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Abstract— Manufacturing / production is undergoing various 

changes due to customer needs for quality, reliable, high 

hardness and impact resistance of the product. To meet such 

requirements manufacturers are make use of EDM machines. 

EDM are used to cut conductive metals of any hardness or 

that are difficult or impossible to cut with the traditional 

methods. The machines are also specialized in cutting 

complex contours or fragile geometries that would be 

difficult to be produced using conventional cutting methods. 

However, environmental impact due to release of toxic 

emissions aerosols during the process, poor operational safety 

due to fire hazard, electromagnetic radiation and non-bio 

degradable waste are the major problems concerned with 

conventional dielectric fluids (i.e. kerosene, hydro carbon, 

etc.,). To reduce the problems with conventional die electric 

fluids waste palm oil blended with kerosene is used. The 

objective of the present work was to investigate the effects of 

process parameters on the machining quality and to obtain 

optimal process parameters so that the quality of the 

machined parts can be optimized. The process parameters 

consider for the present work is current (I), voltage (V), pulse 

on (P on), and pulse off (P off) and responses are metal 

removal rate (MRR) surface roughness (Ra). Comparison of 

optimum values by using Gray Relational analysis(GRA) and 

TOPSIS.  

Key words: Electric discharge Machining (EDM), Material 

Removal Rate (M.R.R), Surface roughness (Ra), Gray 

Relational Analysis (GRA), Technique for order of 

preference by similarity to ideal solution TOPSIS 

I. INTRODUCTION 

Electric discharge machining (EDM) is a nonconventional 

machining process whereby a desired shape is obtained using 

electrical discharges (sparks). Material is removed from the 

work piece by a series of rapidly recurring current discharges 

between two electrodes, separated by a dielectric liquid and 

subject to an electric voltage. One of the electrodes is called 

the tool-electrode, while the other is called the work piece-

electrode, or ‘work piece’. 

As the technology goes on increasing impact on the 

environment also increasing [1]. The major changes or 

improvements were done at the areas of die electric fluid and 

process parameter optimization. EDM processes have gone 

through considerable changes in terms of types of dielectric 

fluids used and modes of dielectric supply. Hydrocarbon oils,  

Water-based solutions, synthetic and mineral oil, 

and gaseous dielectric fluids have been experimented with 

wet, powder mixed, dry and near-dry modes of dielectric 

supply. EDM process has expanded its stems into the 

manufacture of simple to the most complex geometrical 

profiles, processing of low to high melting temperature 

materials, processing of soft to the hardest materials and 

generating rough to mirror finished surface accuracies.  

  Tzeng and Chen (2003) presented a simple approach 

for optimizing high-speed electrical-discharge machining 

(EDM). The approach began with designing the ideal 

function of an EDM system coupled with Taguchi methods 

for process optimization. It was proposed that the ideal 

function had linear relationship between the input signal 

(intended dimension) and the output response (product 

dimension).  

Wu et al. (2005) investigated the effect of surfactant 

and Al powders added in the dielectric on the surface status 

of the work piece after EDM. An optimal surface roughness 

(Ra) value was achieved under the following parameter 

positive polarity, discharge current, pulse duration time, open 

circuit potential, gap voltage and surfactant 7 concentration. 

The surface roughness status of the work piece was improved 

up to 60% as compared to that EDM under pure dielectric 

with high surface roughness.  

Ghoreishi and Assarzadeh (2006) used two 

supervised neural networks, namely back propagation (BP), 

and radial basis function (RBF) for modeling EDM process. 

The networks had three inputs of current, voltage and period 

of pulses as the independent process variables, and two 

outputs of material removal rate (MRR) and surface 

roughness (Ra) as performance characteristics.  

