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Abstract— EDM is an unconventional electro thermal 

machining process used for manufacturing geometrically 

complex or hard material parts that are extremely difficult-to-

machine by conventional machining process. The process 

involves a controlled erosion of electrically conductive 

materials by the initiation of rapid and repetitive spark 

discharges between the tool and work piece separated by a 

small gap of about 0.01mm to 0.50mm. This gap is either 

flooded or immersed in a dielectric fluid. The controlled 

pulsing of direct current between the tool and the work piece 

produces the spark discharge. EDM researchers have 

explored a number of ways to improve the material removal 

rate with various experimental concepts. Despite a range of 

different approaches, every new research shares the same 

objectives of achieving high material removal rate with 

reduction in tool wear and improved surface quality. This 

paper presents the different tool condition with the same 

workpiece material vast array of research work carried out 

within past decades for the development of EDM. This study 

is mainly focused on aspects related to material removal rate 

which are the most important parameters from the point of 

view of selecting the relevant process parameters as well as 

different Tool material. 
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I. INTRODUCTION 

Electro Discharge Machining (EDM) is an electro thermal 

non-traditional machining Process, where electrical energy 

is used to generate electrical spark and material removal 

mainly occurs due to thermal energy of the spark. In this 

process, the material removal mechanism uses the electrical 

energy and turns it into thermal energy through a series of 

discrete electrical discharges occurring between the 

electrode and work piece immersed in an insulating dielectric 

fluid. EDM does not make direct contact between the 

electrode and the work piece whereby it can eliminate 

mechanical stresses, chatter and vibration problems during 

machining. EDM has also replacing drilling, milling, 

grinding and other traditional machining operations and is 

now well-established machining option in many 

manufacturing industries throughout the world. EDM is 

capable of machining geometrically complex or hard 

material components, that are precise and difficult-to 

machine such as heat treated tool steels, composites, super 

alloys, ceramics, carbides, heat resistant steels etc. being 

widely used in die and mold making industries, aerospace, 

aeronautics and nuclear industries. The Electrical Discharge 

Machin ing process is employed widely for making tools, 

dies and other precision parts. Despite all the advantages, 

the EDM process is not free from drawbacks. One of the 

major drawbacks is the slow rate of material removal. 

 
Fig. 1: Schematic Diagram of Electro Discharge Machine 

II. LITERATURE REVIEW 

Sachin Maheshwari [1] studied that additive mixed EDM 

process with cryogenically treated copper electrode is quite 

effective. The cryogenically treated electrode affects TWR 

and WR in a positive manner. Harpreet singh [2] 

experimentally proved that Material removal rate is increased 

with increased in pulse on time. Tool wear rate is very less in 

cryogenic treated copper electrode as compared to non-

cryogenic treated electrode. Kultar Singh Saini [3] used 

cryogenically treated wire in wire cut EDM and found that 

the material removal rate obtained was found to be more with 

cryogenically treated wire as compared to non-cryogenically 

treated wire. It can be concluded that the cryogenically 

treated wire produces more material removal rate than non-

cryogenically treated wire. Murali Meenakshi Sundaram [4] 

studied that Effect of deep cryogenic treatment on material 

removal is considerable, but the effect of cold treatment is 

only marginal. Mathai V.J. [5] has experimentally studied that 

Cryogenic treatments of electrodes enhance the surface 

hardness of the materials. The Material removal rate has been 

observed to be relatively higher for non-treated electrodes 

when compared to that obtained using cryogenic treated 

electrodes. S. D. Bhaduwala [6] experimentally found that the 

best process parameters for higher material removal rate 

was when the gap voltage was 25V, current was 15A and 

the on-time was 200µs. 

III. EXPERIMENTAL SETUP & METHOD 

The EDM machining process made from the conductive 

material that easily passes the electricity. For this 

Experiment we take copper (Cu) and Chromium Copper 

(CuCr). The tool dimension is as shown in figure-2. M2 HSS 

is taken as a work piece material and the dimension of the 

same is  Ø148mm × 12mm thick. The chemical composition 

of the workpiece is  shown in table-1. The deep cryogenic 

treatment was done on the electrode of Copper at a 

temperature of -193ºC and Chromium Copper at -193ºC with 
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120ºC tempering for 5 min. The total cycle hours for the 

treatment was 96hr. For the deep cryogenic treatment, 

we used liquid nitrogen. Kerosene was used as a dielectric 

fluid for the machining process. 

C Cr Mo W V 

1.099% 4.34% 5.598% 7.042% 2.002% 

Table: 1: Chemical Composition of M2 HSS Tool Steel                                                                         

 
Fig. 2: Geometric Model of the Cu Tool 

Now to see the effect of various process parameters on 

material removal rate we take three input parameters viz, gap 

voltage, pulse on time and discharge current. We design 

our experiment b y L9  T aguchi Method. For DOE we take 

three numbers of levels as well as three numbers of factors. 

The selected no. of levels and values are shown in the 

table-2. Each experiment was run for the 5 min. 

Factors Level – 1 Level – 2 Level – 3 

Gap Voltage 25 35 45 

Ton Time 200 500 1000 

Current 5 10 15 

Table: 2 Factors with Level 

IV. EFFECT OF VARIOUS PROCESS PARAMETERS ON 

MATERIAL REMOVAL RATE 

As we show in the fig.3 (a, b) when the gap voltage was 

constant and current and on-time were increased the 

material removal rate increases for all tools. 

 

 

 
Fig. 3 (A): Current & Ton Effect on MRR for Cryogenic 

Copper. 
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Fig. 3 (B): Gap Voltage and Ton Effect on MRR for 

Cryogenic Chromium Copper. 

V. CONCLUSION 

 At the end of all 18 experiment we found that the best 

process parameters for higher material removal rate was 

when the gap voltage was 25V, current was 15A and 

the on-time was 1000µs. 

 The advantages of cryogenics treatment include relieved 

residual stress, refinement of grain sizes and better 

electrical properties. 

 Material removal rate has been observed to be relatively 

higher for non-treated electrodes when compared to that 

obtained using cryogenic treated electrodes. 

 Effect of cryogenic treatment of electrodes has a 

relatively lower effect on surface roughness of the 

machined surface. 
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