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Abstract
Electric discharge machining (EDM) has great acceptance in different application sectors to wipe out intrinsic problems, 
like product miniaturizing and tight tolerances, during the fabrication of micro-size products. Many researchers have worked 
well in the micro-cutting of various alloys through the EDM process. However, limited work has been reported on the EDM 
of SS 316 for micro-impression fabrication using EDM. The selection of the best dielectric, electrode material, and powder-
based additives has never been targeted so far to have dimensionally accurate micro-impression at an appreciable cutting rate 
with no/less electrode damage in the EDM of the said alloy. Therefore, in this research, the collective influence of various 
dielectrics (kerosene oil, transformer oil, and canola oil), powders (alumina, graphite, and silicon carbide), and electrodes 
(copper, brass, and aluminum) have been comprehensively examined for the fabrication of micro-impressions in AISI 316 
using EDM. Taguchi L9 orthogonal technique was applied to study the effect of four input parameters on material removal 
rate, overcut, and tool wear rate. Results were statistically explored using main effect plots and supplemented by scanning 
electron microscopy, surface profilometry, and optical microscopy. The results show that material removal and tool wear 
rates notably improved from the mean value by 29% and 89.4%, respectively, when the machining is carried out under silicon 
carbide mixed kerosene dielectric against silicon carbide the aluminum tool at a pulse time ratio of 1.5. Furthermore, for 
dimensional overcut, 5.3 times lesser value is observed from the average magnitude of 0.189 mm when the proposed EDM 
setup is employed for cutting AISI 316. An optimized setting has also been proposed by grey relational analysis and then 
validated through a confirmation experiment.
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1 Introduction

Currently, the demand for micro-products is rapidly increas-
ing due to advancements in tools and technologies. Micro-
products/components have wide importance in biotechnol-
ogy, optics, electronic items, automobiles, and avionics 
industries [1]. However, organizations still have some chal-
lenges, i.e., product miniaturization and industrial awareness 

of micro-engineering. To set the limitations aside, micro-
machining has been proved a critical technology [2].

Different physicochemical processes can be used for 
micro-machining, including milling, turning, drilling, elec-
trochemical machining, energy beam machining, and electric 
discharge machining (EDM) [3]. Amongst these, conven-
tional technologies have dropped in popularity because of 
material removal rate (MRR) issues, poor dimensional con-
trol, and high tool wear rate (TWR) [4]. In such mechanical 
processes, the tool is also damaged due to the direct con-
nection with the workpiece, resulting in high residual stress, 
which can alter the micro-features on the machined cavity [5, 
6]. To overcome the barriers mentioned above in traditional 
technologies, researchers have attempted non-conventional  
means especially micro-electric discharge machining 
(µ-EDM), predominantly for those applications where MRR, 
TWR, and dimensional overcut (OC) are primary concerns 
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[7–9]. Among the various derivatives of non-conventional 
processes, µ-EDM has been employed in this investigation 
owing to its numerous advantages like cost-effectiveness and 
ability to produce complex/intricate geometries with tight 
tolerances. [10, 11].

Micro-EDM is a stochastic process and works on the 
material removal principle [12]. In this process, an electri-
cally conductive material is placed in a dielectric fluid (usu-
ally kerosene oil). A precisely controlled series of discrete 
electric sparks are generated in the workpiece-electrode 
gap, raising the cutting zone temperature to 12,000 °C [13]. 
Subsequently, a small amount of material is chipped off in 
the melted debris from the electrode and workpiece [14]. 
The removed debris/chips are flushed away by the dielectric. 
Some of the debris again re-solidified and cooled down over 
the machined surface due to the presence of dielectric fluid 
[15–17]. A number of responses have been considered by 
researchers in the literature, while EDM of stainless steel 
(SS), due to their prominence in micro-machining [18–21]. 
Such as, the noticeable value of material removal rate 
(MRR) is principally needed to justify the machining cost, 
whereas tool wear rate (TWR) accounts for waste reduction, 
which is a fundamental requirement of sustainable machin-
ing. However, dimensional accuracy or overcut (OC) is a 
prerequisite for the accurate functionality of the finished 
product [22]. Considering the significance of the responses 
related to the cutting of different alloys, especially SS AISI 
316, all three responses (MRR, TWR, and OC) have been 
chosen as output parameters for this investigation.

Since the values of machined inputs significantly affect 
the responses, i.e., MRR, TWR, and OC, selecting input 
parameters is equally important along with outputs [23]. Dif-
ferent studies were reported on cutting SS AISI 316 material 
using various EDM parameters to evaluate the machining 
performance. For instance, Ramachandra [24] measured 
MRR and surface roughness (SR) during EDM of AISI 316 
employing response surface methodology (RSM). Duty 
cycle, on-time  (Ton), and discharge current (DC) were taken 
as control variables, whereas electrode material was copper. 
The results concluded that DC was the most influential fac-
tor while measuring SR and MRR. Another researcher [25] 
optimized the process parameter during EDM of AISI 316 
LN SS using the concept of fuzzy logic and particle swarm 
optimization (PSO). Pulse current,  Ton, and off-time  (Toff) 
were the input factors, whereas MRR and electrode wear rate 
(EWR) were the output responses. A single optimized para-
metric setting was proposed and validated. Considering the 
same input parameters, Makwana and Banker [26] studied 
the effect of alternation in tool (pure copper) profile on the 
EDM performance of AISI 316 SS using Taguchi’s design. 
They summarized that circular tool geometry was optimal 
because it delivered a smooth finish followed by triangular 
and rectangular shapes. It was also reported that an increase 

in current amplified MRR, TWR, and SR values. They also 
claimed to have a thinner heat-affected zone, micro-cracks, 
and a thicker recast layer at higher current and  Ton values.

