distortion, Residual stress, Indentation Method midum Alloy, TiN, TiAIN, DLC,
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l. INTRODUCTION

Dimensional and form czuracy of machined componeint aerospace industrig one of the challenging tasks for
manufacturer. In the aerospace industry, machining process is widely used for fabrication ohron@oaliponent that
contains a thirwalled structureStresses and part distortion have a majst topact in many machining applications
since they can affect scrap rates and processing times. For example, in Avionic monolithic canihayentay
produce distortions which hamper assembly operations. Stresses in machinecbyldrtse eitherulk residual
stresses from primary processes such as rolling or foogithge stresses induced by the machining process, \ahéch
result from differential plastic deformation and surface temperature gradienifit]g machiningthecutting forces
createthermal and mechanical stresses caudgftection to the thiswall section, leading to dimensional form errors
Most of the existing research for machining thiall componentaind its correlation to distortiompncentrated on the
procesgparametergspeed feed, depth of cut, width of cut, material removal rate, volume of material remypalof
cutting fluid, tool path layoutgtc)[2,3,4,5]and tool parameter@xial and radial rake angldselix angle,gash angle,
dish angle and clearance an{f6g,89,10. The effects of coatings on the tool apéien neglectedCoating on the
cutting toolhas a direct influence on the cutting performaare stress induceghdhenceshould not be neglected

the machining consideration.

High Speed Steel ia high carbon tool steel, containing a large dose of tumgétéypical HSS composition i$8%
tungsten, 4% Chromium, 1% Vanadium, 0.7% carbon and the rest, Iron. HSS tools halreeashafr 6264 Rc.The
addition of 5 to 8% cobalt to HSS imparts higheength and wear resistanéde advantage of HSS over carbide is its
strength to withstand cutting forces and the low cost of the tools. From the tool life point pFH88nperforms very
well at intermittent cutting applications. But the greatest &tiah of HSS is that its usable cutting speed range is far
lower when compared to Carbideor enhancement in productivity, carbide tools are generally preferred to H.S.S tools
in machining.Carbides have high hardness over a wide range of temperatgtethdrimal conductivity, high Young's
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modulus making them effective tool and die materials for a range of applications.
But higher feed rates and higher material removal rate with an objective to enhance productivitypably prave a
negative influencen induced machining stresses adigtortion. The major challenge in machining aluminum is chip
material adhering to the tool, leading to surface quality deterioration and tool wear. Adhesioniofia to the tool
creates a built up edge (BUE) at lovesitting speed and built up layer (BUL) at higher cutting speed. Adhesion takes
place at wider range of temperature. Material adhesion is a combined effect of work and todlsifeenliaate, rake
angle and lubrication1fl]. It was found that material hdsion is a major wear mechanism of carbide tools at lower
cutting eed while machining aluminum [[LZhe absence of lubrication increases the friction and temperature thereby
accelerates the material adhesib8].Lubricity has a greater impact than thmed dissipation in reducing the machining
induced residual stresses at lower cutting spéedntiation, growth and breaking phases of the adhered material on
the cutting tool alter the geometry of the tool continuously. This variation of geometrytdethaistuation of cutting
force and variation in surface generated in the work piece. The nitride, carbide based trantil®ramdelayered
MoS; coated tools were reported as susceptible to BUE under dry machining and at relatively low patdsy s
[14].The right surface treatment on the tools can increase overall life of the tool, decrease cyute fanmenote better
surface finishes on the work pie@electing the correct coatiran thetool materialand its attributes can mean the
difference baween a successful operation and one that shows little to no differEineelesirablepropertiesof a
coatedtool during machining are aJardnesd) Abrasive resistancg) Surface Lubricityd) Oxidation temperaturand

e) Anti seizure whichin turnincrease in Tool life and enhancemenpinductivity. The commonly used tool materials

in machining aluminum are H.S.S and Carbide. thmmonlyused coatings on tools af@éN( Titanium Nitride)
TIiAIN (Titanium Aluminum Nitride)Titanium CarbeNitride(TiCN), Chromium Nitride (CrNjand DLC(Diamondlike
Carbon) of which only TiN, TiAIN, and DLC are considered in this article.

Titanium Nitride (TiN) coating increases hardness and has a high oxidation temperature. The efddiityon in
Titanium CarbeNitride (TiCN) adds more hardness and better surface lubricity. A formed layer of aluminum oxide in
Titanium Aluminum Nitride (TiAIN) gives this tool better life in high heat applications. Chromiumidii(CrN) has
anti-seizure properties and coating makegréeferred coating in situations where BUE is comnigach of the above
coatings has a specific characteristic which suits to the specific requirement for reducing tmengatiuced
residual stresses. DLC has a combination of properties of the abategs and possibly is a promising solution to
reduce machining induced residual stresses anih turn distortion. DLC increases hardness, has low coefficient of
friction and aids in good lubricity, has excellent thermal and electrical conductigjpenies.DLC is the amorphous
carbon coatingontaining a combination of $gnd sp bonds. DLC can be further divided into hydrogenated ane non
hydrogenated one. The performance of hydrogenated andhyanogenated were not similar in all environments. It is
concluded that hydrogenated DLC exhibits good tribological performance umgerndironment whereas non
hydrogenated performed betteroil and water environments [[L5his article confines to influence of coated HSS and
carbide cutting tools on machining induced residual stresses leading to distortion of the conipunebjetive of

this article is to evaluate the combination of tool material and tool coating which minimizesatisth2014A T651
aluminum alloy material during machining.

