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Electrical Discharge with an effort to create wealth out of waste, Used Engine Qil (UEO) was employed as the dielectric
medium to machine AA7075 hybrid composites. The research was conducted utilizing a variety of tools (Copper, Brass),
current, pulse, weight percentage of composites, and powder concentration. The experimentation was designed using a
Taguchi L18 orthogonal array. Because of its superior heat conductivity, copper electrodes remove more material than brass
electrodes. As the particle absorbs the most amount of heat generated, MRR falls as Cu particle integration increases to 6
g/l. Cu powders added to the dielectric medium increase TWR, and research indicates that the heat created was transferred
to the electrode rather than the work piece. Particles used as reinforcement had no impact on TWR. Brass electrode had
a lower thermal conductivity than the copper electrode, less material was removed, resulting in the best surface quality.
The formation of remelted layers is halted by through flushing, which is brought on by widening the spark gap. Due to the
heat-absorbing qualities of copper particles, the surface is exposed to lower temperatures, increasing the surface's quality
by preventing the formation of cracks and craters. In the case of tools made of copper, 3 g/l of conductive copper powder
was added to the dielectric fluid, and the current, pulse on time, and pulse width were all set at 3A and 15 ps, maximum
productivity was achieved.

Keywords: EDM, Optimization, Wealth from waste, PMEDM, Surface topography.

Introduction achieved with minimal TWR [3, 11]. By employing a
tubular electrode, negative electrode polarity, rotation
Due to the increase in demand for materials with or both high-speed gas flow and planetary electrode
a high strength to weight ratio, Aluminium Matrix motion, the performance of EDM that uses gas can
Composites (AMC) found its use in the aerospace and be higher than that using a dielectric liquid. Oxygen
military industries [1]. The reinforcement included in decomposes materials more quickly than air or EDM
the lattice reduces surface quality and causes excessive oil. According to research [4, 12], EDM in gas delivers
electrode wear when cut using conventional machining very little electrode wear. This electrode wear is also
[2]. In contrast to traditional machining methods including independent of pulse length.
laser beam, abrasive jet, ultrasonic, and electrochemical The most often used EDM tool materials are copper,
machining, electric discharge machining is best for brass, aluminium, and graphite, with the electrode's
producing very accurate and precise parts [3-6]. The physical, thermal, and electrical conductivity being key
dielectric fluids employed as the dielectric medium to machining performance [13-15]. Other crucial process
include kerosine, deionized water, and hydro carbon parameters were voltage, followed by pulse off and gap
oil [7-9]. In contrast to the titanium carbide (TiC) distance [16-19]. The key electrical process variables
layer developed when kerosene is used, the TiO, layer that influence the efficiency of the machining are current
formed on the workpiece surface when it is machined and pulse on time. By mixing foreign particles with the
with distilled water melts at a lower discharge energy, dielectric fluid, it increases the MRR and creates the
preventing the workpiece from melting and vaporizing greatest surface quality, due to bridging effect [20].
[1, 10]. When coupled to the negative polarity and The improvement of machining performance relies on
machined with deionized water, significant MRR was the size, concentration, and type of the particle [21].

Typical particles embraced in the dielectric fluid include
+Comesoonding author aluminium oxide, silicon carbide, aluminium, and boron
Tel:+gl9597%362424. ca_rbide [22-25]..The effects of combiqing kerosene oi!
E-mail: rmudhayachandran@gmail.com with fine graphite powder were examined by Jeswani
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et al, found that increasing the space gap for EDM and
lowering breakdown voltage by adding 4 g/l of graphite
particles improves machining performance [26]. Kansal
et al. investigated about impact of silicon powder on
the EDM of AISI D2 die steel. They assert that the
suspension of silicon powder in dielectric fluid improves
the MRR. The combination of peak current and powder
concentration was shown to have a significant impact on
MRR [27]. The aforementioned literature made it clear
that researchers carried out tests using different dielectric
fluids in an effort to create a greener environment and
increase productivity. The addition of particles to the
dielectric medium has been tried on a number of occasions
in an effort to improve machining performance. UEO is
a recycled material, which reduces the cost of disposal
and helps in the recycling process. This makes it a cost-
effective and environmentally friendly option. With UEO
priced at 40/litre compared to 160/litre for hydrocarbon
dielectric oil, significant cost savings can be achieved.
This cost advantage makes UEO an attractive option
for industries seeking to reduce operational expenses
without compromising on machining performance. The
use of UEO as a dielectric fluid, however, was a subject
of little investigation. In order to exaggerate UEO as
a dielectric medium, AA7075 hybrid composites were
attempted to be machined in this work by adding

