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ABSTRACT: Electric discharge machining (EDM) is commonly used in implant manufacturing due 

to the challenge of machining materials that are widely employed in these applications. The study 

applies response surface methodology to model the impact of powder concentration and machining 

parameters in powder mixed EDM of CoCrMo alloys, a prevalent material for implantation. AISI 

316L stainless steel was selected as the electrode material, while Ti6V4Al was chosen as the additive 

powder based on their biocompatibility properties. An experimental design was created using a 

Taguchi L16 array, which involved selecting 4 levels for each parameter of additive ratio, discharge 

current, pulse on time, and pulse off time. Regression models were developed for material removal 

rate (MRR) add tool wear rate (TWR) with satisfactory coefficients of determinations (0.87). Effect 

of the process parameters on MRR and TWR were analysed by means of 3D response surface plots. 

As a result of the modeling, it was revealed that discharge current, puls on time positively affected 

MRR, powder concentrations and puls off time negatively affected it. On the other hand, all of the 

considered process parameters have increasing effect on TWR. 
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1. INTRODUCTION  

Electric Discharge Machining (EDM) is regarded as the more efficient approach due to its 

implementation of thermal energy rather than mechanical energy for shaping of electrically 

conductive substances (Ceritbinmez and Kanca, 2021). In EDM, workpiece machinability is not 

dependent on the mechanical strength and the temperature resistance. In addition, in EDM, no 

intimate contact exists between the electrode and the workpiece, eliminating mechanical stresses, 

vibrations, and noise. EDM is widely used, especially in industries such as mold making, casting, 

automotive, aerospace, and surgical components, where high mechanical and thermal resistance 

materials and complex-shaped parts are employed (Ho and Newman, 2003; Sharma and Singh, 2014; 

Ceritbinmez and Kanca, 2022; Srivastava et al., 2023). 

Despite its mentioned advantages, the industrial use of EDM has been limited due to 

disadvantages such as low processing efficiency and poor surface quality (Ceritbinmez et al., 2023). 

Extensive research has been conducted to overcome these disadvantages, better understand 

processing parameters, and improve processing performance (Mujumdar et al., 2015; Abdudeen et 

al., 2020). In this context, one of the methods developed in recent years to enhance the capabilities of 

EDM and eliminate its drawbacks is the powder mixed electro-discharge machining (PM-EDM) 

process. This new method, addresses the drawbacks of EDM and enhances its processing capabilities 

(Abbas et al., 2020). 

In this method, conductive particles such as copper, graphite, tungsten, aluminum, and 

chromium are added to the dielectric fluid used in conventional EDM. The introduction of these 

particles weakens the electrical insulation properties of the dielectric fluid, which in turn reduces the 

spark gap between the electrode and the workpiece, thus making the EDM process more stable. This 

results in an increase in material removal rate (MRR) and surface quality of the workpiece. 

Additionally, some studies have found that surfaces obtained with PM-EDM exhibit high resistance 

to corrosion (Sharma and Singh, 2014; Rajkumar and Vishwakamra, 2018; Jawahar et al., 2019). 

In recent times, the use of PM-EDM in the field of biomedicine has gained significant attention. 

PM-EDM is one of the most prominent shaping techniques in this sector (Rajkumar and 

Vishwakamra, 2018; Erdem and Kiliç, 2020; S. S. Kumar et al., 2020). The use of PM-EDM 

processing has been found to increase the material's corrosion and wear resistance, as well as enhance 

the mechanical strength and fatigue life of implants (Al-Amin et al., 2021; Zhang et al., 2022).   

Additionally, there have been recent reports regarding the use of PM-EDM for applying a nano-

porous and bio-mimetic layer to the processed implant surface (Peng et al., 2010; Yang and Huang, 

2010; Bains et al., 2020;). This coating layer promotes a strong bone-implant connection (Al-Amin 

et al., 2020). 