Safiei et al. [27] performed EDM of SS 316L using a 
copper electrode impregnated with graphite. MRR, TWR, 
SR, and OC were evaluated against peak current  (Ip), servo 
voltage,  Ton, and  Toff. They said servo voltage was an insig-
nificant factor, whereas  Ip has a noticeable impact on the 
defined responses. They suggested optimal parametric set-
tings for achieving minimum TWR, SR, OC, and maximum 
MRR, such as  Ip (40.9 amperes),  Ton (80 µsec), and  Toff (60 
µsec). Ahmed et al. [28] explored micro-impressions on a 
biomedical material, namely Ti-6Al-4V, employing EDM 
process. They investigated dimensional errors, SR, and tool 
length reduction (TLR) against three input factors: pulse 
time ratio (PTR), DC, electrode material, and tool polarity. 
They claimed that Cu-electrode with negative polarity is the 
best combination for EDM of Ti-6Al-4V, meeting the need 
of all four responses. The surface textures obtained were 
good for Al-electrode, with an SR of 1.05 µm. This value 
of SR was approximately eight times less than the value 
attained with the graphite electrode. Ishfaq et al. [29] inves-
tigated geometrical errors (axial and lateral overcut) in EDM 
of AISI D2 steel for dies and mold repairing applications. It 
was revealed that the mean value of lateral errors is 2.5 times 
higher than axial errors. However, the copper electrode is an 
appropriate choice to reduce axial errors, followed by tung-
sten carbide and graphite. Chen et al. [30] probed the effect 
of various electrode materials (brass, tungsten, and copper 
tungsten) during powder mixed EDM (PMEDM) of Ti-6Al-
4V. The copper tungsten electrode was best rated to machine 
the aforesaid Ti-alloy because it has a high throughput rate 
(75.2%), a thinner RLT (3.35 µm), a small TEW (139 µm), 
and a high MRR (255.39  mm3/min).

Wang et al. [31] studied the machining characteristics 
of EDM of Ti-alloy using nanographene in the context of 
MRR, SR, and relative electrode wear (REW). It was cited 
that MRR improved by 28%, whereas the value of SR and 
REW dropped by 55% and 43%, respectively, if graphene 
was used. Pour et al. [32] noticed the effect of ZnO nano-
particles and peak current on the EDM of various cutting 
materials, including AISI 1045, AISI 4140, and AISI D3. 
They reported that MRR notably increased up to 45.55%, 
33.33%, and 10.71% during rough cutting of AISI D3, AISI 
4140, and AISI 1045, respectively if peak current was set 
at 18 A using 4 g ZnO. However, for SR, improvements 
were seen up to 16.66%, 29.41%, and 56.25% for AISI 1045, 
AISI 4140, and AISI D3, respectively. Tiwary et al. [33] 
explored the impact of different dielectrics (EDM oil, deion-
ized water, and Cu-powder mixed deionized water) on the 
micro-EDM of Ti-6Al-4V. They summarized that all the 
responses above are improved when copper powder mixed 
with deionized water is utilized instead of other dielectrics.
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The literature review shows that limited work has been 
reported on the EDM of SS 316 for micro-impression fab-
rication using EDM. The selection of the best dielectric, 
electrode material, and powder-based additives has never 
been targeted so far to have dimensionally accurate micro-
impression at an appreciable cutting rate with no/less elec-
trode damage in the EDM of the said alloy. Therefore, in 
this research, the collective influence of various dielectrics 
(kerosene oil, transformer oil, and canola oil), powders 
(alumina, graphite, and silicon carbide), and electrodes 
(copper, brass, and aluminium) have been comprehen-
sively examined for the fabrication of micro-impressions 
in AISI 316 using EDM. In the published work, the evalu-
ation of MRR, TWR, and OC is not broadly explored yet 
during EDM of said alloy to analyze the micro-texture 
of the machined cavities against the combined influence 
of aforenamed factors. Thereof, the main focus of this 
research is to evaluate the MRR, TWR, and OC against the 
four input parameters, i.e., dielectric type, powder type, 
electrode type, and PTR, as far as µ-EDM of AISI 316 is 
taken into account. Taguchi’s DOE has been selected for 
machining. The outcomes of all nominated responses are 
statistically examined against the set of input parameters. 
The results have been supplemented by optical micros-
copy, scanning electron microscopy (SEM), and surface 
profilometry for detailed insight into the findings. The 
optimal setting was proposed using gray relational analy-
sis (GRA) and confirmed against the defined responses.

2  Material and methods

In this investigation, AISI 316 has been utilized as a work-
part material due to its common use in biomedical appli-
cations such as orthopedic implants, cardiovascular stents, 
and dental implants. Besides biomedical sectors, the selected 
workpiece is also applied in many engineering, chemical, 
petrochemical, and marine industries [34]. The tremendous 
popularity of AISI 316 is due to its salient properties, includ-
ing high corrosion resistance, great strength, and excellent 
creep resistance [35]. The experimental setup was arranged 
on die sinking EDM (Model: CJ-230 Creator, Taiwan). The 
schematic and fundamental principle of EDM is displayed in 
Fig. 1. Three circular cross-sectional electrodes (Al, brass, 
and Cu) were engaged during the machining of the mate-
rial mentioned above, as shown in Fig. 2. Each electrode 
has a diameter of 12 mm. In addition to that, three different 
dielectrics (kerosene oil, transformer oil, and canola oil) and 
powders (aluminium oxide  (Al2O3), graphite, and silicon 
carbide (SiC)) were also practiced. The selection of the dif-
ferent types of dielectrics, powders, and types of electrode 
materials has been made on a particular rationale. The die-
lectrics, powders, and electrodes engaged in the study have 
already proved their potential in EDM of various materials. 
These electrodes, powders, and dielectrics were common 
in practice as per the available literature [36–42]. However, 
their potential has never been targeted for the fabrication of 
micro-impressions in SS316. But the appropriate selection 

Fig. 1  Schematic and basic 
principle of EDM die sinker
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of the said control variables is an essential requirement to 
have a substantial cut quality of the micro-machined impres-
sion. The criticality of selecting the aforementioned con-
trol parameters further signifies that the micro-machined 
impression with tight tolerance and a good cutting rate 
is the desired outcome. For that reason, the current study 
employed the abovementioned electrodes, powders, and 
dielectrics during EDM of AISI 316 to propose the best 
combination of control variables. The prime characteristics 
of the mentioned dielectrics are tabulated in Table 1.

The literature database was consulted for initial guidance 
of parametric levels’ settings. However, afterward, prelimi-
nary trials were performed. Based on those trials’ findings, 
input variables' levels were defined. Those level values were 
selected to ensure uniform sparking for producing a com-
plete machined impression on the work. Another aspect in 
EDM, i.e., arcing, was given due consideration during level 
selection. It has been confirmed that only those parametric 
levels should be engaged in the EDM, which minimizes the 
chance of arcing. The details about input factors’ levels used 
for actual experimentation have been tabulated in Table 2.

The present study analyzed the MRR (g/min), TWR (g/
min), and OC (mm) against the set of four input param-
eters, i.e., dielectric type, powder type, electrode type, and 
PTR. The rate of material erosion, or MRR, is the amount 
of material eroded per unit of time. To compute it, the 
weight of the workpiece before and after the experiment 
was recorded along with the time taken for the experimental 

cut. Equation (1) was applied to calculate the MRR of the 
machined cuts.

where WB is the weight of the workpiece before the cut, WA 
is the weight of the workpiece after the cut, and T is the 
time of cut.