Experimental Work

As shown in the Table 1, the aluminium alloy
AA7075 utilized in this study has the following chemical
properties. Before the amalgam was combined with
the 5 um SiC and B4C particles, it was thawed to a
temperature of 850°C. For the purpose of removing
moisture content, the reinforcing particles were heated
to a temperature of 250°C. and magnesium powder was
utilized as a flux to increase wettability. The particles
were mixed using a mechanical stirrer set to 1000 rpm.
After the flux was added, swirling continued for two
more minutes. A specimen with dimensions of 12 mm
x 105 mm was created when the mixture was put into
a preheated die steel mould. To eliminate the surface
flaws, the specimens were turned and faced to a diameter

Table 1. Process parameters and its level.

Parameter Levels
Current 3,6, 9A
Pulse on Time 10, 20, 30 ps
Cu Powder Concentration 0,3,6 gl

Electrode Material
Dielectric Fluid

Copper, Brass

Used engine oil

conductive copper particles. Using SEM to analyze the Voltage 30V
shape of the machined surface, the outcomes were then Weight percentage of composite 4,8, 12 wt.%
optimized with TOPSIS. Work piece AA7050/SiC/B,C
Table 2. PMEDM experimental results of AA7075 hybrid Composites.
Pulse . Predicted Values
S. Tool Powder Current . Weight MRR TWR  Ra  Hardness
No Materials Concentration  (A) on Time Percentage (mg) (mg) (um) (HRB) TWR Ra
(1) (mp (mg ()
1 Cu 0 3 15 4 287 54 438 91 313 51 441
2 Cu 0 6 30 8 337 67 4.9 94 333 72 4.71
3 Cu 0 9 45 12 338 78 5.35 100 327 76 5.67
4 Cu 3 3 15 8 247 69 1.33 82 225 68 1.40
5 Cu 3 6 30 12 236 77 2.68 85 262 80 2.07
6 Cu 3 9 45 4 212 95 3.01 90 229 103 2.17
7 Cu 6 3 30 4 197 84 3.29 89 202 87 2.85
8 Cu 6 6 45 8 244 95 3.83 99 238 93 3.78
9 Cu 6 9 15 12 267 89 4.01 100 240 91 3.97
10 Br 0 3 45 12 301 88 5.62 99 311 89 5.29
11 Br 0 6 15 4 320 84 3.78 89 293 86 3.74
12 Br 0 9 30 8 290 91 425 94 293 85 443
13 Br 3 3 30 12 241 93 0.89 80 214 89 1.49
14 Br 3 6 45 4 277 100 1.28 81 259 91 2.11
15 Br 3 9 15 204 90 1.71 81 225 90 1.63
16 Br 6 3 45 174 101 2.81 94 179 102 2.85
17 Br 6 6 15 12 196 106 3.02 100 222 103 3.05
18 Br 6 9 30 4 229 111 3.34 90 223 107 3.7778
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of 10 mm x L100 mm. The same method was used to
the creation of composites with various weight ratios.

To conduct EDM studies, the composites were sliced
to a size of about 10 mm x 25 mm. The experimental
runs were designed with the use of a Taguchi mixed
orthogonal array. On a die sink EDM machine, a total of
18 trial runs were directed. Responses for the 10 minute
machining period were recorded as MRR, TWR, Ra, and
MSH. The experiment's process parameters governing
the powder concentration, along with current, pulse on
time, weight% was shown in Table 2. The UEO was
mixed with Cu and used as a dielectric medium. The
parameters were selected based on their influence on
EDM performance, selected based on the literature
survey. Current and pulse on time are crucial parameters
that directly affect the heat generation and material
removal in EDM. The weight percentage of composites
was chosen to investigate the effect of reinforcement on
machining performance. Equations (1) and (2) were used
to determine the MRR and TWR, which stand for the
mass variation of the work piece and tool prior to and
following machining to the machined time.

MRR=(S’;S“) (1)
mwr=("2T) ©)
Whereas

Sb and Sa — sample weight before and after milling

The electrode material's Tb and Ta weights before
and after cutting

z — Machined time

The Mitutoyo SJ210 surface roughness tester with a
5% accuracy, was used to compute Ra. Ra was measured

at six distinct regions, and the average outcome served
as the final Ra. Rockwell hardness testing equipment
was used to calculate MSH in accordance with ASTM
E-18-05. A 100 kg load was applied for a dwell time of
5 seconds at ten different spots, and the MSH number,
which represented the average value, was noted.