Mahapatra and Patnaik (2006) used Taguchi’s 

parameter design to identify significant machining 

parameters: discharge current, pulse duration, pulse 

frequency, wire speed, wire tension, and dielectric flow 

affecting the performance measures of WEDM. The 

relationship between control factors and responses like metal 

removal rate (MRR), surface finish (SF) and cutting width 

(kerf) were established by means of nonlinear regression 

analysis, resulting in a valid mathematical model. Finally, 

genetic algorithm, a popular evolutionary approach, was 

employed to optimize the wire electrical discharge machining 

process with multiple objectives. The study demonstrated that 

the WEDM process parameters could be adjusted to achieve 

better metal removal rate, surface finish and cutting width 

simultaneously.  

Kansal et al. (2006) described an investigation 

towards optimization of EDM process in which silicon 

powder was suspended into the dielectric fluid. Taguchi’s 

method with multiple performance characteristics has been 

adopted to obtain an overall utility value that represented the 

overall performance of powder mixed EDM (PMEDM). The 

four input process parameters, viz. silicon powder 

concentration added into dielectric fluid, peak current, pulse 

duration and duty cycle, were optimized with consideration 

of multiple performance characteristics including machining 

rate, surface roughness and tool wear rate.  

Routara et al. (2007) studied the influence of 

machining parameters of EDM for machining of tungsten 

carbide (WC) using electrolyte copper of negative polarity on 
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machining characteristics. The second order mathematical 

models in terms of machining parameters were developed for 

surface roughness prediction using response surface 

methodology (RSM) on the basis of experimental results.  

Reesa et al. (2008) investigated the technological 

capabilities of a micro machining process for performing 

Wire Electro Discharge Grinding (WEDG). In this study, the 

effects of different factors on the achievable surface finish 

after WEDG were investigated. An experimental study 

employing the Taguchi parameter design method was 

conducted to identify the most important main cut machining 

parameters that affect the surface quality of the machined 

parts. The obtained results were used to analyze the effects of 

the investigated parameters on the achievable surface 

roughness, and ultimately to select the optimum 

technological parameters for performing WEDG.  

Singh and Garg (2009) investigated the effects of 

various process parameters of WEDM (like pulse on time, 

pulse off time, gap voltage, peak current, wire feed and wire 

tension) to reveal their impact on material removal rate of hot 

die steel (H-11) using one variable at a time approach. The 

optimal set of process parameters was also predicted to 

maximize the material removal rate. It was found that 

material removal rate (MRR) directly increased with increase 

in pulse on time and peak current while decreased with 

increase in pulse off time and servo voltage.  

Rao et al. (2011) considered wire-cut electric 

discharge machining of aluminum-24345 with 

experimentation done by using Taguchi’s orthogonal array 

under different conditions of parameters. The response of 

surface roughness was considered for improving the 

machining efficiency. Optimal combinations of parameters 

were obtained by this method.  

Sivapirakasam et al. (2011) aimed to develop a 

combination of Taguchi and fuzzy TOPSIS methods to solve 

multi-response parameter optimization problems in green 

manufacturing. Electrical Discharge Machining (EDM), a 

commonly used non-traditional manufacturing process was 

considered in this study. A decision making model for the 

selection of process parameters in order to achieve green 

EDM was developed.  

Lazarenko had the idea of exploiting the destructive 

effect of electrical discharge and developed a controlled 

process for machining materials that are conductors of 

electricity. This was in 1943; erosion by electrical discharges 

was born. 

Researchers [2] observed from the experimental 

results that the graphite powder and surfactant added 

dielectric fluid significantly improved the MRR, reduces the 

surface roughness (SR), tool wear rate (TWR) and recast 

layer thickness (RLT) at various conditions. Presence of [3] 

