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Introduction. In modern manufacturing world, industries should adapt technological advancements for
precision machining of difficult-to-machine metals, especially for beryllium copper (BeCu) alloys. The electrical
discharge machining of alloys has proven its viability. The purpose of the work. A literature review indicated that
the investigation of electrical discharge machining of BeCu alloys is still in its infancy. Furthermore, the cryogenic
treatment of workpieces and electrodes in electrical discharge machining has not received much attention from
researchers. Moreover, the impact of magnetic field strength on surface integrity and productivity during electrical
discharge machining has not attracted much attention from researchers. The methods of investigation. This paper
describes the use of electrolytic copper with different gap current values, pulse on periods, and external magnetic
strength for electrical discharge machining of BeCu alloys. This paper examines how the material removal rate, the
thickness of the white layer, and the formation of surface cracks are affected by cryogenic treatment of the workpiece
and tool, pulse-on time, gap current, and magnetic strength. Results and Discussion. The combination of the
cryogenically treated BeCu workpiece and the untreated Cu electrode had the highest material removal rate among
all the combinations of workpieces and tools used in this study. The pulse on-time and the strength of the magnetic
field had little influence on material removal rate, whereas the gap current had the greatest effect. The maximum
achieved material removal rate was 11.807 mm’/min. At a high material removal rate, the observed thickness of
the white layer on the horizontal surface ranged from 12.92 pm to 14.24 pm. In the same way, the maximum and
minimum values for the vertical surface were determined to be 15.58 pm and 11.67 um, respectively. According
to scanning electron microscopy, the layer thickness was less than 20 pm, and barely noticeable surface cracks
were observed in specimens with low, medium and high material removal rates. Obviously, due to the cryogenic
processing of the workpiece and the external magnetic strength, there was a slight cracking of the surface and the
formation of a white layer.
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Introduction

BeCu alloys, or beryllium copper alloys, are very reliable materials with outstanding fatigue strength,
hardness, wear resistance, and non-magnetic characteristics that are utilized in a variety of industries.
A consistent, homogeneous liquid solution is obtained by combining beryllium and copper, which is a
distinctive feature of the microstructure. Copper frequently retains its face-centered cubic form, and beryl-
lium becomes a crucial part of the copper crystal. When copper atoms are replaced by beryllium atoms in
the same lattice regions, a substitutional solid solution is produced. BeCu alloys have been used to create
breaker reeds, diaphragms, control valves, switchgear components, and all varieties of flat and coil springs.
High electrical conductivity and toughness have also been used in plastic extrusion dies and specialty tool-
ing. However, there are several problems when utilizing traditional machining methods to cut BeCu alloys.
Due to the high strength of BeCu alloys, it is problematic to maintain the integrity of the surface of the
finished product, and increased tool wear occurs during machining. BeCu alloys have good thermal and
electrical properties, which make electrical discharge machining safe and effective.

For cutting hard materials, electrical discharge machining (EDM) is a practical technique [1-6]. Due to
the complexity of the process, numerous studies on electrical discharge machining have been conducted
to determine its’ optimal parameters [7—10]. The main objective of this research is to develop a production
system that improves material removal rate (MRR). Using machine learning (ML) techniques, a group of
researchers created performance prediction models for EDM, including MRR [11-13].

EDM process modeling development was discussed in detail by Ming et al. [14]. Shastri et al. [15] as-
sessed the effects of cooling, ultrasonic machining, powder mixture machining, and cryogenic machining
on performance indicators such MRR, tool wear rate (TWR), surface integrity, and recast layer. Boopathi
[16] offered a comprehensive analysis of the literature on different dielectric fluids, previously unknown
and sustainable innovations, process parameters, machining characteristics, and optimization strategies
used in various dry and near-dry EDMs. The purpose of combining dry and near-dry EDM research was to
support environmentally friendly EDM research projects. The impact of EDM die sinking settings on the
MRR of BeCu alloys was examined by Ali et al. [17].

