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Abstract

Due to the high mechanical strength of the metals used in implant manufacture, which makes them difficult to work with
using other machining techniques, electrical discharge machining (EDM) is frequently employed in the production of
implants. In this study, the effect of powder ratio and other EDM parameters used in the machining of CoCrMo alloy,
which used in implant production widely, with powder-mixed EDM on the surface roughness of the machined part was
investigated through the response surface methodology. AISI 316L stainless steel was chosen as the electrode material,
and Ti6V4AIl was chosen as the additive powder, taking into account their biocompatibility properties. Using a Taguchi
Lig array, an experimental design was created by selecting 4 levels for each parameter of additive ratio, discharge current,
pulse on time (Ton), and pulse off time (Tof). The response surface method was used, along with the experimental data,
to estimate how the parameters affected the arithmetic average roughness (Ra) and mean roughness depth (R,).

Keywords: Powder Mixed EDM, CoCrMo, Response Surface Methodology, Mathematical Modeling.

Toz Oram Ve isleme Parametrelerinin Toz Katkih Elektro Erozyonla islenen
CoCrMo’nin Yiizey Kalitesine Etkileri Uzerine Bir Cevap Yiizeyi Calismasi

Oz

Implant imalatinda kullanilan metallerin yiiksek mekanik mukavemetleri nedeniyle diger isleme teknikleri kullanilarak
islenmesi oldukga zor oldugundan elektro erozyonla igsleme (EDM), implant iiretiminde siklikla kullanilmaktadir. Bu
¢alismada, implant tiretiminde yaygin olarak kullanilan CoCrMo alagiminin toz katkilit EDM ile islenmesinde kullanilan
toz orani ve diger EDM parametrelerinin iglenen parcanin yiizey piiriizliiliigiine etkisi yanit yiizey metodolojisi ile
incelenmistir. Elektrot malzemesi olarak AISI 316L paslanmaz ¢elik, katki tozu olarak da biyo-uyumluluk &zellikleri
dikkate alinarak TigV4Al se¢ilmistir. Bir Taguchi Lis dizisi kullamilarak, katki orani, desarj akimi, ark siresi (Ton) Ve
bekleme stiresi (Tof) parametreleri igin 4’er seviye segilerek bir deney tasarimi olusturulmustur. Parametrelerin aritmetik
ortalama puriazlilik (Ra) ve ortalama piiriizliiliik derinligini (R;) nasil etkiledigini tahmin etmek i¢in deneysel verilerle
birlikte yanit yilizeyi yontemi kullanilmistir.

Anahtar Kelimeler: Toz Katkili EDM, CoCrMo, Cevap Yiizey Ydntemi, Matematik Modelleme.
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1. Introduction

In comparison to other non-traditional production methods, electrical discharge machining
(EDM) occupies a privileged place because it uses heat energy to process electrically conductive
materials, which makes it independent of the workpiece's mechanical strength and temperature
resistance. Additionally, because there is no direct contact between the electrode and the workpiece,
mechanical stresses, chatter, and vibration are not a concern. In the die, mold, automotive, aerospace,
and surgical component industries, where parts with high mechanical strength, temperature
resistance, and complex shapes are frequently used, this method is widely utilized (Cakir et al., 2013;
Ho & Newman, 2003; Sharma & Singh, 2014).

Low machining efficiency and poor surface quality of conventional EDM techniques have
limited further industrial uses. Due to the complicated and highly nonlinear nature of EDM, extensive
studies have been conducted by numerous researchers to establish control over machining parameters
and to develop new approaches to reach an ideal combination that improves machining performance.
In the recent years, powder mixed electrical discharge machining has become one of the most cutting-
edge and creative methods for enhancing the capabilities of EDM and removing some of its
drawbacks.

A novel method termed powder-mixed electrical discharge machining (PM-EDM) solves the
drawbacks of electrical discharge machining (EDM) and enhances its machining capabilities.

