International Journal of Advanced Engineering Research and Science (IJAERS)

[Vol-2, Issue-7, July- 2015]
ISSN: 2349-6495

Experimental Investigation on Process
Responses for Stainless Steel 420 in EDM using
Response Surface M ethodology

P. Sree lakshrhiDr. B.E Kumar

'P.G Student, Department of Mechanical, Madanapasigtute of Technology & Science, Madanapalle,
Andhra Pradesh, India
Professor, Department of Mechanical, Madanapa#étine of Technology & Science, Madanapalle,
Andhra Pradesh, India

Abstract— In present days non-conventional machining
process plays a tremendous role in manufacturing
industries. To achieve the highly accurate, fingshe
product with good quality and to make the intricate
shapes, non-conventional machining like electrical
discharge machining (EDM) is used to withstand the
competition and to meet the demands in the indusiry
electro-thermal non-traditional (or) un-conventidna
machining process, EDM is one where electrical kpar
are generated by creating voltage difference betwtbe
electrode and work piece and due to the thermaitete
energy of the sparks; the eroding of material taplese.

To machine the materials which are difficult to tiae

in traditional machining and for temperature resist
high strength alloys EDM is applicable. The praatic
applications include dies in watches, mould caviith
deeper and narrow slots, mould cavity for the itijgc
molding. In present study Martensitic stainlesek{&S)
420 is used to conduct the experiment by varyirg th
control factors such as Discharge current (Ip), $alon
time (Ton) and Duty cycle (%). Process responsek as
material removal rate (MRR) and surface roughn&R)(
are determined for every experimental run. With a
minimum amount of experimentation Taguchi's L9
orthogonal array (OA) is used to study the respooke
control factors with varying levels. A mathematieaid
statistical  technique called Response surface
methodology (RSM) has been used for the analysls an
modeling of the MRR and SR by using the commercial
tool Design expert 9.0.3.1.

Keywords— EDM, SS 420, L9 OA, RSM, MRR and SR.

l. INTRODUCTION

The history of EDM begins with Sir Joseph Priestly
1770[3]. He was observed the erosive effect oftatad
discharges, but it is undesirable with failuresiti€al
materials are needed to be conserved during thédwor

war in 1941. For automotive engines Tungsten was
widely used electrical contact material. The engine
required maintenance when corrosion takes place. To
avoid the problem Professor Dr. Boris Lazarenko
developed a spark-machining process with an ebattri
circuit called R-C (Resistor and Capacitance) dircu
Thus EDM was originally started in 1943. Now a day’
some advance materials like super alloys, ceraints
composites are difficult to machine, become more
challengeable materials for the manufacturing itrikes

By using the non-conventional energy sources like
mechanical, light, sound, chemical and electricalesv
concept of machining was developed. In this maalgini
process there is no contact between electrode amk w
piece as in traditional machining process. In priscess,
work piece should possess the electrical condigtifin
electric field is established depending on the iegdpl
potential difference and gap between electrodevemtk
piece. This process lead to the eroding of matdnal
continuously melting and evaporating the materighw
the help of repeated sparks [2]. The erosion pmoces
consists of five phases, namely pre breakdown,
breakdown, discharge, end of discharge and post
discharge. Plasma channel is created with the bélp
electro thermal energy and temperature rangesCiie’8

to 12000°c [1]. With this high temperature of plasstate
eroding occurs. In this study spark machining isdut
make the ribs on the moulds and to make the threads
the bolt and nut patterns to increase the prodtygtivith

less time and cost. The EDM is shown in Figure 1.

There are many researchers have been studied EDM
process. Some literature deals with the processing,
modeling and analysis of EDM process Parameters are
discussed below
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Fig 1: ED machine

Shashikanth et al [4] investigated the optimizatioh
input parameters such as pulse on time, pulseirg,t
discharge current and gap voltage with the conatier

of process response such $R by using the Response
surface methodology for EN19. It is observed the t
most significant factors foBRare peak current and pulse
on time. With the decrease of peak current andepois
time, the SR also decreases. Vikas et al [5] inyatd
the optimization of control factors such as pulsetime,
pulse off time, discharge current and gap voltage o
EN41 material by considering the process respoois8R
parameters likeRa, Rg Rsk Rku and Rsmusing Grey
Taguchi. It is observed that, there is a great chpa the
SR with discharge current. Another investigationswa
carried out by AK.Roy et al [6] to find out the
performance characteristics of various input patarse
such as pulse on time, pulse off time, dischargeeat
and gap voltage orMRR by using Taguchi single
objective optimization approach for EN19 and EN41
materials in EDM. From this study it is noticedttHdRR

