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Abstract— Oxygen assisted WEDM is a thermo- electrical 

process in which material is removed by a series of sparks 

between work piece and wire electrode (tool) of material 

AISI202. The part and wire are immersed in a dielectric 

(electrically non-conducting) fluid, usually oxygen which 

also acts as a coolant and flushes the debris away. The 

material which is to be cut must be electrically conductive. 

By observing present research based on literature it is 

identify the gap among them and finely decided that 

optimization of process parameter of OXYGEN ASSISTED 

wirecut EDM OF AISI202 using artificial neural network. 

Wire Electrical Discharge Machining (WEDM) is used 

where parts are accurately machined with varying hardness 

or complex shapes, which have sharp edges that are 

difficulties observed in conventional machining process. 

This study outlines the development of model and its 

application to optimize WEDM machining parameters using 

the Taguchi’s technique which is based on the robust design. 

Experimentation was performed as per Taguchi’s L’16 

orthogonal array. Each experiment has been performed 

under different cutting conditions of pressure, pulse-on, 

pulse-off and peak current,. Among different process 

parameters voltage and flush rate were kept constant. 

Molybdenum wire having diameter of 0.18 mm was used as 

an electrode. Three responses namely  material removal rate, 

surface roughness have been considered for each 

experiment. Based on this analysis, process parameters are 

optimized. ANOVA is performed to determine the relative 

magnitude of the each factor on the objectivefunction. 

Estimation and comparison of responses was done using 

artificial neural network. 
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I. INTRODUCTION 

In spite of the advantages, conventional EDM process has 

certain limitations in Production application, including low 

material removal rate, long lead time for reshaped tool 

preparation, large tool wear, environmental concern caused 

by toxic dielectric disposal, etc. One of the main sources of 

environmental pollution during the machining processes is 

the huge amount of supplied cutting fluids. The lubricants 

are widely considered to be a benefit to cutting operations, 

but despite the recognition of their advantages, it has also 

been stated the negative impact and environmental issues 

associated with their use. To avoid the problems caused by 

the use of cutting fluids, considerable progress has been 

made in the last years in the field of near-dry machining. 

The conversion from conventional processes to minimal 

quantity lubrication methods demands new tasks 

classification in the tribology system in order to guarantee 

the process. Near dry WIRE EDM is one such method to 

reduce dielectric disposal and to obtain a better finish 

machining at low pulse discharge energy. 

In wire electrical discharge machining (WEDM), or 

wire-cut EDM, a thin single strand metal wire, usually brass, 

is fed through the work piece, typically occurring 

submerged in a tank of dielectric fluid. This process is used 

to cut plates as thick as 300mm and to make punches, tools, 

and dies from hard metals that are too difficult to machine 

with other methods. Wire-cutting EDM is commonly used 

when low residual stresses are desired. Wire EDM may 

leave residual stress on the work piece that are less 

significant than those that may be left if the same work piece 

were obtained by machining. 

In fact in wire EDM there are not large cutting 

forces involved in the removal of material. Yet, the work 

piece may undergo to a significant thermal cycle, whose 

severity depends on the technological parameters used. 

Possible effects of such thermal cycles are the formation of 

a recast layer on the part and the presence of tensile residual 

stresses on the work piece. If the process is set up so that the 

energy/power per pulse is relatively little (typically in 

finishing operations) little change in the mechanical 

properties of a material is expected in wire-cutting EDM due 

to these low residual stresses, although material that hasn't 

been stressed relieved can distort in the machining process. 

 
Fig. 1: Schematic diagram of hydro-pneumatic circuit for 

near-dry WEDM [14] 

II. LITERATURE REVIEW 

Qing GAO, Qin-he ZHANG, Shu-peng SU, Jian-hua 

ZHANG
 [1]

 (2007) they optimize EDM process parameters is 

introduced, which uses Levenberg-Marquardt algorithm and 

GA together. An ANN model was set up to represent the 

relationship between MRR and input parameters, which 

adapted Levenberg-Marquardt algorithm and its network 

architecture was 3-26-1. It shows that the net has better 

generalization performance, and convergence speed is 

faster. GA is used to optimize parameters. MRR is improved 

by using optimized parameters; it is close to experiment 

result. With the increase of current, MRR can be improved. 

