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Selection of Optimal Process
Parameters for Minimizing Burr Size in
Drilling Using Taguchi’s Quality Loss
Function Approach

The exit burr in drilling degrades the precision foducts and causes additional cost of
deburring. Therefore, it is essential to minimizarksize at the exit of holes in drilling at the
manufacturing stage. Taguchi's quality loss funetapproach, a multi-response optimization
method, has been employed to determine the bediimation values of cutting speed, feed,
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point angle and lip clearance angle for specifiatll dliameters to simultaneously minimize
burr height and burr thickness during drilling oy 316L stainless steel workpieces. The
experiments were planned as pgrdrthogonal array and multi-response signal to

Bo{S/N)

ratio was applied to measure the performance charéstics. Analysis of means (ANOM) and
analysis of variance (ANOVA) were performed to ioheitee the optimal levels and to identify
the level of importance of parameters. The confiromatests with the optimal levels of
parameters were carried out to illustrate the effeness of Taguchi optimization.

Keywords: AlSI 316L stainless steel, drilling, burr sizegtiahi’'s quality loss function, ANOVA

Introduction

Drilling is one of the most common and complex apiens
among many kinds of machining methods. Burr is astptally
deformed material generated on part edge durinlindr(Gillespie,
1975). The exit burr is formed on the other sideddfled hole,
when the drill pierces the workpiece by pushing watut volume.
The exit burrs in drilling affect the reliabilityf product and degrade
the performance in the precision parts. The spetals are
necessary for deburring to remove the burrs formsidle a cavity.
It is estimated that the deburring and edge fimghtosts on
precision components constitute as much as 30%tef tost of
finished products (Gillespie, 1979). Thus, it ise#ial to minimize
the burr formation at the manufacturing stage blectieg the
appropriate drilling process parameters. This retdes an
appropriate optimization tool to minimize the buwize for a
specified combination of drilling process parameter

Many researchers have carried out experimentalstigations
to study the effects of process factors on buméiion mechanisms
during drilling of several workpiece materials (8tand Dornfeld,
1997; Dornfeld et al., 1999; Lin, 2002; Ko et &003). In order to
analyze the burr formation mechanisms in drillifigjte element
models were employed (Guo and Dornfeld, 2000; Minak,
2001a). The empirical drilling charts were devebbge minimize
burr size for a single layered material to choosiable cutting
conditions for different materials (Min et al., 200 Min et al.,
2001c; Kim et al.,, 2001). The mathematical modedsen on
response surface methodology (RSM) were also dpedldfor
predicting and analyzing the burr size in drillif@ande and
Relekar, 1986). The investigations on drilling op#ation of
stainless steel workpieces using genetic algorit@4) revealed
that point angle and lip clearance angle have n@otributions in
controlling the burr size apart from the cuttingnditions (Gaitonde
et al., 2008). However, GA optimization requiresamcurate model
to describe the complex and non-linear relationdbgépveen the
process parameters and burr size.

Taguchi parameter design has produced a uniquepawerful
optimization tool that differs from conventionalagtices and can
economically satisfy the needs of problem solvingl adesign
optimization with less number of experiments (Pladlo89; Ross,
1996). Thus, it is possible to reduce time and obstxperimental
investigations and also to improve the performacitaracteristics
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using Taguchi design. The original Taguchi techaigudesigned to
optimize a single performance characteristic. H@®vemost of the
processes have several performance characterstichience there
is a need to obtain single optimal process parantatmbination

setting. Several modifications were suggested tginal Taguchi

method for multi response optimization (Jeyapawdlgt2005). The
methodology of Taguchi’s quality loss function eved to be an
attractive and efficient optimization tool for miple performance
characteristics (Ames et al, 1997). The multi-perfance

characteristic optimization using Taguchi’s qualltyss function

employs the weighting factors in the total lossclion to obtain

multi-response signal to noise (S/N) ratio.

AISI 316L stainless steel material has high cokm@siesistance
properties and hence finds many applications imate industries,
aircraft designs and in manufacture of medical egipa. The
formation of burrs during drilling is a major prebh due to large
strain hardening coefficients and ductility of therk materials.
One of the most common cutting tool materials foillidg of
stainless steel is HSS (Kim et al., 2001). Hencg&SHonventional
twist drills were used for drilling experiments.

