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ABSTRACT: Present dissertation work has attempted to model the change significant process parameters for 

Electrical Discharge Machining (EDM) by Response Surface Methodology (RSM). The dependent variables 

were material removal rate (MRR), electrode wear rate (EWR) and surface roughness (Ra). The Inconel 718 has 

been used as a workpiece material with copper electrode, discharge current (Ip), flushing pressure (P) and pulse 

on-time (Ton) were selected as process parameters for this study. A face center composite design was selected 

for the experiments. The results from the experimental runs were analyzed using Minitab17 software. The 

significant coefficients were obtained by performing Analysis of Variance (ANOVA) at a 5% level of 

significance. The obtained results showed that all input parameters (Ip, P and Ton) had a significant effect on 

the output parameters (EWR, MRR and Ra). Increasing the input parameters resulted in higher values of 

responses (EWR and MRR). Increasing Ip and Ton resulted in higher values of Ra, whereas an increase in P had 

the reverse effect. The model sufficiency is very satisfactory as the coefficient of determination (R2) is found to 

be 99.96, 99.60 and 99.12% for the MRR, EWR and Ra respectively.  

KEYWORDS: Inconel 718, EDM, Response Surface Methodology (RSM), ANOVA, and Performance 

Measure. 

INTRODUCTION 

Due to the high strength and light weight, the aerospace, automotive and power industries have seen increased 

demand for essential components produced from materials such as Ti and Ni foundation. This resulted in the 

need to explore ways to generate advanced components from these alloys economically [1]. Owing to its 

hardness and rapid work hardening rate, Inconel 718 is a Ni-based super alloy known as a difficult to cut 

material. A nickel-based super alloy's low thermal conductivity results in heat concentrated in the cutting region, 

rendering it ineffective to process through traditional machining [2]. In traditional machining, processing this 

material with high velocity and acceptable surface quality is difficult. An unconventional machining method, 

such as Electrical Discharge Machining (EDM), is the best option for this type of material in order to overcome 

such limitations [3]. EDM has emerged for machining conductive metals that are otherwise difficult or 

impossible to be cut with traditional machining [4]. The main reason for EDM machining, however, will be 

determined by electrical parameters such as peak current, pulse length and voltage, workpiece and electrode 

material properties, such as the melting temperature of the material, and thermal conductivity. [5–6]. Cu works 

very well as an electrode and is widely used when smooth workpiece surface finishes are required [7]. 

Studies show a selection of process variables, and fixing the appropriate range of parameters to machine every 

product decides the quality of the product. Ahmad and Lajis [6] employed Ip and Ton in Inconel 718 EDM by 

CuW electrode. EWR, MRR and Ra are among the reactions assessed. The analysis showed that the highest 

MRR of 28.37 mm 3 / min had 40A and 400μs respectively, the highest Ip and the longest tone. Otherwise, the 

lowest EWR with a value of 0.005 mm3/min resulted in machining at the lowest Ip with the longest ton. 

Affected by the surface alteration of the electrode, the negative value for the EWR showed that the electrode 

deposited after EDM machining was greater than before machining. At the lowest Ip and highest tone used of 
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20A and 400μs respectively, the lowest Ra obtained was 8.62μm. It is recommended that a combination of the 

highest Ip and Ton at 40A and 400μs respectively could produce the optimum cutting conditions in the EDM of 

Inconel 718 by using a CuW electrode. Bozdana and Ulutas [8] presented an experimental analysis through the 

EDM method on making blind holes in Inconel 718. Using tubular brass electrodes comprising various 

channels, multiple holes of Ø2 mm were drilled at different process parameters.  

