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ABSTRACT: One of the most common non-traditional procedures is electric machining for discharge (EDM).
Through a series of small electrical sparks between the workpiece and the electrode, therapeutic energy is employed in
this technique to remove superfluous material from the workpiece. The pulsed discharge has a tiny gap between the
workpiece and the electrode, which eliminates undesirable material from the matrix by melting and sweating. To
fabricate pipes, the electrodes and workpiece must be conductive. Workpieces made of EN24 are machined using a
technique that involves mild steel, copper, and graphite. For the purpose of investigating and analyzing the L27
orthogonal series experiment, the Taguchi technique was used. The findings and inferences may be drawn from the
investigation. Material removal intensity (MRR) of the workpiece EN24 was found to be the most significant in the
graphite instrument when the device settings were adjusted to 21A, 400s, and 1s for the discharges of current (Ip), pulse
on time (Tonus), and pulse off time (Tonus), respectively. This was the case when the device settings were adjusted to
21A, 400s, and 1s for the discharges of current (Ip), pulse on time (Tonus), and pulse off time (Toff).In the case of the
Graphite Method, the EN24 Material Removal Rate (MRR) was the least defined when the device discharge (Ip), pulse-
on-time (Tone), and pulse-off-time (Toff) parameters were set at 7A, 600s, and 3s, respectively. This was because these
values corresponded to the lengths of time during which the pulse-on-time and pulse-off-time parameters were in
effect. TWR was determined to be the least beneficial for Mild Steel units when TWR was set at 0.0110gm/min in
response to process parameter values such as current (Ip), time pulse (Ton), and pulse out time (Toff) being set as 21A,
300s, and 3s, respectively, for process parameters discharge current. TWR was determined to be the least advantageous
for Mild Steel units when it was determined that TWR was the least advantageous for Mild Steel units (Ip).

KEYWORDS: Mild Steel, MRR, EDM, EN24, Taguchi Technique

L INTRODUCTION

One of the most common non-traditional procedures is electric machining for discharge (EDM). Through a series of
small electrical sparks between the workpiece and the electrode, therapeutic energy is employed in this technique to
remove superfluous material from the workpiece. The pulsed discharge has a tiny gap between the workpiece and the
electrode, which eliminates undesirable material from the matrix by melting and sweating. To fabricate pipes, the
electrodes and workpiece must be conductive.Electric discharge devices are unconventional (EDM). Precise metal
removal is accomplished by using thermal energy to degrade the workpiece rather than physical cutting power. An
electrical shock machine is the device. To promote dielectric fluid corrosion, the workpiece must be made of an
electrically conductive material and submerged in water. The EDM machine is often used to create cavities in large
modules, narrow deep and difficult holes throughout the full diameter, and other precision components. EDM
technology, invented by British scientist Joseph Priestley in the 1770s, has a long history. He saw no electric discharges
from the electrodes throughout his research. While Priestly had done so, EDM had been incorrect and had failed. The
Soviet experts decided to harness the disruptive action of electrical discharge to prevent erosive effects on electro-
contacts and to develop a regulated metal cutting method. The first spark erosion devices were unveiled by Soviet
researchers in 1943. EDM techniques have been extensively developed and translated to a computer tool. This change
made EDM more accessible and appealing in comparison to traditional approaches. The Lazarenko EDM device
employs a kind of power supply resistance capacitance that was widely employed on the EDM computer in the 1950s
and was subsequently used as the foundation for future EDM manufacturing. Further developments in pulse and solid-
state generator technology in the 1960s further reduced problems with inadequate electrodes and orbital structures. The
quantity of electrodes in cavities decreased throughout the 1970s. In the 1980s, the United States created a digitally
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controlled network (CNC) EDM. The present development model makes use of innovative energy sources such as
vibration, light, electronic, biological, electrical, electrons, and ions. Because of the high strength-to-weight, toughness,
and heat-resistance capabilities, industrial and technological development of strong and demanding materials that are
widely relevant in aerospace, nuclear engineering, and other sectors has been proven. The EDM process does not need
mechanical energy; neither the stiffness, intensity, nor toughness of the working element composition affects the
deletion rate [22]. Many studies, especially for processing highly difficult materials like as Tungsten Carbide, do not
take into account the implementation of these factors by many researchers in the Taguchi System on the EDM process
Tungsten Carboid 610 study of these parameters [16, 25]. As a productive tool for the parametric design of
performance characteristics, the Taguchi technique [11] is used to determine optimum workmanship parameters for the
minimal electric wear rating, minimum material removal rate, and minimum surface roughness in EDM operations.
Taguchi is responsible for the experiment's details.