is high for EN41 than EN19 for all combinations of
control factors due to high carbon percentage iMtEN
Another approach was carried out by P.Balasubraamani
et al [7] for EN8 and D3 steel to find out the effef
various input parameters such as peak currente pris
time, di-electric pressure and tool diameter witte t
consideration of multiple process parameters sush a
MRR Tool wear ratio TWR and SRin EDM by using
RSM for cast and sintered copper electrodes. It is
observed that, for EN8 steel, cast electrode offevs
TWRand highMRR than that for the sintered electrode

and sintered electrode have more smooth finish taeh
electrode. For D3 steel, cast electrode gives WR
and low TWR than the sintered electrode; sintered
electrode give low surface irregularities than test
electrode. Milan Kumar Das et al [8] investigatdub t
performance characteristics of the input factorshsas
pulse on time, pulse off time, discharge current an
voltage with the consideration of process respoiiRR
and SRin EDM for EN31 tool steel by using Artificial
bee colony multi objective optimization techniqueis
concluded that, the pulse on time and dischargestur
are proportional to th#IRRandSR Ayush Poddar et al
[9] investigated the optimization of input paramstsuch

as current, spark on time and duty cycle with the
consideration of output responses suchvid®R SR and
overcut (OC) using Taguchi approach for SS 304 in
EDM. S.Jai Hindus et al [10] investigated the effet
control factors such as current, pulse on time\aithge

on process responses which MBR and TWRin EDM

for SS 316 material using Taguchi technique. Frbm t
study, it is concluded thalRRis directly proportional to
the current; andfWR increases more with current then
with pulse on time and voltage. Raghuraman S g3l
investigated on the optimization of EDM parameters
using Grey relational analysis for mild Steel 2026.

1. EXPERIMENTAL PROCEDURE

2.1. Experimental setup

Experiments were conducted on the Electronica glas
sinking EDM machine (115/230V and 50-60 Hz) is
shown in Figure 1. EDM oil is used as the dielectri
medium. EDM is comprised of machine tool, power
supply unit and dielectric supply unit. Machine Itoo
comprises of base, column, work table and work head
Work table is mounted inside a work tank. Work piés
mounted and clamped on the work table. Power supply
comprises of electric pulse generator motor drived a
logic controller. The machining zone is completely
submerged in a dielectric medium while machinintsoA
the machining zone is cleaned by using the side jet
flushing with EDM dielectric oil. In this study, ¢h
experiments were conducted with three input vagsbl
namely Discharge current, Pulse on time, Duty cyrld
the Process response variables k@R andSR MRRis
evaluated as the ratio of weight difference of wpidce
before and after machining to the machining timd #n
was expressed in terms of gm/m8R measurement was
done by using a Talysurf (Mitutoyo) Profilmetersswn

in Figure2 and is expressed in micro meter. Expenis
were designed with three level control factors qiiad
difference as shown in Table 1.
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Tablel: levels of Design Factors steel with high degree of corrosion resistancesnsfih,
Design Units | Sym Levels hard'nes.s and possesse.s magnetic priopfar'ty. Thécpract
applications of SS420 includes plastic injectionldsp
Factors bol . . . .
1 0 1 moulds for corrosive plastics, mould inserts, digisaft
sleeves, seats for oil well pumps, nozzles, bott aat,
Discharge | Amp D 6 8 10 ball bearings, bushes, dental and surgical instnisne
current(lp) dies in watches, needle valves and pump shafts. The
chemical composition and mechanical propertiesf S
Pulse on | micro E 100 | 150 =200 420 are shown in Table 2 and Table 3.

time (Ton) | sec
Table 2: Chemical composition of stainless ste€@l 42

(Hsec)
% C Cr| Fe Mn P S S Mo
Duty Perce| F 10 11 12
| t -
cycle | ntage Min | 033 | 155|Bala |- |- |- o8
(%) nce
Max | 0.45| 175 15 |0.04 |1 0.03| 1.3

Table 3: Mechanical properties of stainless stexf 4

Property Value
Specific gravity 7.73
Density 7800 Kg/m?
Brinel hardness 205
Rockwell hardness 50-55
Fig.2: Talysurf equipment
Ultimate tensile strength 760 to 1700 Mpa
II. NOMENCLATURE AND SELECTION OF
MATERIALS Tensile strength yield 515 to 1380 Mpa
3.1 Nomenclature :
RSM  Response surface methodology elastic modulus 200 Gpa
OA Orthogonal array —
MRR  Material removal rate, gm/min Thermal conductivity 24.9 Wim-k