MRR can also be improved when we set proper pulse on 

time and pulse off time with the same current. 
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Rajeev Kumar and Shankar Singh
 [4]

 (2012)WEDM 

is a non–traditional machining process used to fulfil the 

requirement of several metal cutting industries. It is applied 

where there is need to produce complex two and three 

dimensional shapes through electrically conductive 

workpiece using a wire electrode travelling longitudinally. 

This WEDM process is independent of hardness value of 

work piece and has been commonly applied where tight 

dimensional tolerances and high profile accuracy is needed. 

The main limitation of this process is relatively low 

machining speed as compared to other processes falling in 

the category of non–traditional machining process (such as 

Laser beam machining, Electrochemical etc.). The recent 

advancement in the materials has become a challenge for 

WEDM process to be used in the coming decades. So, 

therefore it is very necessary to make continuous 

improvement in the current WEDM process to increase their 

productivity and efficiency. The main objective of the 

WEDM process is to obtain the optimal parameters without 

making compromise with its performance measures. The 

adaptive control strategy is to be implemented to prevent the 

wire breakage in the WEDM process. In addition to this the 

new monitoring and control algorithms based on experts 

systems or intelligent systems, mathematical models have to 

be developed in order to reduce the inaccuracy caused by 

vibrational or static deflection of wire. To cope–up with the 

highly competitive and economical machining method, it is 

very much required that the WEDM process has to be 

improved enough in the today's modern manufacturing 

world. 

S.B.PRAJAPATI, N.S.PATEL, V.D.ASAL
[6]

 

(2013) From Comparison of Experimental result and ANN 

Predicted result it is found that they are very close and error 

is very less. The maximum error is 0.14. ANN is powerful 

technique for prediction of process parameters giving very 

accurate result. Once we have experimental data we can 

predict output without conducting Experiment. Pulse on 

time has more importance on output parameter. 

Experimental results are agreeable with ANN predicted 

result. 

Jia Tao, Albert J. Shih, Jun Ni
[8]

(2008)This study 

investigates near-dry EDM milling as a finishing process to 

achieve a mirror-like surface finish. A liquid-gas mist 

mixture is the dielectric medium delivered through a 

rotating tubular electrode in the near-dry EDM milling. 

Near-dry EDM exhibits the advantage of good machining 

stability and smooth surface finish at low discharge energy 

input. An EDM power generator is modified by adding an 

electrical resistance to enable the reduction of surface 

roughness. Effects of dielectric fluid, electrode material and 

pulse energy on material removal rate and surface roughness 

are studied. The mirror-like surface finish with 0.32 μm Ra 

is achieved using the kerosene mist and copper infiltrated 

graphite electrode with 100 Μj pulse energy. 

Irina BESLIU, Margareta COTEATA
[9]

(2009)In comparison 

to the conventional method, the dry EDM process is 

characterized by the improvement of some of the output 

parameters, as the material removal rate, shape accuracy and 

the integrity of the finish surfaces. That’s why the 

researches in this field are entirely justified. The results 

presented in this paper suggest the need to investigate new 

methods for the dry EDM processes, so that the industrial 

applications can be realized. 

R. Rotha, F. Kustera, K. Wegenera
[11]

,(2013) MRR 

and discharge behavior of DEDM has been systematically 

analyzed for different more or less oxidizing gases. Current 

specific and power specific MRR are presented and 

hypothesis of the ruling mechanisms regarding the influence 

of oxygen in DEDM are elucidated. The results show an 

already known major influence on the MRR where oxygen 

is used as flushing gas. The influence is given by two 

different mechanisms. The first one occurs only at high 

oxidation capability of the flushing gas acting on the 

stability of the process. According to this effect probably 

depends mainly on the electrical properties of the debris 

particles in the erosion gap. The second effect of the 

oxidation results in different specific MRR values and 

saturates already with little oxidation capability of the 

flushing gas. This mechanism enhances the removed 

material per spark and is probably ruled mainly by the 

physical properties of the oxidized particles which reattach 

less to the work piece enhancing the flushing efficiency of 

the process. 

