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Abstract—In this research, Response Surface Methodology (RSW)aterial properties, like electrical and thermal condlifgti
is used to investigate the effect of four controllable input variablegelting temperature, electrochemical equivalent etc. EBM

namely: discharge current, pulse duration, pulse off time and appligd : e ; .
voltage Surface Roughness (SR) of on Electrical Discharge Machinse Ilrnzofrtan;[hmachlnrllng prO(;ess, hextentSIV_e:y and gffellgtlved
surface. To study the proposed second-order polynomial model fpplied for the machining or such materials, precisely an

SR, a Central Composite Design (CCD) is used to estimation tg@St-effectively in the said advance industry| [1]. EDM is
model coefficients of the four input factors, which are alleged ta process of machining electrically conductive materigls b

influence the SR in Electrical Discharge Machining (EDM) procesgsing preciously controlled sparks that occurs between an

Experiments were conducted on AISI D2 tool steel with copPljacirode and a work piece in presence of a dielectric fluid
electrode. The response is modeled using RSM on experimeniza

data. The significant coefficients are obtained by performing Analy: .Z EDM is an well established technique used in modern

of Variance (ANOVA) at 5% level of significance. It is found thatmanufacturing industry to produce high-precision mactgni
discharge current, pulse duration, and pulse off time and few of theif all types of conductive materials, alloy’s and even ceécam
interactions have significant effect on the SR. The model sufficiengyaterials, of any hardness and shape, which would have
Itz ‘;Jeerygi‘?‘;ga;tgé;i;?aeag:_cs’f;'i‘;'t?gt(lggd?)eé%r.rg(%‘?“‘EﬁX's found  peen difficult to manufacture by conventional machinings It
assertion that EDM is now the fourth most popular machining

Keywords—Electrical discharge machining; Surface Ro_ughnes_ﬁ;]ethod after milling, turning, and grinding. However, the
Response Surface Methodology; ANOVA, Central composite des'%'ﬁiciency of machining is less in comparison to conventiona
machining Performance of any process is characterizedsby it
product quality and productivity. The quality of any protluc
significantly important in evaluating the productivity,cahave

Hough there has been tremendous progress over tigmsiderable influence on the properties of the materiah suc

decades in the field of materials science and engineerirg, wear resistant and fatigue strength. SR is expressed as
innovation of new technologies, and need for better perfaire irregularities of material resulted from various madt
mances of existing technologies demands much more from theerations. It is quoted as 'Ra’ symbol and used to be called
materials field. These materials are either traditionalemias average roughness. Theoretically, Ra is the arithmeticagee
with enhanced properties or newly developed materials witalue of the departure of the profile from the mean line
high-performance capabilities. Today’s manufacturindust throughout the sampling length[][3]. EDM process is very
try is facing challenges from these advanced and modeatemanding but the mechanism of process is complex and far
'difficult-to-machine’ materials, stringent design regaments from completely understood. Therefore, it is hard to eshbl
(high precision, complex shapes and high surface qualitg) aa model that can accurately predict the response (prodhyctiv
very high machining cost. These materials play a progresurface quality etc) by correlating the process parameter,
sively more vital role in modern manufacturing industrieghough several attempts have been made. The important con-
especially in aircraft automobile, tool, die, and mould mak cern is the optimization of the process parameters such as
industries. The improved thermal, chemical, and mechénigaulse current intensity (Ip), pulse duration (Ton), pulde o
properties of the material have yielded enormous econontime (Toff) and open circuit voltage (V) for minimize Surfac
benefit to the manufacturing industries through improve@dughness and the tool wear and simultaneously improving
product performance and product design. Tradition maobiniMRR.
processes are not so efficient and are unable to machine th®any attempts had been made for modelling of EDM pro-
materials economically therefore they are increasinglinde cess and investigation of the process performance to insprov
replaced by advance machining process, which make uke surface quality and MRR are still challenging problems,
of different class of energy for material removal using thahich restrict the expanded application of the technolddly [
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I. INTRODUCTION



warkpiece material and compared the with the experimental statistical methods. The experiments are employed & thi
results. It is claimed that the said models could predistudy to consider the effects of the Ip, Ton, Toff and disgbar
SR successfully. Kanagarajan et all [7] had chosen Ip, Tomltage (V) on surface roundness.