1.1WORKING STANDARD OF EDM

The physical research of the discharge, primarily via air and vacuum, and the investigation of the breaking force of the
isolating hydrocarbon liquid when using EDM, established the explosion of the discharge in the filthy liquid gap.
Because it is viewed as a comparable ionic activity. The diagram depicts the fundamental theory of EDM. 1. In short-
term releases, a dielectric liquid is separated between the electrode and the workpiece. The material is removed by
corrosion of the instrument and workpiece due to electrical dumping [37]. In extremely thin cross section tubes,
dielectric fluids are employed to spread the power of the discharge. It also cools and cleans all of the electrodes and
vacuum machined items. When the resistance is large, the condenser charges up before discharge occurs. A servo
device that detects the differential voltage to the reference value ensures that the electrode moves correctly to maintain
the exact spark distance and that the electrode is withdrawn when short circuits exist.

Small
surface
irregularities

-z = Spark occurs at closest point

Figure 1: Working principle of EDM [42]

When the operator's average gap voltage exceeds the reference servo voltage, the feed rate increases. This occurs when
the gap is minimal, indicating less inflammation. Typically, the inflating voltage is 200 V. The dielectric disintegration
is started by pressing the electrode into the workpiece. As a result, the electric field in space rises before reaching the
requisite breakdown value.

1.2MECHANISM OF MRR

The elimination of materials is accomplished by converting electrical energy to thermal energy. The most often used
EDM method is. During the processing step, a spark is formed between the work-piece and the tool. — Spark forms a
little crater as a result, and this figure shows how a crater is formed. Melting and vaporising the work-piece, eroding it
to the shape of the instrument in the material in the cutting path. MRM stands for material transition. The refinement is
represented in rigid, liquid, or gaseous settings, and then alloyed into a rigid, liquid, or gaseous layer with a touch
surface.

IJMRSETM®©2022 | AnISO 9001:2008 Certified Journal | 589


http://www.ijmrsetm.com/

International Journal of Multidisciplinary Research in Science, Engineering, Technology & Management (IJMRSETM)

ﬁ ! | ISSN: 2395-7639 | www.ijmrsetm.com | Impact Factor: 7.580|
tﬂ]ﬁ]ﬁm | Volume 9, Issue 4, April 2022 |

| DOI: 10.15680/IJMRSETM.2022.0904027 |

Conducted

Primary
Energy

Stored Electrode
- Discharge

Energy absorbed
by dielectric fluid

Energy absorbed
by dielectric fluid ~

Residual Loses

g
W ndry Ene

e
tored in Debris.

Crater

Erosion )

Workpiece

Primary
Energy Stored ‘

Conduc te(l:

Figure2: Mechanism of MRR

II. LITERATURE REVIEW

Electrical discharge machining (EDM) is a relatively new technology of high precision metal removal that use thermal
energy rather than mechanical cutting forces between the device and the workpiece. Making a chimney to degrade the
artwork. The workpiece must be power transmission and submerged in a dielectric fluid to prevent corrosion. In die
production, EDM equipment is often employed with big parts, deep microscopic entire diameter and associated
particular hole, and other precision components. The Lazarenko EDM device features a kind of power resistance
capacitance that was widely employed on the EDM computer in the 1950s and was later used as a paradigm for future
development in EDM. Further developments in pulse and solid state generator technology in the 1960s alleviated all
previous worries about weak electrodes and orbital technologies. There were fewer electrodes in the 1970s.

Vibrations, light, physics, liquids, electrons, and ions are all examples of unique kinds of energy used in the
contemporary industrial paradigm. M.L. Jeswani: Because of the high pulse energy spectrum, machining in distillated
water resulted in a lower incidence of MRR and wear than machining in petroleum kerosene. Erden [2] suggested that
the three steps of sparking, namely breakdown, release, and corrosion, be removed from the material. Furthermore,
reversing the sparking polarity alters the substance elimination process with a high volume of electrode matter on the
workpiece's surface. S. Tariq Jilani and colleagues [3]: Changes in flushing, material removal, and craftsmanship
techniques were documented by the authors. When high removal rates are required, you suggest the use of frame-style
equipment for workpiece forms with symmetric swept surfaces on either linear or axis.