The electric sparks in the EDM process cause the material 
to erode from the workpiece and electrode. As a result, the 
dimensional accuracy of the machined profile got affected. 
It makes the TWR an essential factor to be considered 
while machining. The tool wear rate can be estimated by 
the weight difference of the tool before and after the experi-
ments, represented in Eq. (2).

Here, WBT (g) is the tool weight before cut; WAT (g) is 
the tool weight after the cut. The third response, namely 
OC, was equally essential in machining because it decides 
the proper functionality of parts/products. The difference 
between the machined cavity’s size and the tool’s diameter 
is known as the OC. It is calculated by using Eq. (3).

Here, DC is the diameter of the machined cavity, and 
DT is the tool diameter in millimeters (mm). The selec-
tion of aforesaid input parameters was based on the given 

(1)MRR = (W
B
−W

A
)∕T

(2)TWR = (W
BT

−W
AT
)∕T

(3)OC = (DC − DT)

Fig. 2  Electrode materials

Table 1  Some features of 
dielectrics

Serial no. Properties (units) Kerosene oil Canola oil Transformer oil

1 Visual Clear Clear Clear
2 Specific gravity (g/ml) 0.82 > 1 0.84
4 Flash point (K) 311.15 603–633 413.15
6 Pour point (K) 243.15 253.15 243.15
5 Dielectric strength (kV) 14.3 33 57
7 Moisture content (ppm) 125.3 833 51.3
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considerations. (1) Input factors have a great impact on 
responses, (2) or the influence of particular parameters is 
not previously studied on the responses [22]. The rest of 
the factors, other than the above, were set as constant, as 
mentioned in Table 2. To find parametric levels, prelimi-
nary trials were performed before actual experimentation. 
The defined levels of each parameter are also compiled in 
Table 2. A separate container was designed and fabricated, 
with a half-liter storage capacity of the dielectric. It consists 
of a stirrer mechanism (see Fig. 1) to make a homogenous 
mixture when 1 g/l powder is added to the 250 ml dielectric. 
Taguchi’s L9 orthogonal array was used to carry out experi-
ments. A computerized numerical control (CNC) coordinate 
measuring machine (Model: CE 450 DV) was employed to 
measure diametric overcut.

Statistical testing thoroughly investigated the results, 
i.e., main effect plots, for examining the responses against 
input parameters. Evidence was gathered through an 
optical microscope and SEM analyses. Additionally, 3D 
surface plots were also collected with the aid of surface 
profilometry. After a comprehensive discussion, an opti-
mal combination against each response was suggested. 
Finally, the GRA method has suggested the optimal set-
ting and validated it by performing confirmation experi-
ments. The facets involved in the GRA approach are 
described in the imminent section.

GRA is a multiobjective optimization technique for 
correlating input parameters and output responses. It is a 
highly user-interactive and multifaceted problem-resolving 
approach. The steps include in this technique are enlisted 
in Fig. 3.

In the very initial step (gray relational (GR) generating), 
all the possible alternatives have been altered into compa-
rability order by assigning a scale from 0 to 1. Based on 
narrated relations, the results of the given responses are 
examined. For instance, in the present study, MRR, TWR, 
and OC have been inspected against the four parameters. 
Thus, a higher value of MRR and a smaller value of TWR 
and OC are acceptable. Thus, the criteria “larger is better” 
and “smaller is better” were computed by using Eqs. (4) and 
(5), respectively.

where Xi(k) = normalized value, Yi(k) = value in the col-
umn for response k, minYi(k) = smallest value in the column 
for response k, maxYi(k) = largest value in the column for 
response k.

(4)X
i
(k) =

Y
i(k) − ���Y

i
(k)

���Y
i
(k) − ���Y

i
(k)

(5)X
i
(k) =

���Y
i
(k) − Y

i(k)

���Y
i
(k) − ���Y

i
(k)

Table 2  Parametric levels and 
constant variables

Input factors Input variables Constant variables

1st level 2nd level 3rd level Parameters (units) Values

Dielectric type Kerosene oil Transformer oil Canola oil Depth of cut (mm) 0.5
Electrode material Copper Brass Aluminium Pulse off time (µs) 50
Powder type Alumina Graphite Silicon carbide Dielectric quantity (ml) 250
Pulse time ratio 0.5 1.0 1.5 Discharge current (A) 15

Powders’ concentration (g/l) 1.0

Fig. 3  Steps of GRA 
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In the second stage (reference order/sequence definition), 
the novel alternative is selected by computing the perfor-
mance magnitude whose answer is nearly equal to 1. After-
ward, the definition sequence is calculated by relating it with 
the reference order.

The GR coefficient (GRC) is enumerated in the third step 
using Eq. (6).

Here, γ
i
 = GRC for an ith experiment of the response k, 

� = differentiating coefficient (its value ranges from 0 to 1), 
Δoi(k) = difference between absolute value, Δmin = minimum 
value of Yi(k), and Δmax = maximum value of Yi(k). To com-
pute Δoi , Eq. (7) is developed.

In the last phase, GR grade ( α ) is computed using Eq. (8). 
It evaluates the experimental outcomes of the multiresponse 
characteristic. The highest value of the GR grade depicts the 
optimal level of experiments.

where n indicates the number of responses.

3  Results and discussion

This section covers a comprehensive discussion of the 
effect of various selected parameters on the MRR, TWR, 
and OC. For that purpose, main effect plots were drawn 
through Minitab software. Each response was separately 
discussed against a set of parameters, as demonstrated in 

(6)γ
i
=

Δmin + ζΔmax

Δoi(k) + ζΔmax

(7)Δ
oi
= |
|Xo

(k),−X
i
(k)||

(8)α =
1

n

n∑

k=1

Yi(k)

the forthcoming section. The outcomes of each output and 
a DOE are provided in Table 3.