Prof. Chirag P. Patel Kashyap R. Modi Dr. M. G. Bhattt
[12]

 

(2013) in this paper researcher suggest that 

1) Fewer tool electrodes are required in dry EDM due to 

lower tool wear. The total machining time for dry EDM may 

then be lower than die-sinking EDM.  

2) In the process of UEDM in gas, the increase of MRR is at 

the expense of surface roughness.  

3) It was found that discharge current, duty factor, air 

pressure and spindle speed are the significant factors which 

affect MRR and MRR increases with an increase in any of 

these factors. Ra values decrease with an increase in the 

values of air pressure and spindle speed.  

4) NSGA-II is a multi-objective optimization tool that can 

meet the requirements of the machining process in finding 

set of solutions based on combination of suitable variables.  

5) Genetic Algorithm (GA) based multi-objective 

optimization for maximization of MRR and minimization of 

Ra has been done by using the developed empirical models.  

6) Material removal rate and surface roughness have been 

optimized as objectives by using a multi-objective 

optimization method. 

 Sushil Kumar Choudhary, R. S Jadoun
[13]

(2014) 

they find the following characteristicsDry EDM is 

ecofriendly machining. Pollution is reduced by use of gas 

instead of oil based dielectric. Harmful & toxic fumes are 

not generated during machining. Material removal rate 

(MRR) &electrode wear ratio (EWR) also get enhanced by 

dry EDM. This technique should be supported and more 

investigation should be made since it helps to save the 

environment. Main advantage of dry EDM (DEDM)  

Very less work has been reported on Material Removal Rate 

(MRR) improvement. Also on material like water hardened 

die steel, molybdenum high speed steel (HSS) have none 

tried as a work materials in near-dry EDM & powder mixed 

EDM (PMEDM). The same may be tried in future works.  

Hollow tube and eccentric drilled hole type electrode are 

reported to have positive impact on MRR due to improved 

flushing condition. Such designs need investigations for 

more work materials to evaluate their case to case effects.  
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For Dry EDM Ceramic materials both conductive and 

nonconductive materials not so much work is carried out. 

So, for future we can consider this material for research 

work in Dry EDM. For analysis and optimization we can use 

soft computing techniques like GA, Fuzzy Logic, and ANN 

are carried out.  

K. Bonny, P. De Baets, O. Van der Biest, J. 

Vleugels, B. Lauwers
[17]

 (2007)  “Influence of secondary 

electro-conductive phases on sliding wear performance of 

zirconia based ceramic composites” Zirconia-based ceramic 

composites such as ZrO2-WC, ZrO2-TiCN and ZrO2-TiN, 

are suitable for wire-EDM, due to their sufficiently electro-

conductive secondary phases inside. Thus, the material 

removal technique of EDM to shape complex geometry 

materials economically and with high accuracy, irrespective 

of mechanical properties, could be successfully employed 

on these ceramics. Samples of these ZrO2-based ceramics 

were developed in laboratory and manufactured and surface 

finished by wire-EDM. Reciprocative dry sliding pin-on-

plate experiments revealed that the ZrO2-WC composite 

exhibits better tribological characteristics in comparison 

with the composites of ZrO2-TiCN and ZrO2-TiN. 

Furthermore, topographies and cross-sectional views of 

worn surfaces were analyzed by SEM, revealing that the 

secondary phase inside the investigated composites governs 

the wear mechanism. 

Masanori Kunieda, Chika Furudate
[18]

 “High 

Precision Finish Cutting by Dry WEDM”This paper 

describes the development of a new dry wire electrical 

discharge machining (dry-WEDM) method, which is 

conducted in a gas atmosphere without using dielectric 

liquid to improve the accuracy of finish cutting. In dry-

WEDM, the vibration of the wire electrode is minute due to 

the negligibly small process reaction force. In addition, as 

the gap distance is narrower than that in conventional 

WEDM using dielectric liquid, and there is no corrosion of 

the workpiece, high accuracy in finish cutting can be 

realized in dry-WEDM. However, some drawbacks of dry-

WEDM include lower material removal rate compared to 

conventional WEDM and streaks are more likely to be 

generated over the finished surface. Increasing the wire 

winding speed and decreasing the actual depth of cut are 

effective to resolve these drawbacks. 