electrode rotation, and flushing pressure as design faotor t

study the EDM process performance such as SR and MRR on II. EXPERIMENTAL SET-UP

Tungsten carbide/cobalt cemented carbide. The most irfluen
tial parameters for minimizing the SR have been identifi

using thg RSM aqd experimentally verified .by Co.nducnngtudies were undertaken to investigate the effects of Ip, To
confirmation experiments. Jaharah et al. [8] investigatex tand on surface roughness. Where, the duty cycle is the ratio
machini_ng performance such as SR, electrode wear rate %on to sum of Ton and spark off,time (Toff) in percentage.
MRR W'th copper electrode and AISI H3 tool steel workplecq,he selected workpiece material for the research work id AIS
anq the |nput. parameters taken are Ip, Ton, and Toff. T (DIN 1.2379) tool steel. D2 steel was selected due to its
optimum condition for Ra was obtained at low Ip, low Ton, an mergent range of applications in the field of manufacturing

Toff and concluded that the Ip was the major factor eﬁemir't%ols in mould industries. Experiments were conducted on
bo;r;]the respor:jses, MRR ?nd R?' ina RSM s th q egectronica Electraplus PS 50ZNC die sinking machine. An
€ prime advantage of employing IS the reduc ectrolytic pure copper with a diameter of 30 mm was used

number of experimental runs required to generate sufficieég a tool electrode (positive polarity) and workpiece niater
information for a statistically adequate result. Many egshes used were steel square plates of dimensitns 15mm? and
have applied RSM successfully to manufacturing enviro’%

A number of experiments were conducted to study the ef-
cts of various machining parameters on EDM process. These

ments. Kuppan at el.[9] derived mathematical model for MR f thickness 4 mm. Commercial grade EDM oil ( specific
' y - avity = 0.763, freezing point 84°C ) was used as dielectric
and average Ra of deep hole drilling of Inconel 718. T VIt Zing pol ) was u ! !

. . id. Lateral flushing with a pressure of 0.3 kgfi?> was used.
experiments were planned using CCD and RSM was us?de test conditions are depicted in Tablel.
to model the same. It revealed that MRR is more influenced

by peak current and duty factor, and the parameters were

optimized for maximum MRR with the desired Ra value usin§: SURFACE ROUGHNESS MEASUREMENTS

desirability function approach. Chiangl_[10] had explained Roughness measurement was carried out using a portable
the influences of Ip, Tony and voltage on the responsesstylus type profilometer, Talysurf (Taylor Hobson, Surtoon
MRR, electrodes wear ratio, and Ra. The experiments wel€). The profilometer was set to a cut-off length of 0.8 mm, fil-
planned according to a CCD and the influence of parametées 2CR, and traverse speed 1mm/second and 4 mm evaluation
and their interactions were investigated using ANOVA. Aength. Roughness measurements, in the transverse dirgecti
mathematical model was developed and claimed to fit and the workpieces were repeated four times and average of
predict MRR accurately with a 95% confidence. Results shdaur measurements of SR parameter values was recorded.
that the main two significant factors affecting the resparge The measured profile was digitized and processed through the
the Ip and ther. Puertas at el [11] analyzed the impact ofledicated advanced surface finish analysis software Tafigor
EDM parameters on surface quality, MRR and electrode wefar evaluation of the roughness parameters. SR is an importa
in cobalt-bonded tungsten carbide workpiece. A quadrag@rameter in the EDM process. The parameters that affect
model was developed for each of the responses, and it waaghness are Ip, Ton, Toff, and V. It is a measure of the
reported that for MRR, the current intensity factor was thiechnological quality of a product, which mostly influence
most influential, followed by-, Ton and the interaction effectthe manufacturing cost of the product. It is defined as the
of the first two. The value of MRR increased, when intensitgrithmetic value of the profile from the centerline along the
and T were increased, decreased with Ton. For the predictitength.This can be express as

of surface roughness empirical models and multi regression

models are applied[_[12]._[13],_[14] the interest is, howgve 1

the correlation of the surface parameters with the machinin Ra=+ / ly(x) |dz|| 1)
conditions and optimizes the EDM process. Erzurumlu at el. . . . ,
[3] have developed a RSM model and compared with the.Where L is the sampling length, y is the profile curve and

artificial neural network model. Pradhan and BiSwas [1?{5 the profile direction. The average 'Ra’ is measured withi
e

however applied RSM model to estimate the influence :to-sdm”;]- Centre-llrrl]_e a;j/eragf Ra’ SR mteisuretments .?jf
process parameters on material removal rate. ectro-discharge machined surtaces were taken 1o provide

