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Abstract: Sophistication and quality of the products/parts are the major requirements of the customer in the present world. Therefore, the 

industries are searching for un-conventional machining processes to achieve desired production requirements. One among such 

production/machining processes is the Wire-Electro Discharge Machining. In this paper Design of experiment is carried-out considering Taguchi 

technique with four input parameters namely, pulse-on time (Ton), pulse-off time (Toff), and current (I) and servo voltage (SV). The objective of 

this project is to investigate the effect of those parameters on material removal rate(MRR) and over cut after machining ofInconel800andalso to 

analyse them icro-hardness at different subsurface distances from the cutting surface. Using parametric study regression equation for material 

removal rate and over cut are established to analyse the responses also obtained optimum MRR and overcut using Genetic Algorithm (GA), 

which is the most useful and popular optimization technique. 
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I. Introduction: 

Inconel 800 is an iron-nickel-chromium alloy with 

moderate strength and good resistance to oxidation and 

carburization at elevated temperature. It has excellent tensile 

strength and resistance to chloride stress-corrosion cracking; 

hence it is often utilized in process piping, heat exchanger 

tubing, chemical and petrochemical processing, gas turbine 

blades, seals and combustors, Rocket motors/engines, and 

space craft, Steam generators in nuclear pressurized water 

reactors etc. Inconel is a difficult metal to shape and machine 

using traditional techniques due to rapid work hardening. In 

this study WEDM is used to machine5mmthick plate of 

Inconel 800.  

This paper considers four controlled parameters named pulse 

on time (μs), pulse off time (μs), current (A) and servo voltage 

(V), where the other parameters are considered as constant. 

DOE of L16 orthogonal array has been done to manage 

parameters using Taguchi analysis for the experiments to be 

conducted. The experiments have been conducted multiple 

times to calculate the average responses. Using those results, 

ANOVA analysis has done to generate the relationship of 

responses with the controlled parameters and also discussed 

their effects. To optimize the controlled parameters a Genetic 

algorithm which is the most popular and useful optimization 

technique have been developed using MATLAB programming. 

The effects of input parameters on the Micro-hardness also 

discussed. Finally, the optimum input parameters have been 

observed using binary coded Genetic algorithm, for which both 

the MRR (maximum) and Overcut (minimum)can be obtained.  

 

II. Literature review: 

 Shabgardet al. [1] developed an axis-symmetric three-

dimensional model for temperature distribution in the electrical 

discharge machining process using the finite element method 

to estimate the surface integrity characteristics of AISI H13 

tool steel. Kalajahietal.[2]did thermal modelling and finite 

element simulation of electrical discharge machining, 

considering temperature-dependent material properties, shape 

and size of the heated zone (Gaussian heat distribution), energy 

distribution factor, plasma flushing efficiency, and phase 

change. Lee et al. [3] presented a study of the relationship 

between EDM parameters and surface cracks by using a full 

factorial design and observed that it is possible to avoid the 

formation of cracks if machining is carried out with a pulse 

current in the range of 12–16 A together with a pulse-on 

duration of 6–9ms.Singh et al. [4] has been investigated the 

effects of various process parameters of WEDM like to reveal 

their impact on material removal rate of hot die steel (H-11) 

using one variable at a time approach. Yan et al. [5] presented 

the development of a high-frequency power supply for surface 

quality improvement of wire electrical discharge machining 

(wire-EDM).Yang et al. [6] analysed variations in metal 

removal rate (MRR) and quality performance of roughness 

average (Ra) and corner deviation (CD) depending on 

parameters of WEDM. Singh et al. [7] investigated the effects 

of the various WEDM process parameters on the machining 

quality and to obtain the optimal sets of process parameters so 

that the quality of machined parts can be optimized. 

 Gostimirovicet al. [8] established analytical 

dependence between the discharge energy parameters and the 

heat source characteristics. In addition, the thermal properties 

of the discharged energy were experimentally investigated and 

their influence on material removal rate, gap distance, surface 

roughness and recast layer was established. Hargrove et al. [9] 

developed a finite element method (FEM) program to model 

temperature distribution in the work piece under the conditions 

of different cutting parameters. Puriet al. [10] had attempted to 

make a mathematical model the white layer depth using 

response surface methodology (RSM) in a WEDM process. 

Choiaetal.[11] investigated the effects of heat treatments on the 

surface machined by W-EDM. Steueraetal.[12] did a 

comparative study of Electrical Discharge Machining and 

Pulse Electro-chemical Machining, providing unique 

possibilities for the machining of many different materials. 

