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Abstract: Problem statement: Electrical Discharge Machining (EDM) has grown ottee last few
decades from a novelty to a mainstream manufagfuprocess. Though, EDM process is very
demanding but the mechanism of the process is @mghd far from completely understood. It is
difficult to establish a model that can accurateigdict the performance by correlating the process
parameters. The optimum processing parameters ssential to increase the production rate and
decrease the machining time, since the materidlgshnare processed by EDM and even the process is
very costly. This research establishes empiricidticns regarding machining parameters and the
responses in analyzing the machinability of thénttas steelApproach: The machining factors used
are voltage, rotational speed of electrode and fee over the responses MRR, EWR and Ra.
Response surface methodology was used to investthat relationships and parametric interactions
between the three controllable variables on the MR®R/R and Ra. Central composite experimental
design was used to estimate the model coefficiehthe three factors. The responses were modeled
using a response surface model based on experimesats. The significant coefficients were
obtained by performing Analysis Of Variance (ANOVA) 95% level of significancdresults: The
variation in percentage errors for developed models found within 5%Conclusion: The developed
models show that voltage and rotary motion of etelt are the most significant machining parameters
influencing MRR, EWR and Ra. These models can fgel us get the desired responses within the
experimental range.

Key words: EDM milling, modeling, Response Surface Methodold®5M), MRR, EWR, surface
roughness

INTRODUCTION miniaturization of components made by these costly
and hard materials. Electrical Discharge Machining
There is a heavy demand of the advanced materia{fEDM) has grown over the last few decades from a
with  high strength, high hardness, temperaturenovelty to a mainstream manufacturing processs |t i
resistance and high strength to weight ratio in thewidely and successfully applied for the machinirfg o
present day technologically advanced industrieg lik various workpiece materials in the said advanced
automobile, aeronautics, nuclear, mould, tools died industries (Snoyes and van Dijck, 1971). It is ertial
making industries etc. This necessity leads towgiai  process with a complex metal removal mechanism,
of advanced materials like high strength alloys,involving the formation of a plasma channel between
ceramics, fiber-reinforced composites etc. In maiclgy  the tool and workpiece electrodes, the repetitparlss
of these materials, conventional manufacturinginstigate melting and even evaporating the eleesod
processes are increasingly being replaced by morim the recent years, EDM is firmly established floe
advanced techniques, which use different fashion oproduction of tool to produce die-casting, molding,
energy to remove the material because these adyanctorging dies etc. The advantage of EDM processsis i
materials are difficult to machine by the convensib capability to machine difficult to machine matesial
machining processes and it is difficult to attaimod  with desired shape and size with a required dinogasi
surface finish and close tolerance. With theaccuracy and productivity. Due to this benefit, EL¥V
advancement of automation technology manufactureran illustrious technique used in modern manufacturi
are more fascinated in the processing andndustries for high-precision machining of all tgpef
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conductive materials, alloys and even ceramionodeled the surface roughness in machining of Glass
materials, of any hardness and shape, which waald h Fiber Reinforced Plastic (GFRP) composite materials
been difficult to manufacture by conventional He employed four factors five level central compmsi

machining. rotatable design matrix for experimental investaat
In die sinking EDM, the shapes of mould cavitiesand used ANOVA for validation of the model.
are directly copied from that of tool electrode. Few researches have been reported about modeling

Therefore, the fabrication of tool electrode in theof process parameters of EDM by response surface
correct shape is very important as well as timemethodology. Most of the cases the researchers used
consuming job. Moreover, when the shape of theelectrical parameters like current, pulse on tinmel a
expected cavities changes or the wear of the todluty cycle as process parameters. However, non-
electrodes exceeds a certain limit, they must beade, electrical process parameters like rotational spekd
wasting both time and money. To deal with thiselectrode, flushing of dielectric fluid and feederalso
problem, EDM milling is the useful process where have significant influence on the EDM performarice.
material removal takes place along the path irstimae  this experiment, prediction model of EDM performanc
way as a cutting tool does in traditional milling. measures like MRR, EWR and Ra have been
Electrical Discharge milling (ED-milling) is a developed. The combinations of electrical and non-
machining process where a cylindrical tool electrod electrical process parameters like Voltage (V),
follows a predefined programmed path in order torotational speed of electrode (N) and feed rateak®
obtain the desired shape of a part (Mikessial., 2009). used as input parameters. A Central Composite Desig
Since, standard tool electrodes are used; the @mipa (CCD) for combination of variables and Response
time for EDM milling is dramatically reduced. Thdug Surface Method (RSM) have been used to analyze the
EDM process is very demanding but the mechanism oéffect of the three process parameters on the
the process is complex and far from completelyperformance of EDM milling process.