3.1  Material removal rate versus input parameters

The main effect plot presented in Fig. 4 shows the influ-
ence of chosen parameters on the MRR. According to Fig. 4, 
MRR is evaluated against every three parameter levels. 
In the case of dielectric type, three oil, namely kerosene, 
transformer, and canola, were utilized to analyze the rate 
of material erosion while machining AISI 316 on EDM. It 
has been noticed that maximum MRR was achieved with 
the transformer oil compared to the rest of the dielectrics. 
High dielectric strength, high flash point, and resistance 
to thermal oxidation are the main reasons transformer oil 
eroded more material from the workpiece. Because of 
the above characteristics, a spark under transformer oil is 
quickly generated, resulting in high MRR [43]. However, 
the material removal rate is highly diminished when canola 
dielectric is considered more than kerosene oil due to low 
dielectric strength and viscosity. Hence, transformer oil is 
ideal compared to kerosene and canola dielectrics, which 
deliver maximum MRR as far as EDM of AISI 316 is con-
cerned. The surface texture obtained under each dielectric 
is presented in Fig. 5. According to Fig. 5, it can be noticed 
that the surface obtained under kerosene and transformer oils 
contains more redeposited particles as compared with canola 
oil. A large number of craters is found on the surface of the 
workpiece when the two hydrocarbon-based dielectrics are 
employed. On the other side, the surface texture achieved 
with canola is the finest, followed by the rest of the cases. 
This happened due to the intrinsic properties of canola oil, 
such as high flash point, high fire point, large viscosity, and 
excellent biodegradability.

The effect of three electrodes (Cu, brass, and Al) on MRR 
is also noticed herein, as depicted in Fig. 4. An opposite 

Table 3  Evaluation of output factors versus input parameters

Sr. Input parameters Output factors

Dielectric type Electrode type Powder type Pulse time 
ratio

MRR (g/min) TWR (g/min) OC (mm)

1 Kerosene oil Copper Al2O3 0.5 0.072 0.017 0.35
2 Kerosene oil Brass Graphite 1.0 0.039 0.047 0.11
3 Kerosene oil Aluminum SiC 1.5 0.111 0.019 0.03
4 Transformer oil Copper Graphite 1.5 0.144 0.022 0.45
5 Transformer oil Brass SiC 0.5 0.051 0.074 0.03
6 Transformer oil Aluminum Al2O3 1.0 0.142 0.030 0.08
7 Canola oil Copper SiC 1.0 0.122 0.019 0.45
8 Canola oil Brass Al2O3 1.5 0.047 0.058 0.11
9 Canola oil Aluminum Graphite 0.5 0.043 0.037 0.09
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trend is observed from copper to aluminum electrodes 
when a comparison has been made with the trend of dielec-
tric types. A copper electrode is outperformed in terms of 
MRR among all the selected electrodes because of its high 
(398.0 W/mK) thermal conductivity, followed by aluminum 
(227.0 W/mK) and brass (109.0 W/mK). It indicates that 
more heat is conducted through the copper electrode, gen-
erating high-intensity spark energy in the work-electrode 
space. The extraordinarily high strength of discharge energy 
attacks the cavity of the workpiece. It leaves large and deep 
size craters, as presented in Fig. 6a, then other craters formed 
by brass and aluminium electrodes, as shown in Fig. 6b, c. 
Subsequently, MRR is increased. Due to low thermal con-
ductivity, lower melting point, and high electric resistance 
value, MRR is notably improved with the brass electrode 
[44]. However, MRR again upsurges with the aluminium 
electrode but is still not considered favorable compared to 
other tool materials. The comparison between different sizes 

of craters on the machined cavity by selected electrodes is 
depicted in Fig. 6. While the 3D surface profilometry against 
the copper electrode is also collected and portrayed in Fig. 7. 
Therefore, the copper electrode is suggested to get maximum 
MRR while cutting AISI 316 material through the EDM 
process.

In the dielectric medium, different powders, i.e., alu-
mina, graphite, and silicone-carbide, are also discussed 
to examine the MRR, as shown in Fig. 4. Amongst these 
powders, the powder of SiC has provided superb results of 
MRR during EDM of AISI 316, irrespective of consider-
ing the other parameters. One of the published works said 
that the addition of SiC powder magnifies the conductiv-
ity, lowers the breakdown strength of the dielectric liquid, 
and increases the discharge gap, which enhances the MRR 
by several folds [45, 46]. The surface morphology of the 
machined cavity under SiC powder is displayed in Fig. 8a. 
In the same analogy, alumina is the second-best powder for 

Fig. 4  Parametric plot rep-
resenting the effect on MRR 
versus each input parameter
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getting a high value of MRR. Interestingly, MRR is sig-
nificantly lowered when graphite powder is added to the 
dielectric liquid; however, its thermal conductivity (704 W/
mK) is much higher than other powders. The low magnitude 
of MRR under graphite powder is due to its accumulation 
in the machining zone, resulting in a protective layer above 
the surface that prevents the removal of particles from the 
workpiece. Eventually, MRR is reduced [47]. SEM images 
provided in Fig. 8b, c show the surface texture attained under 
alumina and graphite powders, respectively. It is interesting 
to note that the volume of redeposited melt is greater in the 
case of SiC powder, followed by graphite and alumina, as 
shown in Fig. 8. It is attributed to the high thermal conduc-
tivity of SiC powder (490 W/mK) compared to other pow-
ders (alumina = 35 W/mK and graphite = 1.50 W/mK). The 
effect of high thermal conductivity influences the material 
resolidification rate; it becomes faster. As a result, removed 
material gets redeposited over the workpiece’s surface [48]. 
Moreover, many small size craters are observed over the 
machined profile in the case of alumina powder. Dispersion 

of discharges governed by the large inter-electrode gap is 
the key reason behind the topology achieved with alumina 
powder. At the same time, the lower thermal conductivity of 
graphite powder permits greater heat flux into an electrode 
and lowers the heat dissipation rate [49]. This tends to pro-
duce shallow craters with redeposited melt on the machined 
cavity, as witnessed in Fig. 8c. In a nutshell, EDM of AISI 
316 is highly appreciable under silicone-carbide powder, 
given attaining high MRR.

Pulse time ratio (a ratio between pulse on-time and pulse 
off-time) is also studied against MRR at three defined lev-
els during cutting AISI 316 through the EDM process. 
The trend of PTR is portrayed in Fig. 4. It has been seen 
that PTR is linearly proportional to the MRR from level 
1 (0.5) to level 2 (1.0). As pulse-off time is constant, say 
50 µs, PTR is only proportional to the pulse-on time. It is 
observed that an increase in  Ton up to 50 µs also upsurges 
the MRR due to an increase in the intensity of spark over 
the machined surface, which removes the material from 
the workpiece in both the cutting orientation (radial and 

Fig. 6  Micrographs show the different sizes of craters on the workpiece’s surface against different electrodes: a copper, b brass, and c aluminum

Fig. 7  3D surface profile when Cu-electrode is used for the EDM of AISI 316
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lateral), leading to high MRR by leaving deep craters on 
the surface [50]. With the further increase in PTR up to 
1.5, MRR almost remains constant because of the exces-
sive discharging rate at an extremely high value of  Ton that 
further undergoes intensive ionization of the dielectric 
particles, which made a shield above the machined cavity, 
causing a little hindrance in front of discharging but due 
to high kinetic energy of ions yielded deep craters on the 
machined cut. Figure 9 demonstrates the different sizes of 
craters found on the work part's surface at all three PTR 
settings. Thus, the value of MRR does not affect substan-
tially. Hence, levels 2 and 3 are the most permissible for 
machining AISI 316 with EDM.