Il EXPERIMENTAL PROCEDURE

Materials and equipment:

The work piece material used auminum alloy 2014A T861 rolled plate. This material is used in manufacture of
avionics components, as it has high strength to weight ratio, better thermal and electrical\itpndbeth compared

to other grades of aluminum alloys. The chemical and argchl properties of the material under study are mentioned
in Tablel and Table2 respectively].
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Table 1: Chemical composition of aluminum alloy 2014516

Element Al Si Fe Cu Mn Mg
Weight % Rem 0.50:0.90 0.50 max 3.95.0 0.41.2 0.20.8
Table2:Mechanical Properties of 2014A 36
Yield Tensile Shear  Yielc| Hardnes: . Poisson’s
Property | Temper strength strength Strength Rockwell Density Ratio
Value T6 Clad | 380 Mpa | 420 Mpa 290 Mpa B 82 2.80g/cc | 0.33

The work pieces are held in the shop made vacuum fixture connected to the WITTIE vacuum pumgharicignisi.c
done on DECKEL FP4A CN@achine. Thenineral oil (SERVOCUT 945) is used as the cutting fluid and pocket out

tool path is used as machining layag the machining induced stressare minimum with the above] [b].The

mactining is done with various coatétlS.S and Carbide emdills but with fixed tool configuration as shown in Table

3.The end mill configuration used generates the minimum machimihuged stressex lowto mediumcutting speeds

[10]. The indents on the work piece are made withitldenterhaving an included angle of 120The measurements

are accurately taken with optical measuring equipment Biatgn Systems Venture VF3030 CNC (Figurd), which

has a resolution of 0.5 micron and 40 X magnificatiime images of the surface texture of the coated tools are taken

by Hitachi S3700N scanning electron microscope (Figure 2).
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Table3: configuration of the End mill used

Nl;m:’eeSrOf +HOL[ DQJDH5DGLDO UDNH D3QUDE 5DNH DQYIMK DQJOH
2 30 deg 8 deg 4 deg 35 deg

Il. EXPERIMENTAL WORK

The dimensions of the samples taken are 5mm x 80mm x 20@nonto machining, the samples are stress relieved

to a temperature of 200 for 2 hrs so as to ensure that the bulk residual stresses are made minimum. Most of the parts
in avionic components are designed to have a base thickness of 105ta@hmmhence tle final thickness of the
experimental work piece after machining is taked.&snm.The materials machined from 5mm thick th5mm thick

with different combinatiorof coated and uncoated HSS and carbide end usligy neabil (mineral oil SERVOCUT

945) as the cutting oil and Pocket out as tool path layout. Without removing the work piece froxtutteetffie indents

are made at a pitch of 30mm along X axis (lengthier side) and at a pitch of 40mm along Y axs ggle)ras shown

in Figure3.
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Figure 3: Work piece and indents dimensions

After removal of the work piece from the fixture the shape deviations are measured. The reasioassiape
deviation dominances found are explored by measuring the induced stresses and strains of tleeevairingithe
machining process.

V. CALCULATION OF STRAIN AND STRESS
The collinear distance between the coordinates of the indents before and-adfeilibeation of machining induced
stresses are accurately measured. For each of the intended indposdilite to determine normal components of the

UHVLGXDO VWUDLQ LQ WKUHH GLUHFWLRQV 0] 0\ DQG UOSHQTXR RO MK BX
turn parallel to the sides of the rectangle defined by the indents, as shown iMdHgdrand [18].
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40mm

Figure4 'LUHFWLRQV FRUUHVSRQGLQJ WR 0] 0\ DQG 0G

7KH UHPDLQLQJ GLUHFWLRQ DVVRFLDWHG WR 0G FRUQRVUESRQGRRIPRRW K
of the residual strain can k&pressed as shown in equation 1

0FL F1 0\ F1 oej‘—;_Fl (1)
where Ix and Ix’ are the mean values of the horizontal sides of the rectangle defined by theamdignend ly' are
the mean values of the vertical sides, in both cases before and adtguilitleration ofstresses (before and after
removing from the vacuum fixture).ld and Id’ correspond to the positive slope diagonal of thaidfazetangle,
also before and after removing the work piece from the vacuum fixture. Then from the normal cdsjioizsen
possble to obtain the tangential componegky ) from equatior? [19]

¢[\ Oo®{O0\ ()