Based on MRR and EWR, machining outputs were analyzed. Based on scanning electron microscope (SEM) 

images, measurements of depth, diameter, overcut and taper of holes were carried out to determine geometric 

and dimensional accuracies of drilled holes. To examine the features of machined hole surfaces, SR 

measurements and energy-dispersive (X-ray) analyses were performed. The research revealed that multichannel 

electrode drilling holes showed superior results in lower drilling time, better dimensional accuracy and 

improved surface quality aspects. Kumar and Verma [9] attempted to optimize the SR and MRR for Inconel 904 

as a workpiece in the EDM process; the input variables were voltage, current and pulse on time. Taguchi L9 

orthogonal array was carried out to optimize the process variables. The results obtained showed that current was 

the most significant parameter, followed in time by voltage and pulse. The Ra current was the most important 

parameter for the MRR, followed by pulse time and voltage. The selected electrode material was copper, and the 

duty cycle was 90% during the whole experiment. Holmberg et al. [10] used different post processes In order to 

eliminate undesirable characteristics such as re-cast layer (RCL), tensile residual stresses and a rough surface, 

Such as, after the EDM operation, high-pressure water jet (HPWJ), grit blasting (GB) and shot peening (SP). 

Concerning microstructure, residual stresses, chemical content and surface roughness, surface integrity was 

evaluated.  

The results showed that to restore an EDM-processed surface of discontinuous RCL islands, a combination of 

two post-processes was sufficient. HPWJ was superior for extracting RCL, closely followed by grit blasting. 

Grit blasting, however, showed embedded grit blasting abrasively into the soil. It was demonstrated that both 

grit blasting and HPWJ induced a roughening of the surface topography in terms of surface roughness, while 

shot peening offered a comparably smoother surface. All three demonstrated compressive residual stresses in the 

surface post-process, where shot peening provided the highest amplitude and penetration depths. However, the 

microstructure near the surface revealed that cracks parallel to the surface had been created by shot peening. The 

results demonstrate how necessary it is to assess the surface at each of the various subsequent phases of the 

process in order to prevent cracks from being initiated. Kumar and Dhanabalan [11] during die sinking EDM for 

a Ni-based superalloy, the machinability type tolerances were tested with different diameter internal etched 

holes in the multi-hole copper electrode. The authors concentrated on an experimental study with near 

tolerances to boost Inconel 718's MRR. The mechanism limitations for experimental behavior, viz. Multi-hole 

electrode (D), Ip, Ton, and dielectric fluid pressure hole diameter.  

The MRR, EWR and shape tolerances were considered as output responses. The experimental performance has 

been improved by Taguchi analysis and the multi-parametric optimization method GRA. A fuzzy logic model 

was built using Matlab for the prediction of output parameters, namely MRR, EWR, circularity and cylindricity, 

with respect to changes in input parameters. Three MF's (trimf-triangular membership functions) were assigned 

to each input response, while five MF's were allocated to output responses. The 94.01 percent specificity 

between the experimental values and the expected values is demonstrated by the fuzzy model. A multi-hole 

electrode contributes to a higher MRR rate. In addition, the variance of shape tolerance increases with the rise in 

the value of the ton. The literature shows that the machining of Inconel 718 is an important area of research, but 

very few studies have been carried out on modelling of process parameters, so this was a motive to focus on this 

aspect. Hence, the main objective of the present work is to assess and optimize the chosen factors to attain 

maximum MRR and minimum EWR and Ra.  

EXPERIMENTAL SETUP  

The experiments were performed on an EDM machine (CNC, CHMER EDM) that operates with an ISO-pulse 

in kerosene as a dielectric medium. The work piece (WP) material used in this study was Inconel 718. Prior to 

EDM processing, the work piece was a specimen of 30 × 30mm and 9mm thick with a roughness Ra of 1.18μm 

on the surface. The chemical composition of the work-piece material is given in table 1. 
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Table 1. Chemical composition of (Inconel 718). 

Material Ni Cr Fe Nb Mo Ti Others 

% weight 52 19 18 5 3 1 Balance 

 

Cylindrical brass Cu electrodes 100mm long with a diameter of 10mm were mounted axially in line with the 

workpiece and used as electrodes with positive polarity. The gap between the WP and the electrode was 

0.25mm, machining time was 20 min and pulse off time was 110µs. The parameters and their levels given in 

table 2 were selected based on an extensive literature survey and a range of EDM machines. 

Table 2. Control parameters and their levels. 