The effects of EDM settings on the MRR, tool wear, relative electrode wear, and surface roughness of
NiTi alloys were examined by Daneshmand et al. [18]. The voltage, discharge current, pulse-on time, and
pulse-off time are some of these parameters. The tests were designed using the L /8 orthogonal matrix us-
ing the Taguchi methodology. The effects of current, voltage, tool rotation, 41,0, powder, MRR, TWR, and
surface roughness were examined by Daneshmand et al. [19]. The results show that the MRR can be in-
creased by using 47,0, powder, rotating the tool, and raising the voltage, current strength, and pulse width.
The effects of electrical discharge machining on the environment, human health, and safety were examined
by Baroi et al. [20]. The effects of cryogenic treatment on Inconel 718 work material were investigated by
Kannan et al. [21]. The cooling effect of copper electrodes during the electrical discharge die sinking of a
titanium alloy (7i-6A41-4V) was investigated by Abdulkareem et al. [22]. The effects of cooling on workpiece
surface roughness and electrode wear have been studied. In order to find out how the 7i 6246 alloy’s ma-
chinability was influenced by deep cryogenic treatment, Gill and Singh [23] used an electrolytic copper tool
to drill blind holes 10 mm in diameter. Furthermore, a comparison was conducted between the untreated 7i
6246 alloy and the deep cryogenically treated 7i 6246 alloy in terms of surface roughness and overcut of
holes. Copper electrode cooling during electrical discharge machining (EDM) of a workpiece composed of
M?2-grade high-speed steel was investigated by Srivastava and Pandey [24]. Machinability was evaluated
using electrode wear ratio (EWR) and surface roughness (SR). A study by Yildiz et al. [25] investigated the
effect of cryogenic and cold processing on the EDM machinability of BeCu alloy workpieces. The BeCu
alloy was treated at temperatures of about —150°F (=100 °C) for cold treatment and —300°F (—185 °C) for
cryogenic treatment in this investigation.

The titanium EDM machining properties were studied by Singh and Singh [26] both before and after
the tool and workpiece were cryogenically treated. The study’s output metrics included dimensional
accuracy, surface roughness, 7WR, and MRR. Copper’s thermal conductivity was greatly enhanced by
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cryogenic treatment in an experimental study conducted by Nadig et al. [27]. The thermal conductivity
was only marginally enhanced by tempering as compared to cryogenic treatment. The results pave the
way for further research to optimize temperature and duration of cryogenic treatment as well as other
tempering parameters. During the EDM of high-speed steel M2, Srivastava and Pandey [28] assessed
surface roughness (SR), material removal rate (MRR), and electrode wear ratio (EWR) using an ultrasonic-
assisted cryogenically cooled copper electrode. The discharge current, duty cycle, gap voltage, and pulse-
on time were the variables that could be adjusted during the process. In the electrical discharge machining
process, three types of electrodes were compared: conventional, cryogenically cooled, and cryogenically
cooled together with ultrasound. The MRR, EWR, and SR were measured. The reattachment of particles
to the machined surface caused major difficulties in dry EDM, according to Liging and Yingjie [29]. Their
research proposed two methods for increasing MRR in dry EDM: the first involves the use of cryogenically
cooled workpieces, and the second involves the use of dry EDM in combination with oxygen gas. Electrical
resistivity, crystallite size, microhardness, and microscopic studies were provided by Jafferson and
Hariharan [30], and a comparison of the machining performance of cryogenically treated and untreated
microelectrodes in MEDM was carried out. The effect of cryogenically treated tool electrodes on electrical
discharge machining (EDM) processes was studied by Mathai et al. [31]. When machining is performed
using electrodes subjected to cryogenic treatment of varying durations, the efficiency of the process is
examined by examining the change in critical response characteristics, such as MRR, TWR, and surface
roughness, with respect to current and pulse-on time.