metal partials in dielectric fluid diverts its properties, which 

reduces the insulating strength of the dielectric fluid and 

increases the spark gap between the tool and work piece. As 

a result, the process becomes more stable and metal removal 

rate (MRR) and surface finish increases. The EDM process is 

mainly used for making dies, moulds, parts of aerospace, 

automotive industry and surgical components etc. This paper 

reviews the research trends in EDM process by using water 

and powder mixed dielectric as dielectric fluid. The results 

showed that [4] using tap water as dielectric fluid for  

machining  can obtain high MRR, decrease the machining 

cost and have no harmful to the operators and the 

environment. The next area of improvement is process 

parameters optimization. Material Removal Rate (MRR), 

Tool Wear Rate (TWR), ElectrodeWear Ratio (EWR) and 

Surface Roughness (SR) have been investigated using 

chromium powder mixed to the dielectric.[5] Analysis of 

variance (ANOVA) and F-test were performed to determine 

the significant parameters at a 95% confidence interval. 

Predicted results have been verified by confirmatory tests 

which show an improvement in the preference values using 

TOPSIS and GRA respectively. 

In the present work kerosene is replaced with waste 

palm oil blended with kerosene and Experiments were carried 

out based on Taguchi L9 orthogonal array and comparison of 

optimization by using grey relational analysis and TOPSIS. 

A. Waste Palm Oil Blended With Kerosene As Dielectric 

Fluid: 

Waste palm oil blended with kerosene was alternate die 

electric fluid in EDM. The waste palm oil pocesses some 

important properties to provide sustainable and economical 

machining. It was Eco-friendly, since it provides very less 

emissions than the kerosene. The potential properties of waste 

palm oil blended with kerosene as a die electric fluid is given 

below. 

Higher flash point, excellent biodegradability, 

higher oxygen content, Low carbon atom chain, nontoxic, 

higher breakdown voltage, higher viscosity, Lower toxic 

emissions & lower volatility and toxic emissions. 

Many researches said that waste vegetable oils as 

dielectric fluid in EDM had significant performance by 

improving sustainability and material removal rate (M.R.R). 

Waste palm oil was blended with kerosene and 

sodium dicolus sulphate was used as the surfactant.  Ultra 

solidification and agitation was done for proper blending of 

waste palm oil with kerosene. The agiator and ultrasonicator 

were shown in fig.1.1 

 
Fig. 1.1: Agitator and Ultrasonicator 

Property 

 

Waste palm oil 

blended with 

kerosene 

Kerosene 

Density (gm/ml) 0.845 0.80 

Viscosity at (40 °C) 6.56 2.71 

Thermal 

conductivity 

(W/m·K) 

0.168 0.15 

Specific heat 

(J/kg·K) 
1.9 2.01 

Flash point (°C) 130 81 

BD voltage (kV/2.5 

mm) 
22 18 

Dielectric Constant 3.4 4.7 

Table 1.1:   properties of waste palm oil blended with 

kerosene and kerosene based dielectric fluids. 



Comparison of Optimum Cutting Parameters in Machining Die Steel (En 31) By Using Gray Relational Analysis and TOPSIS 

 (IJSRD/Vol. 4/Issue 07/2016/124) 

  

 All rights reserved by www.ijsrd.com 519 

Some values of the dielectric are taken from literature. 

II. EXPERIMENTATION 

A. Selection of Work Piece: 

For the present work copper as electrode having excellent 

electrical and thermal conductivity. The properties of the 

electrode are given in table 2.1. The work piece material is 

die steel EN 31 with the dimension of 120×100×10 mm 

which is utilized for manufacturing of various products in our 

day to day life. The chemical composition of the work piece 

as shown in the below table2.2 

Compositio

n 

Density 

(gm/cm3

) 

Meltin

g point 

Thermal 

resistivit

y 

Hardnes

s 

99.9% 

copper 
8.904 

1083o 

C 
9cm HB 100 

Table 2.1: Properties of the Electrode material used. 

