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Abstract :Electrical discharge machining (EDM) is one of the earliest4conventional method of manufacturing processes. This
process based on thermoelectric energy between work piece and electrode and they must have electrical conductivity thegenerat
spark. A spark geneted between work piece and electrode, and removes the material from work piece through melting and
vaporizing. EDM produced various types of products such as dies and moulds. EDM is used to manufacture the parts of aerospace
automotive industry and surgiccomponents. The effect of the machining parameters on surface roughness, metal removal rate and
tool wear rate are studied
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1. INTRODUCTION
In industry, prodction activity is carried out to

manufacture the products. The process of
manufacturing the product of hard materials is difficult.
The electric discharge machining process is used to
manufacture the product of hard materials. The
influence of various iput parameters on surface
roughness (SR), metal removal rate (MRR) and tool
wear rate (TWR) are studied and the activities involves
to obtain the results.

2. LITERATURE REVIEW

Kolli and Kumar (2014) worked on titanium alloy (Ti
6AIlT 4V) with copper as #h tool material and he want
to check the effect of B4C powder mixed into
dielectric fluid on EDM.
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Fig. 1 Material removal rate v/s4& powder concentration
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Fig. 2 Surface roughness v/s® powder concentration
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Fig. 3 Tool wear rate v/s B4C powder concentration
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They investigated that mixing of B4C powder into the
dielectric fluid has significantly improves the material
removal rate by improving electric discharge sign

and spark gap. B4C powder in dielectric fluid improves
surface roughnes®ptimum material removal rate and
surface roughness is achieved when the concentration
is at 15gm/lit. High concentration levelsf B4C
powder resulted in good surface finish, less craters and

cracks. Mhatre et. al. (2014) used a grey relation
optimization technique for EDM characteristics of
titanium alloy with two different electrode material
such as copper and aluminium. Fromeyg relational
analysis (GRA), the optimum values found are duty
cycle (8%), pulse current (18A), pulse on time (200us)
and voltage (40V).

Fig. 5 SEM photograph of T6AL-4V alloy (sample 2)

Scanning electron microscopy (SEM) photographs
are used for analysis. Among the various parameters,
pulse current ighe most significant factor affecting
MRR, dimensional accuracy and surface integrity of
drilled hole. For better surface finish, high MRR and
less electrode wear, Cu is comparatively better
electrode material than Al.

Kumar et. al. (2015) investigated mechanical properties
and MRR, TWR in EDM process of Al2618 alloy
reinforced with Si3N4, AIN and ZrB2 composites with
copper as a tool material. EDM machining of Al2618
composites has a smaller amount of MRR, TWR and
Depthwith the influence of composites.
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Fig. 6 Hardness vs amount of reinforcement

| IJAPIE| ISSN: 24558419 |

Www.ijapie.org

| Vol. 4 | Issue 1 | 20196P |


http://www.ijapie.org/
http://www.ijapie.org/

500 —m— Ullimate Tensile Strangth(MPa)
AT -+
490 ,-r""—- 4
5 —
g 480 o Tile g =
£ "
§ 7o -l
i L)
@
= 480 <
5
'_; 450 o i
E / Pl B« e
= 440wl e o o
s :‘:m—
430 o
T T T
o z a 8 8

Amount of Reinforcement (Wt%)

Fig. 7 Ultimate tensile strength vs Amount of
reinforcement
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Tensile strength and compressive strength increases
in AI2618 composites which increases the wt% of
reinforcements and are evenly distributed and having
continuous locations and having the high strength. The
Micro Vicker's Hardness test shows that thedhass
increases with respect to increasing the wt% of Al2618
alloy due to the decreasing of plastic deformation.

Bhuyan et. al. (2015) used TOPSIS method to
optimize the process parameters of 24%SiC metal
matrix composite during EDM process taking pep
as the tool material. Response surface methodology
(RSM) technique used to build the mathematical
relation of the response parameters are defined in terms
of process parameter. The mathematical model is
qguadratic in nature involving linear and quadrati
interactions of process variables for closeness
coefficient. It is observed that muliésponse TOPSIS
method is suitable for optimizing the machining
characteristics during any machining process.