Water-based erosion processes, according to Konig W. W. et al [6], have superior thermal stability and may reach
substantially larger energy inputs, especially in critical situations. Using an aqueous solution of organic chemicals for
EDM sinking almost completely eliminates any fire threat, allowing safe agricultural work. There are two primary
techniques in rigorous architecture (Phadke, [7]; Uanl and Dean, [9]). a. Noise signal ratio (S / N) with emphasis on
variance measuring efficiency, and b. orthogonal arrays that meet various design influences simultaneously. When
essential values depart from the desired value, a loss occurs. The key to good quality and cost control is continuous
variable variations in crucial output attributes from the goal value.

As a result, the machine tool maker Konig [12] developed water immersion technology and substantially enhanced the
surface finish, such that no human polishing is required after the operation. Bayramoglu and Duffilli [10, 14] examined
the CNC EDM frame cutting tool for making straight, circular, and curved outlines. Present, on time, and not present
Non-Wong and colleagues [15] New mild steel cooker power. The effect of flushing on machining performance and
stability was investigated. The presence of a copper pulse, a time pulse, a time out pulse, a voltage differential, and an
intermittent angle of polarity.

WANG, Xiankui "et al. [17]: Diamond wheel EDM treatment using tine grain metal. The focus of the research is on the
truing influence of EDM as well as the micronutrients of EDM dressing on the wheel surface. The important
interactions between EDM dressing components and dressing outcomes are investigated, and the EDM dressing
procedure is included. Chow and colleagues 19]: Mechanical test specimens from Zr2.5Nb pressure tubing may be
easily manufactured using electric discharge machining machines (EDM). Using an EDM methane electrode and
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paraphernalic material, we discovered that dielectric hydrogen is enhanced in a high amount of hydrogen during
irradiation in 250 ° C water. The hydrogen route analysis is described in this work.

WANG, Xiankui "et al. [17]: Diamond wheel EDM treatment using tine grain metal. The focus of the research is on the
truing influence of EDM as well as the micronutrients of EDM dressing on the wheel surface. The important
interactions between EDM dressing components and dressing outcomes are investigated, and the EDM dressing
procedure is included. Y.K. Y.K. Y. LOK, as well as T. LOK and T. C. In the form of two advanced ceramic
processing, electrical discharge processing (EDM) is being explored as one of the potential techniques of processing
advanced ceramics. C. LEE [18]. The advanced ceramics Sialon and AI203-TiC were successfully manufactured using
the Wire-Cut EDM method. In terms of removal rate and surface finish, the processing performance was examined
under various cutting settings. C.K.-C.K. Chow and colleagues 19]: Electric discharge machining machines (EDM)
allow for the straightforward fabrication of mechanical test specimens from Zr2.5Nb pressure tubing. Using an EDM
methane electrode and paraphernalic material, we discovered that dielectric hydrogen is enhanced in a high amount of
hydrogen during irradiation in 250 ° C water. The hydrogen route analysis is described in this work.

II1. TAGUCHI TECHNIQUE

Dr. Genichi Taguchi, a Japanese engineer, was born on January 15, 1924. He has been crucial in the development of the
Japanese industry since the late 1940s. Following World War II, the Allies observed that Japan's Telecommunications
System efficiency was incredibly weak and completely inadequate to boost long-haul connectivity. The Allies proposed
that in order to establish state-of-the-art communication networks, Japanese development centres could be set up in the
same manner as bell laboratories. The Japanese also established the "Laboratories of Electric Contact" (ECL) with Dr.
Genichi Taguchi, who was in charge of enhancing R&D efficiency and product quality. Dr. Taguchi started developing
innovative methods for improving the computer research process. He created procedures that are often referred to as
"Taguchi techniques."

PETm———
SELCTION OF SELCTION OF N | SELECTION OF
TAGUCHI 7 MACHINING |——— /| WORK MATERIAL
TECNIQUE CONDITIONS

RESULT ANALYSISOF | / MACHINING USING
& CUTTING PARAM-{ DIFFERENT CUTTING
DISCUSSION ETERS & CUTTING | \ PARAMETERS

FORCE

Figure 3: Flow Chart of Taguchi Method [53]

3.1TAGUCHI PHILOSOPHY

Taguchi has a rather strict manufacturing quality management philosophy. Indeed, his thesis generates an entirely
distinct set of engineers who believe in breathing and living a healthy life.

3.3.3 A component's efficiency cannot be checked. Through a mechanism, output is conceptualized by device design,
parameters, and tolerance design. The goal of this article is to discuss parameter design by determining which process
parameters the product most influences and then designing them to deliver a specified product outcome.