CoCrMo alloy is a preferred material for orthopedic implants (Öztürk et al., 2006; Long and 

Rack, 1998;). This alloy is chosen for its compatibility with bone and other tissues, biocompatibility, 

and mechanical durability. Furthermore, CoCrMo alloy is suitable for use in corrosive environments 

such as bodily fluids due to its high corrosion resistance (Jakobsen et al., 2010; Onderka et al., 2014; 

Bahçe et al., 2019). 

The electro-erosion machining method offers advantages in processing CoCrMo alloys due to 

its flexibility and its ability to overcome challenges associated with traditional machining methods 

(Kumar 2018; Cakiroglu, 2022; TRAJER, 2023). There is a substantial quantity of literature on the 

machining of CoCrMo alloy using EDM, both with and without the inclusion of powder in dielectric 

fluid. In these studies, the classic EDM processing of CoCrMo material has been examined to 

determine the effects of various processing parameters, electrode types, and dielectric fluids on 
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surface properties, biological responses, corrosion resistance, in vitro compatibility, electrochemical 

properties, and surface cytocompatibility of the workpiece. Graphite, W, Cu, Cu-W, and Ti have been 

used as electrode materials in some of these studies (Iranmanesh et al., 2017; Mahajan et al., 2019; 

Mahajan and Sidhu, 2019a; Mahajan and Sidhu, 2019b; Chakmakchi et al., 2021). Additionally, in 

other research, the impact of adding Fe2O3 and γ-Fe2O3 nano powders to the dielectric fluid at 

different concentrations on the MRR has been investigated (Elsiti et al., 2017; Elsiti and Noordin, 

2017). 

In this study, the main focus has been on ensuring that there are no residues that can be harmful 

to the living body on the workpiece when processing CoCrMo material using PM-EDM, especially 

for implant applications. Therefore, 316L, commonly used in implant fabrication, was selected as the 

electrode material, and Ti6V4Al, also used in implants, was chosen as the dielectric additive powder 

(Kayalı and Yalçın, 2020). In a previous study, the effects of powder concentration and EDM 

parameters on the surface quality of workpieces were investigated when processing CoCrMo with 

PM-EDM (Yildiz et al., 2023). Furthermore, the use of 316L and Ti6V4Al materials as both 

electrodes and additive powders has not been found in the literature surveys conducted by the authors. 

In this study, the effects of powder concentration (w), discharge current (I), pulse duration (Ton), 

and off time (Toff) parameters on the material removal rate (MRR) and tool wear rate (TWR) in the 

processing of CoCrMo workpieces with a 316L electrode have been analyzed by modeling using the 

response surface methodology. A Taguchi L16 experimental design was conducted using four 

independent variables at four different levels. Through experimental procedures conducted with the 

specified experimental set values, wear rates on the workpiece and tool were determined. Regression 

models were established using the obtained data through the response surface methodology, and the 

results were analyzed.  

 

2. MATERIALS AND METHODS 

The impacts of powder ratio and electric discharge parameters such as discharge current, pulse 

duration, and off time on the material removal rate and tool wear rate in powder-mixed electro-erosion 

machining were investigated in this study. 

To ensure that the data obtained from a limited number of experiments adequately represent the 

design space, a Taguchi L16 orthogonal experimental design was used, with each of the four 

independent variables having four different levels. 

In this study, ASTM F1537-11 grade CoCr28Mo6 round bar was used as the workpiece, AISI 

316L was employed as the electrode material, and Dielektrikum 358 EDM oil was mixed with 

Ti6V4Al powder in various ratios as the dielectric fluid. Experimental samples were prepared by 

cutting in 10 mm thickness from a 30 mm diameter round bar then polishing the surfaces. Then 

processed using the experimental setup detailed in reference (Yıldız et al., 2023) with the Best-3000S 

ZNC EDM machine. 