Parameters 
Levels 

-1 0 +1 

Discharge current (Ip) in Amp. 2 6 10 

Flushing pressure (P) in MPa 0.4 0.8 1.2 

Pulse on time (Ton) in µs  200 300 400 

 

A digital balance (Denver Instruments) with a resolution of ± 0.1mg was used to weigh the work piece and 

electrode. MRR and EWR were defined as the weight loss of the workpiece and electrode after the EDM 

process divided by the machining time and electrode and density of the workpiece. The characterization of each 

workpiece’s surface condition was conducted in terms of arithmetic mean deviations of the roughness profile 

from the central line along the measurement path. Pocket Surf (III/PMD 90101), a portable stylus type profile 

meter made by the Maher Company, was used for roughness assessments. Before measuring SR, each machined 

sample was cleaned in acetone liquid and dried with a cold air blower. Each Ra calculation was replicated five 

times in five separate directions in order to achieve validity and precision. For each treatment combination, the 

sum of the five replications was then assigned as the roughness value. 

MATHEMATICAL MODELING BASED ON RSM 

It is possible to obtain the modeling of the desired response to many independent input changes. If it is assumed 

that all variables are measurable, the response surface can be expressed as: 

                                                                                                                   (1) 

where Yu is the corresponding answer (or response surface) function, X1; X2; X3;. .Xk are coded values of the 

parameters of the machining process and ⁇ is the fitting error of the observations of the uth. In this analysis, a 

two-order polynomial regression model , called a quadratic model, was suggested for the three parameters under 

consideration (Ip, P, Ton). Yu's quadratic model is as follows [12]: 

                                                                                                (2) 

The coefficient terms: bo is the free, bi is the linear, bij is the interaction and bii the quadratic. Using in Tables 3: 

Table 3. Input process parameters and experimental results. 

Expt. 

No. 

Input process parameters Response variables 

Ip 

(A) 

P 

(MPa) 

Ton 

(s) 

MRR 

(mm3/min) 

EWR 

(mm3/min) 

Ra 

(m) 

1 6 1.2 300 23.668 0.0319 3.557 

2 10 1.2 400 28.205 0.0604 4.547 

3 6 0.8 300 18.206 0.0304 4.157 

4 6 0.8 300 18.216 0.0310 4.152 

5 10 0.4 200 13.793 0.0356 5.520 
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6 2 0.8 300 15.172 0.0203 3.198 

7 10 0.4 400 16.689 0.0561 5.906 

8 2 1.2 200 17.930 0.0142 2.656 

9 6 0.8 200 16.551 0.0203 4.036 

10 2 0.4 400 12.838 0.0207 3.691 

11 2 1.2 400 21.696 0.0223 2.842 

12 6 0.4 300  14.005 0.0297 4.619 

13 6 0.8 300 18.221 0.0312 4.156 

14 6 0.8 300 18.120 0.0308 4.153 

15 10 1.2 200 23.310 0.0383 4.250 

16 10 0.8 300 19.724 0.0547 5.117 

17 6 0.8 400 20.027 0.0319 4.319 

18 2 0.4 200 10.610 0.0132 3.450 

19 6 0.8 300 18.104 0.0306 4.154 

20 6 0.8 300 18.114 0.0307 4.155 

 

Statistical regression analysis of the experimental data collected permitted the correlation of process parameters 

with the MRR, Ra and EWR to be studied. Models of non-linear and linear regression were tested, and 

acceptance was based on measured high to very high correlation coefficients. For the three variables under 

consideration in this analysis, a polynomial regression was used to model. As shown in equation 2, a quadratic 

model of MRR, EWR and Ra has been suggested. From the experimental observations, the coefficients of the 

regression model can be calculated. In this study , the effects of these variables and the interaction between them 

were used, and the generated model is represented as an equation of interaction. As summarized in table 4.  

Table 4. Regression Coefficients for EWR ,MRR, Ra, Model Parameters (before Elimination). 

