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Abstract 

  

AISI 304 stainless steel have a wide range of applications in the industrial field. The need for machining AISI 304 SS has 

not been eliminated fully. Productivity is one of the important machining characteristics of electrical discharge 

machining (EDM) and it is expressed as the material removal rate (MRR). In this investigation an attempt has been made 

to assess the influences of machining parameters on the machining of AISI 304 SS. Design of experiments (full factorial 

design) concept has been used for experimentation. The machining experiments were conducted on a die sinking EDM 

machine using copper electrode tool with two levels of factors. The factors considered were electrode shape, pulse 

current, pulse on time and pulse off time. A procedure has been developed to assess and optimize the chosen factors to 

attain maximum MRR by incorporating: (i) response table and response graph; (ii) normal probability plot; (iii) 

interaction graphs; (iv) analysis of variance (ANOVA) technique.  The results indicated that electrode shape is a factor, 

which has greater influence on MRR, followed by pulse off time. Also the determined optimal conditions really increase 

the MRR on the machining of AISI 304 SS within the ranges of parameters studied. 

 

Keywords: EDM; AISI 304 SS; MRR;   Response table; Response graph; ANOVA; Normal Probability Plot. 

  

 

1. Introduction 

 
1
 In recent years, the practice of hard and difficult to 

machine materials, due to its brilliant technological 

properties, is extensively used in various sectors in modern 

manufacturing industries. Owing to, its excellent 

properties and behavior in these applications even more 

challenging, its transformation and processing they present 

problems which limit the accuracy and rising production 

costs. Consequently, the machining of such material in an 

efficient manner is a challenge (S. K. Majhi et al, 2013). 

Electro Discharge Machining (EDM) is a brilliant solution 

to this problem, it is generally used to machine difficult-

to-machine materials, high strength, temperature resistant 

alloys and manufacturing of tools and dies for machining 

cavities and counter shaping and cutting, as long as the 

workpiece material is conductive (A. Dvivedi et al, 

2008).It is an electro-thermal erosion process where 

material is removed by a successive trend of controlled 

rapid and repetitive discrete electrical discharges (sparks), 

produced by a DC pulse generator, taking place between 

tool and work piece electrodes submerged in a liquid 

dielectric medium (S. Assarzadeh and M. Ghoreishi, 

2013). It is assertion that EDM is now the fourth most 

popular machining method after milling, turning, and 

grinding. However, the efficiency of machining is less in 

comparison to conventional machining performance of 

any process is characterized by its product quality and 
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productivity. EDM process is very demanding but the 

mechanism of process is complex and far from completely 

understood. Therefore, it is hard to establish a model that 

can accurately predict the response (productivity, surface 

quality etc.) by correlating the process parameter, though 

several attempts have been made (M. K. Pradhan and C. 

K. Biswas, 2009).Since it is a very costly process, optimal 

setting of the process parameters are up most important to 

reduce the machining time to enhance the productivity (M. 

K. Pradhan and C. K. Biswas, 2008). Improving the MRR 

and surface quality are still challenging problems that 

restrict the expanded application of the technology (K. 

Wang et al, 2003).  The selected AISI 304 stainless steel 

material for the present investigation is having a wide 

range of applications in the industrial field: Chemical, 

Pharmaceutical, Cryogenic, Food, Dairy, Paper industries 

etc. (P. S. Rao et al, 2010). 

 In the present work, a procedure has been developed to 

assess and optimize the chosen factors to attain maximum 

MRR by incorporating: (i) response table and response 

graph; (ii) normal probability plot; (iii) interaction graphs; 

(iv) analysis of variance (ANOVA) technique. 