The parameter sets used in each experiment and the corresponding MRR and TWR values are 

listed in Table 1. Since the number of independent variables considered in the study is relatively large, 

regression models were established by using the response surface methodology to better analyze the 

relationships among these variables and to predict the values of dependent variables for sets of 

variable values for which experiments were not conducted. 
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2.1 Determination of MRR and TWR 

To determine the material removal rate, workpiece samples were processed for 10 minutes 

using the EDM machine, following the specified parameters. After machining, the eroded areas of 

the workpieces were scanned over the diameter using a Hommel Etamic C8000 profilometer with a 

TKU300 model probe, as shown in Figure 1, to obtain wear profiles. For each specimen 3 scans have 

been performed on different diameters of machined area at equal angles, thus 3 wear profile have 

been obtained. Subsequently, after calculating the area of the wear profile, the adapted a, machining 

depth, as shown in Figure 2, was determined by using Equation 1. Here, Ap represents the area of the 

wear profile, a denotes the equivalent height, and l represents the length of the wear profile. This 

equivalent machining depth was used to calculate the volume (V) of material removed from the 

workpiece. The wear volume values were then divided by the processing time to determine the MRR. 

Table 2 lists the corresponding heights, wear volumes, and MRR values for each experimental sample. 

ℎ =  
𝐴𝑝

𝑎
      (1) 

 

𝑉 =
𝜋𝑙2

4
ℎ      (2) 

 

Table 1. Set values of independent variables used in the experiments and corresponding MRR and TWR values. 

Exp. 

No 

Powder Concentration 

(g/l) 

Current 

(A) 

Ton 

(μs) 

Tof 

(μs) 

MRR 

(mm3/min) 

TWR 

(mm3/min) 

E1 0 9 180 18 0.027 0.000 

E2 0 12 240 24 0.105 0.253 

E3 0 15 300 30 0.304 0.759 

E4 0 18 360 36 0.506 1.266 

E5 2 9 240 30 0.102 0.158 

E6 2 12 180 36 0.165 0.380 

E7 2 15 360 18 0.513 0.886 

E8 2 18 300 24 0.586 1.138 

E9 5 9 300 36 0.017 0.759 

E10 5 12 360 30 0.241 1.139 

E11 5 15 180 24 0.311 1.266 

E12 5 18 240 18 0.350 1.425 

E13 8 9 360 24 0.020 0.506 

E14 8 12 300 18 0.110 1.013 

E15 8 15 240 36 0.215 1.139 

E16 8 18 180 30 0.223 1.899 

 

To determine TWR, the electrodes to be used in each experimental process were weighed using 

a precision scale after which the processing was carried out for 10 minutes using the powder ratio and 

EDM parameters specified in Table 1. Subsequently, each electrode was re-weighed using the same 

scale to find their mass losses. Equation 3 was used to calculate the volume loss from the mass loss, 

and this value was divided by the processing time to calculate TWR. In Equation 3, V represents the 

volume loss, m stands for the mass loss, and φ represents the specific mass of the electrode. The mass 
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before and after each experiment, mass and volume losses, and TWR values for each experimental 

sample are listed in Table 2. 

𝑉 =
𝑚

𝜑
       (3) 

 
Figure 1. Obtaining wear profiles 

 

 
Figure 2. Calculation of equivalent height (h) 

 

2.2 Development of Response Surfaces 

In this study, the response surface methodology, which comprises statistical and mathematical 

operations commonly used to obtain regression models, was employed. Independent variables were 

set as w, I, Ton, and Toff, while the values presented in Table 1 were used to predict the dependent 

variables, MRR and TWR. 
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The Design Expert commercial software was employed in creating the response surfaces. 

Linear regression models were established for both MRR and TWR. 

 

Table 2. Data to calculate MRR and TWR for each experiment sample 

Exp. 