This paper presents the application of Taguchi'sliu loss
function concept for multi-objective drilling prog® optimization to
determine the best combination values of cuttirepdpy), feed ),
point angle §) and lip clearance angle) for a given drill diameter
in order to simultaneously minimize burr heigh,)( and burr
thickness B;) during drilling of AISI 316L stainless steel
workpieces using high speed steel (HSS) twistdrill

Nomenclature

By, = burr height, mm

B: = burr thickness, mm

Cl = confidence interval

d = drill diameter, mm

f = feed, mm/rev

k = number of factors

Lj = quality loss function for théiquality characteristics at
the " trial

I = number of levels for each factor

N; = normalized quality loss associated with  uality
characteristic at{' trial

PC = percent contribution

TL = total loss function for"] trial

v = cutting speed, m/min
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Ve, = mean square of pooled error
Greek Symbols
n, = multi-response S/N ratio fol'jtrial
0 = point angle, degree
¢  =lip clearance angle, degree
U  =degrees of freedom

M ethodol ogy

Taguchi parameter design

Taguchi parameter design is an effective methodolégr
finding the optimum levels of controllable factots make the
product or process insensitive to noise factoraRe, 1989; Ross,
1996). Taguchi method is based upon orthogonay axperiments,
which allows the simultaneous effect of severakpss parameters.
Taguchi suggests S/N ratio as the objective fundiiw orthogonal
array experiments and to measure the quality cteisiics. The
S/N ratio also indicates the degree of predictaelformance in the
presence of noise factors. Taguchi classifies itleabto noise ratio
into smaller the better type, larger the betteretgmd nominal the
best type based on the type of objective functi®haflke, 1989;
Ross, 1996).

The analysis of means (ANOM) is used to deterntieedptimal
levels of the process parameters in Taguchi dediga. ANOM is
also used for estimating the main effects of eatampeter, and the
effect of a factor level is the deviation it caugesm the overall
mean response (Phadke, 1989). The process parase#iag with
the highest value of S/N ratio is the optimal gyalvith minimum
variance in the experimental design space. Theysisabf variance
(ANOVA) in Taguchi analysis establishes the relatimportance of
process parameters and is performed on S/N ratiasbtain the
percentage contribution (PC) of each of the pararmetPhadke,
1989; Ross, 1996).

Multi-response optimization using quality loss function

The multi-performance characteristic optimizationsing
Taguchi’'s quality loss function employs the weightifactors in
total loss function (Ames et al., 1997). Taguchédua loss function
to determine the deviation between the experimesuta desired
values. This loss function is further transformedoia multi-
response S/N ratio. In the process optimizationhwitultiple
performance characteristics, each performance ctegistic may
belong to a different category in the analysis /df &tio.

In the present work, the objective is to simultarsdp minimize
burr height and burr thickness at the exit of hateslrilling. The
simultaneous minimization of performance charastes is
obtained by considering lower the better type aatedPhadke,
1989; Ross, 1996). The quality loss function foe th quality
characteristics at thg" trial in an orthogonal array for lower the
better type is given as:

- 2
L=z @)
where z is thei™ performance characteristic value in fi¢rial.

In a process with multiple responses, the losstfondor every
performance characteristic is normalized and thenatized quality
loss associated witff quality characteristic 4f' trial is given by:

—

N, = @

i
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whereLi=—3 L, is the average loss function dF characteristic
ni=t
due ton trials.

In the weighting method of computing total qualityss
function, proper weighting factors to each of tleemalized quality
loss function are to be assigned. Fpmumber of performance
characteristics, the total loss function jBtrial is given as:

TL=3wN, ®

where w; is the scalar weighting factor foi™ performance
characteristic. Taguchi loss function for multigesse optimization
requires the maximization of multi-response S/Norathe multi-
response S/N ratio f¢f trial can be expressed as:

n = -10log,,(TL,) (4)

Experimental Procedure

Experimental parametersand their levels

In the present study, four process parameters, Iyametting
speed ), feed {), point angle §) and lip clearance angle) were
identified. The drilling of AISI 316L stainless slework material
is usually performed in the industries with cuttisgeed in the
range 8-24 m/min using HSS twist drills. The feedthe range
0.04-0.12 mm/rev is normally preferred with higldeitl diameters
in order to avoid excessive temperature rise durdrdling
operation. The range of point angle for drilling sthinless steel
was selected based on the investigations carriddbguStein
(1997). The range of lip clearance angle was fiaed8-12 based
on preliminary experiments. Accordingly, the ranget the
process parameters were selected in the preseestigation.
Each parameter was investigated at three levetsudy the non-
linearity effect of process parameters. The idedifprocess
parameters and their levels are given in Table 1.

