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ABSTRACT

Ti6Al4V has inevitable applications in aerospaceuistry where high surface finish is required. lis tiesearch
the endmilling of annealed Ti6AI4V is performedngsicoated carbide inserts. The study in the effetbol geometry has
great importance in improving the quality of mill@doduct.Cutting speed, feed rate, depth of cut mosk radius of
milling cutter is selected as the input paramet&fe responses observed are the surface roughndssutting force.
Taguchi method is employed for the design of experits. L9 orthogonal array is selected for foutdescand three levels
by using MINITAB software. Each response is semdyabptimized by using signal to noise ratio ana&/N ratio
analysis). ANOVA is employed to find out the per@ae influence of input parameters on responsein@pt
combination of machining parameters isobtainedstoface roughness as well as for cutting force digguTaguchi based

S/N ratio analysis.

KEYWORDS: Slot Milling, Nose Radius, Taguchi Method, SignalNoise Ratio Analysis, Grey Relational Analysis,
ANOVA

INTRODUCTION

Titanium and its alloys are extensively used inoapace because of their high specific strengthchvis
maintained at elevated temperature, their fractasstant characteristics and their exceptionadbtasce to corrosion.
They are being used increasingly in other industiad commercial application such as petroleumneg§i, nuclear
reactors, surgical implants and marine applicatidrey are also being used extensively for aerospatestry, mainly in
airframe construction, where maximum ease of fdulitg is desired.However,machining of titaniumas involves
expensive tooling cost at the expense of gettingdgsurface roughness[1]. The main limiting factor designing
aircraft structures that involves dynamic liogdis the fatigue property of the materiaidich is related to the
surface quality. Therefore, the importance offae integrity intitanium alloys milling process asfid be in
consideration. BalakrishnaRao et.al[2] have studiealut facemilling of Ti6AI4V using simulations aedperiments. This
work concludes that the cutting speed has onltle Icontribution to cutting force and specific thog energy.Khairi
Yusuf and Y Nukman studiedflat end milling presehat can produce a flat surface. Here rttation of cutter is
perpendicular to the work piece of titaniwatoys. The flat end milling with the multipflite end mills, solid tool

is used since the center cutting end teeth alldlsse end mills to drill into work pied® start a machining
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operation[3].LohithakshaMMaiyaa, Dr.R.Ramanujang &m.J.Jerald[4] have studied the effect of maicigjrparameters
on surface roughness and cutting force.It conclutias depth of cut has the most significant effestcutting force
followed by feed rate and cutting speed.The wosk akveals that the most influencing parameteruwfase roughness is
feed rate followed by depth of cut and cutting sp¥eKrishnaraja, S Samsudeensadham, R Sindhunfatkiyppan[5]
have investigated high speed end milling of titamialloy (Ti-6% Al-4% V) using carbide insert basstd mill cutter.
Effects of cutting forces during high speed maatgnof titanium alloys have got higher attentiorseiecting the optimal
cutting conditions to improve the production andltife. From this study it is found that depthaft and feed rate have
higher effect on cutting forces when compared ttiirgy speed.In this work,the machining parametaichsas cutting
speed,feedrate,depth of cut and nose radius aimipptl for cutting force and surface roughness rid enilling of

Ti6Al4V using Signal to Noise ratio analysis. Cahtarbideinserts are used in the milling operafidn
NOMENCLATURE
Vc- cutting speed in m/min
f-feed rate in mm/min
a,-axial depth of cutin mm
rg-nose radius in mm
OA-orthogonal array
S/N-signal to noise ratio
GRA-grey relational analysis
Ra-average surface roughness
F.-force in x direction (in feed force)
F,-force iny direction (cross feed force)
F,-force in z direction (thrust force)
Fr-resultant cutting force
@;(k)-grey relational coefficient
4-distiguishing coefficient
y;-grey relational grade
DOF- Degree of freedom
SS -Sum of squares
MS-Variance of each factor

%C -percentage contribution
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EXPERIMENTATION

The response values required for the analysistamdd by conducting nine slot milling operationstS of width
25mm were milled for a length of 84mm by considgrithe parameters such as cutting speed(m/min),feed
rate(mm/min),depth of cut(mm) and nose radius(mng the measured output parameters are surface mesgtand

cutting force. The experiments are followed by Tagulesign and S/N ratio analysis. ANOVA is usedital out the
percentage influence of input parameters on regpons

WORKPIECE USED

Ti6Al4V (Annealed) of size 90x84x10mm rectangulaege is used as workpiece. Similar six pieces are
employed in the work for experimentation includicgnfirmation experiments. Holes of diameter 8mm drited at the
cornersof each work piece according to the topepttinensions of dynamometer. Two experiments arfoqmpeed (two
slots) in each workpiece.The chemical compositioth some mechanical properties of the workpiece niahtre given in

the table 5.1 and 5.2 respectively. Figure 4.1 shtive actual image of the single workpiece. Figlu2 shows the
dimensions of the workpiece used.