No 

Workpiece Electrode 

Equivalent 

Depth 

(μm) 

Wear 

Volume 

(mm3) 

MRR 

(mm3/min) 

Mass 

before 

process 

(g) 

 

Mass 

after 

process 

(g) 

Mass 

loss 

(g) 

Wear 

volume 

(mm3) 

TWR 

(mm3/min) 

E1 23.94 0.271 0.027±0,002 121.320 121.320 0.000 0.000 0.000 

E2 92.87 1.050 0.105±0,006 118.790 118.770 0.02 2.532 0.253 

E3 118.31 1.337 0.134±0,009 118.560 118.500 0.06 7.595 0.759 

E4 447.92 5.063 0.506±0,021 120.100 120.000 0.1 12.658 1.266 

E5 90.37 1.022 0.102±0,004 121.580 121.568 0.012 1.575 0.158 

E6 146.34 1.654 0.165±0,011 115.080 115.050 0.03 3.797 0.380 

E7 783.04 8.851 0.885±0,041 122.430 122.360 0.07 8.861 0.886 

E8 943.30 10.663 1.066±0,047 122.600 122.510 0.090 11.384 1.138 

E9 15.29 0.173 0.017±0,003 120.940 120.880 0.06 7.595 0.759 

E10 213.12 2.409 0.241±0,017 118.490 118.400 0.09 11.392 1.139 

E11 274.8 3.106 0.311±0,015 118.160 118.060 0.1 12.658 1.266 

E12 309.65 3.500 0.350±0,021 119.650 119.537 0.113 14.251 1.425 

E13 17.49 0.198 0.020±0,001 121.300 121.260 0.04 5.063 0.506 

E14 97.42 1.101 0.110±0,006 114.630 114.550 0.08 10.127 1.013 

E15 189.91 2.147 0.215±0,013 122.110 122.020 0.09 11.392 1.139 

E16 197.10 2.228 0.223±0,010 122.190 122.040 0.15 18.987 1.899 

 

3. RESULTS AND DISCUSSION 

3.1 ANOVA Results 

The results of the analysis of variance (ANOVA) conducted for MRR and TWR regression 

models are presented in Table 3. In the table, having an F-value of around 18 for both MRR and TWR, 

along with model P-values of 0.0001, indicates that the models are statistically significant. 

Furthermore, the correlation coefficient (R2) for the MRR and TWR models is 0.8713 and 0.8697, 

respectively. This suggests that both models have a good level of predictive capability. 

 

Table 3. ANOVA table for MRR and TWR models 

Response MRR 

(mm3/min) 

TWR 

(mm3/min) 

Model Type Linear Linear 

Model Degree of Freedom 4 4 

Model F-value 18,62 18,36 

Model p-value <0.0001 <0.0001 

R2 0.8713 0.8697 

R2
adj 0.8245 0.8224 

 



Çavdar, F., Yıldız, C., Kanca, E. JournalMM (2023), 4(2) 571-587 

 

577 

 

Additionally, the adjusted R2 (R2
adj) values in the table show that the difference between R2 and 

R2
adj in the respective models is less than 20%. This indicates that there are no unnecessary terms in 

the models. 

In Table 4, the coded and actual coefficients of terms for the MRR regression model are listed. 

The coded coefficients indicate the degree of influence of the terms on the dependent variables. From 

Table 4, it can be observed that the term I has the most significant impact on MRR, while the influence 

of Toff is relatively low. Furthermore, it is evident that I and Ton have a positive effect on MRR, while 

w and Toff have a negative impact. 

Using the actual coefficients of the terms in Table 4, the MRR regression model is constructed 

as shown in Equation 4. 

 

Table 1. Regression coefficients of coded and actual terms of MRR model 

Terms Coefficients of coded terms Coefficients of actuals terms 

Constant 0.2289 -0.456422 

w -0.0397 -0.016684 

I 0.1163 0.04348 

Ton 0.0425 0.000795 

Toff -0.0098 -0.001833 

 

𝑇𝑊𝑅 =  −4564 − 0.016684𝑤 + 0.04348𝐼 + 0.000795𝑇𝑜𝑛 − 0.001833𝑇𝑜𝑓𝑓    (4) 

The experimental values of MRR and the corresponding predictions from the regression model 

are visualized in Figure 3. It is evident from the figure that the predictions from the regression model 

closely match the actual values, indicating a good fit of the model to the experimental data. 