Ikram et al. [13] investigated the effect and optimization of 

control factors on MRR, surface roughness and kerf in WEDM 
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process for tool steel. The experiments were conducted using 

Taguchi’s L18 orthogonal array and Analysis of variance 

(ANOVA) and signal-to-noise (S/N) ratio were used as 

statistical analyses. Reddy et al. [14] has been carried out 

Design of experiments considering Taguchi Technique with 

four input parameters using L16 array and find impact of 

parameters by ANOVA and Regression analysis. Debnath et al. 

[15] used binary coded Genetic algorithm to get the optimum 

input parameter for obtaining maximum response. 

Sudhakaral et al. [16] investigated the machining of 

Inconel-718 using EDM process choosing the parameters such 

as peak current, pulse on time, duty factor.Izquierdoa et al. [17] 

studied EDM process of Inconel 718 and discharge properties 

have been obtained for four different EDM regimes also 

simulate the evolution of the recast layer generation process. 

Ghewade et al. [18] analysed the effect of each parameter on 

the machining characteristics of Inconel 718 material using 

EDM with a copper electrode by using Taguchi methodology. 

Rajyalakshmi et al. [19] has been applied Taguchi grey 

relational analysis to experimental results of WEDM on 

Inconel 825 with consideration of multiple response measures. 

Thomas et al. [20] has been conducted an experimental 

investigation to determine the main EDM parameters which 

contribute to recast layer formation in Inconel 718. 

 A relationship between input (Diameter of U-shaped 

electrode, Current and Pulse on time) and output parameters 

(material removal rate, tool wear rate, overcut on surface of 

work piece) was developed by Kumar et al. [21].Here the 

attempt has been made to machining the En-19 tool steel by 

using U-shaped copper electrode performed on electrical 

discharge machine. Singh et al. [22] observed how the control 

factors influence on dimensional accuracy of over cut and 

retract distance during EDM of H-13 tool steel. Somashekhar 

et al. [23] carried out micro WEDM of aluminium to optimize 

MRR, overcut and surface roughness. The system model was 

created with statistical based regression analysis using 

experimental data. Singh et al. [24] found that the input 

parameters such as current, pulse on time, voltage applied as 

well as the work piece material greatly influences overcut.  

Aspinwalletal.[25]discussedmachiningofTi-6Al-

4VandInconel-718forexploring any change in micro-hardness 

and microstructure using WEDM. Hseighetal. [26] investigated 

maximum federate without wire breakage and observed the 

surface roughness along with the recast layer thickness for 

Ti35.5Ni49.5Zr15 and Ti50Ni49.5Cr0.5 alloys in WEDM 

process. Reddyetal.[27] carried out a study on the effect of 

EDM parameters over MRR, TWR,SR, and hardness. Newton 

etal.[28]observed the average recast layer thickness to be in 

between5μmto9μminInconel-718 using WEDM. Kasimetal. 

[29] showed the effect of cutting parameter on the subsurface 

hardness and gave mathematical models to predict hardness of 

Inconel718.Mahapatra et al. [30] established the relationship 

between control factors and responses like MRR, SF and kerf 

by means of nonlinear regression analysis, resulting in a valid 

mathematical model. Finally, genetic algorithm is employed to 

optimize the wire electrical discharge machining process with 

multiple objectives. 

 

III. Methodology and data collection: 

 This case considers four controlled parameters named 

pulse on time (μs), pulse off time (μs), current (A) and servo 

voltage (V), where the other parameters are kept constant. 

Considering these four controlled parameters DOE of L16 

array using Taguchi technique has been done to carry out the 

experiments. 

In case of Ton the corresponding actual vales of each machine 

unit are 0.1μsto1.65μs and for Toff it is 0.25μsto2μs.Two 

trialsof each experiment have been conducted and from those 

responses the average outputs are calculated. Weight loss after 

every machining has measured in a digital balance meter and 

the corresponding machining times also noted down. 

MRR by weight loss technique: 

𝑀𝑅𝑅  
𝑚𝑚3

𝑚𝑖𝑛
 =

𝑊𝑒𝑖𝑔𝑡𝑙𝑜𝑠𝑠(𝑔𝑚) × 1000

𝐷𝑒𝑛𝑠𝑖𝑡𝑦  
𝑔𝑚

𝑐𝑐
 ×𝑀𝑎𝑐𝑖𝑛𝑖𝑛𝑔𝑡𝑖𝑚𝑒

 

Using the above relation, the Material removal rate has been 

calculated and similarly the Overcut for every cutting operation 

also calculated using the relation bellow.  

