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Abstract 

Electrical Discharge Machining is a widely used process in manufacturing industries for high 

precision machining of all types of conductive materials irrespective of hardness of material. Proper 

selection of input parameters is one of the most important aspects in the die sinking EDM, as these 

conditions determine important characteristics such as Tool wear rate ,surface roughness and 

material removal rate . The aim of the current work is to study the Electrical Discharge machining of 

Aluminum metal matrix composites impregnating powder particles such as silicon carbide(Sic) and 

Boron carbide(B4C) to aluminum(AL 6063) which prepared by stair casting. Peak current, Pulse on 

time, Pulse off time and Lift time are used as input variables to access the machinability and 

Mathematical models developed for relating the Tool wear rate and Material removal rate. Response 

surface methodology applied to develop the models for optimization using the technique of Design of 

experiments. The results from the study will be used for manufacturing engineers to select appropriate 

set of process parameters. The adequacy of the developed process model has been tested through the 

Analysis of Variance. 

 

 1. Introduction 

Technologically advanced industries like aeronautics, automobiles, nuclear reactors, missiles, turbines 

etc., requires materials like high strength temperature resistant alloys which have higher strength, corrosion 

resistance, toughness, and other diverse properties. With rapid development in the field of materials it has 

become essential to develop cutting tool materials and processes which can safely and conveniently machine 

such new materials for sustained productivity, high accuracy and versatility at automation . Electric Discharge 

Machining is a process of material removal using an accurately controlled electric discharge through a small gap 
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approximately 10 to 50 microns filled with dielectric fluid between an electrode and a work piece. The 

technique allows machining high strength and wear resistance alloys, polycrystalline diamond and ceramic 

(ultra – hard conductive material) since the hardness of the work piece has no effect on the process. Unlike the 

traditional cutting and grinding processes, which depends on the force generated by a harder tool to remove the 

softer material work piece, the EDM process is free from contact force and chatter vibration. EDM is widely 

used for making mold and dies and finishing parts for automotive industry, aerospace and surgical components. 

 

 2. LITERATURE REVIEW  

 

 N. Mathan Kumar et al.[1] In  experiment prepared an Al (2618) - Si3N4 – ALN - Zrb2metal matrix 

composite of 0, 2, 4, 6, 8 weight percentage using stir casting and performed experimentation on EDM using 

Taguchi L25 orthogonal array. The 8 Wt. % of Al 2618 composite has achieved the minimum MRR, TWR and 

Depth.Wuyi Ming et al.[2]  conducted 52 experiments on SiC/Al Composites by varying current, pulse on time, 

pulse off time and servo voltage. developed  Regression Model, Back Propagation Neural KalipadaMaity and 

Himanshu Mishra[3]  predicted the material removal rate, and over cut in µ-EDM using ANN by multiple 

inputs  and he found that back propagation algorithm of ANN has given the good accuracy and error obtained 

was 3.860% for MRR, 0.300.  A. B. Pandey and P. K. BrahmankarIn[4] this work, experiments was 

conducted using L27 design of experiment to determine the parameter settings which cause arcing in EDM 

machining ofTiB2p reinforced ferrous matrix composite. N.V. Rengasamy et al.[5]  carried out on the 

composite alloy Al-4032 with Zrb2 & Tib2 to identify the optimize process parameter in EDM machining 

process which influence to obtain minimum material removal rate , tool wear rate  and depth.  N. Mathan 

Kumar et al.[6] experiment were conducted on composite alloy Al-2618-ALN-SiN4-Zrb2, to investigate the 

effect of input parameters. ANOVA and signal to Noise ratio are used to determine the influence of input 

parameters on the Material Removal Rate and Tool Wear Rate  Rajesh Khanna et al.[7]  brass rod 2 mm 

diameter was selected as a tool electrode. The experiments generated output responses such as tool wear rate. 

The percentage contribution of input factors is given by pulse on-time, 94.6 %; pulse off-time, 4.6 %; water 

pressure, 0.14; and error, 0.67 %.  N. Pragadish and M. Pradeep Kumar[8} experimentation on dry and 

conventional EDM using Taguchi’s L27 orthogonal array, observed  that better MRR in dry EDM by increasing 

the current and found that MRR is highest in conventional EDM compared to Dry EDM. Shih-Hsien Chou and 

A-Cheng Wang[9] die-sinking discharge machine with study the re-sticky effect of the debris on the surface of 

tungsten carbide. The results indicated that only negative polarity causes debris from the tungsten carbide to re-

stick on the work surface. N. Radhika et al.[10] Aluminium AlSi10Mg alloy reinforced with 9 %wt. alumina 

and 3 %wt. ANN was used to relate the input and output parameters and optimization was then performed using 

GA which produced an extensive set of optimal solutions that were non-dominant and independent. 
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3.  WORK MATERIAL  

 In this work,  Aluminium (Al-6063) Metal Matrix Composite (MMC) reinforced with 5% of Silicon 

Carbide (SiC) as the work piece. The main purpose of adding SiC ,ceramic composite increases the hardness of 

the Aluminium and Aluminium metal matrix has more applications in the present scenario. Aluminium  Metal 

Matrix Composite prepared in stair casting. Stir casting is a liquid state  fabrication of Metal Matrix Composites 

are prepared by adding ceramics and discontinuous stirring of molten metal by using mechanical devices. The 

Al60635%SiC-5%B4C Metal Matrix Composite (MMC) is prepared on Resistance Melting furnace. 