3.3.3.3. Increasing the distance between objectives yields more value. The system is designed to withstand uncontrolled
environmental conditions. The signal (product quality) should have a high signal-to-noise ratio (uncontrollable factors).
3.1.10 The service factor may be estimated as a component of the standard deviation and system-wide loss estimates.
This is the concept of low-performing products failing or causing total harm to the customer and society.

CONCEPT DESIGN: This is the first step of the design process in which the particular component or process design

is developed using engineering and technology expertise. It is an important step, but we cannot allow all ideas to be
discussed. Thus, research is limited to a few definitions selected based on past information or hypothesis.
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PARAMETER DESIGN: It is the stage of design in which an analysis is undertaken to analyses circumstances that
remove inefficiencies.

TOLERANCE DESIGN: It is the tertiary architecture that houses process tolerances and uncertainty sources. This is a
method of reducing consistency gains by removing their source directly.

Table 1: Taguchi Three Stage Design Process

SYSTEM PARAMETER TOLERANCE
Set concept Set target Set tolerance
Use engineering Engineering Engineering

Statistical design

Statistical tolerance

Sensitivity analysis

Experimental design

Iv. EXPERIMENTATION

To begin work by addressing theoretical work that had been produced prior to the completion of the machining. This is
an L27 orthogonal array that contains the design of Taguchi tests, a collection of workpieces, a selected instrument, a
testing setup, and results from experiments completed for material removal (MRR) and tool wear rates (TWR).

4.1 INVESTIGATIONAL SET UP

The experiments were carried out using an electrical discharge system with a negative polarisation on the electrode and
a positive polarisation on the work piece. The dielectric solvent obtained had a specific gravity of 0.763 in EDM oil.
The EDM system contains the following steps to circulate dielectric: (1) For movement, a reservoir at the foundation,
pumps, and valves are necessary. 2) CNC operations and power supply panel 3) A leak-proof tank and a chuck-
connected item. 4) Using the lever, the table may be adjusted in two dimensions. 5) App assistance system. 6) Vertical
tool travel is controlled by a power servo system.

Figure 4: Panel of EDM Machine
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Figure 5: Specification Chart

Figure 7: EDM Experimental Procedure
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Figure 8: Generation of spark during EDM operation.

4.2 SELECTION OF WORK PIECE EN24 STEEL

EN24's tensile strength in T condition is typically 850/1000N/mm2. EN24 has a common grade of Harding alloy steel
because to its outstanding craftsmanship. The EN24 is utilised in parts such as gears, shafts, pins, and bolts. Through
welding, nit riding, and wear resistance components, the EN24 T surface may also be reinforced to make components
with better wear resistance. EN24 steel is a quickly machined commodity that is often used as engineering steel due to
its effectiveness in the tensile construction. The composite combines high tensile strength, vibration resistance,
ductility, and wear resistance. EN24, on the other hand, retains favourable results even at low temperatures and is
employed in harsh offshore circumstances. EN24 is also utilised in the production of heavy vehicle components such as
locomotives, cranes, rolling mills, and coal cutting machines.

Table 2: Chemical Composition of EN24

TYPICAL CHEMICAL COMPOSITION OF EN24
Carbon 0.36-0.44%
Silicon 0.10-0.35%
Manganese 0.45-0.70%
Sulphur 0.040

Max Phosphorus 0.035

Max Chromiumn 1.00-1.40%
Molybdenum 0.20-0.35%

Figure 10: EN24 Workpiece.

V.  RESULT AND DISCUSSION

The results of the machining settings, equipment material, current discharge, sound, and toff on the EN24 computer and
TWR while maintaining a consistent machining time, i.e., 10 minutes with a copper tool (1). Experimental design
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Table 3: Material Removal Rate:

Exp. No. ‘Workpiece Weight (zm) MER
Before After (Cefmin.)
1 61.14 60.34 0.010
2 3863 37.83 0.010
3 3843 37.63 0.010
4 2.06 80.03 0.026
5 67.53 635.43 0.026
1] 45.11 4294 0.027
T 3842 36.51 0.037
g 3977 36.99 0.035
o 4492 4219 0.033
10 358.06 3851 0.007
11 61.93 61.33 0.007
12 61.59 61.04 0.007
13 45.37 4325 0.027
14 64.09 61.94 0.027
15 69.43 67.33 0.026
16 62435 39.63 0.0335
17 3056 47.58 0.037
18 3992 36.92 0.038
19 7130 71.19 0.001
20 3888 3878 0.001
pa | 63.48 63.36 0.001
22 3963 3723 0.030
23 67.66 63.36 0.029
24 5977 5737 0.030
25 3%.50 36.60 0.040
26 30.74 47.59 0.040
27 39.51 36.40 0.039