From the above researches, it can be seen that very fgwantitative evaluation of the effect of EDM parameters on

works has been report yet relating to modelling of SR Oﬁurface finish

D2 steel in EDM using RSM. CCD and RSM were used to

design the experiments the combined use of these techniques Il. RESPONSE SURFACE METHODOLOGY

has allowed us to create models, which make it possible toRSM is a collection of mathematical and statistical tech-
explain the variability associated with each of the tecbgnbl niques that are useful for modelling and analysis of proklem
cal variables studied in this work. The aim of this study is tm which output or response is influenced by several input
investigate the surface roughness of EDMed parts and esglovariables and the objective is to find the correlation betwee
possible ways to adjust its parameters to achieve better 8RR response and the variables investigated [16]. It is dne o



mate an unknown function for which only a few values are
computed. These relations are then modelled by using lea
square error fitting of the response surface. A Central Com
posite Design (CCD) is used since it gives a comparatively

TABLE Il
the Design of Experiments (DOE) methods used to approXiPLANNING MATRIX OF THE EXPERIMENTS WITH THE OPTIMAL MODEL

DATA.

accurate prediction of all response variable averageterkta
guantities measured during experimentation| [17]. CCDrsffe
the advantage that certain level adjustments are acceptah
and can be applied in the two-step chronological RSM. In
these methods, there is a possibility that the experimeiits w
stop with few runs and decide that the prediction model ig
satisfactory.

In CCD, the limits of the experimental domain to be
explored are defined and are made as wide as possible to obta
a clear response from the model. The Ip, Ton, Toff and V arg
the machining variables selected for this investigatiohe T
different levels taken for this study are depicted in Teble |

The arrangement to conduct the experiments using a CC

with four variables, the cardinal points used are sixtedmecu

points, eight axial points and six centre point, in total 6f 3

runs in two blocks[[18]. Machining was carried out for 15 min

for each experiment, three replications of surface rougbne

measurement are taken, and in the design matrix, the averageg

value of Ra is shown in Table |1I.

The second-order model is normally used when the respons

function is not known or nonlinear. In the present study, a

second-order model has been utilized. The experimentaésal

are analyzed and the mathematical model is then develop
that illustrate the relationship between the process bhriand

response. The second-order model in equétion 2 explains th
behavior of the system.

k k k
Y = B0+ BiXi+ D BiXi+ Y BuXiX;+e ()

i=1 i=1 ij=1,i#j

stRun | Pt | Blo | Ip | Ton | Toff Vv Ra
I Type | cks | (A) | (us) | (us) | (Volt) | (um)
1 -1 2 20| 25| 75 45| 3.10
2 -1 2 20| 50| 50 45| 3.30
3 -1 2 20| 75| 75 45| 5.01

| 4 -1 2 20| 50| 100 45 | 4.46
5 -1 2 15| 50| 75 45| 2.48
6 -1 2 25| 50| 75 45| 3.92
7 -1 2 20| 50| 75 50| 4.01
8 0 2 20| 50| 75 45| 3.96
9 0 2 20| 50| 75 45| 3.75
210 -1 2 20| 50| 75 40 | 3.62
> 11 0 1 20| 50| 75 45| 3.85
12 1 1 15| 75| 50 40 | 2.72
13 1 1 15| 75| 50 50 | 1.96
14 0 1 20| 50| 75 45 | 3.69
15 1 1 25| 25| 50 50 | 3.59
16 1 1 25| 25| 50 40 | 2.81
17 1 1 15| 75| 100 50| 3.15
18 1 1 25| 75| 100 40 | 5.74
1 1 15| 25| 100 50| 2.11