understood. Therefore, it is troublesome to esthbé

model that can accurately predict the performange b MATERIALSAND METHODS

correlating the process parameters. The optimum  The experiments were designed by using Design
processing parameters are very much essential foxpert Software (DOE). Response Surface Methodology
establish to boost up the production rate to aelarg(RSM) was used as a tool for development of a
extent and shrink the machining time, since thesgyediction model of MRR, EWR and Ra.
materials, which are processed by EDM and even the
process is very costly (Mandetlal., 2007). Response surface methodology: Response Surface
Quite a lot of research attempts have been made fqyethodology (RSM) is a collection of mathematical
modeling of EDM process and investigation of theang statistical techniques that are useful for ringe
process performance (Mandalet al., 2007, and analyzing of problems in which an output or
Palanikumar, 2007; Lin and Lin, 2005). Improvin@th response influenced by several variables and takigo
Material Removal Rate (MRR) and surface quality aso find the correlation between the response amd th
well as reducing electrode wear are still challaggi variables. It can be used for optimizing the resgon
problems that restrict the expanded applicationthef  (Montgomery, 2008). It is an empirical modelization
technology (Wangt al., 2003). Semi-empirical models technique devoted to the evaluation of relations
of MRR, Electrode Wear Ratio (EWR) and surfaceexisting between a group of controlled experimental
Roughness (Ra) for various workpiece and tookactors and the observed results of one or more
electrode combinations have been presented by Wangected criteria. A prior knowledge of the studied
and Tsai (2001). Luigt al. (2005) have studied the process is thus necessary to achieve a realistitemo
influence of pulse current, pulse time, duty cyoeen-  |n the present study, three experimental factoes ar

circuit voltage and dielectric flushing pressureeothe  selected which are capable of influencing the stddi
MRR, EWR and Ra on tungsten carbide. To attain highyrocess yield. They are V, N and f.

MRR, low EWR and smooth surface in EDM, a stable  The first step in RSM is to find a suitable
machining process is required, which is partlyapproximation for the response surface and check
influenced by the contamination of the gap betwi¥en  \whether or not this model is adequate by using.data
workpiece and the electrode and it also dependb®n  this experiment, MRR, EWR and Ra were modelled in
size of the eroding surface at the given machirégime  terms of V, N and f. These response factors can be
(Valentincic and Junkar, 2004). Palanikumar (2007), correlated with the process parameters by the\fitig

his research using Response Surface Method (RSMbelationship:
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y=y-e=h+bA+bB+0C (€)) hand, levels of 1000 and 1500 rpm as well as leveds
and 6 pm seé were selected for rotational speed of
I:lere: ) electrode and feed rate respectively. The three
y = The predicted value machining factors and their selected levels arevshio
y = The measured value of the responseraple 1. The selected response variables for thidys
factors i.e., MRR, EWR or Ra are the MRR, EWR and Ra
ABandC  =The voltage, rpm and feed rate  The workpiece material chosen for this research

respectively o work is stainless steel AISI 304. This material is
bo b, b, and g = The model coefficients to  be gglected due to its growing range of applicationthi
estimated field of manufacturing tools in mould industriesher
€ = The experimental error workpiece used in the study was precisely cut ® th
The second-order model can be extended from thg|men5|on of 10Q30><8 mm._Copper was used as the
first-order model's Eq. 1 as follows: eIe_ctro_de material for this expenn_u_ant haw_ng a
cylindrical shape of 78p 5 mm (of positive polarity).
y=y-e=by+ b A+b,B+bC+hAB+bsAC Copper was selected as the electrode material hmased
+ by BC + by A% + by B? + by C? (2) its good electrical and thermal conductivities,
cheapness and availability and machinability.