Composition C Mn Si S P Cr 

Percentage 1.07 0.57 0.32 0.04 0.04 1-1.6 

Table 2.2: chemical composition of die steel (EN31) 

Mechanical properties are 

Modulus of Elasticity 197.37 GPa 

Yielding Strength 528.97 MPa 

Ultimate Tensile Strength 615.4 MPa 

In this study, the Die Sinking EDM machine is used 

and the experimental setup is shown in Fig. 1. A copper rod 

with the diameter of 16 mm and the height of 70 mm was used 

as electrode in this study. In addition, waste palm oil blended 

with kerosene was employed as a dielectric fluid in this 

investigation. Experimental levels of the machining 

parameters are shown in table 2.3 

Parameter Level 1 Level 2 Level 3 

Spark current 4 12 20 

Gap voltage 30 50 70 

Pulse on 125 175 225 

Pulse off 100 150 200 

Table 2.3: Experimental levels of the machining Parameters 

B. Design of Experiments: 

Taguchi’s Technique was implemented to find the impact of 

Process variables on the EDM performance. For the 

conduction of experiments L9 taguchi orthogonal array was 

used to complete the runs. The important input parameters 

selected are peak current ‘Ip’ (Amp), Pulse on time ‘Pon’(μs), 

Pulse off time ‘Poff’ and Gap voltage ‘Vg’(V) varying at three 

levels based on certain pilot experiments performed for 

selection of process parameters. The influence of input 

parameters on response variables like MRR and Ra was given 

in the table 2.4 for palm oil blended with kerosene and table 

2.5 give kerosene as die electric fluid. 

C. Conduct of Experiments: 

Die steel (EN31) material particulate was using Copper tool 

with 16mm diameter and the ELECTRONICA- 

ELECTRAPULS PS 50ZNC (die-sinking type) EDM 

machine were used. Waste palm oil blended with kerosene 

and kerosene are used as dielectric fluid. External flushing 

was used to flush away the eroded materials from the 

sparking zone. For a four factors are tackled with a total 

number of 9 experiments performed on die sinking EDM. The 

calculation of material removal done by using electronic 

balance weight machine. This machine capacity is 1000 gram 

and accuracy is 0.001 gram. Surface roughness of each hole 

was measured by using taly surf instrument. 

 
Fig. 2.1: Die Sinker EDM Model: PS 50ZN 

S.

No 

Curr

ent 

(a) 

Volt

age 

(v) 

Pulse 

on(µ

sec) 

Pulseoff

(µsec) 

MRR(m

m3/min) 

Ra 

(µm

) 1 4 30 125 100 12.7388 1.2

900 2 4 50 175 150 15.2866 1.2

700 3 4 70 225 200 25.4777 1.4

00 4 12 30 175 200 38.2165 1.3

900 5 12 50 225 100 42.0382 1.2

533 6 12 70 125 150 40.7643 1.1

566 7 20 30 225 150 52.2292 1.7

366 8 20 50 125 200 54.7707 1.8

966 9 20 70 175 100 63.6942 1.7

400 Table 2.4  For waste palm oil blended with kerosene as 

dielectric fluid. 

S.

No 

Curr

ent 

(a) 

Volt

age 

(v) 

Pulse 

on(µ

sec) 

Pulseoff

(µsec) 

MRR(m

m3/min) 

Ra 

 

(µm

) 

1 4 30 125 100 12.7388 0.8

633 2 4 50 175 150 12.9895 0.7

966 3 4 70 225 200 13.2278 0.9

766 4 12 30 175 200 25.4777 1.7

500 5 12 50 225 100 29.0456 2.5

100 6 12 70 125 150 33.7621 1.5

266 7 20 30 225 150 45.8734 2.9

933 8 20 50 125 200 50.1554 2.0

433 9 20 70 175 100 63.4042 1.7

633 Table 2.5: For  kerosene as dielectric fluid. 

 
Fig. 2.2: Work pieces after machining with waste palm oil 

blended with kerosene and kerosene as dielctric fluids. 
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Fig. 2.3:  Measuring of surface roughness by using taly surf 

meter. 