In this procedure, several particles, including copper, graphite, tungsten, aluminum, and
chromium, are combined with the dielectric fluid. To effectively fill the spark gap with these additive
particles, a specifically designed stirrer mechanism stirs the fine powder particles into the tank. The
EDM process becomes more stable as a result of these electrically conductive powder particles'
reduction in the dielectric fluid's insulating strength and increase in the spark gap distance between
the tool electrode and workpiece. This improves the material removal rate (MRR) and surface finish
of the workpiece. Surfaces created by the PM-EDM method have great resistance to corrosion and
abrasion (Jawahar et al., 2019; Rajkumar & Vishwakamra, 2018; Sharma & Singh, 2014).

The use of PM-EDM in the biomedical field has recently received significant interest (ERDEM
& KILIC, 2020; Kumar et al., 2020; Rajkumar & Vishwakamra, 2018). Along with increasing
corrosion and wear resistance, PM-EDM has significantly improved the mechanical and fatigue life
of orthopedic implants (lacono et al., 2016; Ntasi et al., 2010; Prakash et al., 2015). However, there
have recently been reports of using PM-EDM to deposit a nano-porous and biocompatible layer on
the machined implant surface. Strong bone-implant bonding is provided by this deposition layer (Al-
Amin et al., 2020).
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Due to their great biocompatibility, good mechanic wear, and corrosion resistance, CoCrMo
alloys are frequently employed as biomaterials for orthopedic implants, particularly in artificial hip
and knee joints, as well as the infrastructure of metal-ceramic implants (Augustyn-Pienigzek et al.,
2013; Fazira et al., 2013).

Numerous research on the processing of Co-Cr-Mo alloy using EDM, with or without powder
additions, are available in the literature. The processing of Co-Cr-Mo material with classical EDM
was examined in these studies to determine the effects of various processing parameters, electrode
types, and dielectric fluids on the surface characteristics of the workpiece, biological response,
corrosion resistance, in vitro hemocompatibility, electrochemical properties, and cytocompatibility
of the surface. Graphite, W, Cu, Cu-W, and Ti as electrode materials were used in this research
(Chakmakchi et al., 2021; Iranmanesh et al., 2017; Mahajan et al., 2019; Mahajan & Sidhu, 2019b,
2019a; Mahajan Amit and Sidhu, 2019). In some other studies, the effect of adding Fe203and y-
Fe203 nanopowder to the dielectric liquid at different rates on the material removal rate was
investigated (N. Elsiti et al., 2017; N. M. Elsiti & Noordin, 2017).

In this study, the effects of powder ratio and machining parameters in the PM-EDM process
on surface roughness metrics i.e. Ra and R;, of the CoCrMo workpiece are analyzed and modeled
through RSM. In the experimental PM-EDM process, 316L and Ti6V4Al were utilized as the
electrode and dielectric additive respectively in the PM-EDM of Co-Cr-Mo. The fact that 316L and
Ti6V4Al are currently utilized as implant materials and that there is no biocompatibility issue if
residues from these materials are left on the surface of the workpiece as a result of processing were
taken into consideration while selecting these materials (Abdel-Fattah et al., 2011; Sales et al., 2016;
OPOZ et al., 2019; Ali et al., 2019).

Four levels for the additive powder ratio, discharge current, pulse on time (Ton), and pulse off
time (Toff) variables were established in the investigation, and a Taguchi Lis orthogonal experimental
design was developed in the study. The determined parameters were applied to the constructed
samples, and each sample’s Ra and R; surface roughness values were then calculated. With the use of

these values, response surfaces for Ra and R; were created and examined.
2. Materials and Methods
2.1. Experiment Design
In addition to further streamlining and standardizing the design of experiments (DOE), the

Taguchi technique produced guidelines to conduct the experiments, reducing the number of factor

combinations needed to assess the factor effects. Lis orthogonal array with 5 variables and 4 levels



was used in this investigation. The independent variables (factors) are chosen to be the powder ratio
(w), discharge current (1), pulse on time (Ton), and pulse off time (Torf). The dependent variables
(responses), however, are Ra (the arithmetic mean height of the profile) and R; (the maximum height

of the profile). Experiment set values of the variable and corresponding experiment results is listed

in Table 1.
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Table 1. Experimental set values of the factors and corresponding response values