Table 1. Process parameters and their levels.

Levels
Code | Parameters 1 5 3
A Cutting speedv), m/min 8 16 24
B Feed {), mm/rev 0.04 0.08 0.12
C Point angle ), ° 11¢ | 126 [ 134
D Lip clearance angley),® | 8 10 12

Planning for experiments

Taguchi parameter design begins with the selectain
orthogonal array with number of level§) defined for each of
process parametewsf,  andy. The minimum number of trials in
an orthogonal array is given by:

N,..=(1-1)k+1 5)
where k = number of parameters = 4. This gi%s, = 9 and hence,
according to Taguchi quality design concept (Phadle89; Ross,
1996). Ly orthogonal array has been selected, which haswg ro
corresponding to number of test trials with reqdiilumns. The
experimental layout for drilling process parametersing Lo
orthogonal array is shown in Table 2.
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Table 2. Experimental layout of process parameters as per Lgorthogonal array.

Trial no. Levels of process parameters
A B C D

1 1 1 1 1
2 1 2 2 2

3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3 1 3 2

8 3 2 1 3
9 3 3 2 1

Experimentation and Burr Size M easur ement

The drilling experiments were performed on a theris-YCM-
V116B’ CNC vertical machining center (Make: Yeong Chi
Machinery Industries Co., Taiwan) with a Fanuc ocoligr. The
CNC machine is equipped with a 15 kW drive motoheT
machining center has a maximum feed rate of 5000mmmmand a
spindle speed from 45-4000 rpm. The maximum tataleet along
X-axis is 1100 mm and along Z-axis is 630 mm. Thaximum
saddle travel along Y-axis is 600 mm. A drillingtfire was used to
clamp the specimens onto a flat surface and th@agser is to
maintain the perpendicularity of the exit surfadetlee hole and
spindle of the machine. The fixture consists of ®l@mps, which
can be tightened to hold the edge of the specimen the flat
surface. The fixture contained a slot in betweenftht surfaces on
which the specimen rested. The seat of the fixtuas perfectly
ground to create a flat surface perpendicular & dpindle before
mounting the specimen for drilling. The fixture wasunted in the
vise on the machine tool table.

The 25 mm thick AISI 316L stainless workpieces wesed for
all drilling experiments. The chemical compositiand mechanical
properties of the work material are listed in TaBleThe work
specimens were annealed at 1060 #ClGsoaked for one hour and
then quenched in water. The workpieces were paligirethe exit
surfaces before drilling to prepare for the optlwadr measurement.

Table 3. Chemical composition and mechanical properties of AISI 316L
stainless steel.

0.026 C, 0.37 Si, 1.6 Mn, 0.029 P,
0.027 S, 16.55 Cr, 10.0 Ni, 2.02 Mo,
0.16 Co, 0.036

Tensile strength: 582 - 591 MPa
Yield strength: 30(- 331 MP«
Elongation: 53%

Hardness: 170 BHN

Reduction of area: 73

Chemical
composition (wt%)

Mechanical
properties

HSS parallel shank stub series twist drills (Makedison &
Co. Ltd., India) confirming to I1S: 5100/DIN: 1897#8 328/ I. S.
O specifications were used for the experimentatidre different
point angle and lip clearance angles were grourgkasrthogonal
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The burr height and burr thickness were measureéRBR-400’
toolmakers’ microscope (Make: Sicherun-Gen Versel@armany)
with a resolution of Jum at 30X magnification. To measure burr
height, the focus was put on top of burr and therexit surface.
The burr height is the distance between two fohie Burr thickness
was measured by reading the distance between suméace of
drilled hole and the location at which curvaturerobt of burr
begins. The observed burrs were more or less umifduring the
drilling experiments. The burr heighB{) and burr thicknessBY)
values were recorded at four equally spaced lotateround the
circumference and the mean reading was the praesgense. In
order to avoid systematic errors, the trials wexredomized. The
measured values of burr height and burr thicknessesponding to
L orthogonal array for selected drill diameters pfl@, 16, 22 and
28 mm are illustrated in Table 4. The burrs obstraethe exit of
holes during experimentation for 16 mm drill diagretare
illustrated in Fig. 1.