 

2. Scheme of investigation 

 

In order to achieve the desired metal removal rate (MRR) 

on the AISI 304 SS workpiece, the present investigation 

has been planned in the following steps: 

i. Identifying the important factors, which influence the 

metal removal rate on the machining of AISI 304 SS; 
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Table 1: Important parameters and their levels 

 

S. no Parameter Notation Unit 

Levels 

Actual factors Coded factors 

Low High Low High 

1 Electrode shape A - Mono Multi -4channels -1 +1 

2 Pulse current B Amp. 30 36 -1 +1 

3 Pulse on time C µsec. 100 150 -1 +1 

4 Pulse off time D µsec. 50 75 -1 +1 

 

ii. Finding the upper and lower limits of the factors 

identified; 

iii. Developing the experimental design matrix using 

design of experiments; 

iv. Conducting the experiments as per the design matrix; 

v. Assessing the factors and its effects using    response 

table and effect graph; 

vi. Assessing the real or chance effect of factors using 

normal probability plot; 

vii. Analyzing the results using ANOVA; 

viii. Optimizing the chosen factor levels to attain 

maximum MRR. 
 

2.1. Identifying the important factors 

 

Based on the previous published results (R. Atefi et al, 

2012; L. Li et al, 2012), the machining parameters, which 

are having significant effect on MRR. The machining 

parameters identified are: (i) electrode shape; (A), (ii) 

pulse current (B); (iii) pulse on time (C); (iv) pulse off 

time (D). Out of which electrode shape has been specially 

applied. 

 

2.2. Finding the upper and lower limits of the factors 

identified 

 

For finding the upper and lower limits of the machining 

parameters, a detailed analysis has been carried out. The 

limits identified are discussed below: 

(i) The studies related to EDM of AISI 304 SS indicate 

that electrode shape is the factor, which highly influences 

the MRR. Also the increase of number of holes inside the 

electrode (to certain limit) increases the MRR. The higher 

number of holes leads to large MRR in the AISI 304 SS. 

In EDM of AISI 304 SS, during machining, at higher 

number of holes, large MRR it leads to high productivity 

(O. Yilmaz and M. A. Okka, 2010). For maintaining the 

proper MRR, the electrode shape has been set at 

reasonable level of being mono and multi 4 -channels. 

(ii) Pulse current is another important factor which 

influences MRR. Higher pulse current causes a stronger 

spark, which results in more eroded material from the 

workpiece (M. Shabgard et al, 2011). In the present study, 

the Pulse current is 30 and 36. 

(iii) The MRR increases with increase in pulse duration at 

all value of peak current. The MRR is a function of pulse 

duration but at low value of peak current, the MRR is low 

due to the insufficient heating of the material and also 

after pulse duration, the MRR increases less because of 

insufficient clearing of debris from the gap due to 

insufficient pulse interval (K. Sandeep, 2013).The pulse 

on time chosen between 100 and 150 µsec. 

(iv) The MRR decreases when pulse-off time is increased 

this is because when Toff increases, there will be an 

undesirable heat loss which does not contribute to MRR. 

This will lead to drop in the temperature of the workpiece 

before the next spark starts and therefore MRR decreases 

(M. K. Pradhan and C. K. Biswas, 2008) and hence the 

pulse-off time has been selected at reasonable level and is 

50 and 75 µsec. 

 

2.3. Developing the experimental design matrix using 

design of experiments 

 

An experiment is a series of trials or tests, which produces 

quantifiable outcomes. The experiment may be random or 

deterministic. For experimentation, design of experiment 

in statistics has been used. The merit of this experimental 

scheme is that the cost of experimentation is reduced 

considerably as compared to one factor at a time type 

experiment. The identified factors and its lower and upper 

limits are discussed in sections 2.1 and 2.2. In this 

experimental scheme, all possible combinations of levels 

are included so that there are 2n (where n refers to the 

number of factors, i.e., 24 = 16) trials in the experiment 

(A. N Sait et al, 2009). The notations, units and their levels 

chosen are summarized in Table 1. For easy recording and 

processing of experimental data, the parameters levels are 

coded as +1 and −1. The intermediate coded value of any 

levels can be calculated by using the following expression 

(S. Ravi et al, 2004): 

 

X_i=(X-[(X_(max.)+X_(min.) )/2])/[(X_(max.  )-X_(min.) )/2]       (1)

           

Where Xmax is the upper level of the parameter, Xmin is 

the lower level of the parameter and Xi is the required 

coded values of the parameter of any value of X from 

Xmin to Xmax. 