Besides discussing the main effect plot of MRR, inter-
action plots have also been made to study the relationship 
between one factor and response to another factor, as shown 
in Fig. 10. It can be seen that each plot displays different 
interactions between four input parameters. For instance, 
all three dielectrics interact when the brass electrode is 
employed during EDM of AISI 316. Between powder type 
and dielectric type, interactions at two points are noticed. 

No relationship can be observed among the three dielec-
trics for alumina powder, as long as the said interaction is 
considered. But, for the same powder, transformer oil is 
the one that has yielded a significant value of MRR, fol-
lowed by kerosene and canola oil. In the same way, when 
the relationship between dielectric type and pulse time ratio 
is deliberated, transformer oil only intersects at one point 
with the kerosene oil, while kerosene oil has two differ-
ent interactions at level 1 (0.5) and level 3 (1.5) of PTR, 
as portrayed in Fig. 10. Furthermore, it is interesting to 
foresee that no interaction is perceived between SiC and 
various electrodes. However, for SiC powder, maximum 
MRR is attained with the copper electrode. When the rela-
tionships between PTR and electrode type are examined, 
brass is the only electrode that delivers single interaction 
with aluminium at the minimum value of PTR. Contrarily, 
the aluminium electrode provided different interactions with 
other electrodes at all three levels of PTR. In the last plot, 
the interaction between PTR and powder type is studied, in 
which relationships between different powders are found at 
a higher value of PTR.

Fig. 8  Surface morphology of machined cuts under different powders such as a silicon carbide, b alumina, and c graphite

Fig. 9  Different sizes of craters formed on the specimen’s surface at different levels of PTR, such as a 1.0, b 1.5, and c 0.5
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3.2  Tool wear rate versus input parameters

Tool wear rate is another measurable factor that is evalu-
ated in this study during the cutting of AISI 316 material 

by applying the EDM process. Similar to the MRR, this 
response is also examined at each selected parameter level. 
The main effect plot shown in Fig. 11 indicates how TWR 
varies with the change in parametric levels. For instance, 

Fig. 10  Interaction plot (data mean) of material removal rate

Fig. 11  Variation of TWR 
against four input parameters
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kerosene oil has delivered superior results regarding TWR, 
followed by canola and transformer oil in the case of dielec-
tric types. As per the literature, the dielectric’s low viscosity 
and specific gravity are the two fundamental properties that 
improve the responses [50]. As kerosene has low viscos-
ity (1.2199 cSt at 40 °C), followed by canola oil (5.8 cSt 
at 40 °C) and transformer oil (9.6 cSt at 40 °C); therefore, 
lower tool wear rate is observed with kerosene dielectric. 
In addition to that, low viscosity improves the cooling and 
flushing effect of the dielectric fluid, minimizing obstacles 
for heat transfer toward the work part. Thus, no heat is accu-
mulated in the electrode, resulting in less TWR [51]. Contra-
rily, electrode wear rate is significantly compromised when 
transformer oil is used as dielectric during EDM of AISI 
316. The high viscosity of transformer oil is the primary 
reason behind the high TWR.

Contrary to the above, high viscosity causes process 
instability because of inappropriate flushing. As a result, 
less energy is transferred to the work part, and major heat 
energy is accumulated around the electrode’s periphery. Due 
to the high intensity of heat, TWR is raised. It has also been 
seen that canola oil performs better than transformer oil in 
TWR but is not as good as kerosene due to low breakdown 
voltages and high oxygen content than hydrocarbon-based 

dielectrics. Researchers said that high oxidative nature mini-
mizes the charge density with a better heat transfer rate than 
kerosene dielectric [37]. Figure 12 indicates a surface rough-
ness profile of AISI 316 under a kerosene dielectric medium. 
Hence, it is suggested to engage kerosene oil instead of 
transformer and canola oils when EDM of AISI 316 mate-
rial is anticipated.

Alike MRR, the effect of different electrodes is also stud-
ied on TWR, as portrayed in Fig. 11. The literature said that 
TWR is inversely proportional to the melting temperature 
of the material [52]. For example, high melting temperature 
materials possess less TWR or vice versa. Considering this 
concept, it has been found that the melting temperature of 
copper (1085 °C) is higher, followed by brass (927 °C) and 
aluminium (660.3 °C) which translated into less wear and 
tore on the periphery of the copper electrode or resulting 
in less wide and deep craters such as presented in Fig. 13a. 
Thus, TWR is significantly decreased when the copper elec-
trode is engaged for machining. In the case of an aluminium 
electrode, the value of TWR is also lessened than brass tool 
material owing to its higher thermal conductivity (227.0 W/
mK) compared to brass (109.0 W/mK). High thermal con-
ductivity allows a quicker heat transfer rate through the alu-
minum than brass during each spark, decreasing the TWR 

Fig. 12  3D surface profile of AISI 316 under kerosene dielectric fluid

Fig. 13  Effect of different 
electrodes on the formation of 
craters’ size: a copper, b brass, 
and c aluminum
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by producing less wide but deep craters on the machined 
surface, as represented in Fig. 13c. Moreover, TWR is con-
siderably elevated when the brass electrode is engaged for 
the machining of AISI 316 due to its low thermal conductiv-
ity compared to the rest of the electrodes. At low thermal 
conductivity, heat conduction through the metal body is 
hindered. Thus heat is largely retained at the tool interface, 
which translates into high TWR by leaving large and deep 
size craters, as portrayed in Fig. 13b [22].