20 1 1 25| 75| 50 50 | 4.65
=21 1 1 25| 75| 100 50| 5.42
22 1 1 15| 25| 50 40 | 2.46
23 1 1 15| 25| 50 50 | 2.66
"24 0 1 20| 50| 75 45| 4.12
25 1 1 15| 75| 100 40 | 2.63
26 1 1 25| 25| 100 40 | 3.42
27 1 1 15| 25| 100 40 | 191
28 1 1 25| 75| 50 40 | 4.99
29 1 1 25| 25/ 100 50| 2.64
30 0 1 20| 50| 75 45| 441

Where Y is the corresponding responsk; is the input
variables, X ?i and X; X; are the squares and interaction term
respectively, of these input variables. The unknown regjoes

sused for modeling. For simplicity, a quadratic model of MRR

coefficients ared,, 3;, 8;; and ;; and the error in the model

is depicted as.

TABLE |

DIFFERENT VARIABLES USED IN THE EXPERIMENT AND THEIR LEVELS

Variable | Code levels
1] 2 3
Discharge current (Ip) in A A 15| 20| 25
Pulse on time (Ton) inus B 25| 50| 75
Pulse off Time (Toff) inus C 50 | 75| 100
Discharge Voltage (V) in volt D 40 | 45| 50

A. Regression models

is proposed and can be written as shown in Equat@nThe
coefficients of regression model can be estimated from the
experimental results. The effects of these variables aed th
interaction between them were included in this analyses and
the developed model is expressed as interaction equation:
The unknown coefficients are determined from the experi-
mental data as presented in Table Ill. The standard errors on
estimation of the coefficients are tabulated in the colunts 'S
coef’. The F ratios are calculated for 95% level of confidence
and the factors having p-value more then 0.05 are considered
insignificant (shown with ** in p-column). For the appropsa
fitting of SR, the non-significant terms are eliminated by the
backward elimination process. The regression model is re-
evaluated by determining the unknown coefficients, whieh ar
tabulated in Table 4. The model made to represent SR depicts

Based on the experimental data gathered, statisticalsegridat Ip, Ton, Ip?, and interaction of Ton and Toff are the
sion analysis enabled to study the correlation of process paost influencing parameters in order of significance. Thd fina
rameters with the MRR. Both linear and non-linear regressioesponse equation for SR is given in equaiion 3.
models were examined; acceptance was based on high to vergince, EDM process is non-linear in nature, a linear poly-

high coefficients of correlation (r) calculated. In thisdufor
three variables under consideration, a polynomial regress

nomial will be not able to predict the response accuratelg, a
therefore the second-order model (quadratic model) isdoun



to be adequately model the process. The ANOVA table for
the curtailed quadratic model (Table 5) depicts the value of

TABLE IV

ANOVA TABLE FOR SR (BEFORE ELIMINATION).

Coefficient of determinatio®? as 92.1%, which signifies that

how much variation in the response is explained by the model

The higher ofR?, indicates the better fitting of the model with

the data. HoweverR?,; is 89.6%, which accounts for the

number of predictors in the model describes the significance

of the relationship. It is important to check the adequacy

of the fitted model, because an incorrect or under-specifieg

model can lead to misleading conclusions. By checking th
fit of the model one can check whether the model is under

specified. The model adequacy checking includes the test f
significance of the regression model, model coefficients, an

lack of fit, which is carried out subsequently using ANOVA on

Term Coef | SE Coef t|p
Constant | -5.76514| 2.17575| -2.650 | 0.015

Ip(A) 0.97036| 0.19597| 4.952| 0.000*
Ton(uss) | -0.07605| 0.01644| -4.625 | 0.000*
Toff(us) | -0.01513| 0.00715| -2.117 | 0.046
, V(Volt) | -0.00133| 0.01523| -0.088 | 0.931**
' lpxIp -0.02446| 0.00482| -5.077 | 0.000*
IpxTon | 0.00352| 0.00065| 5.439| 0.000*
, TonxToff | 0.00041| 0.00013| 3.149 | 0.005*
' S =0.3231] R* =92.1% R}, =89.6%
*-Significant, **-Non-signifivant

the curtailed model (Table.!V). The total error on regressio
sum of errors on linear, square, and interactions term3 {38.
=19.8984 + 2.6913 + 4.1241). The residual error is the sum