Sushil Kumar Choudhary, Dr. R.S Jadoun
[20]

 

(2014) Dry EDM is a green environment friendly Electric 

discharge machining Technique in which the liquid 

dielectric is replaced by a gaseous dielectric. Gas at high 

pressure as used as the dielectric medium. In dry EDM, tool 

Electrode is formed to be thin walled pipe. The flow of high 

velocity gas into the gap facilitates removal of debris and 

prevents excessive heating of the tool and work piece at the 

discharge spots. Tool rotation during machining not only 

facilitates flushing but also improves the process stability by 

reducing arcing between the electrodes The technique was 

developed to decrease the pollution caused by the use of 

liquid dielectric which leads to production of vapor during 

machining and the cost to manage the waste. Dry EDM 

method with the shortest machining time compare to oil die 

sinking EDM, & lowest electrode wear ratio. Work removal 

rate also get enhanced by dry EDM. Dry EDM is 

ecofriendly machining. Pollution is reduced by use of gas 

instead of oil based dielectric. Harmful & toxic fumes are 

not generated during machining. Material removal rate 

&electrode wear ratio also get enhanced by dry EDM. This 

technique should be supported and more investigation 

should be made since it helps to save the environment. 

Shaaz Abulais
[21]

 (2014) the characteristics of dry EDM 

are:-  

1) Tool electrode wear is negligible for any pulse duration.  

2) The processing reaction force is much smaller than in 

conventional EDM.  

3) It is possible to change supplying gas according to 

different applications.  

4) The residual stress is small since the melting 

solidification layer is thin.  

5) Working gap is narrower than in conventional EDM.  

6) The process is possible in vacuum condition as long as 

there is a gas flow.  

7) The machine structure can be made compact since no 

working basin, fluid tank and fluid circulation system 

needed.  

The development of the technique concerns more on to 

increase the MRR since the MRR is lower compared to 

conventional machining. 

III. EXPERIMENTAL WORK 

 The experiments will going to performed at 

L.D.College of Engineering on CNC wire EDM 

machine, model no DK-7720, manufactured by Jian 

Nan Saitec NC Co Ltd. The electrode material used is 

0.18 mm diameter molybdenum wire and di-electric 

fluid used is demineralized water.machine. AISI202 

material was the target material used in this 

investigation. Table 1 shows the material related 

properties. Experiments were performed using an wire 

electric discharge machine.  

 A molybdenum electrode with a diameter of 0.18mm 

was used as an electrode to erode a workpiece of 

AISI202. EDM oil was used as a dielectric fluid in this 

experiment. Diameter of electrode and thickness of 

workpiece is measured by digimatic micrometer. 

(Make: Mitutoyo, Least count: 0.001 mm). 

To select the parameters and its levels for experimentations, 

several exploratory experiments were conduct to determine 

important control factors. Out of several available 

controllable input parameters on the wire EDM machine, 

following parameters were selected with maximum feasible 

range. 

Symbol 

 

Unit 

 

Level 1 

 

Level 2 

 

Level 3 

 
Level4 

P Kg/ cm
2 

1 2 3 4 

Ip 

 

Amp. 

 
2 3 4 5 

Ton 

 

μs 

 
12 24 48 60 

Toff 

 

μs 

 
4 8 12 15 

Table 1: Variable parameter and their selected level 

for experiment 

Dielectric fluid should be nonconductor of 

electricity. A servo mechanism maintains a gap of about 

0.01 to 0.02mm between the electrode & the work piece, 
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preventing them from coming into contact with each other. 

A direct current of low voltage & high amperage is 

delivered to the electrode at the rate of approximately 50 

KHz. These electrical energy impulses vaporize the 

deionized water at this point. This permits the spark to jump 

the gap between the electrode and the workpiece through the 

dielectric fluid.   

Intense heat is created in the localized area of the 

spark impact, the metal melts and a small particle of molten 

metal is expelled from the surface of the workpiece. The 

dielectric fluid which is constantly being circulated carries 

away the eroded particles of metal during the off cycle of 

the pulse and also assists in dissipating the heat caused by 

the spark. 