SR Surface roughness, micro meter
SS420 Stainless steel 420

EDM Electrical discharge machining
DOE Design of experiments

ANOVA Analysis of variance

3.2. Selection of work piece and tool material

The Martensitic SS 420 plate was used as the wadep
material in the experiment as shown in Figure 3e Th
initial dimensions of the work piece were 155md7mm
x16mm plate. By using milling and grinding operatipn

it was finished to the dimensions of 150m#Smmx
12mm. The code for material is Din 1.2316. Copper
electrode is shown in Figure4 with 9.9mm diameter t
make the 10mm diameter blind hole on the work piece
Grade of SS 420 is a high chromium (15.5%-17.596)al

Fig 3: Work piece with blind holes after machining
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Fig 4: copper round shaped electrode and different
shaped electrode.

3.3. Design of Experiments (DOE)

To study the effect of different control factors different
process responses and for obtaining the relatitwess
them. DOE reduces machining time, power consumption
and machining cost for the experimental investagati
For finding the optimum machining process paranseter
an OA is used in Taguchi’'s method. The selectio®Af
depends on the total degree of freedom (DOF). is th
Study, L9 OA is selected having 8 DOF with threpuin
factors and three levels are tabulated in Tableh&é. DOF
for three levels test is 3(3-1) =6. Hence as paguthi,
OA of L9 is selected.

Table 4: design of experiment with experimental

results

Exp | Ip Ton T MRR SR
no.

(amp) | (usec)| (%) | (gm/sec) | Ra

(nm)

1 6 100 10 | 0.05028| 4.138
2 6 150 11 | 0.04678| 5.0208
3 6 200 12 | 0.07925| 5.3846
4 8 100 11 | 0.06845| 4.1918
5 8 150 12 | 0.09025 6.2469
6 8 200 10 | 0.0844 5.94
7 10 100 12 0.1137 6.35
8 10 150 10 | 0.12215| 6.5818
9 10 200 11 0.13789 7.38

IV. RESPONSE SURFACE METHODOLOGY
(RSM)

RSM is a group of mathematical and statistical mesh
that are suitable for applications such as modedind
analysis. RSM creates the optimum region, in which
operating conditions are satisfied. Here output is
influenced by the number of input factors. So i th
method, the main goal is, to reduce the expensiatysis
cost and optimize the output responses that ageimfed

by various input parameters. For the visualizatérihe
response, contour and surface plots [M.M.NoorJeaed
used. It gives the relation between the contrdiofacand
output responses.

4.1. Experimental resultsand discussions

Process responses such M&R and SR values are
presented in table 4.

4.2. Analysis of variance (ANOVA)

By using design expert tool, a complete analysis loa
carried out in RSM, when thBIRR and SR values are
obtained.
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ANOVA for Respanse Surface Linear Model
Analysis of variance table [Partial sum of squares - Type [l
Sum of Mean P opyalie
Probaf
JEENY A 1

Salrce Squares of  Square Value

Hode! TAQRE-003 } snificant

A 6 496E-003 I G450 §a 0.0003
it T SBUE-004 I T9R0E04 T 11
(L 1.139E-004 (AL 2 M 03
Residual 5 055E-004 5 1M
Cor Total TS0 §

R-Squared 0.9381

Adj R-Sguared 0.3577

Pred R-Squared 07374

ANOVA for Respanse Surfaca Linsar Model
Analysis of variance table [Partal sum of squares - Type ]
Sumof Hean Fooopvae

Source Square df  Squre  Vale  Probof
Mo T8 } 85 0§ 0% st
] 5 f i HE o 0%
B3 u f 4 W oo
W 02 f 02 (T
Residus 124 ] 15
CorTota 3 B

R-Squared 0.8545

Adj R-Squared 0.7333

Pred R-Squared 0.520G

Fig 5: Analysis of MRR.

Analysis of MRR is obtained using RSM as shown
Figure 5. The important factor to note here isR-value
where it denotes the significant of control factohe F-
value i.e. probability foMRRis 0.0021. The paramet
which having less than 0.05 is considers bemportant.
Out of these three input parameters it can be wbéd
that, for MRR the Discharge current and Pulse on t
have the Ilowest palue of 0.0005 and 0.03
respectively. This shows that both of these parara
have more effect on tHdRR The R-Sqgvalue is given a
93.61%. The difference between AdjFRuared and Pre
R-Square is 0.16< 0.2. So that the model i