Experiment Powder Ratio Discharge Ton Toft Ra R:
Current
No (9/m) (A) (ps) (s)  (um)  (um)
El 0 9 180 18 5.26 28.42
E2 0 12 240 24 6.94 34.25
E3 0 15 300 30 9.29 42.45
E4 0 18 360 36 1198  53.94
E5 2 9 240 30 5.39 27.86
E6 2 12 180 36 6.99 35.31
E7 2 15 360 18 12.52  55.68
E8 2 18 300 24 9.78 47.09
E9 4 9 300 36 5.21 26.96
E10 4 12 360 30 8.11 37.83
E1ll 4 15 180 24 8.76 39.58
E12 4 18 240 18 8.30 39.20
E13 8 9 360 24 5.80 28.59
El4 8 12 300 18 8.05 37.10
E15 8 15 240 36 7.79 40.64
E16 8 18 180 30 9.42 44.60

2.2. Material and Experimental Procedure

In this study, ASTM F1537-11 grade CoCr28Mo6 alloy, with chemical composition stated in

Table 2, in round bar form was used. The samples were cut in 30 mm diameter and 10 mm thickness

then the surfaces were polished.

Table 2. Chemical composition of the CoCr28Mo6 bar used in the study

C

Si

Mn

S

Cr

Fe

Ni

Mo

N

w

Al

Co

0.051 0.74 0.77 0.005 0.0004 279 022 0.12 541 0.163 001 0.01 Balance
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AISI 316L electrodes were used to process samples. During the experimental process, Petrofer
Dielektrikum 358 EDM oil was used mixed with Ti6VV4Al powder in different ratios as dielectric
fluid.

Experiments have been conducted on the Best-3000S ZNC EDM machine. A closed loop tank

equipped with a pump was designed and constructed as seen in Figure 1.

Figure 1. Closed loop tank used in the experimental processes

2.3. Surface Roughness Measurements

The mostly used roughness measurement in the manufacturing industry is Ra, which is the
arithmetic average of the deviations from the mean line. On the other hand, Ra is not sufficient to give
information about the depth of the peaks or valleys. To better understand the surface quality Ra may
be used with R; which is the average of the absolute deviations of the five highest peaks and the five
deepest valleys from the mean line. For this reason, the effects of the powder ratio and machining
parameters both on Ra and R; are analyzed in this study (David Whitehouse, 2002).

The roughness of the machined surfaces of the samples has measured by using a Hommel
Etamic C8000 profilometer equipped with a TKU300 model probe. Four measurements have been
taken from each specimen. Arithmetical mean roughness value (Ra) and mean roughness depth (Rz)
values are determined for each measurement and average values for each specimen are listed in Table
3.
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Table 3. ANOVA table of R, and R; models

Ra R,
Response (um) (um)
Model Type 2FI 2FI
Model DF 7 5
F value 14.83 14.12
Model  — alle 00005 00003
F value 4.93 28.39
W pvalue 00571 0.0003
| F value 5.5 473
p-value 0.047 0.0547
F value 5.77 10.22
Ton p-value 0.0431 0.0095
T F value 5.88 10.37
o pvalue 00415  0.0092
F value 7.7 -
W Ton p-value 0.0241 ]
F value - 8.31
W o p-value - 0.0163
Ty F value 4.26 -
p-value 0.073 -
Ton*Tog Fvalue 6.45 -
p-value 0.0347 -
R? 0.928 0.876
R2.q 0.866 0.814

2.4. Response Surface Methodology

Response surface methodology (RSM) is frequently used in research endeavors where multiple
dependent variables are governed by many independent factors. With the use of suitable experiment
designs and analyses, response surface methodology is a collection of mathematical and statistical
tools for determining the extent to which independent variables (factors) impact dependent variables
(responses).

The product attributes or performance values that result from a certain combination of factor
values are referred to as the dependent variable or response. Independent variables or factors are
variables or factors whose values can be altered by the researcher to achieve certain objectives.