𝑂𝑣𝑒𝑟𝑐𝑢𝑡 =  
𝐷𝑘𝑒𝑟𝑓 − 𝐷𝑤𝑖𝑟𝑒

2
  

  Where, Dkerf isthe kerf width and Dwire is the 

diameter of the wire. 

The pictorial representation of cut after just machining has 

been done along with the Kerf width in WEDM.  

After all the experiments from the collected data final 

responses has been calculated. 

 

 
Fig 1: -(a) Just after machining(run-10, trial 1),(b) sample of measuring the Kerf width in Optical Inverted Microscope. 
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Table 1: - MRR and Overcut for different run and the average responses 

Exp. 

No. 
Ton Toff I SV 

MRR 

run-1 

MRR 

run-2 

Average MRR 

(mm3/min) 

Overcut 

run-1 

Overcut 

run-2 

Average 

Overcut(mm) 

1 100 32 80 15 2.7659 2.4165 2.5912 22.38 22.72 22.55 

2 100 42 130 30 2.7049 2.2015 2.4532 21.885 22.12 22.0025 

3 100 52 180 45 2.9635 2.4669 2.7152 24.125 25.2 24.6625 

4 100 62 230 60 3.4758 2.7884 3.1321 31.375 23.59 27.4825 

5 110 32 130 45 3.692 3.5328 3.6124 34.735 33.405 34.07 

6 110 42 80 60 3.637 3.2302 3.4336 35.835 32.745 34.29 

7 110 52 230 15 3.7659 3.5229 3.6444 31.69 34.185 32.9375 

8 110 62 180 30 3.4812 3.3228 3.4020 31.745 33.745 32.7400 

9 120 32 180 60 4.8458 4.7494 4.7976 43.355 43.665 43.5100 

10 120 42 230 45 5.3233 4.6367 4.9800 43.505 44.28 43.8925 

11 120 52 80 30 4.9239 4.7201 4.8220 43.545 38.905 41.2250 

12 120 62 130 15 4.9046 4.7258 4.8152 44.36 42.595 43.4775 

13 130 32 230 30 4.8834 4.7896 4.8365 46.525 44.33 45.4275 

14 130 42 180 15 5.1969 4.7465 4.9717 44.58 43.615 44.0975 

15 130 52 130 60 4.8033 4.6897 4.7465 45.415 46.145 45.78 

16 130 62 80 45 4.5000 4.0958 4.2979 51.38 49.37 50.3750 

 

After conducting all the experiments, the machined products 

are again cut to separate themselves to take the Micro-hardness 

on the upper surface at different distances from the cutting 

plane. The micro indentation hardness has been measured 

using a digital micro hardness testing system with an applied 

load of 50 gf and dwell time of 10 second. The tested 

specimens the upper surface of the tested sample has prepared 

by polishing with 220,400, 600 and 1000 grit of Silicon 

Carbide sanding disc. The hardness has measured at four 

different distance son the subsurface at different distances from 

the cutting edge; 50, 300, 500 and 1000 µm. At each depth, 

three measurements have made and the arithmetic mean value 

has been calculated. Table 2 shows the micro-hardness at 

different subsurface distance. 

 

Table 2: - Micro-Hardness at different distance from the 

cutting surface. 

Run No. 

Subsurface Distance 

50 µm 300 µm 500 µm 1000 µm 

1 404.5 412 384.1 343.2 

2 406 399.2 392.2 380.9 

3 432.9 404.5 384.1 361.5 

4 519 457.2 427.9 378.5 

5 389.4 390.7 362.1 334.6 

6 456.2 437 390.1 311.9 

7 415.9 373.3 379.2 359.5 

8 410.5 378.3 348.1 292.8 

9 417.9 427.3 395 369.5 

10 397.9 373.7 357.6 277.9 

11 418.7 389.1 367.3 340.7 

12 473 445.9 418 327.4 

13 418.7 375.6 351.6 341.8 

14 458.8 397.1 375.6 355.1 

15 418.4 393.7 351 281.3 

16 452.1 429.3 416 358.8 

Analysis of variance (ANOVA) is a technique for analysing 

experimental data in which one or more response (or 

dependent) variables are measured under various conditions 

identified by one or more classification variables. Based upon 

results obtained from ANOVA, mathematical models 

consisting of significant terms of individual and interaction 

effects are built for responses of interest. 