Term 
(MRR)  (EWR ) ( Ra ) 

Coef T P Coef T P Coef T P 

Constant 18.1799 497.71 0.000 0.030817 82.53 0.000 4.15541 1871.52 0.000 

Ip 2.3475 69.87 0.000 0.015440 44.95 0.000 0.95030 465.28 0.000 

P 4.6874 139.50 0.000 0.001180 3.44 0.006 -0.53340 -261.16 0.000 

Ton 1.7261 51.37 0.000 0.006980 20.32 0.000 0.13930 68.20 0.000 

Ip2 -0.7565 -11.81 0.000 0.006632 10.12 0.000 0.00073 0.19 0.856* 

P2 0.6320 9.86 0.000 -0.000068 -0.10 0.919* -0.06877 -17.66 0.000 

Ton2 0.0845 1.32 0.216* -0.004768 -7.28 0.000 0.02073 5.32 0.000 

Ip × P 0.6069 16.15 0.000 0.000550 1.43 0.183 -0.12325 -53.97 0.000 

Ip × Ton 0.2246 5.98 0.000 0.003375 8.79 0.000 0.03200 14.01 0.000 

P × Ton 0.4421 11.77 0.000 0.000275 0.72 0.490* -0.01800 -7.88 0.000 

%2 R 99.96 99.62 99.34 

% adj.
2R 99.93 99.28 99.18 

Table 5. Regression Coefficients for MRR, EWR, Ra, Model Parameters (after Elimination). 

Term 
MRR model EWR model Ra model 

Coef T P Coef T P Coef T P 

Constant 18.1904 494.04 0.000 0.030809 90.30 0.000 4.15550 2008.37 0.000 

Ip 2.3475 67.62 0.000 0.015440 48.00 0.000 0.95030 487.14 0.000 

P 4.6874 135.03 
0.000 

0.001180 3.67 
0.003 

-

0.53340 

-273.43 0.000 

Ton 1.7261 49.72 0.000 0.006980 21.70 0.000 0.13930 71.41 0.000 

Ip2 -0.7247 -11.81 0.000 0.006606 11.62 0.000 ---- ---- ---- 

P2 0.6637 10.82 0.000 ---- ---- 0.000 - -19.86 0.000 
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0.06850 

Ton2 ---- ---- ---- -0.004794 -8.43 0.000 0.02100 6.09 0.000 

Ip*P 0.6069 15.64 
0.000 

0.000550 1.53 0.152 -

0.12325 

-56.51 0.000 

Ip*Ton 0.2246 5.79 0.000 0.003375 9.38 0.000 0.03200 14.67 0.000 

P*Ton 0.4421 11.39 
0.000 ---- ---- 

---- -

0.01800 

-8.25 0.000 

R2 % 99.96 99.60 99.12 

R2
adj. % 99.93 99.37 99.01 

 

All the key effects of three input parameters (Ip, P and Ton) on (Table 5) are highly important, with a meaning 

level of at least 0.05 or (95 percent) confidence interval, with virtually zero P-values affecting all responses 

(MRR, Ra and EWR). The lower the P-value in the statistical modeling language, the greater the impact [13]. 

The pure quadratic effects of pulse current (Ip2), flushing pressure (P2), the second way interactions of pulse 

current with flushing pressure (Ip×P), pulse current with pulse-on time (Ip×Ton), plus the interaction between 

the flushing pressure with the pulse-on time (P × Ton), have a greater effect on MRR. For measuring EWR, the 

interactive effects of pulse current with flushing pressure (Ip×P) plus the interaction between the pulse current 

with the pulse-on time (Ip× Ton), along with the second order effects of pulse current (Ip2) and pulse-on time 

(Ton2), were found to have influenced outcomes. Finally, the pure quadratic effect of flushing pressure (P2) and 

pulse-on time, (Ton2) as well as the interactions of pulse current with flushing pressure (Ip×P), pulse current 

with pulse-on time (Ip×Ton), plus the interaction between the flushing pressure with the pulse-on time (P × 

Ton), were also found to be extremely important factors influencing Ra. Table 5 details all the numerical values 

of finalizing individual regression coefficients for every response. The fitted (predicted) regression equation for 

each response characteristic (EWR, MRR and Ra) as a function of the three EDM parameters was improved by 

experimental data, as shown below. The insignificant coefficients of some terms of the quadratic equations (3–

5) have been omitted.  