 

 
Figure 3. Measured MRR values and corresponding predicted values by regression model 

 

The coded and actual coefficients of terms for the TWR regression model are provided in Table 

5. From the coded coefficients in the table, it can be understood that all terms have a positive influence 

on TWR. Additionally, it is observed that the factor with the highest impact on TWR is I, and unlike 

MRR, the contribution of Toff is higher than Ton. 
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Table 5. Regression coefficients of coded and actual terms of TWR model 

Terms Coefficients of coded terms Coefficients of actuals terms 

Constant 0.916 -1.33361 

w 0.1854 0.077966 

I 0.3192 0.119312 

Ton 0.0335 0.000625 

Toff 0.0314 0.005862 

 

The TWR regression model equation, created using the actual coefficients from Table 5, is 

provided in Equation 5. 

𝑇𝑊𝑅 =  −1.3336 + 0.07797𝑤 + 0.119312𝐼 + 0.000625𝑇𝑜𝑛 + 0.005862𝑇𝑜𝑓𝑓    (5) 

The experimental values of TWR and the predictions from the regression model are depicted in 

Figure 4. From the graph, it is evident that the model predictions closely align with the experimental 

results, indicating a strong agreement between the model and the actual data. 

 

 
Figure 4. Measured TWR values and corresponding predicted values by regression model 

 

3.2 Discussions 

To gain a better understanding of how material removal rate and tool wear rate change 

depending on four different factors, regression models were employed to create three-dimensional 

surface plots. In three-dimensional plots, only one dependent variable can be represented against two 

independent variables at a time. Therefore, in each drawing, the values of two variables were held 

constant. 

In Figure 5, we can observe how variations in powder ratio and discharge current relate to 

different constant values of Ton and Toff. In Figure 5a, when Ton and Toff are held at 210 μs and 21 

μs, respectively, a linear increase in MRR is evident as the current is raised from 10 A to 18 A. This 

change is notable in the region where the powder ratio is zero, going from 0.11 mm³/min to 0.45 

mm³/min, and in the region with a powder ratio of 8 g/l, where it increases from 0 to 0.32 mm³/min. 

As the discharge current increases, the flow of electrons between the electrode and the workpiece is 

expected to increase, leading to an anticipated rise in spark frequency and energy. This, in turn, will 

result in an increased amount of material removed from the workpiece per unit time (Elsiti & Noordin, 

2017; Long, Phan, Cuong, & Jatti, 2016; Long, Phan, Cuong, & Toan, 2016; Rehman et al., 2022). 

Conversely, as the powder ratio increases from 0 to 8 g/l, MRR shows a linear decrease. This decline 

is noticeable, dropping from 0.11 mm³/min to 0 mm³/min when I is at 10 A, and from 0.45 mm³/min 

to 0.32 mm³/min when I is at 18 A. The negative impact of the powder ratio on MRR does not align 
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with the results in the literatüre (Banh et al., 2016; Jahan et al., 2010; Jailani et al., 2020; Majid & 

Issa, 2014; Razak et al., 2015; Rehman et al., 2022; Singh et al., 2015; Zain et al., 2012). This 

discrepancy suggests that an increase in the powder ratio may enhance wear on the electrode and that 

detached particles could potentially adhere to the workpiece. When we consider these changes 

together, it becomes apparent that the increase in w diminishes the positive impact of I on MRR. 