An optimization technique is used to find the 

optimum cutting parameters so that the optimum MRR and 

Overcut can be formed. Using those mathematical models form 

ANOVA analysis, binary coded Genetic algorithm based 

optimization technique (program) developed in the MATLAB 

(2009b).  

 

 
Fig 2: - Flow chart of Genetic Algorithm 

 

IV. Results and discussion: 
To assess for adequacy of the quadratic model, three 

different tests such as significance test for regression model, 

significance test on individual model coefficient and test for 

lack of fit have been performed for material removal rate 

(MRR) and overcut. Generally, a model with highest F-value 
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and lower p- value is selected. The lack of fit test is a measure 

of the failure of the model to represent data in the experimental 

domain at which points are not included in the regression and 

variations are observed in the model that cannot be accounted 

by random error. For the model to be fit, this test should 

indicate insignificant lack of fit. A p-value, less than 0.05 

nullifies the lack of fit of the model to the response data and 

the model can be utilized for prediction of response parameter 

for 95% of confidence interval. ANOVA checks the values of 

R
2
 as it explains the ratio of the variability explained by the 

model to the total variability inherent in the observation data of 

experiments. Process variables having p-value < 0.05 are 

considered significant terms for the given response parameters.  

 

V. Mathematical model for MRR and Overcut 

As discussed earlier, quadratic model for machining 

rate is recommended by MINITAB 16 software. Table 4 shows 

significant test of process parameters for MRR and Table 5 

shows ANOVA for the quadratic model at 95% confidence 

level. 

 

Table 3: -Significance test for material removal rate (MRR) 

Term Coef SE Coef T P Remarks 

Constant -284.591 49.9334 -5.699 0.029 Significant 

Ton 4.949 0.8748 5.658 0.03 Significant 

Toff 0.125 0.1033 1.208 0.351 

Non-

Significant 

I 0.296 0.0604 4.905 0.039 Significant 

SV -0.882 0.186 -4.742 0.042 Significant 

Ton*Ton -0.022 0.0039 -5.513 0.031 Significant 

Toff*Toff 0 0.0004 -0.98 0.43 

Non-

Significant 

I*I 0 0.0001 -4.879 0.04 Significant 

SV*SV -0.004 0.0008 5.078 0.037 Significant 

Ton*Toff 0 0.0008 -0.396 0.73 

Non-

Significant 

Ton*I 0 0.0001 -0.486 0.675 

Non-

Significant 

Ton*SV 0 0.0003 -1.436 0.287 

Non-

Significant 

Toff*I -0.004 0.0007 -4.89 0.039 Significant 

Toff*SV 0.013 0.0026 5.091 0.036 Significant 

S = 0.158545                        R-Sq = 99.63%                       R-Sq (adj) 

= 97.19% 

 

The values of probability (P) less than 0.05, indicate 

that the model terms are significant. The other important 

coefficient R
2
, which is called determination coefficient, is 

defined as the ratio of the explained variation to the total 

variation and is a measure of the degree of fit.  

Similarly, for Overcut also significance test for regression 

model, significance test of individual model coefficient and 

test for lack of fit has been performed. Table 6 shows 

significant test of process parameters for overcut. The analysis 

has done using un-coded units. 

 

Table 4: -significance test for overcut 

Term Coef SE Coef T P Remarks 

Constant -827.164 151.789 -5.449 0.032 Significant 

Ton 14.909 2.659 5.606 0.03 Significant 

Toff -1.739 0.314 -5.538 0.031 Significant 

I 0.832 0.183 4.537 0.045 Significant 

SV -1.871 0.566 -3.308 0.081 

Non-

Significant 

Ton*Ton -0.065 0.012 -5.495 0.032 Significant 
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Toff*Toff 0.007 0.001 5.524 0.031 Significant 

I*I -0.001 0 -3.361 0.078 

Non-

Significant 

SV*SV 0.012 0.003 4.943 0.039 Significant 

Ton*Toff 0.014 0.002 5.727 0.029 Significant 

Ton*I 0 0 -0.603 0.608 

Non-

Significant 

Ton*SV -0.0005 0.001 -4.945 0.039 Significant 

Toff*I -0.011 0.002 -5.102 0.036 Significant 

Toff*SV 0.034 0.008 4.27 0.051 

Partially 

Significant 

             S = 0.481950                      R-Sq = 99.96%                       R-

Sq (adj) = 99.72% 

 