MRR = 6.625 + 0.6585 Ip ‒ 0.511 P + 0.00505 Ton ‒ 0.04530 Ip2 + 4.148 P2 + 0.3793 Ip × P + 0.000562 Ip × 

Ton + 0.011053 P × Ton                                                                                                                                        (3) 

EWR = ‒ 0.02709 ‒ 0.003901 Ip + 0.00089 P + 0.000307 Ton + 0.000413 Ip2 ‒ 0.000000 Ton2 + 0.000344 Ip × 

P + 0.000008 Ip × Ton                                                                                                                                           (4) 

Ra = 2.9602 + 0.27520 Ip ‒ 0.0513 P + 0.000013 Ton ‒ 0.4281 P2 + 0.000002 Ton2 ‒ 0.07703 Ip × P 

+ 0.000080 Ip × Ton ‒ 0.000450 P × Ton                                                                                                                                                                       (5) 

Table 6 represents the ANOVA results of the model for the three response functions (95% confidence level). It 

can be found that all quadratic regression models are either more significant ( p-value = 0) or significant (0 < p-

value < 0.05), with the exception of Ton2 for MRR, P2 and P ⁇ Ton for EWR in addition to (Ip2) for Ra (p-

value > 0.05), and therefore all models represent the experimental data adequately.  

Table 6. ANOVA for the Trimmed MRR, EWR and Ra, Second Order Models. 

Source DF Adj SS Adj MS F-Value P-Value 

for MRR      

Regression 8 311.476 38.934 3230.95 0.000 

Linear 3 304.619 101.540 8426.20 0.000 

Ip 1 55.108 55.108 4573.06 0.000 

P 1 219.717 219.717 18233.09 0.000 

Ton 1 29.794 29.794 2472.45 0.000 

Square 2 1.943 0.971 80.61 0.000 

Ip2 1 1.681 1.681 139.48 0.000 

P2 1 1.410 1.410 116.99 0.000 

2-Way Interaction 3 4.914 1.638 135.92 0.000 
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Ip × P 1 2.946 2.946 244.50 0.000 

Ip × Ton 1 0.404 0.404 33.50 0.000 

P × Ton 1 1.564 1.564 129.77 0.000 

Error 11 0.133 0.012   

Lack-of-Fit 6 0.117 0.019 6.18 0.032 

Pure Error 5 0.016 0.003   

Total 19 311.608    

for EWR      

Regression 7 0.003122 0.000446 431.02 0.000 

Linear 3 0.002885 0.000962 929.48 0.000 

Ip 1 0.002384 0.002384 2304.09 0.000 

P 1 0.000014 0.000014 13.46 0.003 

Ton 1 0.000487 0.000487 470.88 0.000 

Square 2 0.000143 0.000072 69.15 0.000 

Ip2 1 0.000140 0.000140 134.98 0.000 

Ton2 1 0.000074 0.000074 71.07 0.000 

Interaction 2 0.000094 0.000047 45.21 0.000 

Ip × P  1 0.000002 0.000002 2.34 0.152 

Ip × Ton 1 0.000091 0.000091 88.07 0.000 

Residual Error 12 0.000012 0.000001   

Lack-of-Fit 7 0.000012 0.000002 21.00 0.002 

Pure Error 5 0.000000 0.000000   

Total 19 0.003134    

for Ra      

Regression 8 12.2192 1.52741 40137.27 0.000 

Linear 3 12.0699 4.02330 105724.57 0.000 

Ip 1 9.0307 9.03070 237309.39 0.000 

P 1 2.8452 2.84516 74765.20 0.000 

Ton 1 0.1940 0.19404 5099.13 0.000 

Square 2 0.0170 0.00852 223.83 0.000 

P2  1 0.0150 0.01502 394.57 0.000 

Ton2 1 0.0014 0.00141 37.08 0.000 

2-Way Interaction 3 0.1323 0.04410 1158.94 0.000 

Ip × P 1 0.1215 0.12152 3193.43 0.000 

Ip × Ton  1 0.0082 0.00819 215.27 0.000 

P × Ton 1 0.0026 0.00259 68.11 0.000 

Error 11 0.0004 0.00004   

Lack-of-Fit 6 0.0004 0.00007 19.10 0.003 

Pure Error 5 0.0000 0.00000   

Total 19 12.2197    

DISCUSSION  

Higher order ractions in engineering problems do not expose any high effect, therefore, three and four-parameter 

interactions are not taken into consideration. Only main parameters and two-parameter interactions are looked at 

in this study. The parametric analyses have been performed to find out the effects of the EDM parameters (Ip, P 

and Ton) on the output, i.e., Ra, MRR and EWR during EDM operation. Depending on the RSM technique, 3D 

surface plots were created to find out the change in the output parameters. Further comprehension of the relation 

between the input and output (responses) parameters can be gained from these plots. 