Table 4: Tool Wear Rate:

Exp. No. Tool Weight (gm) TWR
Before After (Gm/min )
1 07.44 07.44 0.0005
2 97.44 97.44 0.0005
3 07.44 07.44 0.0005
4 07.48 07.46 0.0020
3 07.46 07.45 0.0010
6 97.45 97.44 0.0010
7 07.50 07.49 0.0010
8 07.49 07.48 0.0010
9 07.48 07.48 0.00035
10 160.91 160.84 0.0070
11 160.84 160.79 0.0050
12 160.79 160.72 0.0070
13 161.15 161.06 0.0090
14 161.06 160.98 0.0080
13 160.98 160.91 0.0070
16 161.45 161.35 0.0100
17 161.35 161.26 0.0090
18 161.26 161.15 0.0110
19 15.05 15.08 -0.0030
20 15.08 15.10 -0.0020
21 15.10 15.12 -0.0020
22 14.86 14.89 -0.0030
23 14.89 14.92 -0.0030
24 14.92 14.94 -0.0020
25 14.94 14.98 -0.0040
26 14.98 15.02 -0.0040
27 15.02 15.05 -0.0030
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5.1 TAGUCHI ANALYSIS:

5.1.1 MRR VERSUS TOOL MATERIAL, T ON, CURRENT AND T OFF:

Table 5: Response Table for Signal to Noise Ratios Larger is better

Level Tool Material | T on Current T off

1 -33.52 -33.10 -47.70 -33.17

2 -34.44 -34.24 -31.21 -34.21

3 -39.53 -40.15 -28.58 -40.11
Delta 6.01 7.05 19.12 6.94
Rank 4 2 1 3

Table6: Response Table for Means
Level Tool T on Current T off
Material

1 0.024000 0.025444 0.006000 0.025444
2 0.023444 0.024333 0.027556 0.024111
3 0.023444 0.021111 0.037333 0.021333
Delta 0.000556 0.004333 0.031333 0.004111
Rank 4 2 1 3

Based on the rankings of the machining criterion in the above response chart, we may conclude that current has the
greatest influence on MRR vs. tool content, new, and sound. Because the new grade is a 1, If T is 2, then T is 3
according to the most recent most efficient MRR function. Because this is the lowest rating obtained, i.e. 4, the drug in
use has the least impact on MRR.

Main Effects Plot for Means
Data Means
Tool Material T on
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2 0.04
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T ¥ T T T T
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Figure 11: Main Effect s Plot for Means
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Figure 12: Main Effect s Plot for SN ratios

VL CONCLUSION & FUTURE PROSPECTIVE

EN24 workpieces are machined using the Mild Steel, Copper & Graphite process. The Taguchi method was utilized to
explore and analyses the L27 orthogonal series experiment. The investigation resulted in the following conclusions:

Material removal intensity (MRR) of the workpiece EN24 was determined to be the most significant in the graphite
instrument when the device settings were adjusted to 21A, 400s, and 1s for the discharges of current (Ip), pulse on time
(Tonus), and pulse off time (Tonus) (Toff).

Special. In the instance of the Graphite Method, the EN24 Material Removal Rate (MRR) was the least defined when
the device discharge (Ip), pulse-on-time (Tone), and pulse-off-time (Toff) parameters were set at 7A, 600s, and 3s,
respectively.

TWR was determined to be the least advantageous for Mild Steel units when TWR was set at 0.0110gm/min in
response to process parameter values such as current (Ip), time pulse (Ton), and pulse out time (Toff) being set as 21A,
300s, and 3s, respectively, for process parameters discharge current (Ip).

6.1 SCOPE FOR FUTURE

An examination of the outcomes of the present research reveals several feasible expansions. The following are
examples:

6.2.1 In order to assess, device settings should be adjusted.

6.2.2 Multiple response improvements may be performed instead of a single answer analysis.

In this study, de-ionized water is employed as a dielectric. It would be interesting to compare the process performance
of various gas dielectrics.

6.2.4 In terms of applications, the EDM process may be used for micromachining. There has been minimal effort in this
field so far, and a knowledge basis for micro processes is required to make micromachining practicable for electrical
discharge.
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