This has been observed from the values of percent 

contribution obtained for each source, which quantifies the 

contribution of a parameter towards the variation in response 

(MRR). Almost 87.30 % of the total variation in the response 

data contributed to the factor Ton. In this case Ton, I, SV, Ton
2
, 

I
2
, SV

2
, Toff*SV, Toff*I are significant model term. The 

mathematical relationship for correlating the machining rate 

and the considered process variables is obtained as follows: 

Material removal rate = -284.591 + 4.949Ton + 0.296I 

- 0.882SV- 0.022Ton
2
 - 0.004SV

2
 - 0.004Toff*I + 0.013Toff*SV  

   ....................... (a

)  

Table 5: -ANOVA table for material removal rate (MRR) 

Term DF Seq SS Adj SS 
Adj 

MS 
F P 

% 

Cont. 

Regression 13 13.3653 13.3653 1.02810 40.90 0.024 99.62 

Linear 4 11.9780 1.1888 0.29721 11.82 0.079 89.28 

Ton 1 11.7121 0.8046 0.80457 32.01 0.030 87.30 

Toff 1 0.0019 0.0367 0.0366 1.46 0.351 0.014 

I 1 0.2609 0.6048 0.60481 24.06 0.039 1.94 

SV 1 0.0032 0.5653 0.56530 22.49 0.042 0.023 

Square 4 0.5716 0.9128 0.22821 9.08 0.102 4.26 

Ton*Ton 1 0.4903 0.7639 0.76390 30.39 0.031 3.65 

Toff*Toff 1 0.0241 0.0241 0.02414 0.96 0.430 0.179 

I*I 1 0.0074 0.5984 0.59837 23.80 0.040 0.055 

SV*SV 1 0.0498 0.6481 0.64808 25.78 0.037 0.371 

Interaction 5 0.8156 0.8156 0.16313 6.49 0.139 6.07 

Ton*Toff 1 0.0848 0.0039 0.00395 0.16 0.730 0.632 

Ton*I 1 0.0215 0.0059 0.00593 0.24 0.675 0.16 

Ton*SV 1 0.0518 0.0518 0.05184 2.06 0.287 0.386 

Toff*I 1 0.0061 0.6011 0.60109 23.91 0.039 0.045 

Toff*SV 1 0.6514 0.6514 0.65139 25.91 0.036 4.85 

Residual 

Error 
2 0.0503 0.0503 0.02514 - - 0.374 

Total 15 13.4156 - - - - - 

 

Table 6: -ANOVA table for overcut 

Term DF Seq SS Adj SS 
Adj 

MS 
F P 

% 

Cont. 

Regression 13 1251.58 1251.58 96.2753 414.49 0.002 99.96 

Linear 4 1186.43 27.45 6.8628 29.55 0.033 94.75 

Ton 1 1162.13 7.30 7.3006 31.43 0.030 92.81 

Toff 1 8.57 7.12 7.1245 30.67 0.031 0.68 

I 1 0.15 4.78 4.7814 20.59 0.045 0.0119 

SV 1 15.58 2.54 2.5417 10.94 0.081 1.24 
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Square 4 46.05 32.66 8.1645 35.15 0.028 3.67 

Ton*Ton 1 35.02 7.01 7.0134 30.19 0.032 2.79 

Toff*Toff 1 7.09 7.09 7.0889 30.52 0.031 0.566 

I*I 1 3.94 2.62 2.6236 11.30 0.078 0.314 

SV*SV 1 0.01 5.68 5.6751 24.43 0.039 0.0008 

Interaction 5 19.10 19.10 3.8201 16.45 0.058 1.52 

Ton*Toff 1 3.27 7.62 7.6173 32.79 0.029 0.261 

Ton*I 1 0.99 0.08 0.0845 0.36 0.608 0.079 

Ton*SV 1 5.68 5.68 5.6807 24.46 0.039 0.453 

Toff*I 1 4.92 6.05 6.0456 26.03 0.036 0.392 

Toff*SV 1 4.24 4.24 4.2357 18.24 0.051 0.338 

Residual 

Error 
2 0.46 0.46 0.2323 - - 0.036 

Total 15 1252.04 - - - - - 

 

Adequacy of the model is checked using ANOVA as 

shown in Table 7. The quadratic model is significant at 95% 

confidence level. Factor Ton is found to be the most significant 

with a contribution of 92.81% in the variation of overcut data. 

Equation 5.2 represents the regression equation for overcut. 