SEM images, represented in Fig. 14, also show the craters 
and re-deposited material in the case of each electrode. The 
surface texture provided by the brass electrode is somewhat 
coarser than aluminium and copper. The rationale relies on 
the thermal conductivity of the electrodes. Since brass com-
prises lower thermal conductivity (109 W/mK) as compared 
to aluminium (205 W/mK) and copper (247 W/mK), deep 
craters are witnessed. As mentioned earlier, due to the low 
conductivity of the electrode, heat remains in the interface of 
the tool, which may lead to high TWR. Since the machined 
cavity is a replica of electrode surface quality, large and deep 
craters are achieved with brass because the said electrode 
comprises craters. A similar justification has been illustrated 
by Ahmed et al. [28]. Literature also revealed that thermal 
conductivity influences the formation of a recast layer on the 
machined surface [53]. Hence, to attain a minimum value of 
TWR, the copper electrode is the optimum for cutting AISI 
316 via EDM.

The influence of various powders on the TWR is also 
presented in Fig. 11. A very slight deviation is noticed in the 
trend of electrode wear when powders are changed from alu-
mina to SiC in the dielectric medium. However, the value of 

TWR upsurges to a maximum when SiC powder is utilized 
in the dielectric fluid because of its comparable melting tem-
perature to alumina and graphite powder. This effect corre-
sponds to the intensive ionization of the SiC particles in the 
machined gap. Then, these ionized particles hit the electrode 
surface with greater intensity and momentum. Hence, more 
wearing of the electrode takes place under SiC mixed dielec-
tric. Moreover, concerning TWR, alumina powder is out-
performed under the action of the EDM process. However, 
results with graphite powder are also nearly equal to the 
alumina powder as far as TWR is measured while machin-
ing AISI 316 through EDM. Since both powders generate 
spontaneous and uniform discharging, eliminating abnormal 
sparking, the wear rate of the electrode is improved [54].

The variation in the trend of TWR for the change in PTR 
(from 0.5 to 1.5) is demonstrated in Fig. 11. Initially, the 
trend declined up to PTR 1.0 and slightly deviated above 
up to PTR 1.5. The sharp decrease in the value of TWR 
from PTR 0.5 to 1.0 is due to the expansion of the plasma 
channel, which hinders the effective heat input to the elec-
trode and workpiece. Since the electrode experiences insuf-
ficient heat energy, its wear rate is notably decreased [22]. 
However, with the further change in the pulse-time ratio 
to 1.5, the TWR reasonably increased. It is credited to the 
reason high PTR implies that discharge energy insists on 
a longer duration. This generates enormous heat energy in 
the cutting zone, increasing material melting from both the 
workpiece and tool [22]. Consequently, TWR is increased. 
Figure 15 depicts the surface textures formed at three levels 
of PTR. It is worth observing that different sizes of craters 
are recognized at different pulse time ratios. For example, 

Fig. 14  SEM images (at 50 µm) 
illustrate melt re-deposition and 
craters on the AISI 316 for a 
copper, b brass, and c aluminum

Fig. 15  Surface’s condition on AISI 316 at different settings of PTR: a 0.5, b 1.0, and c 1.5
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at lower PTR, the surface of the machined cavity contains 
shallow and small size craters, whereas, in the rest of the 
cases, large and deep craters were found on the surface of 
the workpiece, as witnessed in Fig. 15. The large size craters 
noticed in the latter case are due to the generation of exten-
sive heat energy in the plasma gap caused by the prolonged 
machining/sparking time with respect to pulse off-time. The 
opposite reason is true for other situations. Moreover, at the 
higher magnitude of PTR, more material gets re-deposited 
over the substrate’s surface even micro-globules are formed. 
The formation of micro-globules on the machined profile 
is due to partially evaporated material in lieu of condensed 
material. Researchers claimed that re-deposited material 
has no significant effect on the surface integrity of the sub-
strate material, while the micro-globules may provide a site 
to grow stress concentration [55]. Thus, the strength of the 
material can be affected. Hence, the second level of PTR 
(1.0) is best suited for achieving the minimum TWR con-
sidering the EDM of AISI 316 material.

Alike MRR, the interaction plot of TWR is also discussed 
herein, as represented in Fig. 16. Between the two factors, 
i.e., dielectric type and electrode type, all the dielectrics 
intersect when the copper electrode is engaged during the 
cutting of AISI 316. At the same time, no relationship is 
identified against the brass electrode. Two dielectrics (trans-
former and canola oil) have shown the interactive effect for 
the aluminum tool, while kerosene oil remains safe from 

any influence. Considering the interaction effect between 
powder type and dielectric type, it can be reported that all 
the dielectrics have interactions with the different powders. 
The same behavior is also predicted in the interaction plot 
made between PTR and dielectric type. It is pertinent to 
mention that aluminum is the only electrode that provided a 
relationship with the copper tool at the third level of powder 
type and PTR, as far as interaction plots between electrode 
type-powder type and electrode type-PTR are considered, 
respectively. Such effects can be observed in the interac-
tion plots presented in Fig. 16. To evaluate TWR for the 
previously said interaction plots, level 1 of each against the 
copper electrode is an optimal case. Finally, for the last inter-
action plot between PTR and powder type, each powder has 
a relationship at all levels of PTR.

3.3  Overcut versus input parameters

The main purpose of advanced technologies is to develop 
components with high geometric accuracy and precision. 
For that rationale, they require a detailed study of overcut so 
that the intended functionality of products can be ensured. 
Thereof, in this investigation, the dimensional accuracy in 
terms of overcut (OC) is also considered against the set of 
control parameters during EDM of AISI 316. The main 
effect plots in Fig. 17 illustrate the influence of each param-
eter on the diametrical OC.

Fig. 16  Interaction plot (data mean) of tool wear rate
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As stated earlier, three different oils (kerosene, trans-
former, and canola) have been used as dielectric fluid to 
machine AISI 316 by utilizing the EDM technique. Like-
wise, other responses, the effects of elected dielectrics are 
evaluated about diametrical OC, as shown in Fig. 17. It has 
been inferred from Fig. 17 that a minimum OC value was 
achieved with kerosene oil. The reason is linked to the fewer 
flash point of kerosene oil (38 °C) followed by transformer 
oil (140 °C) and canola oil (330–360 °C). Due to low flash 
points, kerosene oil yielded fewer ionized particles than the 
rest of the dielectrics. Thus, the spark is more stabilized or 
less diverged, which improves the OC [56]. Interestingly, 
transformer and canola oil yielded the same magnitude of 
OC. Still, they both are unsuitable for geometrical accuracy 
when comparison has been made with kerosene dielectric. 
Thereof, kerosene dielectric can be preferred over the rest 
of the dielectrics to attain minimal diametrical OC as long 
as EDM of AISI 316 is discussed. The SEM images repre-
sented in Fig. 18 illustrate the surface morphology achieved 
under each dielectric type. According to Fig. 18, shallow 
craters are depicted on the surfaces obtained under selected 
dielectrics. However, the surface texture attained with 

transformer oil is coarsest than the canola and kerosene oils. 
The high non-biodegradability of transformer oil could be 
the key reason behind this. Also, the mentioned oil belongs 
to the class of hydrocarbons, which produce carbon parti-
cles during the discharge process. These particles may cause 
hindrance in front of sparking, and thus, the probability of 
material re-deposition is enhanced. For that reason, exten-
sive re-deposition of melted particles can also be noticed on 
the surface morphology, as represented in Fig. 18b.