 

 
Figure 1. Change in MRR according to w and I for the constant values of a) Ton =210 μs, Toff =21 μs; b) Ton =210 μs, Toff 

=33 μs; c) Ton =270 μs, Toff =27 μs; d) Ton =270 μs, Toff  =33 μs; e) Ton =330 μs, Toff =21 μs; f) Ton =330 μs, Toff =33 μs 

 

In Figure 5b, with Ton and Toff held at fixed values of 210 ms and 33 ms, respectively, we 

observe a behavior closely resembling that of Figure 5a. In this graphical representation, it becomes 

evident that an increase in the value of Toff has a discernible negative impact on MRR across various 

values of w and I. These findings are consistent with those in the literature (Cuong et al., 2020; Long, 

Phan, Cuong, & Toan, 2016; Nguyen et al., 2021). Furthermore, at elevated w values, the influence 

of I appears to slightly weaken, while conversely, at higher I values, the effect of w also exhibits a 

marginal increase. 
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When Ton and Toff values are increased to their average values for the region of the study, which 

are 270 and 27 μs, respectively (Figure 5c), the graph exhibits a structure similar to the previous ones, 

and MRR continues to increase for all data points. Furthermore, at low w values, the influence of I 

appears to persistently intensify, while at high I values, the effect of w also continues to increase. 

 

 
Figure 6. Change in MRR according to Ton and Toff for the constant values of a) w=1 g/l, I=10 A; b) w=1 g/l, I=19 A; c) 

w= 4 g/l, I=13 A; d) w=4 g/l, I=16 A; e) w=7 g/l, I=10 A; f) w=7 g/l, I=16 A 

 

Figure 5c illustrates the ongoing effect of increasing Toff values. Beyond this point, in Figure 5d 

(Ton = 270 and Toff = 33 μs), the situation begins to reverse, and MRR is observed to decrease 

indistinctly across the entire graph. 

In Figure 5e, at fixed values of Ton and Toff, 330 and 21 μs, respectively, MRR reaches its 

highest value at 0.548 mm³/min. Figure 5f (Ton = 330 and Toff = 33 μs) shows a slight decrease in 

MRR across the entire graph due to a slight increase in Toff. 

The graphs illustrating the variation of MRR with respect to Ton and Toff for constant powder 

ratio and current values are presented in Figure 6. In Figure 6a, with w and I fixed at 1 g/l and 10 A, 
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respectively, MRR linearly increases from 0.072 mm³/min to 0.214 mm³/min as Ton increases from 

180 to 360 μs when Toff is 18 μs. In the region where Toff is 36 μs, MRR similarly rises from 0.039 

mm³/min to 0.181 mm³/min within the same Ton range. This suggests that the rate of change remains 

constant for the same Toff values. 

Upon comprehensive examination of Figure 6a, b, c, d, e, and f, it becomes evident that the 

increases in current lead to an augmentation of MRR across all areas covered by the graphs. 

Conversely, an increase in the powder ratio is discerned to reduce MRR across the entire dataset. 

Furthermore, with an increase in current (I), the slope of MRR concerning Ton at constant Toff values 

also escalates. 

In Figure 7, variation graphs of TWR with respect to powder ratio and discharge current for 

different fixed values of Ton and Toff are depicted. In Figure 7a, the alterations in TWR with respect 

to w and I at values of Ton and Toff, namely, 210 μs and 21 μs, are presented in three dimensions. The 

graph illustrates that, in the region where w equals 0 and I ranges from 9 to 18 A, MRR linearly 

increases from 0 to 1.07 mm³/min. When the powder ratio reaches 8 g/l, the change in MRR within 

the I range of 9 to 18 A is observed to elevate from 0.77 mm³/min to 1.83 mm³/min. The increase in 

energy resulting from the rise in discharge current will lead to an increase in temperature not only on 

the workpiece surface but also on the tool surface, consequently causing an escalation in tool wear 

(Joshi & Joshi, 2021; Oskueyan et al., 2022; S. et al., 2018). 