Servo Mechanism: It is important that there is no physical 

contact between electrode & workpiece, otherwise both 

electrode & workpiece will be damaged. Electro discharge 

machines are equipped with a servo control mechanism that 

automatically maintains a constant gap of 0.01mm to 

0.02mm between the electrode & workpiece. If the gap is 

too large, ionization of the dielectric fluid does not occur 

and machining cannot take place. If the gap is too small, the 

tool and the workpiece may weld together. Servo feed 

control mechanisms can be used to control the vertical 

movement of the electrode from sinking cavities. 

 

 
Fig.2: experimental set up preparation 

IV. RESULT AND DISCUSSION 

By performing experiment on above set up on material AISI 

202 I produced below specimen with respect to maintaining 

process parameter. 

Fig.3: final position of work piece from plate 

RUN 
p
 Ip Ton Toff 

Applying oxygen 

m/c 

t 

MRR 

(mm
3
/min) 

Kerfwidth(mm) S.R 

(Ra) 1 1 2 12 4 3.01 1.8936 0.285 5.0 

2 1 3 24 8 3.12 2.0512 0.320 4.42 

3 1 4 48 12 3.06 2.1241 0.325 4.5 

4 1 5 60 15 3.01 2.5581 0.385 4.42 

5 2 2 24 12 4.57 1.5536 0.355 4.21 

6 2 3 12 15 3.19 2.3197 0.370 5.63 

7 2 4 60 4 2.09 3.3014 0.345 4.5 

8 2 5 48 8 2.54 3.3061 0.405 4.9 

9 3 2 48 15 3.16 1.8354 0.290 4.7 

10 3 3 60 12 3.38 1.9526 0.330 5.4 

11 3 4 12 8 2.45 3.020 0.370 5.9 

12 3 5 24 4 2.27 2.8193 0.320 4.67 

13 4 2 60 8 4.44 1.5315 0.340 4.7 

14 4 3 48 4 2.43 3.0452 0.370 5.41 

15 4 4 24 15 2.51 2.6294 0.330 4.43 

16 4 5 12 12 2.29 2.8384 0.325 3.44 

Table 2: Results of Experiment of WEDM with Using O2 

The analysis of variance was used to establish 

statistically significant machining parameters and the 

percentage contribution of these parameters on surface 

roughness and MRR. In Taguchi method a loss function is 

used to calculate the deviation between the experimental 

value and the desired value. This function is further 

transformed into signal to noise ratio. Taguchi’s philosophy 

includes three general ways to evaluate the relationship 

between quality and variability they are: Nominal is better 

approach, Smaller is better approach, Larger is better 

approach. In oxygen assisted WEDM lower surface 

roughness and higher MRR are indication of better 

performances. 

Adopting the quadratic loss function, the objective function 

can be given by: 

η (S/N ratio for Surface roughness)= 

S/N = -10 *log(Σ(Y
2
)/n)) 

η (S/N ratio for VMRR)= 

 S/N = -10 *log(Σ(1/Y
2
)/n) 

The main effect plot for AISI202 material for surface 

roughness and MRR are as shown in Fig. 4. It is clear from 

the main effect plot, that the factor current has largest effect 

on the MRR, dimensional accuracy and surface roughness as 

response variable. The optimum level for a factor is the level 
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that gives the highest value of η (S/N ratios) in the 

experimental region. 

 
Fig.4: main effect plot for SN RATIO 

As shown in fig. 15 BY using signal to noise ratio 

it is observed that MRR increased at the point A4 B4 C3 D4, 

and surface roughness decreased at point A3 B2 C3 D1. As 

pulse off time decreases, the number of discharges within a 

given a given period of time becomes more which leads to 

higher cutting rate. 

A. Artificial neural network 

The basic principles of the artificial neural networks 

(ANNs) were first formulated 

By McCulloch and Pitts in 1943 as below 

(1) The activity of a neuron (ANN) is all-or-nothing. 

(2) A certain fixed number of synapses larger than 1 must be 

excited within a given interval of neural addition for a 

neuron to be excited. 

(3) The only significant delay within the neural system is the 

synaptic delay. 