The effect of different tools on the OC is also presented 
in Fig. 17. A decreasing trend is attained from copper to 
aluminum electrodes. It means aluminium electrode has per-
formed outstandingly in terms of OC, followed by brass and 
copper electrodes when AISI 316 is used for machining on 
EDM. Less thermal conductivity is the main motive behind 
the excellent performance of the aluminum electrode. The 
effect of low thermal conductivity causes less wear on the 
machined cavity due to insufficient spark energy. Thereof, 
better dimensional control is recorded with aluminum tool, 
and shallow craters are found on the work part surface, 
as shown in Fig. 19a. Furthermore, it can be seen that the 
diametrical overcut is more significant when the copper 

Fig. 17  Main effect plot of over-
cut versus different parameters

Fig. 18  Surface features 
obtained under various dielec-
trics: a kerosene oil, b trans-
former oil, and c canola oil
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electrode is engaged. The reason lies precisely opposite to 
the case mentioned above for aluminium electrode. Such 
high thermal conductivity is the primary reason to obtain 
poor dimensional accuracy in the case of Cu-electrode. 
Due to heat conduction through the electrode, ionization 
of dielectric particles upsurges by applying high discharge 
energy in the cutting regime, resulting in more severe melt-
ing and vaporization of the material from the workpiece. 
As a result, dimensional accuracy is dropped with the cop-
per electrode. However, deep craters are seen on the surface 
of the workpiece, as portrayed in Fig. 19b. Whereas brass 
has portrayed an intermediate response such that neither 
it is good like aluminum nor bad than copper owing to its 
magnetic nature as witnessed by Ishfaq et al. in their inves-
tigation [57]. The particles are re-deposited again on the 
material, as represented in Fig. 19c, and thus, the reasonable 
value of overcut is attained with the brass electrode. Hence, 
aluminum is the ideal electrode for achieving minimum OC. 
A graphical comparison of designated electrodes has also 
been developed using the minimum, average, and maximum 
magnitudes of OC, as demonstrated in Fig. 20.

Another trend of various powders on the OC is depicted 
in Fig. 17. A slight deviation from level 1 to level 3 of 

powder type is noticed. It has been further noted that powder 
type has minimal effect on the diametral OC compared to 
the other parameters. However, less magnitude of OC value 
is obtained when SiC is mixed in the dielectric fluid during 
EDM of AISI 316. It is attributed to the thermo-physical 
nature of SiC powder and its excellent electrical resistiv-
ity among the selected powders. Moreover, the high den-
sity of SiC powder resists the homogeneity in the dielectric 
medium. These two reasons lead to low OC [58]. Contrary 
to that, the magnitude of OC is raised when graphite powder 
is added to the dielectric liquid due to its high conductive 
nature than SiC and  Al2O3 powders. As per the published 
work, the addition of conductive powders in the dielectric 
enlarged the machining gap and dispersed the plasma chan-
nel by minimizing the breakdown strength of the dielectric. 
Because of low breakdown strength, sparking is occurred 
from a longer distance, resulting in an increment of OC [58]. 
It is further seen that alumina powder has also shown the 
same outcomes as depicted for graphite powder. The sur-
face texture obtained under each powder type is provided in 
Fig. 21. The imperfections like craters, voids, and resolidi-
fied materials are found in every case shown in Fig. 21. The 
craters formed under all the powders during EDM of AISI 
316 are shallow and large. Additionally, depending upon the 
behavior of every powder in the dielectric regime, different 
volumes of materials are resolidified on the substrate’s cav-
ity. However, the SiC powder is superior to other powders, 
and therefore, it is suggested to use it in the dielectric liquid 
to attain a good dimensional accuracy.

The impact of PTR on the OC is also shown in Fig. 17. 
Initially, the trend shifted up by the varying value of PTR 
from 0.5 to 1.0 and then slightly declined up to PTR 1.5. The 
increment in the value of OC between PTR 0.5–1.0 is due to 
a greater flow of current per cycle that causes extensive ioni-
zation of the dielectric particles between the workpiece and 
electrode space. This excessive ionization caused the disso-
lution of ions over the machined cavity, leaving behind large 
craters as shown in Fig. 22a, and thereof correspondingly 
value of OC is magnified in the said range of PTR [59]. It 
can be perceived from Fig. 17 that with the further increase 
of PTR to 1.5, the OC is again improved, which is because of 

Fig. 19  Micrographs illustrate 
craters’ size and re-deposited 
melt on the cut profile of AISI 
316 against electrodes: a alu-
minum, b copper, and c brass

Fig. 20  Comparison of minimum, average, and maximum OC versus 
electrode materials
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liberating more heat energy at highly high  Ton (75 µs). This 
heat energy makes a pool of ions, re-melted material, and 
some dielectric particles above the cutting surface, which act 
as a shield/cover of protection for sparking. As a result, less 
material is chipped out from the workpiece, decreasing the 
OC [57]. At this condition, shallow craters are noticed on the 
machined cavity of the work part, as depicted in Fig. 22b. 
Thus, level 1 (0.5) of PTR is highly favorable for getting 
minimum diametral OC when EDM of selected biomedical 
material is deliberated.

Figure  23 depicts the interaction plots of overcut. 
According to Fig. 23, the two input parameters, i.e., dielec-
tric type and electrode type, have more excellent interac-
tions. Similarly, for the interaction plot between dielectric 
type versus powder type and dielectric type versus PTR, 
trends for all the dielectrics intersect each other at differ-
ent points against the parametric levels of both powder 
type and PTR. It means significant interactions exist there. 
However, for the interaction plot between powder type and 

electrode type, no relationship(s) is found with the cop-
per electrode (providing poor geometric accuracy or high 
OC), although the trends of other electrodes intersect at 
two places concerning the second factor. Similar effects 
are detected in the interaction plot between PTR and elec-
trode type, as indicated in Fig. 23. In the last interaction 
plot between powder type and PTR, alumina, graphite, and 
SiC powders have different interactions with each other for 
the values of PTR.