If unknown relation between a response and independent parameters is stated as (X1, Xz, ..., xk,)

such as

y=f')p+e (1)
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where y is the response, and f(x) is a vector function of X’s (X1, X2, ..., xk,) With q terms that
include exponents up to a point and cross products between them, £ is a vector related with f(x)
containing g unknown constants, ¢ is a random experimental error with zero mean.

Utilizing experimental set values and the measurement data shown in Table 3, response surface
models for Ra and R; with a two-factor interaction were created. To acquire the best model fit scores,
such as the F-value, p-value, R?, and RZdj, response surface model degrees were calculated through

trials and errors.

3. Findings and Discussion

3.1 ANOVA Results

With the use of the information in Table 2, an analysis of variance (ANOVA) has been done
within the RSM's purview to determine the effects of independent variables on Ra and Rz. A succinct
list of the ANOVA findings and model fit metrics like R? and R?gj is presented in Table 3. In the
ANOVA table, the model's F-value indicates the proportion of explained to unexplained variance. If
the F-values of the model and terms are higher than the critical F-value in the 95 percent confidence
interval, the model is significant. The relevance of the model or phrase is additionally assessed using
the p-value. If the p-value is low enough, the model or term should have a considerable impact on the
result (less than 0.05 for the model and 0.1 for a term) (Dinov, 2020; Kumar et al., 2020; Mesalamy
& Youssef, 2020; Myers et al., 2016).

The model's F-value indicates the ratio of explained to unexplained variance. If the F-values of
the model and terms are higher than the critical F-value in the 95 percent confidence interval, the
model is significant. The relevance of the model or phrase is additionally assessed using the p-value.
If the p-value is low enough, the model or term should have a considerable impact on the outcome
(less than 0.05 for the model and 0.1 for a term).

Ra has been the subject of a 2FI regression model with 7 degrees of freedom, which is the
number of terms included in the model. The model's F-value and p-value are 14.83 and 0.0005 in
Table 3, respectively, indicating that it is significant and that there is only a 0.05% possibility that the
noise could cause the F-value to be this high. Table 3 shows the model's R? and RZqj values as 0.928
and 0.866, respectively. This indicates very good variance in the response caused by variation in the
independent variables, and the model does not contain extraneous terms.

Significant terms in the regression model of Ra are w, I, Ton, Toff, W*Ton, 1*Toff, and Ton*Toft.

Regression coefficients of the actual and coded factors included in the Ra model are listed in Table 4.
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The regression model equation was constructed by using actual factors and their coefficients are

stated in Equation 2.

Table 4. Regression coefficients of R, response model in terms of coded and actual factors.

Factors Coefficients of coded Coefficients of actual

factors factors
Constant 8.02 -3.1197
w -0.4029 1.383
| 0.7141 -0.281
Ton 0.4209 0.0671
Toft -0.5003 -0.0044
W Ton -0.7318 -0.0058
I Tost 0.2903 0.0203
Ton Toff -0.3848 -0.0013

R, = 1.383w — 0.2811 + 0.0671T,,, — 0.0044T,; — 0.0058WT,,, + 0.0203IT, s —
0.0013T,, To s — 3.1197 )

A 2FI regression model with 5 degrees of freedom has been developed for R; response. F-value
and p-value for the R; model are 14.12 and 0.0003, respectively, showing that it is significant and that
there is only a 0.05% chance that the noise might be the reason for the high F-value. The model's R?
and R?qj values are 0.876 and 0.814, respectively, according to Table 3. This shows that the model is
free of redundant terms and that there is a very good variance in the response resulting from the
change in the independent variables.

The significant terms in the regression model of Rz are w, I, Ton, Toft, and w*Tosr. Table 5 provides
the regression coefficients for the real and coded components used in the R; model. The coefficients
of the regression model equation that was created using actual factors are given in Equation 3.