Overcut = -827.164 + 14.909 Ton - 1.739 Toff + 0.832 I 

- 0.065 Ton
2
 + 0.007 Toff

2
 + 0.012 SV

2
 + 0.014 Ton*Toff - 0.0005 

Ton*SV - 0.011 Toff*I....................... (b) 

 

VI. Effect of process parameters on Material removal 

rate 

Fig 3 shows the effect of pulse on time, pulse off 

time, current, and Servo voltage on material removal rate. It is 

observed that with increase in pulse on time MRR increases 

from 2.4532mm
3
/min to 4.7976mm

3
/min, as because of 

increasing Ton it generates same spark energy for a long 

duration. 

Higher MRR could be obtained at increased value of 

Toff at 52 machine unit and from that MRR again decreases. In 

lower Toff the contaminant particles did not get sufficient time 

for flushing away completely. So as Toff increases more 

flushing time is supplied and hence more clean cutting zone. 

Hence MRR increases. After certain limit if we increase Toff 

further it does not effect on material removal but for higher 

pulse off time MRR decreases because in MRR, Toff is in 

denominator.

  

Fig 3: - Material removal rate Vs. Process parameters (Ton, Toff, Current, and Servo voltage) 

 

It is clear from the figure that with increase in current MRR 

increases. The concentration of discharge energy in the spark 

gap leads to melting and vaporization of molten metal and 

floating metal suspended in the electrical discharge. Increase in 

current means more energy supplied, which leads to increase of 

MRR. 

From the figure it has been observed that with increase in servo 

voltage MRR decreases up to certain limit and then at 60V 

MRR increases. With increase in servo voltage cutting velocity 

decreases. Decrease in cutting velocity results decrease in 

MRR and at the same time higher servo voltage was incapable 

of providing higher rate of MRR. It was observed that a servo 

voltage in range of 30 to 45 V was detrimental to MRR but 

after that limit one can experience higher MRR. 

 

VII. Effect of process parameters on Overcut 

From the figure 4 it has observed that when pulse on 

time increases, the value of overcut also increase significantly. 

As increase in Ton, the duration for spark energy has increase, 

more material removal takes place and hence overcut 
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increases. It can be concluded with decreasing pulse off time 

up to 52, the overcut decreases and then at Toff= 62, overcut 

increases rapidly. As lower Toff contaminant particles has not 

flushed away fully, so they stick to the cutting surface and 

hence it prevents further machining, so overcut decreases. 

While with increase in current up to 180 A, overcut decreases 

and then again increases. Form the figure it has been observed 

that lowest overcut is at 30 V. 

 

Fig 4: - Overcut Vs. Process parameters (Ton, Toff, Current, and Servo voltage) 

 

VIII. Effect of micro-hardness after machining 
Resulting graph (Fig 5) illustrates that hardness decreases 

with the increase in distance from the cutting surface. The 

highest hardness has been seen at very closer to the cutting 

surface (50 µm). The micro hardness measurements reveal 

as high near surface hardness (400-500 HV), corresponding 

to the closer subsurface distance followed by an abrupt drop 

to bulk material hardness (275 HV). The highest hardness 

value has been achieved by run 4. The softest material 

observed from run 10. The higher hardness observed at 

cutting edge because of sudden heating due to generation of 

spark and sudden cooling due to dielectric fluid. 

  

IX. Parametric Optimization 

In Genetic Algorithm, same priority has been given to both 

the material removal rate and the overcut. It has been 

observed that the optimum material removal rate and 

overcut are best formed in the parametric combination of 

114, 32, 170 and 15 as Ton, Toff, Current and Servo voltage 

respectively. In this combination the optimum MRR 

(maximum)is 4.1009 mm
3
/min and Overcut (minimum) is 

34.6494 mm. 

 

 
Fig 5: - Micro hardness Vs. Sub-surface distance 

X. Conclusion: 

For MRR the most significant factor has found to be pulse 

on time. The MRR increases with the increase in pulse on 

time and current. With increase in pulse off time up to 30 µs 

the MRR increases and then decreases. If we increase servo 

voltage MRR decreases, but after certain limit it increases. 

For overcut the most significant factor is pulse on time 

followed by servo voltage, pulse off time and current 

respectively. Overcut increases along with the increase in 

pulse on time. In case of increase in pulse off time the 

overcut slightly decreases and then increases. For increase in 

current up to 180 A overcut decreases and then increases. 

With increase in servo voltage overcut initially decreases, 

then increases and then again decreases. And the micro 

hardness is maximum at very near to the cutting surface. 
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