 

2.4. Conducting the experiments 
 

The Electrical Discharge Machining experiments were 

conducted at the Center of Training and Workshop at 

University of Technology, Iraq. The experiments were 

performed on a die sinking EDM machine (CHMER EDM 

CNC) which operates with an iso-pulse. 

 The workpiece material used in this study was AISI 

304 stainless steel. Prior to EDM processing, the 

workpiece was square specimens 35 × 35 mm and 3 mm 

thick with a roughness Ra of 2 μm on the surface to be 

machined. The chemical composition of the workpiece 

material is given in Table 2. 

 Electrolytic copper cylindrical bars 100 mm long with 

a diameter of 30 mm were mounted axially in line with  
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Table 2: Chemical composition of 304 stainless steel workpiece 

 

Material C% Si% Mn% Cr% Ni% Mo% Cu% Fe% 

% weight 0.07 0.64 1.4 18.5 10.2 0.3 0.1 Balance 

  

Table 3: Chemical composition of tool electrode 

 

Material Fe% Si% Sb% Zn% Sn% Al% P% Cu% 

% weight 0.015 0.01 0.002 0.004 0.004 0.004 0.002 Balance 

 

Table 4: Design matrix and corresponding output response 

 
Exp. 

No 

Coded factors Actual factors MRR 

mm3/min. A B C D A B C D 

1 -1 -1 -1 -1 Mono 30 100 50 18.217 

2 +1 -1 -1 -1 Multi 4 channels 30 100 50 25.140 

3 -1 +1 -1 -1 Mono 36 100 50 20.617 

4 +1 +1 -1 -1 Multi 4 channels 36 100 50 28.450 

5 -1 -1 +1 -1 Mono 30 150 50 19.128 

6 +1 -1 +1 -1 Multi 4 channels 30 150 50 26.397 

7 -1 +1 +1 -1 Mono 36 150 50 20.816 

8 +1 +1 +1 -1 Multi 4 channels 36 150 50 27.064 

9 -1 -1 -1 +1 Mono 30 100 75 14.313 

10 +1 -1 -1 +1 Multi 4 channels 30 100 75 19.751 

11 -1 +1 -1 +1 Mono 36 100 75 16.476 

12 +1 +1 -1 +1 Multi 4 channels 36 100 75 22.734 

13 -1 -1 +1 +1 Mono 30 150 75 15.029 

14 +1 -1 +1 +1 Multi 4 channels 30 150 75 20.739 

15 -1 +1 +1 +1 Mono 36 150 75 16.815 

16 +1 +1 +1 +1 Multi 4 channels 36 150 75 23.197 

 

workpieces and used as tool electrode at positive polarity, 

through hole was drilled as shown in Fig. 1. 

 The gap between the electrode and the workpiece is 

0.20 mm.  The chemical composition of the electrode 

material is given in Table 3. 

    Commercial grade EDM oil was used as dielectric fluid. 

Pressure flushing with 0.3 Kg/cm
2
 was used. A digital 

balance (DENVER INSTRUMENT) with a resolution of 

0.1 mg was used for weighing the workpieces before and 

after the machining process. The metal removal rate MRR 

(mm
3
/min.) is defined as the mass of metal removed M2 

from the original mass M1 (g) divided by the density of 

workpiece    (g/mm
3
), and T is the machining time (min). 

Eq. (2) show the calculations used for assessing the values 

of MRR. The design matrix and the corresponding 

responses are given in Table 4. 

 

    
     

   
               (2) 

 
Fig. 1: Geometry of the tool electrode and the workpiece. 

3. Assessing the factors and its effects 
 

Assessing the factors and its effects on MRR of AISI 304 

SS machining process has been carried out through: (i) 

response table and response graph; (ii) normal probability 

plot; (iii) analysis of variance (ANOVA) technique. 
 