TABLE V

THE ANOVA TABLE FOR THE FITTED MODELS

of pure and lack-of-fit errors. The fit summary recommended Sourpe DF | Seg. SS| Adj. MS F P

) . o o ; Regression 7 | 26.7139| 3.81627| 36.55| 0.000
that the quadratic model is statistically significant foakysis Cinear | 4 11989841 1396971 13381 0.000
of SR. In the table, p-value for the lack-of-fit is 0.318, whis 3 1 2.6913 2.69133 25'77 OIOOO
insignificant, so the model is certainly adequate. Moredber int qut_are 5 4'1241 2.06206 19'75 0.000
mean square error of pure error is less than that of lackkof-fi nterac |on| : : : :
The final model tested for variance analysis (F-test) indsa ResEldua 22 [ 2.2973| 0.10442
that the adequacy of the test is established. The computed ror —
values of response parameters, model graphs are generatd@Cck-Of-Fit | 17| 1.9402] 0.11413| 1.60) 0.318
for the further analysis in the next section. Pure Error] 5| 0.3571] 0.07143 -

Total | 29 | 29.0112 ***_.Non Significant

Ra = —5.76+4+0.97 x Ip —0.076 x Ton — 0.015 x Tof f
—0.0013 x V — 0.024 x Ip* +0.0035 x Ip x Ton
+ 0.00041 x Ton x Tof f
TABLE Il
ANOVA TABLE FOR SR (BEFORE ELIMINATION).
Term Coef | SE Coef tip
Constant | -12.6644| 18.1754| -0.697 | 0.497
Block 0.0652| 0.0958| 0.681| 0.507
Ip (A) 1.0925| 0.4199| 2.602| 0.021
Ton (us) -0.0438| 0.0542| -0.808| 0.433
Toff (us) -0.0264| 0.0682| -0.387| 0.705
V (Volt) 0.2352| 0.8563| 0.275| 0.788
Ip xIp -0.0263| 0.0094| -2.783| 0.015
TonxTon -0.0000| 0.0004| -0.073| 0.943 **
Toff x Toff 0.0000| 0.0004| 0.096 | 0.925 **
V xV -0.0017| 0.0094| -0.179| 0.860 **
Ip x Ton 0.0035| 0.0008| 4.671| 0.000
Ip x Toff 0.0006| 0.0008| 0.791| 0.442 **
Ip x V -0.0021| 0.0038]| -0.552| 0.590 **
Ton x Toff 0.0004| 0.0002| 2.704| 0.017
Ton x V -0.0007| 0.0008| -0.870| 0.399 **
Toff xV -0.0001| 0.0008]| -0.179| 0.860 **
S =0.3762| R? =93.2% R%adj) = 85.8%

IV. RESULT AND DISCUSSION

The effect of the machining parameters (Ip, Ton Toff and
V) on the response variables SR have been evaluated byig 3 shows the estimated response surface for SR in

conducting experiments as described the previous secatidn a
analysed using Minitab softwaré [18]. ANOVA is used to
check the sufficiency of the second-order model. SR obtained

) from the experiment is compared with the predicted value

calculated from the model in Fig. 1. Since all the points on
plot come close to form a straight line, it implies that the
data are normal. It can be seen that the regression model is
reasonably well fitted with the observed values. In addjtion
the plot of the residues verse predicted SR illustratesthizae

is no noticeable pattern or unusual structure present iddke

as depicted in Figl [2. The residues, which are calculated as
the difference between the predicted and observed valge lie
in the range of -0.51 to 0.494.

Predicted Ra(um)

Expt. Ra (um)

Fig. 1. Predicted vs. experimental SR
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Fig. 2. Plot of residuals vs. fitted value