III. MULTI OBJECTIVE OPTIMIZATION 

A. Gray Relational Analysis (GRA): 

Multi parametric optimization was done by using gray 

relation analysis. Based on this theory, the grey relational 

grade can be acquired to judge of multiple objective 

parameters, adopting discrete value to evaluate and find the 

relationship of these data. The sequences can be categorized 

into two types. Higher-the-better for MRR 

Lower-the-better for Surface roughness

                 (1) 

              (2) 

     In the grey relational analysis, data preprocessing is 

first performed in order to normalize the raw data for analysis. 

In grey relational analysis, the measure of the relevancy 

between two systems or two sequences is defined as the grey 

relational grade. When only one sequence, , is 

available as the reference sequence, and all other sequences 

serve as comparison sequences, it is called a local grey 

relation measurement. After data pre-processing is carried 

out, the grey relation coefficient  for the kth 

performance characteristics in the ith experiment can be 

expressed. 

                                 (3) 

where,  is the deviation sequence of the 

reference sequence and the comparability sequence. 

                                      (4) 

               (5) 

(6) 

k) denotes the reference sequence and ) 

denotes the comparability sequence. ζ is distinguishing or 

identification coefficient: ζ ∈ [0, 1] (the value may be 

adjusted based on the actual system requirements). A value 

of ζ is the smaller and the distinguished ability is the larger.  

The gray relation grade as follows: 

                                             (7) 

Experiment no. 

 
Preference value Order 

1 0.8675 1 

2 0.8373 2 

3 0.6349 4 

4 0.5566 6 

5 0.6290 5 

6 0.7381 3 

7 0.3908 7 

8 0.3554 9 

9 0.3607 8 

Table 3.1: Rank order for waste palm oil blended with 

kerosene as dielectric fluid 

with n being the number of output responses. The 

higher is the value of GRG, the closer is the subsequent 

arrangement of parameters to the optimum solution. 

 
Fig. 3.1: Result graph from GRA for waste palm oil blended 

with kerosene as dielectric fluid. 

Experiment no. 

 
Preference value Order 

1 0.9714 2 

2 0.9951 1 

3 0.9201 3 

4 0.6004 4 

5 0.4995 6 

6 0.5736 5 

7 0.3833 9 

8 0.4360 7 
9 0.4326 8 

Table 3.2:  Rank order for kerosene as dielectric fluid 

with n being the number of output responses. The 

higher is the value of GRG, the closer is the subsequent 

arrangement of parameters to the optimum solution. 



Comparison of Optimum Cutting Parameters in Machining Die Steel (En 31) By Using Gray Relational Analysis and TOPSIS 

 (IJSRD/Vol. 4/Issue 07/2016/124) 

  

 All rights reserved by www.ijsrd.com 521 

 
Fig. 3.2: Result graph from GRA for kerosene as dielectric 

fluid. 

B. Technique for Order of Preference by Similarity to Ideal 

Solution (TOPSIS): 

The model developed in this study could be used as a 

systematic framework for parameter optimization in 

environmentally conscious manufacturing processes. 

TOPSIS is a multi-objective optimization technique used to 

determine the most suitable alternative from a finite set. The 

principle of the technique is that the selected criteria should 

be nearest from positive best solution and farthest from 

negative best solution, the finest solution being the one 

having the most relative closeness to the ideal solution. The 

steps involved in carrying out TOPSIS are expressed as:  

Step1: Objective Function table consists of MRR & Ra 

Step 2: Determination of normalized matrix. 

  (8) 

Step 3: The weighted normalized decision matrix is 

constructed by multiplying the normalized decision matrix by 

its associated weights. 

Wij = Nij×Wj   (9) 

Step 4:   

1) Determine Matrix A3 and A4 Such That A3 = A1× A2 

And A4= A3/A2,  

where A2 =  

2) Calculate the maximum Eigen value (λmax), which is the 

average of matrix A4.    

3)  Determine the consistency index     

The smaller value of CI the smaller is the                                                                                        

deviation from the consistency. Evaluate the random index 

(RI) for the number of attributes used in decision-making. 