3.1. Response table and response graph 

 

The influence of machining parameters on MRR has been 

performed using response table. Response tables are used 

to simplify the calculations needed to analyze the 

experimental data. In response table, the effect of a factor 

on a response variable is the change in the response when 

the factor goes from its low level to its high level. The 

complete response table for a two level, 16 run full 

factorial experimental design is shown in Table 5. If the 

effect of a factor is greater than zero, the average response 

is higher for the higher level of the factor than for the low 

level. However, if the estimated effect is less than zero, it 

indicates that the average response is higher at low level of 

the factor than at high level. If the effect for a factor is 

very small, then it is probably because of random variation 

than a real factor effect. The graphical display such as 

response graph can be used, in conjunction with a 

response table, to identify appropriate settings for 

machining parameters to maximize the average MRR (S. 

Ravi et al, 2004). The effect of main and interaction 

factors derived from the response table for machining 

process is plotted in Fig. 2. The procedure involved in the 

construction of a response table and response graph is 

explained elsewhere (T. Barker, 1985). From Fig. 2, it is  
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Table 5: Response table for metal removal rate 

 

S. No 
MRR A B C D AB AC AD 

mm3/min. -1 1 -1 1 -1 1 -1 1 -1 1 -1 1 -1 1 

1 18.217 18.217   18.217   18.217   18.217     18.217   18.217   18.217 

2 25.14   25.14 25.14   25.14   25.14   25.14   25.14   25.14   

3 20.617 20.617     20.617 20.617   20.617   20.617     20.617   20.617 

4 28.45   28.45   28.45 28.45   28.45     28.45 28.45   28.45   

5 19.128 19.128   19.128     19.128 19.128     19.128 19.128     19.128 

6 26.397   26.397 26.397     26.397 26.397   26.397     26.397 26.397   

7 20.816 20.816     20.816   20.816 20.816   20.816   20.816     20.816 

8 27.064   27.064   27.064   27.064 27.064     27.064   27.064 27.064   

9 14.313 14.313   14.313   14.313     14.313   14.313   14.313 14.313   

10 19.751   19.751 19.751   19.751     19.751 19.751   19.751     19.751 

11 16.476 16.476     16.476 16.476     16.476 16.476     16.476 16.476   

12 22.734   22.734   22.734 22.734     22.734   22.734 22.734     22.734 

13 15.029 15.029   15.029     15.029   15.029   15.029 15.029   15.029   

14 20.739   20.739 20.739     20.739   20.739 20.739     20.739   20.739 

15 16.815 16.815     16.815   16.815   16.815 16.815   16.815   16.815   

16 23.197   23.197   23.197   23.197   23.197   23.197   23.197   23.197 

Average 20.93 17.676 24.18 19.84 22.02 20.71 21.15 23.23 18.63 20.84 21.02 20.98 20.88 21.21 20.65 

Effect   6.504 2.18 0.44 -4.6 0.18 -0.1 -0.56 

 

S. No 
BC BD CD ABC ABD ACD BCD ABCD 

-1 1 -1 1 -1 1 -1 1 -1 1 -1 1 -1 1 -1 1 

1   18.217   18.217   18.217 18.217   18.217   18.217   18.217     18.217 

2   25.14   25.14   25.14   25.14   25.14   25.14 25.14   25.14   

3 20.617   20.617     20.617   20.617   20.617 20.617     20.617 20.617   

4 28.45   28.45     28.45 28.45   28.45     28.45   28.45   28.45 

5 19.128     19.128 19.128     19.128 19.128     19.128   19.128 19.128   

6 26.397     26.397 26.397   26.397     26.397 26.397     26.397   26.397 

7   20.816 20.816   20.816   20.816     20.816   20.816 20.816     20.816 

8   27.064 27.064   27.064     27.064 27.064   27.064   27.064   27.064   

9   14.313 14.313   14.313   14.313     14.313   14.313   14.313 14.313   

10   19.751 19.751   19.751     19.751 19.751   19.751     19.751   19.751 

11 16.476     16.476 16.476     16.476 16.476     16.476 16.476     16.476 

12 22.734     22.734 22.734   22.734     22.734 22.734   22.734   22.734   

13 15.029   15.029     15.029   15.029   15.029 15.029   15.029     15.029 

14 20.739   20.739     20.739 20.739   20.739     20.739 20.739   20.739   

15   16.815   16.815   16.815 16.815   16.815   16.815     16.815 16.815   

16   23.197   23.197   23.197   23.197   23.197   23.197   23.197   23.197 

Average 21.2 20.66 20.85 21.01 20.83 21.03 21.06 20.8 20.83 21.03 20.828 21.032 20.78 21.08 20.82 21.04 

Effect -0.54 0.16 0.02 -0.26 0.2 0.204 0.3 0.22 

 

inferred that the larger the vertical line, the larger the 

change in MRR when going from level 1 to level 2 for a 

factor. It will be pointed out that the statistical significance 

of a factor is directly related to the length of the vertical 

line (see Fig. 2). 