The study conducted by Singh et al. [32] aimed to evaluate the effectiveness of the copper electrode
manufactured through a novel fast manufacturing process in EDM on D-2 steel. On the other hand, Prakash
et al. [33] focused on comparing the performance of untreated and cryogenically treated micro-EDM tool
electrodes while machining the magnesium alloy 4Z31B. The tool electrodes were subjected to cryogenic
treatment to enhance its mechanical characteristics, such as hardness and wear resistance, which in turn
improved the quality of the machined features. A group of researchers optimized the process parameters
using multi-criteria decision-making (MCDM) during the EDM of 446061-T6 SiC composites (15 wt. %
SiC) [34]. Attempts were made using supervised machine learning to predict the EDM surface roughness of
deep cryogenically treated Ni7i, NiCu and BeCu alloys [35]. [35].

A review of the literature showed that the research on electrical discharge machining of BeCu alloys
is still in its infancy. Furthermore, the cryogenic treatment of workpieces and electrodes in EDM has not
received much attention from researchers. Moreover, the impact of magnetic field strength on surface
integrity and productivity during EDM has received very little attention in research. Therefore, the goal of
this study is to ascertain how the material removal rate, thickness of the white layer, and creation of surface
cracks are affected by a cryogenically treated workpiece and electrode, magnetic strength, gap current, and
pulse on time. In addition, this study makes use of machine learning regression algorithms to estimate the
MRR. The remainder of the work consists of sections devoted to materials and methods, results and their
discussion, as well as conclusions.

Materials and Design

In this study, an Electronica Machine Tools Limited die sink-type electrical discharge machine, model
C400x250, was used for testing. A block of 100x100x50 mm in size was used as a workpiece in this study,
which was then divided into blocks of 30%x20%20 mm in size for carrying out experiments. Copper with
high thermal conductivity was used as the tool electrode material in the experiments. The tool had a square
shape with dimensions of 6x90 mm, respectively. Using an indexing system and a milling machine, it was
given a 3X25 mm square shape.

During the experiment, an external magnetic field was applied using a neodymium magnet surrounding
the cutting zone. The workpiece and tool electrodes were cryogenically prepared prior to the experiment.
Electrical resistance/conductivity tests were conducted to determine how cryogenic treatment affected the
materials. The weight of the workpieces and tool electrodes was measured using a computerized weighing
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scale with a minimum count of 0.001 g both before and after machining. The material removal rate was
calculated using Eq. 1.

(M

MRR = [M],

cxT

where W, is the mass of the workpiece before machining, (g); W, is the mass of the workpiece after

machining, (g); p is the density of the workpiece, (gm/cm3); T is the cycle time, (min).

BeCu Cu Tool
magnets workpiece  Electrode

Fig. 1. Experimental set-up

The thickness of the white layer of each specimen was examined at 850x magnification using a scanning
electron microscope. Next, the treated surfaces of the specimens were examined at 1000x magnification
and surface cracks on the bottom and walls of the holes were measured. Using electrolytic copper tool
electrodes, square holes with a depth of 5 mm from the surface were created on untreated BeCu alloy parts.

Figure 1 shows the experimental setup, which consisted of a BeCu workpiece, copper tool electrode,
and magnets used for experimentation. A BeCu workpiece drilled with square holes with copper tool
electrodes and magnets in the cutting zone. Experiments were carried out to understand the effect of
cryogenic treatment of the workpiece and tool electrodes, along with the gap current and external magnetic
strength, on the material removal rate. Thus, the experiments were carried out in two stages: a pilot study
and main experiments based on the Box—Behnken design. To study the effects of the process parameters on
the performance characteristics, the design variables are listed in Table 1.