Figure 1. The observed burrs at the exit of holes during drilling
experimentation for 16 mm drill diameter.

Results and Discussion

Analysis of experimental data

In order to optimize the multiple performance clotesastics,
namely,B,, andB;, Taguchi’'s quality loss function concept has been
employed in the present study. The loss functionsmalized loss
functions for each of the responses, total lossctfan and
corresponding multi-response S/N ratios for eadhl tof Lg
orthogonal array were determined using Egs. (1)&aQ are
presented in Tables 5, 6, 7, 8, and 9 for drilhthters of 4, 10, 16,
22 and 28 mm respectively. In the present invetigatotal loss
function was computed using weighting factor of, Ghich gives
an equal importance to bolj andB,.

Analysis of meansand analysisof variance

The analysis of means (ANOM) is carried out for getected
drill diameters of 4, 10, 16, 22 and 28 mm to detee the optimal
levels of the process parameters (Phadke, 1989%). rébults of
ANOM are represented in response graphs (Figs, 2, 8 and 6).
The level of a parameter with highest value of &b is the best
combination level. In order to investigate the eféeof drilling
process parameters quantitatively the analysis afriamce
(ANOVA) is performed. The ANOVA is accomplished by
separating total variability of multi response Srétio, which is
measured by sum of squared deviations from totalme multi
response S/N ratio into percent contribution (P€)elach of the
parameters and the error (Phadke, 1989; Ross, 1Bafles 10, 11,
12, 13, and 14 summarize the ANOVA results of mize for drill

array.'Cut60EP’ water-soluble oil was used as coolant throughowdiameters of 4, 10, 16, 22 and 28 mm respectively.

the experimentation.
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Table 4. Measured values of burr height and burr thickness for different drill diameters.

Trial d=4 mm d=10 mm d=16 mm d=22mm d=28 mm
no. ) Bn B By B Bn By By By By B
(mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm)
1 0.10: | 0.021 | 0.127 | 0.13¢ | 0.05¢ | 0.12¢ | 0.23¢ | 0.07Z | 0.561 | 0.05¢
2 0.321 0.156 | 0.228| 0.102 0.172 0.152 0.223 0.176.2420 | 0.121
3 0.929 0.155| 0.752| 0.186 054y 0.269 0444 0.309.2100| 0.307
4 0.583 0.217| 0521 0.166 0.461 0.246 0507 0.281.6570 | 0.294
5 0.816 0.197 | 0.545| 0.085 0.3583 0.134 0.265 0.081.3190 | 0.049
6 0.45F | 0.20¢ | 0.31Z | 0.17C | 0.36¢ | 0.19¢ | 0.572 | 0.18¢ | 0.791 | 0.12(
7 0.791 0.208 | 0.584| 0.165 0.379 0.214 0.305 0.219.3620 | 0.162
8 0.607 0.173| 0.417| 0.139 05183 0.194 0.713 0.209.9830 | 0.181
9 0.517 0.251| 0.326| 0.152 0.288 0.1530 0.355 0.105.5260 | 0.036
Table 5. Computed values of multi-response S/N ratio for d =4 mm.
Trial Loss. Normalized loss Total_loss Multi-rgsponse
no. ) function function function S/N ratio
Ly; Ly Ny Ny; (L) (1), dB
1 0.01060' | 0.00044. | 0.02766! | 0.01266° | 0.02016: 16.953:
2 0.103041 | 0.024336| 0.268734  0.69907 0.4838[77 841%2
3 0.863041 | 0.024025| 2.250837 0.690087 1.470462 74546
4 0.339889 | 0.047089| 0.886441 1.352571 1.119506 90aat
5 0.665856 | 0.038809 1.7365783  1.114738 1.425656 401%
6 0.20702! | 0.042431 | 0.53992" | 1.21891! | 0.87942 0.5580:
7 0.625681 | 0.043264 1.63179%  1.242703 1.437249 7535
8 0.368449 | 0.029929| 0.96092¢6 0.859672 0.910299 805
9 0.267289 | 0.063001] 0.697098  1.809622 1.25336 0U®8
Table 6. Computed values of multi-response S/N ratio for d = 10 mm.
Trial Loss_ Norm_alized loss Total_loss Multi-re_sponse
no. ) functior functior function S/N ratio
Ly Ly; Nyj Ny; (TL) (1), dB
1 0.016129 | 0.018225| 0.075579 0.834495 0.455037 983PL
2 0.051984 | 0.010404| 0.243593 0.476383 0.359988 7448
3 0.56550: | 0.034591 | 2.649901 | 1.58409: | 2.11700: -3.2572:
4 0.27144. | 0.02755 | 1.2719! 1.26174 | 1.26684! -1.0272!
5 0.297025 | 0.007225 1.39183%5 0.330822 0.861328 8813t
6 0.097344 | 0.0289 0.456144 1.323287 0.889717 0&D74
7 0.341056 | 0.027225 1598161  1.246591 1.4223[76 3014
8 0.17388' | 0.01932. | 0.8148: 0.88467' | 0.84975. 0.70706!
9 0.106276 | 0.023104| 0.498001 1.057897 0.777949 0499
Table 7. Computed values of multi-response S/N ratio for d = 16 mm.
Trial Loss_ Normalized loss Totallloss Multi-rgsponse
no. ) function function function S/N ratio
Ly Lo; Ny Ny; (TL) (n;), dB
1 0.003136 | 0.015876 0.021818 0.427296 0.224557 6B3B
2 0.029584 | 0.023104| 0.205821 0.621835 0.413828 18(&3
3 0.299209 | 0.072361 2.081649 1.947567 2.014608 419.0
4 0.212521 | 0.060516 1.47854% 1.628763 1.553664 1354
5 0.124001 | 0.017001 0.862696 0.457578 0.660137 367D
6 0.13542. | 0.03960: | 0.94216! | 1.06584! | 1.00400! -0.0173¢
7 0.143641 | 0.045796 0.99933% 1.232581 1.115958 76a@8
8 0.263169 | 0.037636 1.830912 1.012958 1.421935 288.5
9 0.082944 | 0.0225 0.577056 0.605578 0.591307 29817
J. of the Braz. Soc. of Mech. Sci. & Eng. Copyright 0 2012 by ABCM July-September 2012, Vol. XXXIV, No. 3 /241
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Table 8. Computed values of multi-response S/N ratio for d =22 mm.