 

3.2. Normal probability plot 

 

In response graph, it is found that some of the factor 

effects are larger than the other, but it is not clear, whether 

these results are real or chance. To identify the real effects, 

normal probability plot are used and is shown in Fig. 3. 

Normal plot is a graphical technique based on „„Central 

limit theorem‟‟. The procedure for constructing the normal 

probability plot is given elsewhere (R. Lochner and J. 

Mater, 1990). The calculations required for constructing 

the graph is shown in Table 6. As per the normal 

probability plot, points which are close to a line fitted to 

the middle group of points represent estimated factors 

which do not demonstrate any significant effect on the 

response variable. On the other hand, the points appear to 

be far away from the straight line are likely to represent 

the real factor effects on the MRR. In Fig. 3, A, B and D 

are quite away from the straight line and are considered to 

be significant. 

 

 
 

Fig. 2: Response graph. 



Maan Aabid Tawfiq et al                                                    Assessment of some factors influencing MRR on the EDM of AISI 304 by Multi Hole Electrode 

 

2527 | International Journal of Current Engineering and Technology, Vol.4, No.4 (Aug 2014) 

 

 
 

Fig. 3: Normal probability plot 

 

 

3.3. Analysis of variance 

 

Table 6: Calculation for normal probability plot 

 
Factors D [-1] D[+1] 

A[-1] 18.217 14.313 

 20.617 16.476 

 19.128 15.029 

 20.816 16.815 

 78.778/4=19.695 62.663/4=15.658 

A[+1] 25.140 19.751 

 28.450 22.734 

 26.397 20.739 

 27.064 23.197 

 107.1/4=26.760 86.421/4=21.605 

 

The normal probability plot has the disadvantage of not 

providing a clear criterion for what values for estimated 

effects indicate significant factor or interaction effects. In 

addition, how do we measure amount of departure from 

the straight line pattern .ANOVA meets this need by how 

much an estimate must differ from zero in order to be 

judged “statistically significant”. The ANOVA result is 

presented in Table 7. This analysis has been carried out for 

a level of significance of 5%, i.e., for a level of confidence 

of 95%. From the ANOVA results, it is concluded that the 

factors A, B, C, D and their interactions AD and BC  have 

significant effect on metal removal rate and AB, AC, BD, 

CD  have no effect at 95% confidence level. As the 

interaction effect of AD and BC seems to be significant to 

the MRR, the average values of the MRR are calculated 

for all the combinations and are presented in Tables 8 and 

9. By using the values of interaction, the significant 

interaction graphs are drawn for each combination of 

levels. The significant interactions between the parameters 

(AD and BC) are shown in Figs. 4 and 5. The insignificant 

interactions (AB, AC, BD and CD) are presented in Tables 

10 and 13 and shown in Figs. 6 – 9. In these figures the 

lines are parallel to each other, which show that there is no 

interaction between parameters. By analyzing these figures 

also evident from ANOVA analysis, it has been concluded 

that AD is more interactive than BC. 