Results and Discussion

Material Removal Rate

Figure 1 depicts different input parameters have an
impact on the MRR of AA7075 hybrid composites.
When compared to Br, composites that have been cut
using a Cu tool have a high MRR. According to several
researchers, Cu creates more heat than Br electrode The
MRR is improved by its high thermal conductivity [28].
The mean MRR significantly decreases from 312 mg to
234 mg when 3 g/l of Cu powder is added to UEO, and it
decreases to 217 mg when 6 g/l of Cu powder is added.
The decrease in MRR at higher concentrations of copper
particles can be attributed to the absorption of heat by
the particles, which reduces the overall heat available
for material removal. Additionally, the increase in spark
gap caused by the particles can lead to densification of
machined debris, which hinders material removal. MRR
typically increases with current and pulse width up to a
certain point, beyond which further increases can lead to
decreased MRR due to excessive heat generation [29].

The MRR increases until it reaches a 6A saddle point,
beyond which it falls as the current increases. This
improvement in MRR was related to the fact that a higher
current generates heat with a greater intensity, removing
the greatest amount of material from the specimen [30].
Massive quantities of materials were removed when

Main Effects Plot (data means) for MRR (mg)
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Fig. 1. Influence of process parameters on MRR of AA7075/SiC,/B4C, Hybrid Composites.
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the current was increased, caused the machined debris
to become denser. This densification of the machined
debris lowers the amount of material flushed from the
spark gap, which causes remelting, and causes particles
to accumulate across the machined region, which lowers
MRR. The Ton barely affects MRR, A minimal wear
rate of 253 mg was recorded at 15 pus Ton, and when
the Ton was increased to 45 s, it marginally rose to 257
mg. It's interesting to note that the maximum MRR was
found when 12% of reinforcing particles were introduced
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to composites after they were machined [31]. However,
compared to Cu mixed medium, AlLO; mixed UEO
dielectric medium has the greatest MRR [32].

Figures 2 show the interaction between distinct input
factors on MRR. When the hybrid AA7075/4SiCp/4B4Cp
composites were machined with a Ton of 15 ps, an MRR
of 238 mg was observed. When the weight proportion
of SiC and B,C was 12%, MRR was increased to 244
mg for the same parametric condition. When composites
containing 8 wt% were machined with a Ton value of 40

Interaction Plot (data means) for MRR (mg)
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Fig. 2. Input variables combinatorial effects on MRR of AA7075/SiCp/B4Cp hybrid composites.
Table 3. Estimated Regression Coefficients for MRR (mg).
Term Coef SE Coef T P
Constant 267.139 34.25 7.799 0.001
Powder Concentration -45.640 11.95 -3.819 0.019
Current (A) 6.056 12.95 0.468 0.664
Pulse on Time (us) 10.569 18.87 0.560 0.605
Weight percentage 2.888 17.62 0.164 0.878
Powder Concentration x Powder Concentration 20.841 22.17 0.940 0.400
Current (A) x Current (A) -23.167 22.42 -1.033 0.360
Pulse on Time (us) % Pulse on Time (ps) -7.903 24.65 -0.321 0.765
Weight Percentage x Weight Percentage -7.396 25.67 -0.288 0.788
Powder Concentration x Current (A) 23.129 18.52 1.249 0.280
Powder Concentration x Pulse on time(us) -6.778 25.89 -0.262 0.806
Powder Concentration x Pulse on Time (us) -4.111 25.89 -0.159 0.882
Current (A) x Pulse on Time (us) 6.106 16.56 0.369 0.731
Current (A) x Weight Percentage 19.038 18.52 1.028 0.362
S =38.84 R-Sq = 85.7% R-Sq(adj) = 69.1%
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s, the highest MRR was observed [33]. The composites
with lower and higher reinforcement weight percentages
were machined at currents of 3A and 9A, respectively,
to achieve the highest MRR. The MRR was reached for
the Ton of 15 ps with a parametric current value of 3A,
and it considerably increased to 234 mg for the Ton of
45 ps. The MRR increased when the parametric value
was decreased to 15 ps. a lower MRR of 225 mg was
found due to the densification of the debris [34]. With
increasing current, the MRR increased to a maximum of
271 mg at 7A when the Ton was held at 45 ps.