Conversely, in the region where I is 9 A, when w increases from 0 to 8 g/l, TWR has risen from 

0.14 mm³/min to 0.76 mm³/min. This change is observed to occur as an increase from 1.21 mm³/min 

to 1.84 mm³/min when I reaches 18 A. The increase in the powder ratio leading to the rise in TWR is 

in line with the influence of graphite powder observed in Çogun et al.'s study (Çogun et al., 2006; 

Jahan et al., 2010). 

Upon examining all the graphs in Figure 7 collectively, it becomes apparent that they share a 

remarkably similar pattern, with TWR values exhibiting a gradual and indistinct rise with the increase 

of Ton and Toff. 

The variation of MRR with Ton and Toff at different fixed values of powder ratio and discharge 

current is illustrated in Figure 8 through three-dimensional graphs. 

In Figure 8a, the variations of TWR with respect to Ton and Toff are depicted with w fixed at 1 

g/l and I at 10 A. In the region where Toff is 18 ms, an increase in Ton from 180 ms to 360 ms results 

in a linear rise of MRR from its lowest value of 0.16 mm³/min to 0.27 mm³/min. In the same region 

of Toff at 18 ms, this change takes place as an elevation from 0.26 mm³/min to the highest value in the 

graph, which is 0.37 mm³/min. 

The changes in TWR in the other graphs closely resemble that of Figure 8a. In each graph, while 

the values of TWR vary with w and I, the slopes remain consistent. In Figure 8a, with w at 1 g/l and I 

at 10 A, the minimum and maximum TWR values are 0.17 and 0.37 mm³/min, respectively. In Figure 

8c, with w at 7 g/l and I at 10 A, these values increase to 0.62 and 0.84 as I increases. On the other 

hand, with I fixed at 16 A, while w varies at 1 g/l (Figure 8b), 4 g/l (Figure 8d), and 7 g/l (Figure 8c), 

the minimum and maximum TWR values are determined as 0.87 and 1.08; 1.11 and 1.32; and 1.34 

and 1.45, respectively. From this, it can be inferred that the influence of I on TWR is significantly 

higher than that of w. 
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Figure 7. Change in TWR according to w and I for the constant values of a) Ton =210 μs, Toff =21 μs; b) Ton =210 μs, Toff 

=33 μs; c) Ton =270 μs, Toff =27 μs; d) Ton =270 μs, Toff  =33 μs; e) Ton =330 μs, Toff =21 μs; f) Ton =330 μs, Toff =33 μs 

 

4. CONCLUSION 

In the present study, RSM was used to model the effect of EDM parameters on MRR and TWR 

during the machining of a CoCr28Mo6 workpiece with an AISI 316L electrode and a Ti6V4Al 

dielectric liquid additive at different ratios. Linear response surfaces constructed by using 

experimental results of experimental machining of the sample with variable set values of the 

variables. 

Linear regression models developed for MRR and TWR with R2 of 0.8713 and 0.8697 

respectively. Significances of the models are also verified by p-values smaller than 0.0001. 
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Figure 8. Change in MRR according to Ton and Toff for the constant values of a) w=1 g/l, I=10 A; b) w=1 g/l, I=10 A; c) 

w=1 g/l, I=10 A; d) w=1 g/l, I=10 A; e) w=1 g/l, I=10 A; f) w=1 g/l, I=10 A 

 

Response surfaces plotted in 3-D according to the mathematical models of MRR and TWR and 

following items have been concluded from these plots. 

 The most effective factor on MRR is I. The order of significance of the other factors is as 

follows: Ton, w, and Toff. 

 Impact of I and Ton on MRR is positive, while that of w and Toff is negative. 

 At high dust concentrations, the impact of I on MRR slightly decreases. 

 Effect of w on MRR increases at higher I values. 

 I is the most influential factor on MRR. Additionally, w also has a significant effect. 

However, the influence of Ton and Toff on TWR is quite limited. 

 All of the factors have positive impact on TWR. 
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