4. RESPONSE SURFACE METHODOLOGY 

  Response Surface Methodology (RSM) is a collection of mathematical and statistical techniques useful 

for the modeling and analysis of problems in which a response of interest is influenced by several variables and 

the objective is to optimize this response. The Box-Behnken design is an independent quadratic design in that it 

does not contain an embedded factorial or fractional factorial design. In this design the treatment combinations 

are at the midpoints of edges of the process space and at the centre.  

 

5. RSM Experimentation 

 Machining is done on Al-SiC work piece using copper as tool material by varying current, pulse on 

time, pulse off time and tool lift time using RSM method is performed to measure Material Removal Rate 

(MRR), Tool wear rate (TWR) Experimentation is conducted on ASKAR V3525 EDM machine the Process 

Parameter with their levels are given below. 

Parameters Symbol Units Level-1  Level-2  Level-3  

Current I A 9 12 15 

Pulse on time Ton µs 100 150 200 

Pulse off time Toff µs 40 60 80 

Lift time Tlift µs 1.5 3.0 4.5 

Table .1 Process Parameter with their levels 

 

 

6. Results and Discussion : 
 

6.1  Response Surface Regression: MRR versus I, Ton, Toff, Tlift  

 

              Analysis of Variance of MRR show in model less error and good fit of results with developed model. 

The developed model Anova shown in table.2 and that mathematical model give in equation 1. The normal 

probability plot shown in Fig.2 

MRR = -2023.9 + 119.32 Ip + 12.237 Ton + 16.215 Toff + 5.10 Tlift + 7.866 Ip*Ip- 1.1250 Ip*Ton -

 1.5500 Ip*Toff - 0.0806 Toff*Tlift                 (1) 



 

498 | P a g e  

 

 

Fig 1 :  Residual plot for MRR 

 

Source DF AdjSS AdjMS F-Value P-Value 

Model 8 495381 61923 4695.03 0.000 

Linear 4 315186 78797 5974.42 0.000 

Ip 1 232130 232130 17600.29 0.000 

Ton 1 47880 47880 3630.33 0.000 

Toff 1 35080 35080 2659.79 0.000 

Tl 1 2 2 0.15 0.706 

Square 1 34094 34094 2585.02 0.000 

Ip*Ip 1 34094 34094 2585.02 0.000 

2way interaction 3 148530 49510 3753.90 0.000 

Ip*Ton 1 113906 113906 8636.46 0.000 

Ip*toff 1 34596 34596 2623.10 0.000 

Toff*Tlift 1 28 28 2.13 0.160 

Error 19 251 13   

Lack Of Fit 16 197 12 0.70 0.731 

Pure Error 3 53 18   

Total 27 495632    

                                                           Table .2 ANOVA table for MRR 

                                            



 

499 | P a g e  

 From Residual plots, the normal probability plot reveals that the experimental values are equally 

distributed to average value. 

6.2 Effect of Input parameters Responses on MRR 
 

Current: The effect of current on MRR shows that as the current increases. Increase in MRR with increase in 

pulse current is due to enhancement of spark energy that facilitates the action of melting and vaporization. This 

action results in advancing the impulsive force in the spark gap and thereby increasing the MRR.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2 :  Main Effect plot for MRR 

 

Pulse on Time: In our study, MRR decreases with increase in pulse on time. This is due to the fact that the 

short pulses cause less vaporization, whereas long pulse duration causes the plasma channel to expand. The 

expansion of the plasma channel causes less energy density on the work-piece, which is insufficient to melt 

and/or vaporize the work-piece material.   

 

Pulse off Time: With the increase in pulse-off time, better flushing of debris take place from the inter-electrode 

gap, resulting in decrease in MRR.   

 

Lift Time : With the increase in lift time there is decrease in MRR due to less number of pulses . 
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6.3 Comparisons of Experimental and RSM model for MRR 

The experimental and predicted model of RSM are shown below in Table  

MRR-Expt MRR-pred ERROR % error in MRR 

38 35.083 2.91667 7.676316 

654 650.750 3.25000 0.496942 

246 246.250 -0.25000 0.101626 

187 186.917 0.08333 0.044385 

258 258.674 -0.67416 0.26124 

158 158.457 -0.45693 0.289241 

259 258.674 0.32584 0.125869 

264 264.290 -0.29026 0.109848 

154 154.399 -0.39888 0.259091 

134 140.277 -6.27715 4.684328 

416 418.444 -2.44382 0.5875 

138 141.056 -3.05618 2.214493 

416 419.223 -3.22285 0.77476 

324 324.649 -0.64888 0.200309 

194 198.316 -4.31554 2.224742 

220 219.595 0.40543 0.184091 

98 93.261 4.73876 4.835714 

106 100.194 5.80618 5.477358 

568 564.360 3.63951 0.640845 

182 181.140 0.86049 0.472527 

272 273.306 -1.30618 0.480147 

272 271.732 0.26779 0.098529 

149 145.399 3.60112 2.416779 

272 272.511 -0.51124 0.187868 

148 146.178 1.82210 1.231081 

209 208.955 0.04494 0.021531 

212 208.955 3.04494 1.436321 

202 208.955 -6.95506 3.443069 

  Avg % of error                    2.46 
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7. CONCLUSIONS  

In the present work, the empirical models have been developed for EDM process for machining of Aluminium 

metal matrix composite,   machined with copper electrode using RSM. The RSM model developed using 

MINITAB 17. following conclusions are made from the  work done:   

 Metal Removal rate increases with increase in the value of current.   

 MRR decreases with increase in pulse on time.   

 MRR decreases with increase in pulse off time 

 MRR decreases with increase in tool lift time 

 There is a close agreement between experimental and developed RSM models. 
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