Determine the consistency ratio (CR = CI/RI). 

Step 5: Determination of the positive ideal solution (si**) and 

the negative ideal solution (si*).  

si
**= {(max Wij | j ∈ J ), (min Wij | j∈ J' )}  (10) 

si* = {(min Wij | j ∈ J ), (max Wij | j∈ J' )}  (11)  

J = 1, 2, 3,…, n − where J is associated with the 

benefit criteria J' = 1, 2, 3,…, n − where J' is associated with 

the cost criteria. 

Step 6: 

The separation measure is calculated. The separation of each 

alternative from the positive ideal one is given by: 

Si
** = Σ(Wij – Aj** )2, j = 1, where i = 1, 2,...,m. (12) 

 

Similarly, the separation of each alternative from the 

negative ideal one is given by: 

Si
* = Σ(Wij – Aj* )2, j = 1, where i = 1, 2,...,m. (13) 

Step 7: The relative closeness is calculated to the ideal 

solution. 

  (14) 

The larger the  value the better is the performance 

of the alternatives. 

Step 8: Rank the relative closeness value. 

For waste palm oil blended with kerosene as 

dielectric fluid: 

Experiment No. 

 
Preference value Order 

1 0.856204248 1 
2 0.840291631 2 

3 0.725188947 3 

4 0.492593032 4 

5 0.414311527 6 

6 0.433956404 5 

7 0.262634554 7 

8 0.246349585 8 

9 0.139030065 9 

Table 3.3: Rank order for the experiments with dielectric 

fluid as Palm oil blended with kerosene. 

 
Fig. Result analysis graph from TOPSIS with palm oil 

blended with kerosene as dielectric fluid 

Experiment no. 

 
Preference value Order 

1 0.706910041 2 
2 0.699407477 3 

3 0.716186648 1 

4 0.688461418 5 

5 0.692663128 4 
6 0.544486127 6 
7 0.45685107 7 

8 0.319088 8 

9 0.154700108 9 

Table 3.4: Rank order for the experiments with dielectric 

fluid as kerosene. 
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Fig. 3.4: Result analysis graph from TOPSIS with kerosene 

as dielectric fluid. 

IV. CONCLUSION 

The main purpose of our work is to determine the optimum 

cutting parameter for Maximizing the MRR and Minimizing 

the Ra with eco-friendly manufacturing. 

  It is a multi-objective optimization technique. For 

this purpose an optimization techniques called TOPSIS 

(Technique for order of preference by similarity to ideal 

solution) and GRA are used for the output responses ie MRR 

and Ra with process parameters. And the results are shown in 

tables 3.3 & 3.4. 

From GRA. 

The sequence of Gray grades for palm oil blended 

with kerosene as dielectric fluid is 1-2-4-6-5-3-7-9-8 

The sequence of Gray grades for Kerosene as 

dielectric fluid is 2-1-3-4-6-5-9-7-8 

From the TOPSIS  

The sequence of Gray grades for palm oil blended 

with kerosene as dielectric fluid is 1-2-3-4-6-5-7-8-9 

The sequence of Gray grades for Kerosene as 

dielectric fluid is 2-3-1-5-4-6-7-8-9. 

Experiments were conducted by the both dielectric 

fluids on the same work piece of die steel (EN31). And the 

result shows that machining by using waste palm oil blended 

with kerosene give better results than kerosene as dielectric. 

It is also known that emissions such as toxic gases, fumes and 

fire accidents are greatly reduced.  

V. FUTURE SCOPE  

EDM is an emerging technology for providing economical 

and eco-friendly manufacturing. There are significant 

changes in response characteristics by change of dielectric 

fluids. In this paper waste palm oil blended with kerosene is 

taken and there is provision to select waste oil (waste 

vegetable oils, waste palm oil, etc.) directly as dielectric 

medium. Different optimization techniques are used for 

getting optimum parameters. 
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