The second order response equation considers the The EDM milling experiments were performed
influence of single factor along with their quaitand on EDM machine Microtools Integrated Multi
interactive effects over the responses. Thus, ves)i Process Machine Tools DT 110. A total of 20 tests
more effective prediction of the responses. Finallywere conducted as per the values provided by the
Analysis Of Variance (ANOVA) is used to verify and DOE. The electrode was mounted on the spindle
validate the model. and the work piece was mounted on the EDM

tank of the machine. A program was written so that

Experimental procedure: A number of experiments gpm milling can be performed as per the stuiynp
were conducted to study the effects of various

machining parameters on EDM milling process. Th

. . L eI'able 1: Factors and levels selected for the expesris
input parameters which were varied in the presemtys

were the voltage, rotational speed of the electramld Levels
feed rate while other factors such as dielectrigdfl Factors -1 +1
pressure, polarity of the electrode and capacitanceoltage, V (V) 80 120
maintained constant. Consequently, the factor $eve|Rotational speed of electrodé,(rpm) 1000 1500
that are chosen for voltage are 80-120 V. On therot Feed rate. f (um ség 4 6
Table 2: Central Composite Design (CCD) matrix egglilts obtained for the responses

Voltage Rotational speed of Feed rate MBRE&® EWR Ra
Run Block V) electrode (rpm) (um Séc (mnPmin™) (%) (um)
1 Block 1 120.00 1500.00 4.00 6.6834 55.00 1.10
2 Block 1 100.00 1250.00 5.00 2.8115 35.00 1.02
3 Block 1 120.00 1000.00 4.00 3.6157 78.00 1.16
4 Block 1 80.00 1500.00 6.00 4.9215 48.00 0.83
5 Block 1 80.00 1000.00 6.00 3.9877 61.33 0.90
6 Block 1 120.00 1000.00 6.00 5.2159 83.00 1.19
7 Block 1 100.00 1250.00 5.00 2.9734 42.00 0.95
8 Block 1 100.00 1250.00 5.00 3.1002 40.00 0.96
9 Block 1 100.00 1250.00 5.00 3.1105 38.00 1.02
10 Block 1 120.00 1500.00 6.00 6.9112 97.00 0.95
11 Block 1 80.00 1500.00 4.00 3.6584 42.00 0.80
12 Block 1 80.00 1000.00 4.00 2.1914 61.60 0.83
13 Block 2 100.00 1250.00 6.68 4.8923 54.16 0.87
14 Block 2 100.00 1250.00 5.00 2.5543 45.00 0.98
15 Block 2 133.64 1000.00 5.00 3.8954 68.00 0.83
16 Block 2 100.00 1670.45 5.00 6.6019 63.00 0.82
17 Block 2 100.00 1250.00 5.00 3.7812 37.00 0.84
18 Block 2 100.00 1250.00 3.32 3.0081 59.46 1.00
19 Block 2 100.00 829.55 5.00 5.9661 79.00 1.16
20 Block 2 66.36 1250.00 5.00 3.8897 77.00 0.83
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A depth of 0.15 mm and length of 5 mm were set for
each test. The mass lost from the electrode ané wor
piece and machining time were recorded after each
test. The mass lost from the electrode and worlkpiec

was weighed using a digital weighing scale and
recorded. After completion of all the experiments,

surface
roughness measuring equipment Mitutoyo Surftest
(SV-514). The tester uses Surfpak V4.10 (2)
software. The MRR and EWR were calculated using
the following equation:

Volume of material removed from workpie:
Machining time

MRR =

Volume of material removed from electrode
= X100%

EWR = - -
Volume of material removed from workpiece

The Experimental results are shown in Table 2.
RESULTSADN DISCUSSION

In the results, models as well as experimental

results of the responses have been analyzed. Model

analysis was made in line with the design-expert
version 6.0.8, while the analysis of the MRR, EWR
and surface roughness was carried out in line thigh
behavior of the machining parameters on the
responses.