When powder particles are added, the MRR of hybrid
composites was reduced. When AA7075/4SiCp/4B4Cp
hybrid composites are machined, their MRR is 26%
higher under unmixed UEO dielectric conditions compared
to 6 g/l PMEDM. When UEO is not mixed, the MRR
increases as the weight % rises; however, adding 6 g/l of
Cu particles to UEO has no effect on MRR as the weight
percentage of the composites varies. The MRR decreased
from 308 mg to 230 mg when the Ton was kept at 15
us and the powder concentration was increased from its
unmixed state to 6 g/l. The MRR rises to 342 mg at 45

Table 4. Analysis of Variance for MRR (mg).

503

ps of unmixed dielectric medium before falling sharply
to 238 mg at 6 g/l of powder concentration. The greatest
MRR proffered by the specimen, when machined under
unmixed UEO conditions at 3A current, and it decreases
as the current is upsurged. The MRR at the 3A current
was extremely low when 6 g/l were added to the UEO.

In Table 3, the computed regression coefficient was
displayed. It was revealed those variables having a P value
under 0.05 were substantially impacting variables since
experimental runs were designed with a 95% confidence
level. Equation (3) illustrates the mathematical model
that was used to forecast MRR. The most important
factor that affects MRR, are concentration of the powder
as displayed in Table 4 of the ANOVA table.

MRR = 265.787—37.2673 Powder Concentration + 8.43519
Current (A) + 2.44975 Pulse on Time (us) —
0.372790 Weight Percentage + 2.31566 Powder
Concentration X Powder Concentration —2.57407
Current (A) x Current (A) — 0.0351235 Pulse
on Time (us) x Pulse on Time (us) — 0.462279
Weight Percentage x Weight Percentage +

Source DF Seq SS Adj SS Adj MS F P
Regression 13 36068.0 36068.0 2774.46 1.84 0.293
Linear 4 27739.9 23299.5 5824.88 3.86 0.110
Square 4 5164.9 3687.3 921.83 0.61 0.678
Interaction 5 3163.2 3163.2 632.65 0.42 0.817
Residual error 4 6034.3 6034.3 1508.57
Total 17 42102.3

Main Effects Plot (data means) for TWR (mg)
Tool Materials Powder Concentration Current (A)

Fig. 3. Influence of process parameters on TWR of AA7075/SiC,/B4C, Hybrid Composites.
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2.56987 Powder Concentration x Current (A) —
0.150617 Powder Concentration x Pulse on Time
(us) — 0.342593 Powder Concentration x Weight
Percentage +0.135690 Current (A) % Pulse on Time
(us) + 1.58649 Current (A) x Weight Percentage

©)

Tool Wear Ratio

Figure 3 displays impact of different process factors
affect TWR. Due to its highest melting temperature, the
Cu tool provides less TWR than Br. The Br electrode
has the lowest melting point, therefore more materials
melted and evaporated from its surface, producing a
high TWR. The findings demonstrated that when the
dielectric medium is contaminated by Cu particles, the
TWR rises and the heat generated is transferred to the
electrode rather than the workpiece. The increase in
TWR with the addition of Cu powders indicates higher
tool wear when using a Cu-mixed dielectric medium.
This can have implications for machining efficiency,
as increased tool wear can lead to shorter tool life and
increased machining costs. However, the transfer of
heat to the electrode rather than the workpiece can help
in reducing heat-affected zones and improving surface
quality. The TWR increases from 81.5 mg to 92.3 mg
with a current increase from 3 A to 9 A. Increased
current created intense heat, which in turn caused the
tool material to evaporate and upsurge TWR [35]. As
Ton grows, the TWR rises; a 10% increase in TWR
was seen when Ton upsurged from 15 to 45 ps. Higher
Ton levels create more heat, which is retained inside
the spark gap for a longer duration, hence TWR rises.

The inclusion of reinforcing particles barely affects the
TWR; regardless of the quantity of reinforcing particles
supplied, the TWR ranges from 85 to 88 mg.