|
1
|

Figure 4.1: Work Piece Used Figure 4.2: Drawing and Dimensianof Work Piece

PROPERTIES OF TI-6AL-4V

Table 5.1: Chemical Composition

Component | Percentage|
Ti 89.55

Al 6.40

\% 3.89

Fe 0.16

C 0.002

Table 5.2: Mechanical Properties

Hardness (HRC) 36
Yield Strength 900 MPa
Ultimate Tensile Strength 950 MPa
Elongation 14 %
Poisson'’s ratio 0.342
Modulus of Elasticity 113 GPa
Density 4.43 g/m
Thermal Conductivity 6.7 W/m-K
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CUTTING TOOL USED

The cutting tool used is coated carbide insertgrale WSP45S made by WALTER. The inserts used fare o
positive rhombic in shape and are shown in figufle Bserts of different nose radius are usedHerstudies (0.8 mm, 1.2
mm and 1.6 mm) which are ADMT 10 T3 08 R-F56,ADM0 T3 12 R-F56,ADMT 10 T3 16 R-F56.Each insert has t
cutting edges. Six inserts of each type is usedHerexperiments.Total eighteen fresh inserts aegl dor the effective
study of nose radius. The above mentioned threestgpert show variations only in nose radius; #leo features are
same.The experiment was conducted on a DECKEL Cldgis3vertical milling machine and is shown in fig6.3.

The milling cutter of diameter 25mm is used for shat milling operations.It holds three insertgytie 6.2 shows
the milling cutter usedin the study. The specifimas of milling cutter used is F 4042 R W 25 .0Z820.

Figure 6.2: Millingcutter Used Figure 6 BNC Milling Machine Used

DESIGN OF EXPERIMENTS USING TAGUCHI METHOD

Design of experiments using the Taguchi methodnipleyed to find out the optimum number of runs tioe
experiments with the combination of the parametémur input parameters and three levels are selefde the
experiments. So, L9 orthogonal array with combovatf input parameters and their levels are obthireng MINITAB

software. The factors and levels of parameterslaogn in table 7.1.

Table 7.1 Factors and Levels

Cutting speed(m/min)] 24.7 31.4 39.3
Feed rate(mm/min) 60 1200 180D
Depth of cut(mm) 1 15 2
Nose radius(mm) 0.8 1.2 1.6
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Total nine experiments are performed accordingp¢ol9 orthogonal array.
EXPERIMENT SET UP

The KISTLER made tool dynamometer is fixed on thachine table.Work pieceis fixed over the tool
dynamometer plate using M8 nuts.Tool dynamometeoniected to an amplifier through cables. Amplifieconnected
to a computer using cables to record the cuttingefalata.Coolant applied during the milling openatis HOTCUT 795 H
and is supplied in flood mode. The water solubt®raf the coolant used is 1:9. The experimentsételuding the work

piece and tool setup, dynamometer and its accessamections are shown in the figure 8.1 and 8.2.

Figure 8.1: Experiment Setup Figure 8.2: #plifier and Computer Used for Force

Measurement
CUTTING FORCE AND SURFACE ROUGHNESS MEASUREMENT

Cutting Force Measurement

The force in Xdirection (in feed force), Ydirectigoross feed force) and Z direction ( thrust foraed measured
using KISTLER made multi component tool dynamomeietype 9257B. The force obtained in each axiavieraged
along the time domain between the times of engageofecutter in the slot to the time of disengagatme the cutter at

the end of the slot. The force(in feed force)F, (cross feed force) andi, (thrust force) are used to calculate

Fr(resultant cutting force) by using the equationl1[7]
Fr= "V Fx*+ Fy*+ F;? (1)
Surface Roughness Measurement

Surface roughness (Ra) is measured using Talysughness tester. Ra in the starting, centre anthgmmebints
of each slot are measured and its average is takethe surface roughness for the experiment.Suriagghness is

measured for a sampling length of 4mm and a cueaffth of 0.8mm.
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RESULTS AND ANALYSIS

Figure 10.1: Work Pieces after Slot Milling Operatons

Table 10.1 Experiment Results

Run (M/\I</Icin) M m'/:Min) (Gﬁq) (M) (1&;‘1) Fr (N)
1 24.7 60 1 0.8 | 02318 432.6035
2 24.7 120 15 12 | 06121 5289070
3 24.7 180 2 16 | 07733 7135275
4 31.4 60 15 16 | 02185 487.6508
5 31.4 120 2 0.8 | 02825 5007595
6 31.4 180 1 12 | 04130 5516786
7 39.3 60 2 12 | 02713 544.0877
8 39.3 120 1 16 | 03957 490.0413
9 39.3 180 15 08 | 05874 52283p7

S/N RATIO ANALYSIS

The S/N ratios are derived from the quadratic fosstion and are expressed in a decibel scale @Bge all of
the S/N ratios have been computed for each rum @&xperiment, Taguchi advocates a graphical apprameanalyze the
data. In the graphical approach, the S/N ratios avelage responses are plotted for each factonstgaach of its
levels.There are three standard types of S/N rdépending on the desired performance responseasueinger the better,
nominal the better and smaller the better.Herea@aerfoughness and cutting force are optimized usingller the better
relation[8]. The best condition is the one whichxim@ze the appropriate S/N ratio. Table 11.1 shakes S/N ratios

calculated for Ra anB using the equation 2.