Table 3: Fit summary for MRR

roughness was measured using surface

Material Removal Rate (MRR) model: It can be
seen from Table 3 that a quadratic model is sugdest
for modeling MRR using a central composite design
(Fit summary; Table 3). The following equation
represents the model developed for MRR:

ﬁ:—o.moz& 3.60148 10 Vv
1.72522 10° N- 0.075391f
-5.04496¢ 10° V- 9.31296x 16 A
-0.017533f + 1.53512 10 VN

+9.52116¢ 10" Vi+ 9.21534 16 Nf

Model adequacy test: Adequacy of the models
developed is validated by checking the statistical
properties to augment the ANOVA table. Properties
such as lack-of-fit, B adjusted Rsquared, predicted
R?-squared and adequate precision are examined. The
analysis of variance (Table 4) shows the p-value
(Probe>F) is less than 0.05 for the developed model
of MRR. This indicates that the model is signifitan

It is also observed from Table 4, that the lacKibf
indicates not significant. This shows that the
guadratic model developed for the MRR adequately
fit the data for the response.

Sequential model sum of squares

Source Sum of squares DF Mean square F value Prob>F

Mean 5.17 1 5.17

Block 1.62%10° 1 1.62%10°

Linear 0.049 3 0.016 2.94 0.0670

2FI 7.15x10°° 3 2.38410°° 0.38 0.7711

Quadratic 0.053 3 0.018 7.13 0.0094 Suggested
Cubic 0.016 4 3.89410° 2.84 0.1410 Aliased
Residual 6.85510°° 5 1.37x10°

Total 5.31 20 0.27

Table 4: Analysis Of Variance (ANOVA) for MRR

Source Sum of squares DF Mean square F value Prob>F

Block 1.62%10° 1 1.62%10°

Model 0.11 9 0.012 4.87 0.01370 Significant
A 0.013 1 0.013 5.17 0.04910

B 0.014 1 0.014 551 0.04350

C 0.022 1 0.022 8.90 0.01540

A? 5.864x10°° 1 5.86410°° 2.35 0.15960

B? 0.049 1 0.049 19.56 0.00170

c? 4.427%10°° 1 4.42%10° 1.77 0.21560

AB 4713107 1 4.71%10°° 1.88%107° 0.96630

AC 2.90x10° 1 2.90k10°® 1.16 0.30889

BC 4.246¢10° 1 4.24&10°° 1.70 0.22440

Residual 0.022 9 2.4980°

Lack of fit 0.016 5 3.13610° 1.85 0.28510 Not significant
Pure error 6.77810° 4 1.69%10°

Cor total 0.13 19
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Tézlble 5: Post ANOVA model adequacy for MRR the action of melting and vaporization of the alede
Rd_ , 09174 and workpiece; this results in higher amount oferiat
’éré;ﬁ 8'23% being removed from both electrodes and hence leads
Adeq precision 10120 high MRR. It is observed in Fig. 2, that increase i

electrode’s  rotary motion from 1000-1250 rpm
shows a trend toward lowering the MRR. This

05 reduction of MRR occurs due to the instability pagsk
0.7 1 at this stage. Due to comparatively low rpm, tharkp
0.6 - produced at this stage cannot concentrate direztlye
T o5 | nearest point of the workpiece. This results inlstaer
E o crater formation which in turn gives low MRR. Besi
g at rpm, higher than 1250 leads to a high MRR. This
= ] —+ Actalvalue because; higher electrode rpm imparts a whirl and
2 02 7 Prediiedvalue effectively flushes the gap, which helps in remgyin
0.1 - smaller and lighter eroded particles from the gap
o — efficiently.

1 3 5 7 9 11 13 15 17 19

No. of experimental run

Electrode Wear Ratio (EWR) model: It is observed
from Table 6 that a quadratic model is suggested fo

Fig. 1: Plot of variation in actual and predictedue of modeling EWR. The developed model for EWR is as
MRR .
follows:
This can be written as: 1
—— =-0.99895+ 8.26218 1B V
i . JEWR
-0.24025+ 3.601487°% W 1.72522 10 N +7.17727% 10" Nr 0.12119f
—0.075391f -3.3870% 10° V- 2.07524 10 N
MRR = -5.04496¢ fz105 V- 9.31298 16 N 818508 15 ¢
-0.017533
-7.53864< 100 VN- 1.69270 1t V
+1.53512 10" VN+ 9.52118 I6 Vf
-2.0043% 10° Nf
| +9.21534x 10° Nf |

It can be observed from Table 5 that the adjusted The equation can be written as:

R?-squared (Adj Rsquared) is greater than 0.7 as part
of the conditions for model adequacy. Further chreck [-0.99895+ 826218 10 V¥ 7.17727XT0 |
on the model adequacy is that the difference batwee +0.12119f

adjusted Rsquared and predicted®Bquared is less

than 0.2 and models adequate precision is 10.12@¢\wR =

py

-3.3870% 10° V- 2.07524 10 N

(which is greater than 4) also indicates that troel@h -8.18508 10° f
is adequate. Moreover, Fig. 1 shows the atianms —7.53864< 10 VN- 1.69278 10 Vi
in the actual and predicted values of MRR. The plot ~2.0043% 1 Nf

shows less variation in the two data, confirmingg the
model can be used to predict the response. From the
foregoing explanation, it has been shown that withe  Model adequacy test: The ANOVA table (Table 7)
experimental region the model developed for MRR carof EWR shows the p-value (Probe> F) is less than
be used to navigate the design space. 0.05 for the developed model of EWR. This indicates
that the model is significant. Moreover, Lack-af-fi
Discussion: Figure 2 shows the 3D surface and contourindicates not significant. This shows that the
plot for MRR. The model indicates that the MRR quadratic model developed for EWR adequately fit
increases with increase in voltage and rpm (Fig. 2)the data for the response. The adjustédsRgreater
High voltage results in high thermal loading thegreb than 0.7 (Table 8) and the difference between &efjlus
increases the energy of a single discharge toititeil R® and predicted Ris not more than 0.2 (Table 8).
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Table 6: Fit summary for EWR

Sequential model sum of squares

Source Sum of squares DF Mean square F value Prob>
Mean 0.37 1 0.37
Block 2.00%10™ 1 2.00%10™
Linear 1.05%10°° 3 3.50%10™ 0.79 0.5181
2FI 4.06x10™* 3 1.35410* 0.26 0.8529
Quadratic 5.09%10°° 3 1.69&10° 13.19 0.0012 Suggested
Cubic 9.20& 10* 4 2.30x10* 4.83 0.0571 Aliased
Residual 2.38010* 5 476107
Total 0.37 20 0.019
Table 7: Analysis Of Variance (ANOVA) for EWR
Source Sum of squares DF Mean square F value Prob>F
Block 2.00%10™ 1 2.00%10™
Model 6.55%10° 9 7.28%10* 5.66 0.0083 Significant
A 4.934x10™* 1 4.93410™* 3.83 0.0819
B 4.63%10™ 1 4.63%10™* 3.60 0.0902
C 9.50%10°° 1 9.50%10° 0.74 0.4125
A? 2.64%10°° 1 2.64%10° 20.53 0.0014
B? 2.42%10° 1 2.42x10°° 18.82 0.0019
C? 9.64%10°* 1 9.64%10V 7.49 0.0229
AB 1.13%10™ 1 1.13%10* 0.80 0.3719
AC 9.16%10° 1 9.16%10° 0.71 0.4206
BC 2.00%10V 1 2.00%10™* 1.56 0.2431
Residual 1.15910° 9 1.28%10*
Lack of fit 9.22(x10™ 5 1.84410* 3.12 0.1467 Not significant
Pure error 2.36610™ 4 5.915V10°
Cor total 7.91810° 19
Table 8: Post ANOVA model adequacy for EWR 015 -
R 0.9366 o16 |
Adj R? 0.8733 '
Pred B 0.6756 0.14 1
Adeq precision 11.774 ~ 012
o 3 0.1
Design-expert plot — — \\\\\ % 0.08 1
1.0/Sqrt (MRRx1073) AT ~~ — 0.06 {—*— Actualvalue
X =A: Voltage B e | —=— Predicted value
Y = B: Rotational speed i o - I 0.04 4
Actual factor = 0st0729 o
C: feed rate = 5.00 5 0471882 0.02 4
E msﬂ / 0 1 I" 3 ‘4 I‘ ‘6 7 8 I9 ‘10 ‘11 12 13 Ili ‘lﬁ ‘16 Il" 18 ‘19 “O
:,ET \‘ 77j77\ ]‘ - 2 2 - 2 2 FA
é_ | ‘_\_\\\\ | No. of experimental run
. e Fig. 3: Plot of variation in actual and predictealues