Taking the effect of all input factors collectively, the 
optimal setting for attaining the maximum MRR, mini-
mum TWR, and OC while EDM of AISI 316 is tabulated in 
Table 4. Such as the optimal combination for getting high 
MRR using Cu electrode is dielectric type = transformer oil, 
powder type = SiC, and PTR = 1.0. The same parametric 
setting is also noticed with TWR, but alumina and kero-
sene oil have been proved to be the best ones instead of SiC 
powder and transformer oil, respectively. Similarly, high 
dimensional accuracy on the surface of AISI 316 has been 

Fig. 21  Surface texture attained under different powders: a alumina, b graphite, and c silicon carbide

Fig. 22  Influence of PTR on the 
size of craters when a PTR = 1.0 
and b PTR = 1.5
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achieved under SiC mixed kerosene dielectric when the Al-
electrode is utilized with PTR equal to 0.5. The combina-
tions provided in Table 4 have also been confirmed through 
confirmation trials.

3.4  Multiobjective optimization strategy

It is pertinent to mention that MRR, TWR, and OC have 
variations in magnitude, and the effect of some of the input 
variables is unlike them. For that reason, a multiobjective 
optimization strategy, such as GRA, was employed to find 
an optimal parametric setting. The findings of GRA are 

summarized in Table 5. According to the results of GRA, 
the preferred alternative that can improve the responses 
mentioned above is alternate no. 3. The proposed optimized 
setting, tabulated in Table 6, was further tested through a 
confirmation run.

The findings of the confirmation run are compiled in 
Table 7. It can be noticed that the responses’ magnitude is 
significantly improved when cutting of AISI 316 through the 
EDM process is under consideration by using the optimal 
setting presented in Table 6. According to Table 7, 29% and 
89.4% improvements from the average response value have 
been found in the magnitude of MRR and TWR, respectively. 

Fig. 23  Interaction plot (data mean) of overcut

Table 4  Optimal parametric setting against each output parameter

Responses’ name Material removal rate Tool wear rate Overcut

Optimal settings Dielectric type: transformer oil
Electrode type: Cu
Powder type: SiC
PTR: 1.0

Dielectric type: kerosene oil
Electrode type: Cu
Powder type:  Al2O3
PTR: 1.0

Dielectric type: kerosene oil
Electrode type: Al
Powder type: SiC
PTR: 0.5
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Moreover, the magnitude of OC is 5.3 times less than its aver-
age value. After a noteworthy improvement in various output 
parameters, it can be concluded that the proposed optimized 
setting is the best combination to enhance the machining rate 
and reduce geometrical errors during EDM of AISI 316.

4  Conclusions

The current article studied material removal rate, tool wear 
rate, and overcut for the EDM of AISI 316 material. The 
effect of said responses was treated comprehensively against 
the defined input parameters. For experimentation, Taguchi 
L9 orthogonal approach was applied to foresee the micro-
impressions on the selected workpiece. Results were ana-
lyzed by main effect plots, whereas evidence was collected 

through SEM, optical microscope, and surface profilome-
try. The optimized parametric setting for each response has 
been suggested. A single optimal setting, that optimized 
the machine variables, was also made using grey relational 
analyses. The possible conclusions can be drawn from the 
experimental results.

• Among various dielectrics, kerosene dielectric is outper-
formed in terms of TWR and OC. However, transformer 
oil gives a better material removal rate than other dielec-
trics due to its high thermal oxidative nature.

• Regardless of different dielectrics, the copper tool erodes 
the workpiece appreciably and delivers minimum tool 
wear rate due to its high melting temperature, followed 
by brass and aluminium. Moreover, aluminium is the best 
alternative for attaining considerable geometric accuracy.

Table 5  GRA-based alternates’ 
ranking

Exp. no. Gray relational 
generation

Gray relational coefficients GRA grades calculation and 
alternates’ ranking

MRR TWR OC MRR (GC) TWR (GC) OC (GC) GRA grades GRA ranking

Xo 1 1 1
1 0.31 1.00 0.24 0.42 1.00 0.40 0.61 5
2 0.00 0.47 0.81 0.33 0.49 0.72 0.51 8
3 0.69 0.96 1.00 0.61 0.93 1.00 0.85 1
4 1.00 0.91 0.00 1.00 0.85 0.33 0.73 3
5 0.11 0.00 1.00 0.36 0.33 1.00 0.56 7
6 0.98 0.77 0.88 0.96 0.69 0.81 0.82 2
7 0.79 0.96 0.00 0.70 0.93 0.33 0.66 4
8 0.08 0.28 0.81 0.35 0.41 0.72 0.50 9
9 0.04 0.65 0.86 0.34 0.59 0.78 0.57 6

Table 6  A single optimized 
parametric setting

Parameters Optimal setting

Dielectric type Kerosene oil
Electrode type Aluminium
Powder type Silicon carbide
Pulse time ratio 1.5

Table 7  Confirmation trial 
results

Optimal settings Responses’ magnitude

MRR (g/min) TWR (g/min) OC (mm)

Dielectric type: kerosene oil
Electrode type: aluminium
Powder type: silicon carbide
Pulse time ratio: 1.5

0.111 0.019 0.03

Average values of responses observed during 
whole experimentation

0.086 0.036 0.189

Improvement in response parameters 29% 89.4% 5.3 times
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• For the third parameter, different powders were added 
to the dielectric fluid. According to the results, the SiC 
powder performs better in the context of MRR and OC. 
At the same time, alumina powder allows a reduction in 
the value of TWR, followed by other powders.

• In the case of pulse time ratio, level 2 (1.0) is a highly 
novel setting to get the maximum MRR and less TWR 
because of the expansion of the plasma channel, which 
hinders the effective heat input to the electrode and work-
piece. Since the electrode experiences insufficient heat 
energy, thereof less wear rate of the electrode is observed 
at PTR 1.0. Contrarily, the lowest OC is observed at PTR 
0.5.

• A single optimized setting proposed through the GRA 
approach improves the magnitude of all responses. In 
particular, from the mean values of responses, 29% and 
89.4% improvement in the magnitude of MRR and TWR 
are noted, respectively. Furthermore, the value of dia-
metrical overcut is 5.3 times reduced than its average 
magnitude. Hence, for the EDM of AISI 316, the optimal 
parametric combination to enhance machining efficiency 
and geometric accuracy is dielectric type: kerosene oil, 
electrode type: aluminium, powder type: silicon carbide, 
and pulse time ratio: 1.5.
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