 

Table 7: ANOVA test results 

 

S
. 

n
o
 

F
ac

to
rs

 

E
st

im
at

ed
 

ef
fe

ct
s 

E
ff

ec
t 

sq
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ar

ed
 

(E
2
) 

D
O

F
 

M
ea

n
 

sq
u
ar

e 

(M
S

) 

F
ra

ti
o
 

1 A 6.504 42.302 1 42.302 738.254 

2 B 2.180 4.752 1 4.752 82.932 

3 C 0.44 0.193 1 0.193 3.368 

4 D -4.6 21.160 1 21.160 369.284 

5 AB 0.18 0.032 1 0.032 0.558 

6 AC -0.1 0.010 1 0.010 0.174 

7 AD -0.56 0.313 1 0.313 5.462 

8 BC -0.54 0.291 1 0.291 5.078 

9 BD 0.16 0.025 1 0.025 0.436 

10 CD 0.02 0.0004 1 0.0004 00.69 

11 ABC -0.26 0.067    

12 ABD 0.2 0.040 
   

13 ACD 0.204 0.0416    

14 BCD 0.3 0.090    

15 ABCD 0.22 0.048    

Error  5 0.0573  

 

Table 8: Calculation for A and D interaction graphs 

 
Factors D [-1] D[+1] 

A[-1] 18.217 14.313 

 20.617 16.476 

 19.128 15.029 

 20.816 16.815 

 78.778/4=19.695 62.663/4=15.658 

A[+1] 25.140 19.751 

 28.450 22.734 

 26.397 20.739 

 27.064 23.197 

 107.1/4=26.760 86.421/4=21.605 

 

Table 9: Calculation for B and C interaction graphs 

 

Factors C [-1] C[+1] 

B[-1] 18.217 19.128 

 25.140 26.397 

 14.313 15.029 

 19.751 20.739 

 77.421/4=19.355 81.293/4=20.323 

B[+1] 716.02 20.816 

 756.81 27.064 

 16.476 16.815 

 22.734 23.197 

 88.277/4=22.069 87.892/4=21.973 
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Table 10: Calculation for A and B   interaction graphs 

 
Factors B [-1] B[+1] 

A[-1] 18.217 20.617 

 19.128 20.816 

 14.313 16.476 

 15.029 16.815 

 66.687/4= 16.672 74.724/4=18.681 

A[+1] 25.140 28.450 

 26.397 27.064 

 19.751 22.734 

 20.739 23.197 

 92.027/4=23.007 101.45/4=25.361 

 

Table 11: Calculation for A and C interaction graphs 

 
Factors C [-1] C[+1] 

A[-1] 18.217 19.128 

 20.617 20.816 

 14.313 15.029 

 16.476 16.815 

 69.623/4=17.406 71.788/4=17.947 

A[+1] 25.140 26.397 

 28.450 27.064 

 19.751 20.739 

 22.734 23.197 

 96.0754=24.018 97.397/4=24.349 

 

Table 12: Calculation for B and D interaction graphs 

 

Table 13: Calculation for C and D interaction graphs 

 
Factors D [-1] D[+1] 

C[-1] 18.217 14.313 

 25.140 19.751 

 20.617 16.476 

 28.450 22.734 

 92.424/4=23.106 73.270/4=18.320 

C[+1] 19.128 15.029 

 26.397 20.739 

 20.816 16.815 

 27.064 23.197 

 93.405/4=23.351 75.780/4=18.945 

 

 
Fig. 4: Interaction between A and D 

 
Fig. 5: Interaction between B and C 

 

 
 

Fig. 6: Interaction between A and B 

 

 
 

Fig. 7: Interaction between A and C 

 

 
 

Fig. 8: Interaction between B and D 

Factors D [-1] D[+1] 

B[-1] 056702 14.313 

 7860.1 19.751 

 19.128 15.029 

 26.397 20.739 

 88.88/4=22.220 69.832/4=17.458 

B[+1] 716.02 16.476 

 756.81 22.734 

 20.816 16.815 

 27.064 23.197 

 96.947/4=24.236 79.222/4=19.805 
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Fig. 9: Interaction between C and D 
 

4. Optimizing the chosen factor levels to attain 

maximum metal removal rate 
 

From the analysis of response graph, response table, and 

interaction graphs, the optimal machining parameters for 

the AISI 304 SS machining process is achieved for the 

maximum value of MRR. The optimal conditions arrived 

are: 

(i) Electrode shape at high level (Multi – 4 channels). 

(ii) Pulse current Pulse current at high level (36 Amp.). 

(iii) Pulse on time at low level (50 µsec.). 

(iv) Pulse off time at low level (50 µsec.). 