Design-expert plot
1.0/8qrt (MRRx107#)

o Design point
X = A Voltage
Y = B: Rotatienal speed
Actual factor
C: feed rate = 5.00

i
BRasiondspeed 0N amm
-

= A Voltage
100000 7 80,00

150000

B: Rotational speed

1.0/8grt (MRR>107)

T =

of EWR

Furthermore, the adequate precision of the model is
higher than 4 as part of the conditions for model
e adequacy. Therefore, the adequacy checks on the
- o developed model for EWR have confirmed that the

1080.00

T T
2o @00 wom Ton e

Az Voltage

Fig. 2: 3D surface and contour plot for MRR
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) model is adequate and can be used to navigate

the design space. This is also supported by Fig. 3
which indicates close variation between the actual
and predicted values of EWR. The plot (Fig. 3)
confirms that the model can be used to predict the
response.
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Table 9: Fit summary for Ra

Sequential model sum of squares

Source Sum of squares DF Mean square F Value Prob>F
Mean 21.26 1 21.26
Block 4.89%107° 1 4.89%107°
Linear 0.040 3 0.013 5.59 0.0089 Suggested
2FI 4.005%10°3 3 1.33%10° 0.50 0.6907
Quadratic 7.69910°° 3 2.566107° 0.94 0.4595
Cubic 0.020 4 4.95210°° 5.30 0.0481 Aliased
Residual 4.67410° 5 9.34%10™
Total 21.34 20 1.07
Table 10: Analysis Of Variance (ANOVA) for Ra
Source Sum of squares DF Mean square F Value Prob>F
Block 4.89510°° 1 4.89%10°°
Model 0.040 3 0.013 5.59 0.0089 Significant
A 0.022 1 0.022 8.94 0.0091
B 0.018 1 0.018 7.41 0.0158
C 1.02x10° 1 1.02%10° 0.42 0.5252
Residual 0.036 15 2.4%20°°
Lack of fit 0.032 11 2.89%910° 2.63 0.1813 Not significant
Pure error 4.389c1d 4 1.09%10°
Cor total 0.082 19
and workpiece resulting increase in the discharge
{;;2“;:1;1‘;1:‘ —— energy released for a single discharge. This iseréa

X=A: Voltage
Y = B: Rotational speed
Actual factor

C: feed rate =500

LOrSqrt (EWR)

=
anss < (

\\
\375Dn\
e

125000 = = e
B: Rotational speed 1125.00 —

1000.00 780,00

120

A Vohage

oo

Design-expert plot

1.0/8qrt (EWR) e
® Design point

X=A:Voltage

Y = B: Rotational speed

Actual factor

C: feed rate = 5.00

1w |
|

128000 —

B: Rotational speed

12500 —

1.0/Sqrt (EWR)

Fig. 4: 3D surface and contour plot for EWR

120

Discussion: From Fig. 4, it is found that the EWR
increases with increase in voltage while it deagsas
with increase in rpm. Higher voltage results inr@ase
in the amount of heat energy transfer to the watgi
which eventually affects the two electrodes by mglt
more material on the two surfaces. Higher voltalge a
results in higher thermal loading on both the etmz
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discharge energy strikes the workpiece and aftectss
materials resulting more material removal from the
electrode materials. Thereby, EWR increases. Bsside
the electrode rotation helps in reducing EWR. Isecaf
rotary electrode, the carbide deposition (produicenh
dielectric fluid during EDM) becomes uniform and
spread over a larger area on the circumferencehwhic
prevents electrode wear.

Surface Roughness (Ra) model: Table 9 shows the Fit
summary of Ra. Table 9 shows that the relationship
between Ra and the independent variables is |iveeserd

on the experimental results. The model developeééo
after the analysis of the response is shown below:

Ra

_[1.00887- 1.98726 10 ¥ 1.44669 1G
N +8.64580« 10° f

Model adequacy test: Table 10 shows “Lack of fit
test” for the proposed linear model. The p-value
(Prob>F) in Table 10 shows p value of 0.0089 fa th
model which is significant. Moreover, model adequac
checks for Ra (Table 10) confirmed that the model i
significant by indicating that “Lack of fit” is not
significant. This implies that the model fits tresponse
data. It can be seen from Table 11 that the usael