Parametric Analysis of MRR 
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The influence of different machining parameters (Ip, P and Ton) on MRR is shown through the main effect plots 

in fig. 1 at 0.05 level or 95%. Also, Ip is directly proportional to MRR. It can be stated that MRR is proportional 

per pulse and pulse frequency to the product of energy. Increasing the pulse current at a constant frequency 

increases the pulse energy and, gradually, increases the pulse energy. creates a higher MRR. This obviously 

indicates that MRR is strongly impacted by P, and the relationship between them is directly proportional. This is 

because when the flushing pressure is low, flushing will not remove the gaseous and solid debris with each 

discharge, and the dielectric is increasingly unable to clean the molten material away, causing it to build up on 

the surface of the parent material. Enhances Lot's MRR. This is due to the fact that the rise of a ton leads to an 

increase in the quantity of heat energy subjected to both electrodes and the rate of evaporation and melting. 

Therefore, it can be concluded that all machining parameters are impacting parameters. This is confirmed by 

analyzing the variance (ANOVA) results presented in table 6. Due to rarity of area and simple comparison with 

the other responses, a summarized ANOVA is shown including Fisher-value (F-ratio) and probability value (P 

value). 

 

Figure 1.  Effect of factors on MRR. 

Figure 2 illustrates the effect of Ip and P on MRR. It is understood that while keeping Ton at a middle level, 

higher amounts of MRR are achievable mostly in the vicinity specified by elevated levels of Ip and P. The 

debris is removed from an efficient machining area at a high level of P, which increases the energy of the pulse 

due to the increase of the pulse current at a constant frequency. 

 

Figure 2.  Response Surface Plot of MRR versus Ip and P. 

Figure 3 represents MRR as a function of Ip and Ton, whereas P remains constant in its central value. It is 

observed that the MRR values are higher when Ip and Ton are high and vice versa. This can be attributed to 

their dominant control over the input energy. 
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Figure 3.  Response Surface Plot of MRR versus Ip and Ton. 

Figure 4 illustrates the effect of P and Ton on MRR. It is observed that while keeping Ip at the center level, the 

MRR values are higher when Ip and Ton are high. The explanation is the same, as stated earlier. However, the 

increase in Ton generates a strong spark, and the debris is removed from an efficient machining area at a high 

level of P, which increases MRR. Returning to table 6, it can be said that the interaction of Ip × P is the most 

significant factor affecting MRR, followed by P × Ton, then Ip × Ton. 

 

Figure 4.  Response Surface Plot of MRR versus P and Ton. 

Parametric Analysis of EWR 

Different machining parameters (Ip, P, and Ton) which influence on EWR is shown through main effect plots in 

Figure 5. This figure shows effect of peak current on electrode wear rate (EWR). The high current leads to 

increase in electrode wear at all condition of P and Ton. High spark energy is generated due to high peak current 

which increases rate of material removal from workpiece which also leads to increase in electrode wear. 

However, no main effect is demonstrated on EWR with a rise in P of kerosene oil as dielectric as shown in same 

figure (5). This is due to the rigidity of copper which is not affected by any dielectric pressure.  It is clear from 

the main effect plot of Ton that EWR increases with increases in Ton alone at constant middle values of other 

parameters as shown in Fig. 5. This is because of the increase in discharge energy. The result is EWR increases 

with further increase in Ton.  
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Figure 5.  Effect of factors on EWR. 

The EWR response surface plot with regard to Ip and P are depicted in Fig. 6. As always smaller EWRs are 

demanded, they can be reached at the lower level of Ip and P. This may be due to reduce the concentration of 

carbon colloid in the gap and then prevents carbon from attaching to the electrode surface. Besides, lower 

current density in the working gap, at the lower Ip, generates a small amount of heat. Hence, minimum EWR.  

 

Figure 6. Response Surface Plot of EWR versus P and Ip. 