The interplay between various process variables and
TWR is depicted in Fig. 4. When the specimen was
machined with reinforcing particles (4 wt%), a TWR
of 90 mg was observed at Ton 15 ps, and it hardly
increased to 91.5 mg when Ton was extended to 45 ps.
TWR dropped to 85 mg and 86 mg for Ton values of
15 ps and 45 ps, respectively, with an increase in the
weight fraction of reinforcing powders to 12%. When
the Ton value was adjusted to 30 us, the lowest TWR
was attained. When the AA7075/4SiC/4B4C hybrid
composite was machined at 9A, the maximum TWR of
103 mg was reached in the event of concurrent increases in
current and weight %. When the AA7075/12SiC/12B4C
specimen was machined at 12A current, the lowest
TWR was observed. The minimal TWR for the input
variables of current 3A and Ton 15 ps was measured
while current and Ton increased sequentially. When the
current and Ton increased to 9A and 45 ps, respectively,
the TWR was raised to 81 mg and 89 mg. The minimal
TWR was 84 mg when the 4 wt% hybrid composites
were machined under unmixed UEO, when the weight
percentage was raised to 12, it dropped to 75 mg. TWR
readings of 98 mg and 96 mg for composites with 4
and 12 wt% were recorded when machined under 6 g/l
PMEDM. When Ton was tuned to 30 pus under unmixed
UEOQO, and the minimum TWR of 72 mg was noticed.
The minimal TWR of 94 mg was obtained when Cu
particles (6 g/l) were added. The lowest TWR of 58 mg
was noted when the parametric current was adjusted to 3

Interaction Plot (data means) for TWR (mg)
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A; when powder particles at a concentration of 6 g/l were
added to the fluid, the TWR rose to 93 mg. Equation
(4) shows the mathematical model that forecast TWR.
As shown in Tables 5 and 6, the most significant factors
that affect MRR were identified from the ANOVA table
as being powder concentration, the interaction between
powder concentration and current (A), and the interaction
between current and weight percentage.

TWR = 14.1225 + 5.59554 Powder Concentration +
18.9537 Current (A) — 0.332071 Pulse on Time
(us) — 1.39994 Weight Percentage + 0.606902
Powder Concentration X Powder Concentration
—0.111111 Current (A) x Current (A) + 0.0221605
Pulse on Time (us) x Pulse on Time (us) +
0.453756 Weight Percentage X Weight Percentage
— 0.960438 Powder Concentration X Current
(A) — 0.0567901 Powder Concentration x Pulse
on Time (us) + 0.148148 Powder Concentration
x Weight Percentage — 0.130303 Current (A)
x Pulse on Time (us) — 1.15467 Current (A) x
Weight Percentage 4

Surface Roughness

Table 5. Estimated Regression Coefficients for TWR (mg).

Figure 5 illustrates the composites’ Ra. in relation
to different process parameters. The hybrid composites
of AA7075/SiCp/B4Cp that are machined using brass
electrodes have the best surface quality. Brass has a
lower thermal conductivity than other electrode materials,
therefore less heat was produced as a result, removing
less material and providing the highest surface quality
[36]. The surface quality improved when Cu particles
were added, but after 3 g/l, it started to deteriorate. Due
to the heat-absorbing properties of Cu particles, surfaces
that are exposed to them are kept at a lower temperature,
preventing the development of cracks and craters and
enhancing surface quality. Increased spark gap results
in complete flushing and eliminates the development of
remelted layer. Surface quality varies with machining
parameters and electrode materials, with higher thermal
conductivity materials generally resulting in better
surface quality. Copper electrode with the combination
of high melting point, excellent thermal conductivity,
low wear, and chemical stability makes it effective in
preventing remelted layers and surface defects.

Ra of the composites increases when the discharge
current is increased; a mean Ra value of 3.05 m was
observed at 3 A current, and it climbed to 3.61 m at 9

Term Coef SE Coef T P
Constant 76.1944 7.483 10.183 0.001
Powder Concentration 8.8674 2.611 3.396 0.027
Current (A) 4.778 2.828 1.689 0.166
Pulse on Time (us) 0.6806 4.123 0.165 0.877
Weight percentage -2.4937 3.849 -0.648 0.552
Powder Concentration x Powder Concentration 5.4621 4.843 1.128 0.322
Current (A) x Current (A) -1.0000 4.899 -0.204 0.848
Pulse on Time (us) * Pulse on Time (us) 4.9861 5.385 0.926 0.407
Weight Percentage x Weight Percentage 7.2601 5.608 1.295 0.265
Powder Concentration x Current (A) -8.6439 4.045 -2.137 0.099
Powder Concentration x Pulse on time(us) -2.5556 5.656 -0.452 0.675
Powder Concentration x Weight Percentage 1.7778 5.656 0.314 0.769
Current (A) x Pulse on Time (us) -5.8636 3.618 -1.621 0.180
Current (A) x Weight Percentage -13.8561 4.045 -3.426 0.027
S =38.84 R-Sq = 85.7% R-Sq(adj) = 69.1%
Table 6. Analysis of Variance for TWR (mg).