Table 4 shows that Ra is favorably impacted by an increase in I, Ton, and I*Toft, while Ra is
negatively impacted by an increase in w, Toff, W*Ton, and Ton*Tof. Additionally, it is implied that
among the single terms, I and Tott have the most impact on Ra.

It is clear from the coefficients of coded factors in Table 5 that w, Tot, and wW*Tost have a
diminishing impact on Rz, even though | and Ton are parameters that raise Rz. On the other hand, it is

evident that w and Ton, respectively, have the greatest impact on the change in R..
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Table 5. Regression coefficients of R, response model in terms of coded and actual factors.

Factors Coefficients of coded Coefficients of actual

factors factors
Constant 33.24 6.083
w -6.07 3.441
I 2.46 0.920
Ton 3.89 0.073
Tor -3.7 0.197
W*T it -2.83 -0.222
R, = 3.441w + 0.9201 + 0.073T,,, + 0.197T, 5 — 0.222wT, 5 + 6.083 3

3.2. Discussions

To predict their values for the points where trials were not conducted as part of the study, a
regression model of Ra and R; was developed. In order to comprehend how changes in the independent
factors affect the dependent variables, 3D surface models were also developed. Two elements are
held constant in each graph while the changes in the other factors are displayed because the effect of
two independent variables on a response can be simultaneously visualized in three-dimensional (3D)

graphics.
3.2.1 Arithmetical mean roughness (Ra)

The variation of Ra with respect to w and | for constant values of Ton and Tost is sShown in Figure
2. As can be observed in Figure 2a, Ra only marginally rises with an increase in | from 9 to 18 A for
constant values of Ton and Torrat 180 and 18 ps, respectively. However, given the constant I value, it

grows linearly as the powder rate climbs from 0 to 8 g/I.
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Figure 2. Change in Ra with w and | for constant values of a)Ton= 180, To=18 ps; b) Ton= 360, Tet= 36 us;
C)Ton= 270, Toi= 27 ps; d)Ton= 360, To=36 ps

In Figure 2b, it is seen that Ra increases linearly with increasing current at constant values of
180 and 36 ps for Ton and Torr, respectively. Similarly, Ra increases linearly with an increasing powder
ratio.

Ra increases linearly with the increase in current in Figure 2 ¢, where Ton is 270 ps and Toff IS
27 s, but the slope is lower than that in Figure 2b. On the other hand, Ra decreases linearly as the
powder content rises.

As observed in the constant values of Ton and Totfat 360 and 36 s, respectively, in Figure 2d,
Ra changes directly with current and inversely concerning the powder ratio Figure 2c. It is evident
that the slope is higher in Figure 2d than in Figure 2c, though.

When the four plots in Figure 2 are analyzed collectively, it is concluded that when the Ton time
interval is nearly 180 us, the increase in the powder ratio has the impact of increasing Ra. This effect
is found to diminish as the Ton Value rises and to reverse as the Ton value approaches 360 us. On the
other hand, it is seen that the influence of current grows as this value increases, even though the effect

of current on Ra is relatively minimal when Toff is 18 ps.
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Figure 3's graphs illustrate how Ra varies with Torfand the powder ratio for constant current and
Ton values. Ra increases with increasing powder content but decreases with increasing Ton at constant
values of 9 A of current and 180 ps of Ton (Figure 3a).

Figure 3b shows that Ra decreases when the powder ratio and Tost value rise while the current is
fixed at 9 A and Ton 360 ps.

According to (Figure 3c), for constant current and Ton values at 14 A and 270 ps, respectively,
Ra marginally decreases with an increase in the powder ratio and Tofr.

As demonstrated in Figure 3d, the Ra drops linearly as the powder ratio and Toff increase when
the current is 18 pus and the Ton is 360 us. The slope of the variation of Ra With related to Tor decreased
and the slope of the variation with respect to w rose when this graph is compared with Figure 3b.

When the three graphs in Figure 3 are compared, it can be seen that an increase in current causes
a change in Ra corresponding to an increase in powder ratio, which is positive at 9 A, neutral at 14 A,
and negative at 18 A. On the other hand, it is considered that a rise in current causes a drop in Ra, just

as an increase in Toff causes a decrease in current.