. . 50
relation to the process parameters of Ip and Ton while Toff 15.0 17.5 20.0 22.5 25.0

and V remain constant at their lowest value. It can be seer Ip(A)
from the figure, the SR tends to increase significantly with theig 4. Effect of Ip & Toff on SR
increase in Ip for any value of Ton. However, the SR tends to 100
increase with increase in Ton, especially at higher Ip. ldenc
minimum SR is obtained at low peak current (15 A) and low
pulse on time (2ps). This is due to their dominant control

over the input energy, i.e. with the increase in Ip generates SR(um)sr
strong spark, which create the higher temperature andrcrate u
hence rough surface in the workpiece and low Ip creates sma = §§‘2’ .
crater and therefore smooth surface. 80 2.4 -
The effect of Ip and Toff is on the estimated responseg 2.56 -
surface of SR is depicted in Fig.l 4, Ton and V remainsaé =§§§ )

constant in its lower level of 2% and 40 volt, respectively. F .,
It can be noted that the SR increases when the Ip increase

the explanation is same, as stated earlier. However, wih th
increase in Toff, SR decreases. It is because there will be a
undesirable heat loss at higher Toff, which leads to drop in 60
the temperature of the workpiece before the next sparksstart

and therefore formation of crater size decreases.

25.0 50

30 40Ton (ps)50 60 70
Fig. 5. Effect of Ton & Toff on SR

of voltage with other three parameters (Ip, Ton and Toff) on
SR. It can be observed that there is no significant variatfon o
SR with the variation of voltage. From this observation,aihc
be concluded that Ip and Ton are directly proportional, and
Toff is inversely to the SR for the given range of experiments
conducted for our test.

V. CONCLUSION

30 40 50 In the present study, the process parameters with significan
Fig. 3. Effect of Ip & Ton on SR Ton (ks) influence on Surface roughness were determined by using
RSM. A second order response model of these parameters

The smooth surface is achieved with low Ip = 15 A, loweare developed and found that pulse current, discharge time,
Ton=2%:s and higher Toff = 10Qus for the given range of and interaction term of pulse current with other parameters
input parameters. Fig.' 5 represents SR as a function of Teignificantly affect the surface roughness. Surface roeghis
and Toff, whereas the Ip and V remains constant at its loweirectly proportional to linear effect of pulse current gndse
level. It is observed that the SR values are low when Ton @& time. The lower value of surface roughness is achieved
low with higher Toff or Toff is low with higher Ton. Similar with Ip = 15 A, Ton = 25us and Toff = 100us within the
inferences can be drawn from Tal#@, where the interaction experimental domain. The research findings of the present
of Ton and Toff is significant. Although the influence of thistudy based on RSM models can be used effectively in
two parameter is very less when compared with the effect of ipachining of AlISI D2 tool steel in order to obtain best poksib
on SR. Finally, Figl B, Fig.!7, and Fig.8, represents theceffeEDM efficiency. This research can also help researches and
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industries for developing a robust, reliable knowledgestssd [15]

early prediction of surface roughness without experinmgnti
with EDM process for AISI D2 tool.

(16]
REFERENCES 7]
[1] R. Snoeys, F. Staelens, and W. Dekeyser, “Current trandsnconven- [18]

tional material removal processeghn. CIRP, vol. 35(2), p. 467 480,
1986.

E. C. JamesonElectrical Discharge Machining. Dearborn, Michigan:
SME, 2001.

O. H. Erzurumlu, T., “Comparison of response surface modtl meural
network in determining the surface quality of moulded paftégterials
and Design, vol. 28, no. 2, pp. 459-465, 2007.

K. Wang, H. L. Gelgele, Y. Wang, Q. Yuan, and M. Fang, “A higb
intelligent method for modelling the edm procedsfernational Journal
of Machine Tools and Manufacture, vol. 43, pp. 995-999, Aug 2003.
M. K. Pradhan and C. K. Biswas, “Neuro-fuzzy model on materi
removal rate in electrical discharge machining in AISI D2 ktee
Proceedings of the 2nd International and 23rd All India Manufacturing
Technology, Design and Research Conference, vol. 1, pp. 469-474, 2008.
M. K. Pradhan, R. Das, and C. K. Biswas, “Comparisons ofrakeu
network models on surface roughness in electrical dischagghining,”
Proceedings of the Institution of Mechanical Engineers, Part B: Journal
of Engineering Manufacture, vol. 223, p. (In Press), 2009.

D. Kanagarajan, R. Karthikeyan, K. Palanikumar, and RaSi,
“Influence of process parameters on electric discharge miachiof
WC/30%Co composites,Proceedings of the Institution of Mechanical
Engineers, Part B: Journal of Engineering Manufacture, vol. 222, no. 7,
pp. 807-815, 2008.