As the heat treatment is done below the recrystallization temperature of the material, the dainehaiaye of the
evaluated surface will be caused bg #latic relaxation of the lattice [30[21]. Therefore if the evaluated surfaise
considered to be under plane stress conditions the orthogonal components of the residual teeszpraasetbr
isotropic, linear elag&c materials as in equation3)(4) & (5)

1] N O[ N 0\ (3)
1. N 0\ N Of 4
o
Where kl= 56 N N (5)

(LV WKH ORQJLWXGLQDO HODVWLF PRGXOXVY DQG LV WKH SRLVVRQYV U
Assuming that the generated surfaceuisler a plane stress state and the evaluated material is linearly elastic,
homogenous and isotropic, the residual stress comparadotdatedfrom (6) and {)

11 2 P eh0 8+ Ry.sin2§ (6)
1v?61w
Xy =

S .Sin2 8§+ Xy.cos2 8§ . @)

V. RESULTS AND DISCUSSION

The measured Rralues of each of the coated andls inside the flute oéach ofthe endmill are listed below in Table
4. The calculated values afiaximum value otress in Xmaximum value of stresa Y at centre of the rectangular
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areas defined by the indents in each offtlue uncoated and coated H.S.S and Carbidevgtslare detailed in Table 5
and Table Gespectively.The measured maximum values of distortion due to coated and uncoatehtiS:&bide
end mills are detailed inTable 7.The images of the surface texture of the coatorg$l.S.S and carbide endmitis

7000X magnification are shown in Figus@and Figure 6 respectively

Table4: R Values of the Endills inside the Flute

S.Nc TYPE OF COATING HSS ENDMILLS R, CARBIDE ENDMILLS R ,
VALUE IN VALUE
1 UNCOATED 0.2¢ 0.23¢
2 TiN 0.72 0.71
3 TiAIN 0.23i 0.2¢
4 DLC 0.171 0.1¢

Table5: Stress Range Values Due to different Coatings on H.S.S Endmills

S No TYPE OF TOOL MAXIMUM MAXIMUM STRESS STRESS
) COATING STRESS IN X STRESS INY RANGE IN X RANGE IN Y
Compressive Tensile | Compressive Tensile
1 | UN COATED 48.€ -30.< 26 -27.5 76.¢ 54.t
2 | TIN COATED 45.¢ -113.¢ 53.¢ -85.F 179.¢ 1129
3 | TIAIN COATED 50.2 -64.¢ 48.¢ -58.¢ 111.¢ 108.7
4 | DLC COATED 51.2 -8.€ 52 -36.5 59 51.t
Table6: Stress Range Values Due to different Cagtion Carbid&ndmills
S No TYFZ%(L)F MAXIMUM MAXIMUM STRESS STRESS
COATING STRESS IN X STRESS INY RANGE IN X RANGE IN Y
Compressive Tensile | Compressive Tensile
1 | UNCOATED 47.F -27.¢ 23.¢ -25.2 73.¢ 51.¢
2 | TIN COATED 43.€ -110.¢ 53.2 -81.€ 170.¢ 108.¢
TiAIN
3 COATED 41.8 -59.3 42.7 -47.9 103.4 99.6
4 | DLC COATED 40.2 -6.€ 39 -22.7 46.2 43.¢
Table7: Measured Maximum Valwé Distortion
S.Nc | TYPE OF COATINC MEASURED MAXIMUM VALUE OF DISTORTION IN mmr
H.S.S ENDMILL CARBIDE ENDMILL
1 UNCOATED 0.22 0.17
2 TiN COATED 0.32 0.2€
3 TiAIN COATED 0.15 0.1:
4 DLC COATEL 0.1z 0.0¢
DOI:10.15680/1JIRSET.2017.061082 20197
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Uncoated TiN Coated TiAIN Coated » DLC Coated

‘ Uncoated 4 TiN Coated TiAIN Coated DLC Coated

Figure 6: Surface Texture of Coatings@arbideendmills

The followinginferences can be drawn from Table 5,6 amthd@ Figures andé

1) The type of induced stress profile in the work piece due to H.S.S end mill is same as Carbidle end mi

2) The induced stress range in the work piece is minimum when DLC coated endusglll ior machining.

3) The measured value of maximum distortion in the work piece is minimum when DLC coated carbidé end mi
is used.

4) The surface roughness valug)(Bf end mills in ascending order is DLC < TIAKWUNCOATED< TiN.

5) The measured value dfstortion inascending order BLC < TiAIN < UNCOATED < TiN. The above order
is observed to be the same in both H.S.S and Carbide end mills but for slight change in magnitude of
distortion.

6) The machining induced stress range and hence the distortioaviisgha direct relation to the surface
roughness of thend mill in low and medium machining speeds.

7) Though the surface hardness of the end mill increases with coating of TiN, the machining inégsed atnd
hence distortion increases as the surfacghness of the coating increases when compared to uncoated end
mill.

VI CONCLUSION

The machining induced stress range and hence the distortion in machining 2014A T6 51 Aluminismahayum
by using DLC coatedarbideend mill.
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