Talla et. al. (2015) worked on modeling and multi
objecive optimization of powder mixed EDM process
of aluminum/alumina metal matrix composite using

copper as a tool material. Ndinear regression
relationships obtained for different responses namely
MRR and Ra (average roughness) are developed. The
proposed®MEDM process, using aluminum suspended
kerosene dielectric for the machining of resulted in
better MRR when compared to conventional EDM
process. It is observed that a significant decrease in Ra.
PCA (principal component analysis) technique has
been usedo determine the weightages for responses
while GRA (grey relational analysis) has been used to
combine the multiple objectives into single. This
optimization helps to determine the suitable machining
parameters for high MRR and low Ra. The
recommended pomss parameter setting for the
proposed process has been found to be Cp=4 g/l, Ip=3
A, Ton= 150 ms and Tau= 85%.
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Fig. 9 Perturbation plot illustrating the influence of
EDM parameters on the MRR
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Fig. 10 Perturbation plot illustratirtge influence of
EDM parameters on the TWR
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Barenji et. al. (2016) worked on prediction and
modeling of the material removal rate and tool wear
ratio of AISI D6 tool steel on EDM withcopper
electrode. The ANOVA analysis revealed that the
models can be successfully applied for prediction of
MMR and TWR. Moreover, with increasing the pulse
on time during EDM, the MMR increased while the
TWR decreased. In addition, higher values of pulse
current cause to higher amounts of both MMR and
TWR. Similarly, higher amounts of input voltage lead
to lower values of both MMR and TWR

Furthermore, the highest and lowest values of 42.34
mm3/min and 1.63% were predicted by developed

models, respectively for the MMR and TWR during
EDM of AISI D6tool steels. The optimized values of
pulse on time (A)pulse current (B) and input voltage
(C) to get relatively maximum and minimum amounts
of MMR and TWR were 40 ps, 14 A and 150 V.

Li et. al. (2016) investigated surface characteristics of
titanium alloy by EDM with CuSIiC composite
electrode. As comparedith Cu electrode, G&iC
electrode have shown better results. The surfaces
processed have bigger radius of spark marks and fewer
number of cracks

Fig. 11 SEM of EDMed surfaces processed withi SiC
electrode.

When machining with G&iC electrode, new phases of
TiC and TiSi2 were created which consists of hardened
layer (706750HV). Rengasamy et. al. (2016) analyzed
the mechanical properties and optimization of EDM
process parameters of Al 4032 alloy reinforced with
Zrb2 and Tib2 imsitu composites. Most influencing
process parameter in obtaining minimum MRR, TWR,
ard depth are obtained value about 0.190 (g/min),
0.005 (g/min) and 2.155 (g/min) from the input
parameter value of about 8 Wt. % composites, Ton,
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Fig. 13 Variation of current (amps) with MRR (g/min).
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Fig. 12 SEM of EDMed surfaces processed with C
electrode.

Toff, Current of about 7.0 (us), 7 (us), 26 (Amps)
respectively. The ANOVA method is used to calculate
the perentage of contribution of each process
parameter in influencing the material removal rate is
composites (81.53%) followed by Pulse ON (8.72%)
and Pulse OFF (4.26%).
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Fig. 14 Variation of current (amps) with TWR (g/min).
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Fig. 15 Variation of current (amps) with Depth (g/min).
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Fig. 17 Variation of pulse oni(s) with TWR (g/min).
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Fig. 19 Variation of pulse OFFUs) with MRR (g/min).
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Fig. 16 Variation of pulse oni(s) with MRR (g/min).
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Fig. 18 Variation of pulse ony(s) with Depth (g/min).