Source DF Seq SS Adj SS Adj MS F P
Regression 13 3218.05 3218.05 247.542 3.44 0.121
Linear 4 1986.25 1236.97 309.244 4.30 0.094
Square 4 36.75 228.20 57.050 0.79 0.586
Interaction 5 1195.05 1195.05 239.009 332 0.134
Residual error 4 287.95 287.95 71.988
Total 17 3506.00
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Main Effects Plot (data means) for Ra (pm)
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Fig. 5. Influence of process parameters on R, of AA7075/SiC,/B4C, Hybrid Composites.

A. The increase in Ra value was related to the fact that
when the current parametric value rises, it intensifies the
heat generated. The Ra plot for the Ton, which is equal
to the current, shows that the surface quality degrades
as Ton increases from 15 ps to 45 ps. An increase in
Ton causes the heat generated to linger in the spark gap
for longer duration, which causes fractures and craters

to develop and lowers the surface quality [37]. As the
weight % of the composites rises, the Ra value rises
as well. Surface quality decreases as a result of pitting
caused by reinforced particles.

The interactions between various process parameters
and its effect on hybrid composites’ Ra are shown in
Fig. 6. When machining AA7075/4SiCp/4B4Cp with a

Interaction Plot (data means) for Ra (pm)
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Fig. 6. Input variables combinatorial effects on Ra of AA7075/SiCp/B4Cp hybrid composites.
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Ton of 15 ps, a minimum Ra of 1.26 um was observed.
With a 12% increase in particle weight, Ra rises to 1.65
um for the same parametric value. Ra values rose for
reinforced composites containing 4 wt% and 12 wt%
when the Ton was set to 45 us, reaching 2.10 um and
2.48 um, respectively. When the AA7075/12SiC/12B4Cp
hybrid composites were machined at 3A current, the
Ra was 1.49 um, and at 9A current, the Ra increased
to 2.61 m. In case of the hybrid composites made of
AA7075/4SiC/4B4Cp, Ra values were 1.61 pm and
1.671 um for 3A and 9A currents, respectively. The ideal
surface quality of 1.40 um was machined as indicated in
Fig. 8 when the parametric current and Ton values were
set at 3A and 15 ps. Ra rises and reaches a minimum
of 1.97 um for a 45 ps Ton by maintaining current as
constant as Ton grows. After tuning the current and Ton
to 9A and 45 ps, respectively, the Ra further deteriorated
to 2.76 m.

When 3 g/l of Cu powder was added to unmixed
UEOQ, the Ra, which was 4.23 um, was decreased to 1.69
um and Ra rises to 3.6 pm when powder concentration
is further increased. A minimum Ra of 1.54 pm was
reached under 3 g/l PMEDM and 15 ps Ton when there
was a concomitant rise in Ton and powder concentration.

Table 7. Estimated Regression Coefficients for Ra (um).

When machined at 45 ps under unmixed UEO, the
surface quality degrades to 5.21 um. When current and
powder concentration interacted, the combination of 3 g/l
concentration and 3A current produced the best surface
quality. The surface quality achieved under unmixed
conditions was 4.92 um, and when the dielectric fluid
had a Cu addition of 6 g/l and Ra of 2.66 um was
obtained. Equation (5) depicts the mathematical model
that predicted Ra. The most important component
that affects Ra, as seen in Tables 7 and &, is powder
concentration, according to the ANOVA table.

Ra = 4.78696 — 1.78633 Powder Concentration — 0.351759
Current (A) + 0.0164520 Pulse on Time (us) +
0.0275032 Weight Percentage + 0.234882 Powder
Concentration x Powder Concentration—0.00259259
Current (A) x Current (A) — 6.79012E-06 Pulse
on Time (us) x Pulse on Time (us) — 0.00559343
Weight Percentage x Weight Percentage + 0.0569781
Powder Concentration x Current (A) — 0.00209877
Powder Concentration x Pulse on Time (us) —
0.0139815 Powder Concentration x Weight Percentage
+0.00311448 Current (A) x Pulse on Time (us) +
0.0254609 Current (A) x Weight Percentage (5)