Table 1

Design variables

Parameters Performance measures
Gap current (A): 8, 10, 12,14 16
Magnetic strength (T): 0, 0.124, 0.248, 0.372, 0.496

Pulse on time: 38 us

Gap voltage: 55 V Material removal rate, white layer
Pulse off time: 7 ps thickness, and crack length

Dielectric: Commercial EDM oil

Flushing pressure: 0.5 Kg/cm2

Polarity: Workpiece (-ve); Tool electrode (+ve)
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To make a decision on the range and level of gap current and magnetic field to obtain optimal values of
material removal rate, pilot studies were carried out. The gap current and the gap current were varied at five
levels; one pass was performed at each level. Various combinations of workpiece and tool were considered:

— BeCu (untreated) and Cu (untreated);

— BeCu (untreated) and Cu (cryogenically treated);

— BeCu (cryogenically treated) and Cu (untreated);

— BeCu (cryogenically treated) and Cu (cryogenically treated).

Based on the results obtained from the pilot study, the main experiments were designed using a three-
variable Box—Behnken design.

Results and Discussion

This section illustrates the MRR experimental results and its analysis, white layer thickness and crack
formation and prediction of MRR using machine learning regressions.

Experimental results and analysis

Experimental study was carried out in two phases. Firstly, one variable was varied over the selected
levels at the fixed average values of the other variables. These experiments were conducted to study and
normalize the EDM machine settings and process responses in general. It was determined that 5 mm was the
proper depth of milling to achieve stability while the process was underway. Two variables were modified
in this study: gap current and magnetic strength. The remaining variable was spread at equal intervals
throughout its range, while the other variables were fixed at its respective average values for the whole
range of options available in the machine. In the first five experiments, only the gap current was changed,
as is illustrated in Table 2.

A similar variation was observed in the magnetic strength in five experiments as shown in Table 3. The
gap current and magnetic strength varied for four workpiece and tool combinations.

Table 2
Experimental matrix: Varying gap current
Magnetic Gap Gap Pulse on | Pulse off Workpiece and tool combinations
strength (T) voltage (V) | current (A) | time (us) | time (us) (U:U, T:U, U:T, and T:T)
0.248 55 8 38 7
0.248 55 10 38 7 U:U (BeCu-untreated with Cu-untreated),
I N N N I 175
0.248 55 14 38 7 T:T (BeCu-treated with Cu-untreated)
0.248 55 16 38 7
Table 3
Experimental matrix: Varying magnetic strength
Magnetic Gap Gap Pulse on | Pulse off Workpiece and tool combinations
strength (T) | voltage (V) | current (A) | time (us) | time (us) (U:U, T:U, U:T, and T:T)
0 55 12 38 7
0.124 55 12 38 7 U:U (BeCu-untreated with Cu-untreated),
o2 | s || | 7| Db o
0.372 55 12 38 7 T:T (BeCu-treated with Cu-untreated)
0.496 55 12 38 7
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In this study, only the gap current and external magnetic field was varied. It is known that the most
influential parameter for the maximum MRR is the spark energy. During cryogenic treatment, the thermal
vibration of atoms in metals decreases due to the temperature decrease. This results in a decrease in
electrical resistivity and improved electrical conductivity. Owing to the cryogenic process, the homogeneity
of the crystal structure increases, and the gaps and dislocations are dissolved, which improves the structural
compactness and electrical conductivity. According to the Wiedmann-Franz-Lorenz law, an increase in
electrical conductivity would increase thermal conductivity.

Figure 2 depicts MRR varying with gap current for treated and untreated BeCu alloys with treated and
untreated copper tool electrodes (four workpiece and tool combinations — U:U, T:U, U:T, and T:T). The
surface temperature of the workpiece tends to increase as a result of the increase in spark energy caused
by the gap current. The substance melts as a result, and the molten metal is subsequently flushed away by
the dielectric fluid. Due to the increased electrical conductivity of the workpiece after cryogenic treatment,
the MRR increases. Debris from the undesired material removed from the workpiece is created in the
machining zone during the EDM process. The machining efficiency is decreased because arcing occurs
instead of sparking if it is not removed from the cutting zone.