6.2 6.4

COMPOSITES
COMPOSITES
COMPOSITES
COMPOSITES
COMPOSITES

. 0 wt%
2 wt%
I 4 wt%
I 6 wt%
. 8 wt%

0.012

TWR (g/min)

6
PULSE OFF (T ) (us)

Fig. 20 Variation of pulse OFFUs) with TWR (g/min).
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Fig. 21 Variation of pulseOFF {1s) with Depth (g/min).
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Tool wear rate is influenced by process parameter in  Roy et. al. (2016) checked the machinability of Al/
percentage of conbution is composites of (80.46%) 10%Sic/ 2.5%Tib2 MMC with Powdévlixed

and next is Pulse ON (8.59%) and Pulse OFF (2.34%).  Electrical Discharge Machining (PMEDM) using
copper electrode. The factors such lpas Ton and

The depth of cut is influenced by the process concentration have significant contribution in MRR,

parameter in percentage of contribution is composites TWR and Ra model. High MRR of 171.41 mg/min is

of about (94.95%), Pulse ON (3.76%) and Pulse OFF obtained at a high peak current of 8 A, high pulse on

(0.50%). The variation of current (as)p Pulse ON, time of 70 us, and low concentration of 0 g/l Al
Pulse OFF of the Al 4032 composite alloy is measured powder (pure kerosene). Low TWR of 0.3 ingg
as a function of MRR (g/min), TWR (g/min) and obtained at low peak current (2 A) and low pulse on

DEPTH (g/min). it proves that, the increase in time (30 ps) and high concentration of aluminium
reinforcement particles such as Zrb2 and Tib2 with powder (4 g/l) mixed kerosene.

matrix alloy enhances the hardness properhd a

strength where the MRR, TWR and depth are

minimum and affecting removal rate.
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To produce low Ra values, a low peak current of 2 A,
low pulse ortime of 30 us, and higher concentration of
powder of4 g/l should be selected.

Kumar et. al. (2017) experimented on effect of
cryogenically treated coppéungsten electrode on tool
wear rate during EDM of THAI-2.5Sn alloy. It is
observed that Deep cryogenic treatment (DCT) cepper

Fig. 25 SEM Micrograph of WCT CwW Electrode for (Ip
6A,Tnl 50 ®60 &s, flushin’)y i

SEI 15kV.
Sample *

tungsten electrode caitiutes in low TWR. Higher

S/N ratio is shown for DCT electrode which indicates
the reduction in TWR as compared to without
cryogenic treatment (WCT). It is well known that,

cryogenic treatment has a history to improve
mechanical, electrical and thermal operties of
materials
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Fig. 27 XRD patternof Cu-W electrodg WCT) afterthe machiningof Ti-5Al-2.5Sn alloy.

Due to generation of high temperature, surface and
metallurgical properties of tool surface is also affected.
From the micrographs, it can be seen that the process
produces irregular surface texture and also defects such
as globules bdebris, pin holes, and spherical particles
with craters of varying sizes, micro cracks,
pockmarks, spherical nodules, recast layer, pull out
materials on tool surface. The peak current was
observed to be the most significant factor, which
highly affeced the surface properties of electrode
surface. The SEM and XRD images are in agreement

with the results reported. Without cryogenic treatment
(WCT) and Deep cryogenic treatment (DCT) of-@u
electrode were used to study their effects on TWR.
Improvement 615.86% was observed in case of DCT
electrode than WCT electrode caused by refinement of
grain particles. Peak current was observed to be most
significant process parameter that badly affected the
TWR

Rahul et. al. (2017) emphasized on surface integrity
ard metallurgical characteristics of Inconel 825 on
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EDM using cryogenically treated copper electrode. life and improved tool shape retention cafigbiand
Cryogenic treatment of tool has reduced residual stress also reduced tool wear
and crystal imperfections; thus ensuring improved tool

Normal electrode

e

Fig. 28 Macroscopic view of the edge of (a) NTT (average thickness of deposited laye0.@871 mm), and (b) CTT (average
thickness of deposited layer Cw= 0.1203 naft¢r EDM operation on Inconel 825 specimen.

In comparison with Non Treated tool, Cryogenically Torres et. al. (2017) worked on EDM machinability
Treated Tool has many advantages like: reduced and surface roughness analysis of TiB2 using copper

(D12%) crystallite size and increasedD28%) electrodes. In the case of the MRR variable, current

dislocation density; reduced crack density; carbon intensity and duty cycle turned out tee lihe most

enrichment on the work surfachas been found influential parameters, to such an extent that an

relatively less; higher hardness values etc. increase of both parameters led to higher MRR values.
x 250 x 500

Fig. 29 EDX spectrum ominimum Ra.

x 250 x 500
Fig. 30 SEM micrographs of maximum Ra.
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