The EWR response surface plot regarding Ip and P is depicted in fig. 6. As ever smaller EWRs are demanded, 

they can be reached at the lower level of Ip and P. This may be due to reducing the concentration of carbon 

colloid in the gap, which prevents carbon from attaching to the electrode surface. Lower current density in the 

working gap, at the lower Ip, generates a small amount of heat, resulting in minimum EWR. 

 

Figure 7.  Response Surface Plot of EWR versus Ip and Ton. 

Figure 7 shows the estimated response surface for EWR in relation to the process parameters of Ip and Ton 

while P remains constant at its middle value. It can be seen from this that EWR tends to lower with the decrease 
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in Ip for any value of Ton. This can be attributed to the drop in energy input. From the ANOVA (table 6), the 

interaction of Ip × Ton is the most significant factor affecting EWR, followed by Ip and P. Parametric Analysis 

of Ra. Figure 8 the main effect plots of the three controllable parameters on Ra are shown. The rise in Ip induces 

the increase in Ra; the discharge reaches the sample surface more strongly and produces an impact force on the 

crater's molten material, allowing more molten material to be expelled from the crater, and the machined 

surface's Ra rises. 

 

Figure 8.  Effect of factors on Ra. 

Similarly, Ra increased as the Ton increased from a low to high level with constant middle values of other 

parameters. The Long Ton allows the most heat transfer into the specimen, and as the flushing pressure is 

constant, the dielectric fluid is unable to clean away the molten material. In other words, the melting isothermal 

penetrates deeper into the interior of the material as the ton is raised, and the molten zone expands further into 

the material , creating a wider white layer of thickness. 

 

Figure 9.  Response Surface Plot of Ra versus Ip and P. 

Figure 9 shows the concurrent effects of P and Ip on the Ra with a 3D surface plot. It is clear that a smaller Ra 

can be obtained by choosing a higher level of P with lower Ip. This may be attributed to the removal of debris 

by P, the decrease in Ip and the weak spark for a shorter time, which creates the lower temperature and small 

craters, resulting in a smooth surface. 
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Figure 10.  Response Surface Plot of Ra versus Ip and Ton. 

Figure 10 illustrates the joint effects of Ip and Ton on the Ra. It is apparent that smoother surfaces can be 

obtained when Ip and Ton are low. This can be attributed to the discharge which strikes the surface of the 

sample less intensely with low Ip and, as mentioned above, low Ton causes less heat transfer into the specimen, 

so the dielectric fluid is able to clear away the molten material as the flushing pressure is constant. 

 

Figure 11.  Response Surface Plot of Ra versus P and Ton. 

Figure 11 shows the concurrent effects of P and Ton on the Ra with a 3D surface plot. It is apparent that a 

smaller Ra can be obtained by choosing a higher level of P with lower Ton. This is attributed to P carrying away 

debris, the decrease in Ton and the weak spark for a shorter time, which creates the lower temperature and small 

craters, producing a smooth surface. From the ANOVA (table 6), the interaction of Ip and P is the most 

significant factor affecting Ra, followed by Ip × Ton, then P × Ton. 

CONCLUSIONS 

1. All the effects of the input parameters, i.e., Ip, P and Ton, were found to be highly significant on the MRR, 

Ra and EWR. 

2. Increasing the Ip, P and Ton resulted in high values of MRR and EWR.  

3. Reducing the Ip and Ton resulted in lower values of response (Ra), whereas a decrease in P had the reverse 

effect. 

4. The two-way interaction effects of (Ip × P), (P × Ton) and (Ip × Ton) and the pure quadratic (square) effect of 

(Ip2) and (P2) have all been found to significantly control the MRR. 

5. The two-way interaction effects of (Ip × P), (Ip × Ton) and the pure quadratic (square) effect of (Ip2) and 

(Ton2) have all been found to significantly control the EWR. 
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6. The two-way interaction effects of (Ip × P), (Ip × Ton), (P × Ton) and the pure quadratic (square) effect of 

(P2) and (Ton2) have all been found to significantly control the Ra. 

7. The experimental values correspond to the predicted values reasonably well, with R2 of 99.96, 99.60 and 

99.12% respectively for the MRR, EWR and Ra. 

8. This study can also help researchers and industries to develop a robust, reliable knowledge base and early 

prediction of MRR, EWR and Ra without experimenting with an EDM process for Inconel 718.  
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