Debris removal from the cutting zone is facilitated by the strength of the external magnetic field.
Additionally, this keeps the particles in the cutting zone from clogging As a result, the stability of the EDM
process is improved. Figure 3 depicts MRR varying with magnetic field strength for treated and untreated
BeCu alloys with treated and untreated copper tool electrodes (four workpiece and tool combinations —
U:U, T:U, U:T, and T:T). With an increase in the gap current, the spark energy increases, increasing the
surface temperature of the workpiece, thereby melting and evaporating material from the workpiece surface
and increasing MRR.

12 - 7.5 -
T Huu ETU DOut B TT = Huuv ETv DuT B TT
£ 101 £ 70 1
g €
E s - E
g B 65
o ©
s 6 < et
[ @©
3 3 60
£ 4 4 e
o o
o T 55
g 2 5
[} [y}
= g = 50
8 10 12 14 16 0 0.124 0.248 0372 0.496
Gap current (A) Magnetic strength (T)
Fig. 2. MRR varying with gap current for four work- Fig. 3. MRR varying with magnetic strength for four
piece and tool combinations workpiece and tool combinations

To understand the effect of input variables, namely the gap current (Ig), external magnetic field strength
(B), and pulse-on time (7, ), on the material removal rate (MRR) was investigated for cryogenically treated
BeCu workpiece and untreated Cu electrode combination. This combination of workpiece and the tool is
selected as it provided higher MRR among the other combinations of workpiece and the tool selected in the
present study. Table 4 depicts the experimental matrix with MRR varying with Ig, B, and T .

Experimentally based mathematical model (Eq. 2) was developed for the MRR for the T:U (BeCu-treated
with Cu-untreated), workpiece and tool combination, for better understanding the EDM performance. The
values of the coefficients involved in the equation were calculated using the Microsoft Advanced Excel
data analysis tool. R-squared (R’) values which measure variation proportion in the data points are close to
0.912. Therefore, the developed model is reliable to predict the MRR during EDM of cryogenically treated
BeCu workpiece with untreated Cu electrode.

MRR = 0.004501(1g)33(B)0-00121 (7, 110508 2)
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Table 4
Box—Behnken Design with observed values of MRR
Exp. No. | Gap current (Ig) (A) | Magnetic field (B) (T) | Pulse on time (7)) (us) MRR (mm3/min)
1 8 NO 26 2.32
2 8 0.496 26 2.22
3 16 NO 26 6.00
4 16 0.496 26 6.54
5 12 NO 13 1.93
6 12 0.496 13 2.04
7 12 NO 38 4.66
8 12 0.496 38 5.003
9 8 0.248 13 0.97
10 16 0.248 13 1.88
11 8 0.248 38 2.89
12 16 0.248 38 7.40
13 12 0.248 26 4.86
14 12 0.248 26 4.64
15 12 0.248 26 4.78

Further, to have a better understanding of the effect of process parameters, MRR (figure 4) is plotted
using the developed model varying with process parameters for the T:U (BeCu-treated with Cu-untreated),
workpiece and tool combination. Figure 4, a depicts MRR varying with gap current at magnetic strength
and pulse on time of 0.248 T and 26 s. The MRR can be seen as increasing with the gap current.

@
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@
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=
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[N}
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2
1
0

Material removal rate (mm®/min)
Material removal rate (mm®min)
Material removal rate (mm°*/min)

w
o

T T
5 10 15 20 0 0.2 04 08 10 20 30 40
Gap current (A) Magnetic strength (T) Pulse on-time (um)

a b c

Fig. 4. MRR varying with Gap current («), Magnetic field (), and Pulse on time (c)

The MRR that changes with magnetic field at a gap current of 12 A and a pulse on time of 26 s is shown
in figure 4, b. Furthermore, MRR fluctuates with pulse on time at gap current and magnetic strength of 12 A
and 0.248 T, as shown in figure 4 c. A slight increase in MMR is observed with increasing magnetic strength.
However, as demonstrated in figure 4 , the MRR seems to increase with the pulse on time. The gap current
has the biggest impact on the MRR, followed by the timing of the pulse and the magnetic field strength,
which has a negligible effect.