A. Jaharah, C. Liang, A. Wahid, S.Z., M. Rahman, and C. Chsddn,
“Performance of copper electrode in electical discharge mamh(edm)
of aisi h13 harden steel,International Journal of Mechanical and
Materials Engineering, vol. 3, no. 1, pp. 25-29, 2008.

P. Kuppan, A. Rajadurai, and S. Narayanan, “Influence BMEprocess
parameters in deep hole drilling of inconel 718&ternational Journal
of Advance Manufacturing Technology, vol. 38, pp. 74-84, 2007.

(2]
K]

(4]

(5]

(6]

(7]

(8]

El

u
W22 -
| X
30 -
34 -
38 -
4.2 -
M 46 - 50
W 50- 54
| | > 54

<22
2.6
3.0
3.4
3.8
4.2
4.6

90

80

704

60+

50 ' ' ' '
40 42 44 46

Effect of Toff & V on SR V (Vlt)

50
8.

K. Chiang, “Modeling and analysis of the effects of mathg param-
eters on the performance characteristics in the edm prodesi?2o
3+tic mixed ceramic,International Journal of Advanced Manufacturing
Technology, vol. 37, no. 5-6, pp. 523-533, 2008.

I. Puertas, C. J. Luis, and L. Alvarez, “Analysis of thefluience of
edm parameters on surface quality, mrr and ew of wc-dornal of
Materials Processing Technology, vol. 153-154, no. 1-3, pp. 1026-1032,
2004.

J. Rebelo, A. Moho Dias, R. Mesquita, P. Vassalo, and M. Santos,
“Experimental study on electro-discharge machining andspoig of
high strength copper-beryllium alloys,” vol. 103, no. 3,. (§89-397,
2000.

K.-M. Tsai and P.-J. Wang, “Predictions on surface finis electrical
discharge machining based upon neural network modettel'national
Journal of Machine Tools and Manufacture, vol. 41, pp. 1385-1403,
Aug 2001.

G. Petropoulos, N. Vaxevanidis, and C. Pandazaras, déiog of
surface finish in electro-discharge machining based upotistital
multi-parameter analysis,” vol. 155-156, no. 1-3, pp. 124511 2004.
M. K. Pradhan and C. K. Biswas, “Investigations into &féect of pro-
cess parameters on MRR in EDM of AISI d2 steel by response cirfa
methodology,”Journal of Mechatronics and Intelligent Manufacturing
(JoMIM),Nova Science Publishers, USA., vol. (Accepted), 2009.

D. C. Montgomery, “Design and analysis of experimentighn willy
and Sons Inc., 2001.

R. L. Mason, R. F.,, D. Gunst, Texas, and J. L. HeSstistical Design
and Analysis of Experiments With Applications to Engineering and
Science.  2nd Edition, A John Wiley & sons publication,, 2003.
Minitab14, Minitab User Manual Release 14 MINITAB Inc, State
College, PA, USA,, 2003.

M K Pradhan is a Research Scholar at Dept. of
Mech. Engg., N.L.T, Rourkela, India. He received
his ME degree from the N. I. T, Rourkela in Pro-
duction Engineering in the year 1999. He has 10
years of teaching and research experience. His area
of research interest includes modeling and analysis
of manufacturing processes, and optimisation. He
has published more than 10 research papers in the
international journal/conferences. He is life member
of ISTE, IACSIT and IE (1).

Dr. C K Biswas received his M Tech and PhD
degrees from the Indian Institute of Technology,
Kharagpur. He has published over 5 articles in
international journals and presented over 10 articles
at different international conferences. Currently Dr.
Biswas is an assistant professor and a head of the
- manufacturing engineering Laboratory in the depart-
| ment of Mechanical Engineering, N.I.T, Rourkela,
India. He is life member of IE (l).



	I Introduction
	II EXPERIMENTAL SET-UP
	II-A SURFACE ROUGHNESS MEASUREMENTS

	III RESPONSE SURFACE METHODOLOGY
	III-A Regression models

	IV RESULT AND DISCUSSION
	V CONCLUSION
	References
	Biographies
	M K Pradhan
	Dr. C K Biswas