Fig 6: Analysis of St

Analysis of SR is obtained using RSM as shown
Figure5. The Ralue for model is 0.0131. It shows {,
the error in the experimental values is less thiae
percent. It can be observed that SR the Discharge
current and Pulse on time have the lowe-value of
0.043 and 0.059. This shows that Discharge cures
more effect on SR. The Bj. value s given as 86.46%.
The difference between Adj-Squared and Pred R-
Square is 0.16< 0.2. So that the model i

43. EFFECTS OF CONTROL FACTORS ON
PROCESS RESPONSES

4.3.1 Influence of Discharge current on MRR:

MRR values are investigated on the various level
Discharge current. The influence of Discharge aurmn
MRRis shown in Figure7. From the graph it is cleat,t
MRRincreases rapidly with increase of Discharge cur
The reason for this is, when tlcurrent increases more
heat is supplied to the work material so that niait
melts easily.
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Fig 7: the Relationship between discharge currem a
MRR

4.3.2 Influence of Pulse on time on MRR
The influence of Pulse on time dWRR is shown in
Figure 8. From the graph it is clear that, with the
increasing of Pulse on tinldRR increases. From this, it
is observed that Pulse on time shows less effeat th
Discharge current. Reason here for increasiniylBR is
that, when Pulse on time increases the sparkinghwid
increases which cause big craters on the work mhter
which results higheMRR
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Fig 8: the Relationship between pulse on time afiRM
4.3.3 Influence of duty cycleon MRR:

The influence of Duty cycle oNMRRis shown in Figure
9. From the graph it is observed that with increage
Duty cycle,MRR increases slightly. From this it is clear
that, Duty cycle has less effect MRR compared to the
Discharge current and Pulse on time.
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Fig 9: the relationship between duty cycle and MRR.
4.3.4 Influence of Discharge current on SR
The SRvalues are investigated on the various levels of
Discharge current conditions. The influence of hage
current onSRis shown in Figure 10. From the graph, it is
clear that with increase of Discharge curr@Rtincreases.
The reason for this is, when the Discharge current
increases sparking energy increases. This causgs bi
craters on the work surface.

JasgrExget® Sotvare
Zalor Cocing Acud
)

One Factor

~OExts
+ Desig Fonis

H=A st age et
etud Fetars

3 plsecnime=1£00
S diyya=1 0

600 %0 800 w 1000

A: discharge current

Fig 10: the relationship between discharge currend
SR.

4.3.5 Influence of Pulse on time on SR
The influence of Pulse on time 08R is shown in
Figurell. From the graph it is clear that with ease of
Pulse on time th8Rincreases. The reason for this is with
the increase of pulse on time; pulse width increassl
forms the big crater on the work surface i.e. u@gfa
irregularities increases. But compared to Discharge
current, Pulse on time shows less effecGéh
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Fig 11: the relationship between pulse on time /1

4.3.6 Influence of Duty cycle d8R

The influence of Duty cycle 08Ris shown in Figurel2.
From the graph it is clear that with increase ofyDeycle

the SR slowly. It shows less effect compared to the
Discharge current and Pulse on timeS#
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Fig 12: the relationship between duty cycle and SR.

4.4. Development of a mathematical model

The Regression equation for the MRR and SR are
obtained by using RSM. The regression equationshier
MRR and SR are the function of three process paeme
and equations are developed by using Experimeatia d
(Table 4) is given below. The regression equatiares
used to predict the results of process respongéénvihe
range of experimental conditions.

MRR = -0.12639 + 0.016452Discharge current +
2.30367E-00% Pulse on time + 4.39500E-08®uty
cycle.

SR = -2.02413+0.46578Discharge current+ 0.012826
X Pulse on time + 0.18978Duty cycle.

V. CONCLUSION
This paper present the RSM, which is used to inyatg
the relationship between EDM input factors with pouit
factors. The control factors used here are Dis@harg
current, Pulse on time and Duty cycle. The impar¢aof
the study is to find out the effect of control fast on
output responses such &R andSR From the analysis
of MRRandSRit is found that, Discharge current is the
more affecting factor.
The regression equation fstRRandSRare:
MRR = -0.12639+0.016452Discharge  current+
2.30367E-00% Pulse on time + 4.39500E-008Duty
cycle

SR = -2.02413+0.46578Discharge current+ 0.012826
X Pulse on time + 0.18978Duty cycle.

From this investigation it can be observed that

a. The analysis shows that a higliRR is obtained by
Discharge current and Pulse on time regardless Duty
cycle used.

b. SRis highly affected by Discharge current and Pulse
on time. Duty cycle shows less effect B8R

c. RSM models reveals that Discharge current is the
most significant design variable diRR and SR as
compared to the other variables.
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