Based on the above optimum conditions, the maximum 

value of MRR can be obtained from the following 

expression using the values form response table (Table 5) 

(S. Ravi et al, 2004; R. Lochner and J. Mater, 1990). 
 

MRR (max.) = [grand mean] 
+ [contribution of A] + [contribution of B] 

+ [contribution of C] + [contribution of D] 

+ [contribution of AD] + [contribution of BC]           (3) 

 
MRR (max.) = Ȳ + [A (+1) − Ȳ] + [B (+1) − Ȳ] + [C (−1) − Ȳ] + [D (−1) − Ȳ] + 

[AD (−1) − Ȳ] + [(BC (−1) − Ȳ)]  

 
MRR (max.) = 20.930 + [24.180 –20.930] + 

[22.020 – 20.930] + [20.710 – 20.930] + 

[23.230 – 20.930] + [21.020 – 20.930] + 
[21.210 – 20.930] + [21.200 – 20.930] 

 

MRR (max.) = 28.340 mm3/min. 

 

The above result reveals that the MRR (max.) on the 

machining of AISI 304 SS within the range of factor under 

investigation is 28.430 mm
3
/min. To check the validity of 

this optimization procedure, the aforementioned MRR 

value is compared with the experimental values, obtained 

for the same optimized conditions and the variation is 

within the reasonable accuracy (+5%). Moreover, the 

equation mentioned earlier (3) can be effectively used to 

predict the MRR of EDMed AISI 304 SS drills at a 95% 

confidence level by multiplying the contributions with 

corresponding coded values of the main and interaction 

factors. 

 

Discussions 

 

The material removal rate depends not only on the 

workpiece material but on the material of the tool 

electrode and the machining parameters such as flushing 

pressure, pulse current, pulse on time, pulse off time etc. 

(H. El-Hofy, 2005). 

 From the results, it can be seen that the MRR is 

minimum at mono electrode shape. The MRR increases 

with the increase of number of holes inside the electrode. 

The reason being at multi 4 - channels, debris removed 

from efficient machining area more than mono hole thus 

multi 4 - channels brings fresh dielectric in the inter 

electrode gap. 

 The MRR observed at the pulse current of 36 Amp. is 

more than the MRR observed at lower pulse current. This 

is expected because an increase in pulse current produces 

strong spark, which produces the higher temperature, 

causing more material to melt and erode from the 

workpiece as it is concluded in Ref. (M. K. Pradhan, 

2010). 

 It is clearly evident that with the increasing pulse-on-

time, increase MRR.  Higher pulse-on-time, i.e. spark 

energy for a longer time, results in larger craters on work 

piece and thus increases MRR. This finding has close 

relationship with the results presented by Ref. (P. S. 

Bharti, 2012). 

 Also the increase in pulse-off-time decreased the MRR 

as with long pulse-off time the dielectric fluid produces 

the cooling effect on electrode and work piece and hence 

decreases the MRR (M. K. Pradhan and C. K. Biswas, 

2008). 

 The observed results shown proved that the main 

factor, which affects the MRR, is electrode shape. The 

pulse-on-time only plays small role on AISI 304 SS 

machining process. 

The interaction between machining parameters also play a 

prominent role in machining of AISI 304 SS. In the 

present study, only two interactions namely AD and BC 

have significant effects.  

 

Conclusion 

 

Using experimental design, the process parameters 

influencing the MRR on the machining of AISI 304 SS 

has been assessed. 

(1) This technique is convenient to predict the main effects 

and interaction effects of different influential 

combinations of machining parameters. 

(2) Electrode shape is the factor, which has greater 

influence on MRR, followed by pulse off time. 

(3) The interaction between electrode shape and pulse off 

time has more influence comparing with other interactions 

on MRR on the machining of AISI 304 SS. 

(4) The parameters considered in the experiments are 

optimized to attain maximum MRR using response graph, 

response table, normal probability plot, interaction graphs 

and analysis of variance (ANOVA) technique. 

(5) The optimization procedure can be used to predict the 

MRR for EDM of AISI 304 SS within the ranges of 

variable studied. However, the validity of the procedure is 

limited to the range of factors considered for the 

experimentation. 
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