Term Coef SE Coef T P
Constant 1.97139 0.7368 2.676 0.055
Powder Concentration -0.62996 0.2571 -2.450 0.070
Current (A) 0.25556 0.2785 0918 0411
Pulse on Time (us) 0.42653 0.4060 1.051 0.353
Weight percentage 0.19532 0.3790 0.515 0.633
Powder Concentration x Powder Concentration 2.11394 0.4768 4.433 0.011
Current (A) x Current (A) -0.02333 0.4824 -0.048 0.964
Pulse on Time (us) % Pulse on Time (ps) -0.00153 0.5302 -0.003 0.998
Weight Percentage x Weight Percentage -0.08949 0.5522 -0.162 0.879
Powder Concentration x Current (A) 0.51280 0.3983 1.288 0.267
Powder Concentration x Pulse on time(us) -0.09444 0.5570 -0.170 0.874
Powder Concentration x Weight Percentage -0.16778 0.5570 -0.301 0.778
Current (A) x Pulse on Time (us) 0.14015 0.3562 0.393 0.714
Current (A) x Weight Percentage 0.30553 0.3983 0.767 0.486
S = 0.8355 R-Sq = 91.4% R-Sq(adj) = 63.3%

Table 8. Analysis of Variance for Ra (um).

Source DF Seq SS Adj SS Adj MS F P
Regression 13 29.5232 29.5231 2.27101 3.25 0.132
Linear 7.8810 6.1472 1.53679 2.20 0.232
Square 20.2548 13.9356 3.48389 4.99 0.074
Interaction 1.3873 1.3873 0.27746 0.40 0.830
Residual error 4 2.7919 2.7919 0.69799
Total 17 32.3150
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Main Effects Plot (data means) for Hardness (HRB)
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Fig. 7. Influence of process parameters on MSH of AA7075/SiC,/B4C, Hybrid Composites.

Machined Surface Hardness

Figure 6 displays the interactions between several
process factors that impacts MSH of hybrid composites.
Due to the development of a remelted layer on the
specimen's copper-tooled surface, the MSH was greater
than that of the Br electrode [38]. The specimen with a
lower MSH value had a higher Ra value because the two
variables were inversely proportional. The specimens
attains finest surface quality and lowest MSH value,
when machined with 3 g/l PMEDM. The MSH rises as
current increases, Ton, and weight %, indicating that an
increase in any factors increases Ra [39].

Surface Topography

Figure 8a-c shows the surface topography of AA7075
/4B4C/4SiCp composites machined under 3 g/l Cu
mixture. Black dots seen in the surface topography at a
100x magnification. There are no pits or craters, however
there are small microcracks that are clearly apparent.
The surface roughness was visible as globules, remelted
material, and microcracks at the greater magnification
of 1000x. Since there was very little remelted layer, the
parametric combination provides extremely good surface
quality that is highly connected with the experimental
findings. Micro pits and black spots are seen at a
magnification of 2000x. The remelted layer's creation
is plainly visible due to the white hue of the machined
specimen's surface. The machined surface powder
concentration of 3 g/l also has microglobules, micropits,
and microcracks as additional characteristics.

Figure 9a-c shows the surface topography of AA7075
/4B4C/4SiCp composites machined under 3 g/l Cu
mixture. The picture showed pits, black patches, globules,

fissures, and remelted layer at a 100X magnification.
At a magnification of 200X, deeper holes, fissures,
and remelted material were visible. It demonstrates the
integration of particles opens up possibilities for the
development of remelted layer. The picture revealed
tiny fractures, micro pits, and remelted materials at a
greater magnification of 1000X. The machined surface
was quite uneven, and an 80 pm was visible.

Technique for Order of Preference by
Similarity to Ideal Solution (TOPSIS)

Using the TOPSIS optimization method, the best
parametric combination was identified. The benefit
of the recommended strategy is that it continues to
include end users in the decision-making process while
drawing on the knowledge of policymakers. The best
configuration, which includes the best configurations, is
a theoretical response in which all desired attributes are
connected to the greatest trait estimates in the data set.
The worst conceivable arrangement is a hypothetical one
where all quality characteristics are related to the data
set's lowest estimated properties. Therefore, TOPSIS
offers the greatest and most drastic solution among
all alternatives. The following are the steps in the
optimization procedures.

Because there are three alternative outcomes throughout
18 experimental runs, a decision matrix with the
dimensions 18X3 was created, as seen in Table 4. The
process is then used, beginning with normalizing data
sets in accordance with equation (6). J is the number of
replies, Bij is the quantity of experimental runs, and Ij is
the normalizing matrix. In order to generate a weighted
normalized decision matrix (Cij), the weights of each
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Fig. 8. Surface topography of AA7075 hybrid composites
machined at 3 g/l Cu mixed used engine oil dielectric medium
(a) At 100X (b) At 1000X (c) At 2000X.

variable were then multiplied by these normalized
matrices, as shown in equation (7).