Examining the influence of Ton ON Ra trends reveals that as Ton rises, Ra's correlation to the
powder ratio shifts from positive to negative. Additionally, it can be noted that Ra has a greater
tendency to decline with Toff as Ton grows.

Figure 4's graphs illustrate how Ra varies with Ton and Tofr at constant values for the additive
ratio and discharge current. Figure 4a shows that the dielectric fluid is being used without any powder
and that the current value is constant at 9 A. Ra increases linearly as Ton increases, and its slope
decreases as Toif increases. Ra, on the other hand, is independent of Tot in the region where Ton is 180

s us. Ra rises with rising Tof for higher values of Ton.
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Figure 3. Change in R, with w and T for constant values of a) I=9 A, Toi= 180 ps; b) 1=9 A, Tor= 360 ps;
c)I=14 A, Tor=270 pus; d) I= 18 A, Ton= 360 ps

In Figure 4b, Ra falls with an increase in Tort when the current is increased to 18 A while doing
powder-free processing; however, this scenario is reversed when the Ton value is raised to 360 ps. Ra
is shown to rise linearly as Ton increases. However, as Toff increases from 18 ps to 36 ps, the slope of
this rise becomes less steep.

When the discharge current is 14 A and the additive rate is 4 g/l (Figure 4c), it can be seen that
the Ra rises as Ton rises in the 18 us Toff region. On the other hand, Ra decreases slightly as Ton increases
in the region where Tort is 36 ps. Additionally, it can be shown that Ra and Torrare directly proportional
at low levels of Ton Whereas Ra and Toff are inversely proportional at large values of Ton.

When the discharge current is 18 A and the additive rate is 8 g/I, it can be seen that rise in Ra
with a rise in Toff in the 18 ps region of Ton. Ra increases as Toff in the region where it is 36 ps lowers
with a moderate slope. Additionally, Ra nearly never changes with Ton in the area where Tort is 18
years old. Ra changes in an inverse correlation to Ton in the region where Toftis 36 ps.

When Figures 4a, 4c, and Figures 4b, 4d, are compared, it can be observed that the influence of

Ton and Toff ON Ra diminishes as the powder content rises. The increase in I, on the other hand, makes
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the impact of Tof 0N Ra more obvious, as can be seen when the four graphs in Figure 4 are analyzed

collectively.
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Figure 4. Change in Ra with Ton and T for constant values of a) w=0, I=9 A; b) w=0, 1= 18 A; ¢) w=4 glI,
I=14 A;d)w=8g/l,I=18 A

3.2.2. Ten-point mean roughness (Rz)

Figure 5 shows the fluctuation of R; for constant values of Ton and Toffaccording to the powder

ratio and discharge current. Figure 5a shows that R; essentially stays the same with the powder ratio

at constant values of 180 us and 18 ps for Ton and Tofr, respectively. On the other hand, as the discharge

current rises from 9 A to 18 A, R similarly increases linearly.

As shown in Figure 5b, R; dramatically reduces with rising additive content when Ton is 180 ps

and Tort is 36 ps, although R; barely increases with increasing discharge current.

When Figure 5c is evaluated, it can be shown that for 270 ps Ton and 28 pus Toff Values, R; varies

inversely with the powder ratio and is directly proportionate to the current.
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Once more, R; grew in direct proportion to the current at 360 ps of Ton and 36 pus of Toft. The
powder ratio and R; vary inversely, but the variance was more than in Figure 5c.

When the four graphs in Figure 5 are compared, it can be observed that an increase in Ton raises
the R; value for all other factor values. On the other side, as Torf rises, the impact of the dust ratio on

R: grows.
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Figure 5. Change in R, with w and | for constant values of a)Ton= 180, Te= 18 ps; b) Ton= 360, Tort= 36 ps;
C)Ton= 270, Toi= 27 us; d)Ton= 360, Tor= 36 ps

For constant levels of discharge current and Ton, Figure 6 depicts the evolution of R; with
powder ratio and Tofr. Figure 6a shows that while the additive ratio is close to zero, R; almost does
not change according to the current, while at high powder ratios, R; declines linearly with the increase
in Tofr. Figure 6a was made for the constant values of the discharge current of 9 a and Ton for 180 ps.
The slope here likewise grows as Toff approaches 36 ps. On the other hand, for low values of Toft, Rz
declines with an increase in powder content and has a very tiny slope.