Smaller the better (for making the system respassemall as possible):

n
i = _1010glzy.2 (2)
NS n4 4 !

=
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Table 11.1 S/N Ratios of Responses

Experimen S/N Ratio S/N Ratio
t RaMm) | orpaob) | RN | o E, (Db)
1 0.2318 12.6906 432.6035 -52.7218
2 0.6121 4.2633 528.9070  -54.467b
3 0.7733 2.2250 713.5275  -57.068P
4 0.2185 13.2007 487.6598  -53.762B3
5 0.2825 10.9550 500.7595  -53.9925
6 0.4130 7.670 551.6736  -54.8336
7 0.2713 11.2996 544.0877  -54.713B
8 0.3957 8.0456 490.0413  -53.8046
9 0.5874 4.6152 522.8327  -54.367P
Main Effec;.stPIhoAt for SN ratios Main Effects Plot for SN ratios

Cutting speed(m/min) | _feed rate(mrymin) | depthof culimm) | Nose radiusimm catting speed(rymin) | feed ate(mm/min] | depth of catim st adiusimm)
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Figure 11.1: Data Analysis Plot for S/N Ratio of Ra Figure 11.2: Data Analysis Plot for S/IN Ratio oFg
From the figure 11.1, the optimized parameters fanimum surface roughness are obtained. Optimized
parameters for Ra are cutting speed 31.4m/min, fatgl 60mm/min, depth of cut Imm and nose radi8snth. The
optimized parameters for cutting force obtained as® the same as that of surface roughness.Frerfighre 11.2the
optimized parameters for minimum cutting force alotained and are cutting speed 31.4m/min, feedo@tem/min, depth
of cut Imm and nose radius 0.8mm. The larger nadas produces high cutting force. So, the smalese radius

(0.8mm) is the optimized level of nose radius faitiag force.
ANALYSIS OF VARIANCE

ANOVA is done to find out the significant factor ontput parameters. The percentage influence tdfscan be
found out using ANOVA. It is performed with a caadince interval of 95%. The results of analysistabelated in table
12.1 and table 12.2. From the table 12.1,it isrcteat feed rate is the most influencing factor sumface roughness

followed by cutting speed and depth of cut. Nosirmtas the least effect on surface roughness.

From table 12.2,it is found that feed rate is thesninfluencing parameter on cutting force. Defdtbu and nose

radius are the other important parameters thatiaffetting force. The effect of cutting speed ortiogtforce is very less.
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Table 12.1: Anovafor Surface Roughness

Source DOF SS MS F % C
Cutting speed 2 27.9396 13.9698 13.9698 21.94
Feed rate 2 87.2217 43.6108 43.6108 68.50
Depth of cut 2 6.8012 3.4006 3.4006 5.34
Nose radius 2 5.3644 2.6822 2.6822 422
Error 0 0.00000

Total 8 |127.3269 63.6634| 100

Table 12.2: ANOVA for Cutting Force

Source DOF SS MS F % C
Cutting speed 2 0.5286 0.2643 0.2643 474

Feed rate 2 47786 2.3893 2.3893 42.80
Depth of cut 2 3.4565 1.7282 1.7282 30/95
Nose radius 2 2.401% 1.2007 1.2007 21.51
Error 0 0.0000

Total 8 11.1652 5.5825| 100

The multiple linear regression model for surfacegiiness and cutting force are obtained and are rsliow

equation 3 and 4 respectively.
Ra = 0.026 - 0.00761Vc + 0.002923 f + 0.0968.119 (©)]
Fr=241-2.61Vc + 0.898 f + 96.2#100 ¢ (4)

Two confirmation experiments for surface roughnasd cutting force are performed and the roughnessev
obtained is 0.2036pmand the cutting force obtainetll4.0475 N and are in in good agreement withptieelicted values

of regression models.

CONCLUSIONS

Analysis and optimization in end milling of Ti6Al4} done by considering four machining parametach s
cutting speed, feed rate, depth of cut and noseigadaguchi method and ANOVA are used to find th& optimum

combination of machining parameters to minimizdase roughness and cutting force.
From this study, it can be concluded that;

* The most influencing parameter on surface roughisef=ed rate, which is followed by cutting speddpth of

cut and nose radius.

» Feed rate is the most influencing parameter onnguforce, followed by depth of cut, nose radiusl autting

speed.
e The smaller nose radius produces less cutting force

e The optimal parameters for end milling of Ti6AI4¥ teduce surface roughness (cutting speed =31.4mfegd
rate =60mm/min, depth of cut =1mm, nose radiussmi@ and the optimal parameters to reduce cuttimgefo
(cutting speed =31.4m/min, feed rate =60mm/min,tldegf cut =1mm, nose radius= 0.8mm) were obtained

through this study and the confirmation experim@mtsiuced low values of cutting force and surfaeghness.
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