Trial Loss_ Normalized loss Totall loss Multi-rgsponse
no. ) functior functior function S/N ratio
Ly; Lo; Ny; No; (L) (), dB
1 0.05569! 0.00518: 0.29758! 0.13789! 0.21774. 6.62057
2 0.049729 0.031625 0.265708 0.788268 0.527067 2268
3 0.197136 0.095481 1.053303 2.5398716 1.79659 42%4
4 0.257049 0.078961 1.37342 2.10043 1.736925 -88B97
5 0.070225 0.006561 0.375214 0.174528 0.2748/71 83D
6 0.32718. 0.03385! 1.74815: 0.90059! 1.32437! -1.2201:
7 0.093025 0.047961 0.49703% 1.275804 0.8864{19 360
8 0.508369 0.043681 2.71623 1.161952 1.9390p1 5987
9 0.126025 0.011025 0.67335%5 0.293274 0.483315 789%
Table 9. Computed values of multi-response S/N ratio for d =28 mm.
Trial Loss function Normalized loss Totall loss Multi-rgsponse
no. () function function S/N ratio
Ly Ly Ny Ny; (TL) (m;), dB
1 0.314721 0.003481 0.960008 0.113548 0.5367[78 2050
2 0.058564 0.014641 0.17864 0.477581 0.3281111 4839
3 0.0441 0.094249 0.13452 3.074351 1.604485 -2D532
4 0.431649 0.086436 1.316679 2.819495 2.068087 5584
5 0.10176: 0.00240: 0.310401 0.07831! 0.19436: 7.11386!
6 0.625681 0.0144 1.908544 0.46972 1.189182 -0.7523
7 0.131044 0.026244 0.39973 0.856065 0.6278Pp7 201
8 0.966289 0.032761 2.947516 1.068646 2.008081 278D
9 0.276676 0.001296 0.843958 0.0422715 0.4431[16 4858
; Drill diameFer =4mm ) Drill diameter = 10 mm
—6— cCutting speed
—8— Feed i 1. & |
—6— Point angle 1
—%— Lip clearance angle 10 |
4r Overall mean
o o 0.5F =
E 3+ g Oi(/' \\\\“ \Q§k\\\
% 2 % 0 O <
—©— Cutting speed
1r 05 —HB—Feed
ol —— Point angle
al —%— Lip clearance angle
At Overall mean
2 5 13y 2 3
Level
Level

Figure 2. Response graph of multi-response S/N ratio for burr size (d =4 mm).
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Figure 3. Response graph of multi-response S/N ratio for burr size (d =10 mm).
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Drill diameter = 16 mm

4
—— Cutting speed

3 —B8— Feed
—&— Point angle

2< —— Lip clearance angle

Overall mean

/
/
!