R? value is 0.9155 which is more than 0.7. The
difference between the adjusted and predictédisR
within 0.2 as recommended for model to be adequate.
The adequate precision of the model is more than 4
(Table 11) which further confirms the model's
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adequacy. Furthermore, the plot of variation oluakt Confirmation test: In order to verify the adequacy of
and predicted values of Ra is shown in Fig. 5. flo¢  the models developed, confirmation runs were
shows close variation between the actual and pestlic performed. Confirmation experiments were carrietl ou
values of Ra and confirms that the model can bd tse {0 validate the models developed for all the respen
predict the response. This was carried out by using the models to pretitiet
response at a particular point. Two experimentsewer
conducted with the parameter setting of V 80 V, N
1500 rpm and f 5.51 um sécand V 120 V, N 1500

Discussion: The results of EDM milling of stainless
steel (AISI 304) show that the main machining

parameters influencing Ra during EDM are the vatag rpm and f 551 um secrespectively. The predicted

and electrode’s rotational speed (rpm). From Fijdt i6 i , :
seen that an increase in voltage results in é/alues and the actual confirmation experimentaliesi

corresponding increase in Ra. This is because as t@;}cE;Te%ar?lfjh:n?egzeltsref):‘dltjr?é a:gnﬁfr::zg?greua:fofg
voltage increases, discharges strike the surfaceneof ’

workpiece more intensely, resulting in larger cdasit EART E\t/.VR and fRa tr?re presented deIabIEII\/IRlR%.
that leads to a deterioration of the surface roeghn onfirmation runs for three response models ( '

On the other hand, Ra improves by increasing[EWR andqt_Ra) r_e"ea' tlhat the_trr)f_zrcg(;tagﬁ_of ifrrcrtﬁk;r
electrode’s rotary motion (rpm). Higher electroghenr WO CONOILIONS IS Very 1ess, within 5vo. 1his alfsrha

produces higher centrifugal force, which efficigntl the _m_odels developed are precisely adequate for
removes smaller and lighter eroded particles frown t predicting the responses.

machining gap and reduces the recast layer thisknes
during machining. Electrode rotation also helpscigfit
flushing of dielectric fluid through the gap whildads to
washing of recast layer. Moreover, temperature
distribution becomes more uniform during increase i
rpm which helps to obtain a smoother surface.
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Table 11: Post ANOVA model adequacy for Ra

Rz 09398 1500.00
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Table 12: Analysis of the confirmation experimeioisMRR
MRR EWR Ra
Predicted Actual Error (%) Predicted Actual Ere) Predicted Actual Error (%)
4.4886<10° 4.695(x107° 4.6 47.56 49.61 4.3 0.81 0.84 3.7
5.434x%10° 5.7x10°° 49 68.96 70.89 2.8 0.93 0.89 43
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CONCLUSION Mikesic, 1.J., R.V. Fleisig and P. Koshy, 2009.
Electrical discharge milling with oblong tools. Int
The present study develops MRR, EWR and Ra J. Mach. Tools Manuf. 49: 149-155. DOI:

models for three different parameters namely veltag 10.1016/j.ijmachtools.2008.09.003
rotational speed of the electrode and feed rat& v Montgomery, D.C., 2008. Design and Analysis of
process of stainless steel AISI 304 using response Experiments. 7th Edn., Wiley, New York, ISBN:
surface method. The second-order response models 0470128666, pp: 656.
have been validated with analysis of variance.slt i Palanikumar, K., 2007. Modeling and analysis for

found that voltage and rpm have significant effeot surface roughness in machining glass fiber
MRR, EWR and Ra. Confirmation runs were carried reinforced plastics using response surface
out to check the adequacy of the developed modibks. methodology. Mater. Des., 28: 2611-2618. DOI:

predicted and measured values from confirmation run  10.1016/j.matdes.2006.10.001

were compared by checking the variation in theSnoyes, R. and F. van Dijck, 1971. Investigatiohs o
percentage error. The variation in percentage ffiar EDM operations by means of thermo mathematical
MRR, EWR and Ra were found within 5%. It can be models. Ann., CIRP, 20: 35-37.
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