According to figure 4, MRR values decrease with decreasing magnetic field and gap current values.
As the values of gap current and magnetic field increase, the MRR also increases. With a magnetic field
of 0.4 T and a gap current of 16 A, the MMR exceeds 7 mm’/min. Lower magnetic field and pulse on time
values result in lower MRR readings. MRR increases simultaneously with an increase in magnetic field and
pulse on time values. MRR exceeds 7 mm’/min with a magnetic field of 0.4 T and a pulse on time of 35 ps.
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MRR values are lower for lower gap current and pulse on time values. As the gap current and pulse on time
increase, the MMR also increases. With a current in the interelectrode gap of 16 A and a pulse interval of
35 ps, the SMR exceeds 7 mm’/min. With a gap current of 16 A, a magnetic induction of 0.4709 T and a
pulse of 38 us, the optimizer, using the principle of complex desirability, timely predicted the MRR value
of 7.6453 mm’/min.

White layer thickness (WLT)

As for the primary tests, the conditions that provided the highest rate of material removal were selected
to test the white layer thickness (WLT). The thickness of the white layer is shown on the two separate edges
of the square holes in figure 5, @ and b for gap current of 8 A, magnetic strength of 0.248 T, gap voltage of
55V, pulse on time of 13 ps and pulse off time of 7 ps.

Figure 5 shows that the low spark energy at 8 A gap current and 13 ps pulse on duration resulted in
limited white layer formation. It should be noted that the workpiece has a very low carbon content, which
means that a white layer of less thickness is formed.

Figure 6, a and b illustrate the thickness of the white layer at two distinct corners of the square hole
when the gap voltage is 55 V, the gap current is 8 A, the magnetic strength is 0.248 T, the pulse-on time is
38 us, and the pulse-off time is 7 ps. Because of the higher spark energy in this trial circumstance compared
to the prior case, there is a greater thickness of the white layer.

The white layer thickness at two separate square hole edges is depicted in figure 7, a and b with gap
currents of 16 A, magnetic strengths of 0.248 T, gap voltages of 55 V, pulse on time of 38 us, and pulse off
times of 7 us. In this scenario, the processing conditions are higher: the pulse on time is 38 us and the gap

L2y 23 REEl P20 ym 13 24 SEI

Fig. 5. WLT for Expt. 9 (Table 4) at the vertical cross-section of a square hole (a), at the
horizontal cross-section of the square hole (b)

Fig. 6. WLT for Expt. 14 (Table 4) at the vertical cross-section of a square hole (a), the
horizontal cross-section of the square hole ()
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23ku.- ¥ X850 14 24" SET
Fig. 7. WLT for Expt. 12 (Table 4) at the vertical cross-section of a square hole (a),
the horizontal cross-section of the square hole ()

current is 16 A. Thus, the white layer in this case is thicker than in the first two. However, the thickness of
the white layer is typically less than 20 pm, indicating that molten metal is effectively removed from the
workpiece surface by dielectric flushing.

The white layer refers to a thin layer of recast material that forms on the surface of the workpiece after
the electrical discharge process. This layer has different physical and chemical properties compared to the
base material. The thickness of the white layer depends on various factors, including the EDM process
parameters and the material being machined. Higher discharge energy increases material removal, resulting
in a thicker white layer. Longer pulses provide greater energy transfer and may result in the formation of a
thicker white layer. BeCu alloy has specific thermal and electrical conductivity properties that can affect the
white layer formation. The composition and microstructure of the alloy can also play a role. Proper flushing
of the machining zone helps remove debris and control the heat generated during the process, which can
influence the white layer formation.