1 2 3
Level

Figure 4. Response graph of multi-response S/N ratio for burr size (d =16 mm).

Drill diameter = 22 mm

—©— Cutting speed
—B— Feed

—O— Point angle 1
—%— Lip clearance angle
Overall mean

S/N ratio
S

-3 I
1 2 3
Level

Figure 5. Response graph of multi-response S/N ratio for burr size (d =22 mm).

Drill diameter = 28 mm

S/N ratio

0
—©— Cutting speed
1 —8— Feed
—&0— Point angle
2 —— Lip clearance angle

Overall mean

1 2 3
Level

Figure 6. Response graph of multi-response S/N ratio for burr size (d =28 mm).
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Since ANOVA has resulted in zero degree of freedorrerror
term, it is necessary to pool the parameter halaag influence for
correct interpretation of results. It can be seemfthe ANOVA
tables that point angle and lip clearance anglee hsignificant
effects in minimizing the burr size. On the othand, cutting speed
and feed have moderate effects in controlling thre &ize.

Verification experiments

To predict and verify the performance characterissing optimal
level of design parameters, the predicted optimafoevof S/N ratio
(70p9 is determined and is given by (Phadke, 1989; Ri&85):

N =M+ 3 [(M, ), =] ©

where(m;;)maxis the S/N ratio of optimum levebf factorj andp is
number of main design parameter that affects thedize.

Table 10. Results of ANOVA for burr size (d =4 mm).

Factor DOF| SS mMs | Pure | pc
sum
A 2 91.13 4557 4352 15.42
B 2 52.3¢ 26.1 4.7: 1.6¢
C 2 91.25 45.63 43.65 15.46
D 2 47.6( 23.8( - -
Error 0 0 - - -
Pooled errc | (2) (47.60 | (23.80 | - -
Total 8 282.32| 35.29 - -
Table 11. Results of ANOVA for burr size (d =10 mm).
Factor DOF | SS mMs | Pure | pc
sun
A 2 4.30 2.15 - -
B 2 9.58 4.79 5.269 11.71
C 2 16.85 8.43 12.54| 27.88
D 2 14.25 7.13 9.94 22.10
Errot 0 0 - - -
Pooled error | (2) (4.30)| (2.15) - -
Total 8 44.98 5.62 - -
Table 12. Results of ANOVA for burr size (d = 16 mm).
Factor DOF | ss mMs | Pure | pc
sum
A 2 11.7¢ 5.8¢ 6.5€ 8.81
B 2 5.20 2.60 - -
C 2 9.16 4,58 3.97 5.32
D 2 48.36 24.18 43.17| 57.98
Error 0 0 - - -
Pooled errc | (2) (5.20 | (2.60 | - -
Total 8 74.47 9.31 - -
Table 13. Results of ANOVA for burr size (d =22 mm).
Factor DOF | SS Ms | Pure | pc
sum
A 2 6.74 3.37 6.45 6.22
B 2 7.2€ 3.6: 6.9¢ 6.7:
C 2 0.28 0.14 - -
D 2 89.42 4471 89.14 85.96
Error 0 0 - - -
Pooled error (2) (0.28) (0.14 - -
Total 8 103.70 12.96 - -
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Table 14. Results of ANOVA for burr size (d =28 mm).

Factor | DOF | SS mMs | Pure | pc
surr

A 2 1.60 0.80 - -

B 2 13.5¢ 6.7€ 11.9¢ | 11.0¢

C 2 12.19 6.10 10.59 9.82

D 2 80.47 40.24 78.87 73.1

Error 0 0 - - -

Pooled

error ) (1.60) (0.80) - -

Total 8 107.83 13.48 - -

V. N. Gaitonde and S. R. Karnik

angle provide enough support for drilling edgesisaag the drill to
easily break the chips, resulting into smaller buffurther, low
values of feed ensure minimum thrust, which in tdetermines the
amount of material that undergoes the plastic deftion. The
larger point angles assure maximum lip movementhe earliest
possible time to avoid work hardening, resultingpismall burrs
due to change in chip flow direction. Further, Bager point angles
at higher drill diameter values induce the axiapdtow direction,
which results the strain at the drill point thasiealler than the exit
edge of the hole, giving rise to smaller burrs.