(4) The activity of any inhibitory synapse absolutely 

prevents the excitation of the 

Neuron at that time. 

(5) The structure of the interconnection network does not 

change over time. 

It is a computational system inspired by the Structure 

Processing Method Learning Ability of a biological brain 

- Characteristics of Artificial Neural Networks 

 A large number of very simple processing neuron-

like processing Elements 

 A large number of weighted connections between 

the elements 

 Distributed representation of knowledge over the 

connections 

 Knowledge is acquired by network through a 

learning process 

The neuron has a bias b, which is summed with the 

weighted inputs to form the net input n. 

n = w1,1p1 + w1,2 p2 +…..+ w1,R pR + b 

First of all architecture of the neural network has been 

decided; each layer consist of the number of hidden layers 

and number of neurons. In majority of application feed 

forward back propagation architecture with one hidden layer 

is used. The next task is to find the number of neurons in 

each hidden layer. Accordingly, an experimental approach 

was adopted, which depend on trained neural network 

against another setoff experimental data. The ANN model 

can be improved by comparing experimental and predicted 

outputs for different number of neurons. Once the neural 

network gets trained, it can be provide the result for any 

arbitrary value of input data set. [22] 

 
Fig.5: Architecture of Neural Network [2] 

An ANN is a new computing tool that process 

information using neurocomputing approach. This is 

different from the classical computation. In past, several 

studies have been reported on the development of neural 

networks based on different architectures. Neural networks 

are characterized by their architecture, activation function 

and learning algorithms. Each type of neural networks 

would have its own input-output characteristics, and 

therefore it could be applied only on some specific process. 

[2] 

B. Prediction of response variable of aisi202 

Table 3 Prediction of Machining Performances by Ann 

Exp no Surface Roughness 
MRR (mm

3
/min) 

 

1 5.7947 1.5888 

2 2.3502 1.7319 

3 5.2836 2.0568 

4 5.0167 2.7737 

5 4.6562 1.5369 

6 3.9495 1.571 

7 6.6832 3.1981 

8 5.8743 3.2838 

9 4.8015 1.5343 

10 5.6535 1.6682 

11 4.7728 3.1801 

12 5.8025 3.3043 

13 6.3158 1.6001 

14 6.4863 2.9573 

15 4.0445 2.6673 

16 4.0916 3.2917 
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Fig.6: Comparison of Measured and Predicted value Of 

Surface Roughness 

 
Fig.7 : Comparision Of Measured And Predicted Value Of 

Mrr 

By using artificial neural network for feed forword back-

propagation network type we predict the response data as 

mension in table3. In feed forword back propogation 

network  I choose TRAINGDX as training fuction and 

LEARNGDM as learning fuction at number of layer 10 and 

neurons 5.by using 922 epoch and running the ann tool at 50 

time I get the value of predicted MRR and surface 

roughness. 

V. CONCLUSION AND REMARKS 

This paper has presented an investigation on optimization 

and the effect of machining parameters on  surface 

roughness and MRR in oxygen assisted WEDM operations. 

The level of importance of the machining parameters on 

surface roughness and MRR is determined by using 

ANOVA. Based on the ANOVA method the highly 

effective parameters on surface roughness and MRR  were 

found as current. The control factors considered for the 

studies are Pulse-on, Pulse-off, Current and pressure. 

Process parameters were selected based on Taguchi’s L’16 

orthogonal array. ANN is used to predict the response 

variable viz., surface roughness, MRR . Back propagation 

feed forward neural network (BPNN) and Levenberg–

Marquardt algorithm (LMA) are used to build and train the 

network. It is observed that neural network trained with 70% 

of the data in training set good result. Thus, predicted 

response variables of 70% training set correlates well with 

the measured response variables. 

Following conclusion has been drawn from analysis of 

experimental data. 

1) MRR in oxygen assisted wedm increases compare to 

wedm condition. 

2) Results shows that Surface roughness is decreased in 

oxygen assisted wedm compare to wedm. 

3) Kerf Width of specimen in oxygen assisted wedm is 

increased compare to wedm. 

4) With the increases in current, MRR, Surface Roughness 

(Ra), and Kerf Width increases.  
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