Examining Figures 6b and 6c reveals that the graphs created for the current values of 9 A, Ton

360 s, 14, and 270 are similar to Figure 6a, with the exception that Rz's maximum and minimum
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values are now higher. R; takes higher values than in any other situation in figure 6d, where the present

value is 16 and the Ton value is 36.
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Figure 6. Change in R, with w and T for constant values of a)Ton= 180, To= 18 ps; b) Ton= 360, Toir= 36 ps;
C)Tonz 270, Toffz 27 US; d)Ton: 360, Toff: 36 Us

Figure 7 shows the fluctuation of R; based on Ton and Toff for constant additive ratio and current
levels. Figures 7a and 7b were created, with figure 7a representing the fixed value of the powder rate
at zero and discharge current at 9 A, respectively. R; somewhat increased with an increase in Toffand
slightly dropped with an increase in Ton in both of these graphs. The R; values in Figure 7b are
somewhat greater than those in Figure 2b, which distinguishes the two graphs.

Figure 7c was made for an additive ratio of 4 g/l and current 14 values, and Figure 7d was
created for a powder ratio of 8 g/l and current 18 A. R; increases with an increase in Ton in these
graphs, while it decreases with an increase in Tot. The slope of the change with Ra, Toff, and Ton

increased in Figure 7d, which makes the two graphs different from one another.
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When the graphs in Figure 7 are compared, it can be inferred that for all values of the other

parameters, the effect of an increase in current on R increases. The shift in R; with Torand Ton became

more obvious as the additive ratio increased from 0 to 8 g/I.
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Figure 7. Change in Rz with Ton and Tort for constant values of a) w=0, I=9 A; b) w=0, = 18
A;c)w=4g/l, 1=14 A;d)w=8g/l,I=18 A

4. Conclusions and Recommendations

This study used RSM to model the effects of EDM parameters on Ra and R; when processing a

CoCr28Mo6 workpiece using an AISI 316L electrode with a TisV4Al dielectric liquid additive in

various ratios. A Taguchi Lis experimental design was developed, and experimental PM-EDM

processing was done using these design parameters to create regression models for Ra and R; values.

The significance of developed Ra and R; models are proven by p-values which are 0.0005 and
0.0003 respectively. In addition, R? values are 0.928 for the Ra model and 0.876 for the R; model. It

is concluded by these facts that these models can be utilized for the prediction of Ra and R; values for

varying powder concentration and machining conditions.

The following can be concluded from the response surface plots of the Ra and R; models;
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. Ra rises in response to a rise in powder concentration at the 180 ps level of Ton. However,
as Ton INcreases to 360 s, this scenario shifts, and Ra decreases as powder ratio falls.

. Ra is less affected by the powder ratio if the Toff value is raised. Similarly, the effect of
Ton ON Ra as the powder ratio increases.

. The effect of powder ratio on Ra varies in a complex way depending on the discharge
current, Ton, and Tof.

. It is seen that increasing the current reduces the damping effect of Toff On Ra.

. Ra is more significantly impacted by Ton as the current levels rise.

. The R; values rise for all values of the other components as the value of Ton increases.

. As Tor rises, the impact of the dust ratio on R; grows.

. Increasing the current also increases the R; values for all values of the other components.

. With an increase in powder ratio, Tot and Ton have a greater impact on R..

. Minimum value of Ra occurs with values of 8 g/1, 9 A, 360 ps, and 36 ps for powder ratio,
discharge current, Ton, and Toff respectively.

. Minimum value of R; occurs with values of 8 g/l, 18 A, 180 us, and 36 us for powder

ratio, discharge current, Ton, and Toft respectively.
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