The observed white layer thickness at a low material removal rate for the horizontal surface is a minimum
of 6.38 um and a maximum of 10.47 um. Similarly, for the vertical surfaces, the maximum and minimum
are found to be 13.83 um and 6.99 um, respectively. The observed white layer thickness at a high material
removal rate on the horizontal surface is at least 12.92 um and a maximum of 14.24 pm. Similarly, for the
vertical surface, the maximum and minimum are found to be 15.58 pm and 11.67 um, respectively.

Crack formed on the machined surface

The EDM process involves the generation of high temperatures on the workpiece surface. Rapid
heating and subsequent cooling cycles can induce thermal stresses. These thermal stresses can lead to
crack formation. Adequate cooling and flushing of the machining zone are crucial in EDM to control the
temperature and remove debris. Insufficient flow or cooling of the dielectric fluid can result in excessive
heating and thermal stress, increasing the likelihood of crack formation. Figure 8, @ and b and figure 9?7 a—d
show the crack and recast layer on the machined surface of the workpiece.

The cut section of the workpiece was examined using scanning electron microscopy. Photographs were
taken of the bottom surface of the workpiece and the wall surface (figure 9 e, f). The specimen has very few
surface cracks at low, medium and high material removal rates because the workpiece has superior thermal
properties and a thinner white layer is formed on the surface. Cryogenic treatment of the workpiece and
external magnetic strength prevented the formation of surface cracks and the formation of white layers.

Conclusions

In the current study, the material removal rate, white layer thickness, and crack formation on the walls
and bottom surface of a square hole produced by electrical discharge machining (EDM) were investigated
by considering the effects of cryogenically machined combinations of copper-beryllium (BeCu) workpieces
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Fig. 8. Cracks for Expt. 9 at the wall surface of square hole (a); at the bottom surface
of square hole ()

Fig. 9. Cracks at the wall surface of square hole for Expt. 14 (a); at the bottom surface
of square hole for Expt. 14 (b); at the wall surface of square hole for Expt. 12 (c);
at the bottom surface of square hole for Expt. 12 (d)
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and copper (Cu) electrodes. Experiments were carried out with varying the gap current, magnetic field
strength, and pulse on time. The pulse turn off time of 7 us and the gap voltage of 55 V were kept constant
for all experiments. The thickness of the white layer and the formation of surface cracks were also
investigated as a function of the EDM process parameters. To determine the final process input parameter
levels for the primary experiments, an pilot study was first conducted. Second, the Box-Behnken design of
experiments was followed in the planning and execution of the primary studies. Based on the experiments,
a mathematical model was created to predict and maximize MRR by optimizing EDM performance. This
study allows us to draw the following conclusions.

e The cryogenically treated BeCu workpiece and untreated Cu electrode combination provided higher
MRR among the other combinations of workpiece and the tool selected in the present study.

e The gap current had the biggest impact on the MRR, followed by the timely pulse and the magnetic
field strength, which had a negligible effect. The MRR was a minimum of 0.9 mm’/min and a maximum of
11.807 mm’/min,

e The observed white layer thickness at a low material removal rate for the horizontal surface was a
minimum of 6.38 um and a maximum of 10.47 pum. Similarly, for the vertical surfaces, the maximum and
minimum were 13.83 pm and 6.99 um, respectively.

e The observed white layer thickness at a high material removal rate on the horizontal surface was a
minimum of 12.92 pm and a maximum of 14.24 pm. Similarly, for the vertical surface, the maximum and
minimum were 15.58 um and 11.67 pm, respectively.

e SEM images were obtained on the wall and bottom surfaces of the workpiece. Negligible surface
cracks were observed for low, medium, and high material removal rates.

e [t is evident that, owing to the cryogenic treatment of the workpiece and external magnetic strength,
the white layer formation and surface crack formation were low.
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