From the above discussions it is evident that #twpiirement

The confidence interval (Cl) is determined to judgee
closeness of observed S/N ratig, value with that of predicted
value (op) and is given by (Ross, 1996):

of process parameters to minimize burr size isedfit for
different drill diameters. Thus, with proper selent of process
parameters, it is possible to minimize the burres& all drill
diameter values specified.

Conclusions
_ 1 1 Taguchi’s quality loss function approach, a muisponse
Cl= F(lﬂe )Ve( n + n, ) W) optimization method, has been employed in the ptesgestigation
eff er

where F(]-:Ue) is the Fishewvalue for 95% confidence interval,

U, is the degrees of freedom for pooled erfdly is the mean

e

square of pooled erromg = , N is the total trial number in

1+v
orthogonal array,v is the degrees of freedom pffactors and

Nyer is the confirmatory test trial number.

Here, the best combination values of the procesanpeters
obtained through Taguchi optimization were setlier selected drill
diameters and the workpieces of the same batchesdvidled. The
observed value of S/N ratiojf9 is compared with that of the
predicted value 7). Table 15 illustrates the confirmatory test
results for the selected drill diameters. It isestved from the table
that the prediction error, i.e., the differencewmsn o, andyqps is
within Cl value, indicating the adequacy of the burr size eled

Discussion on optimization results

From Taguchi optimization results, it is found tltla¢ optimal
values of cutting speed and lip clearance angletatew levels i.e.
cutting speed at 8 m/min and lip clearance ang8 far all the dfill
diameters specified. On the other hand, the reopging of feed is
low (0.04 mm/rev) for a 4 mm drill diameter and nued level
(0.08 mm/rev) for other drill diameters. Furthérisi also observed
that larger point angle is required for higher|dtibmeters beyond
16 mm in order to minimize the burr size.

It is obvious that at higher cutting speed tempeeaincreases
with the increase in feed, which helps the matedadleform more
easily and thus increase in burr size. The loweslf lip clearance

to determine the best combination values of propesameters for
simultaneously minimizing the burr height and hthickness at the
exit of holes in drilling of AISI 316L stainlessestl with HSS twist
drills. The experiments were planned as pgrorthogonal array
under different conditions of cutting speed, fggaint angle and lip
clearance angle for specified drill diameter. Thetiroal levels of
process parameters were identified through ANOM thedrelative
significance of the process parameters was detechiiy ANOVA.

The following conclusions are drawn from the présewnestigation

within the ranges of the process parameters selecte

» The optimal values of cutting speed and lip cleegaangle are at
low level, i.e. 8 m/min and °8respectively, for all the drill
diameters specified. Further, from ANOM it is atduserved that
optimal levels of cutting speed and lip clearancmla are
independent of drill diameter in minimizing the baize.

« The requirement of optimal feed is at low level0o®4 mm/rev
for a 4 mm drill diameter, while the medium levéloo08 mm/rev
is necessary in controlling the burr size for otbell diameters
selected.

» Smaller point angle of 128s found to be suitable for the drill
diameter in the range 4-16 mm, while the largempaingle of
134 is necessary for drill diameters beyond 16 mm, rioten to
minimize the burr size.

* ANOVA indicates that point angle has significantffeef in
reducing the burr size for 4 mm and 10 mm drillndégers. On
the other hand, lip clearance angle has major ibartion in
controlling the burr size for 16 mm, 22 mm and 2& rdrill
diameters.

* The validation experiments confirmed that the adeliimodels
are adequate for determining the optimal burr site95%
confidence interval.

Table 15. Confirmatory test results.

Performance measu d=4mm | d=10mn | d=16mn | d=22mn | d=28 mn
Levels (A, B, C, D) 1,1,1,1 1,211 1,21,1 3,2, 1,2,3,1
S/N predicte (7o), dB 13.78¢ 4.08¢ 5.94¢ 7.11¢ 7.29:2
S/N observedyqys), dB 16.953 8.271 10.890 7.374 10.143
Predicted error of, dB 3.165 4.187 4.944 0.255 2.851
Confidence interval (Cl), d +27.97¢ +8.41¢€ +9.32¢ +2.15% +5.13¢
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