Aij

Bij=———— (©)
5 i)’

Cij = wj = Bij ©

According to equation (8), the weighted normalized
matrix for beneficial traits ranges from £+, which is

()

Fig. 9. Surface topography of AA7075 hybrid composites
machined at 6 g/l Cu mixed used engine oil dielectric medium
(a) At 100X (b) At 1000X (c) At 2000X.

the greatest value, to £-, which is the lowest value. The

weighted normalized decision matrix is used to derive

the eigenvalues. Equation (9) shows how it was obtained

from non-beneficiary attributes in the other manner.
For Beneficiaries

£7 = Max(Cij)i-i M, £ Min(Cij)i-, ®)

For Non-Beneficiaries
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Table 9. Ideal and non-ideal values of responses.

D+ D-

Weighted Normalized Decision Matrix (Ideal best) (ideal worst) Pi Rank
0.08588 0.04317 0.10712 0.09 0.06 0.43 11
0.10085 0.05357 0.11984 0.10 0.06 0.39 13
0.10114 0.06236 0.13085 0.11 0.06 0.34 17
0.07391 0.05517 0.03253 0.03 0.11 0.78 1
0.07062 0.06156 0.06555 0.06 0.08 0.58
0.06344 0.07595 0.07362 0.07 0.07 0.48 6
0.05895 0.06716 0.08047 0.08 0.06 0.45 10
0.07302 0.07595 0.09367 0.08 0.05 0.37 15

0.0799 0.07116 0.09807 0.08 0.05 0.38 14
0.09007 0.07036 0.13745 0.12 0.04 0.26 18
0.09576 0.06716 0.09245 0.07 0.07 0.47 8
0.08678 0.07276 0.10394 0.09 0.05 0.36 16
0.07212 0.07436 0.02177 0.04 0.12 0.74 2
0.08289 0.07995 0.03131 0.04 0.11 0.72 3
0.06105 0.07196 0.04182 0.05 0.10 0.65 4
0.05207 0.08075 0.06873 0.08 0.07 0.47 7
0.05865 0.08475 0.07386 0.08 0.06 0.45 9
0.06853 0.08875 0.08169 0.08 0.06 0.41 12

0.33 0.3 0.37 Weight
0.10114 0.04317 0.02177 )
Eigen Values
0.05207 0.08875 0.13745
£ = Min(Cij)!- M, £ Max(Cij)-: ) Conclusions

Following this, equation (10) was used to compute
the ideal best (P+) and ideal worst (P-) solutions. The
numbers in Table 9 and equation (11) indicate that the
associated Euclidean distances govern the dispersions
between ideals and non-ideals.

(P P)= X0 f(Cij— £+ (Cij- &) (19

o (55)

The best machining performance was achieved when
3 g/l of conductive copper powder was added to the
dielectric fluid and tuning current, pulse on time at 3A
and 15s, respectively, and copper was used as the tool
material. The identified optimal machining conditions
vary depending on workpiece geometries and material
compositions. While the study provides valuable insights
into optimizing EDM parameters for AA7075 hybrid
composites, further research needed to determine the
robustness of these conditions across different workpiece
types. Factors such as material hardness, composition,
and geometry can influence the effectiveness of the
optimal conditions.

Following the incorporation of the Cu particles into
the UEO dielectric medium, the following findings were
seen.

[1] Cu electrodes have lower TWR than Br electrodes
due to their higher melting temperatures. Due to an
increase in spark gap brought on by the inclusion
of particles, TWR decreases. Ra of the specimen
machined under Cu mixed UEO was low as a
result of full heat distribution and flushing across
the machined surface.

[2] The fact that the MSH of the PMEDM composites
was low demonstrates that the removal of particles
renders the creation of remelted layer impossible.
The parametric combination of 3Acurrent, 15s
Ton machined with Cu tool and including 3 g/l
of Cu powder delivers the highest performance,
according to the TOPSIS optimization approach.

Scope for future work

Research could focus on optimizing EDM parameters
for other materials and workpiece geometries, as well as
exploring the use of UEO-based EDM in combination
with other incorporated particles. UEO can be used as a
dielectric medium by combining the machining processes
such as ultrasonic aided EDM.
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