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Abstract— Electrical discharge machining (EDM) is one of 

the initial non-traditional thermal machining processes. EDM 

process is depending on thermoelectric energy between the 

work piece and an electrode. A pulse discharge produces in a 

small gap between the work piece and the electrode and 

eliminates the surplus material from the parent metal through 

melting and vaporizing. The Tool and the work piece must 

be good conductor of electricity in order to produce the 

spark. There are various types of products which can be 

created using EDM such as dies and moulds. Parts of 

aerospace, an automotive industry and surgical components 

can be created by EDM. This paper reviews the study in, dry 

EDM machining, EDM in water and EDM with powder 

additives to comparison between MRR and TWR in both 

method. 
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I. INTRODUCTION 

Electrical discharge machining (EDM) is a non-traditional 

thermal technique of machining which is generally used to 

manufacture dies and moulds. This technique involves a 

controlled erosion of electrically conductive materials by the 

commencement of rapid and cyclical spark between the tool 

and work piece separated by a very small gap of about 0.01 

to 0.50. This gap is flooded with dielectric fluid [1]. EDM is 

also used for machining parts for aerospace and automotive 

industry and surgical apparatus [2].  This procedure has 

been developed in the late 1940s [3]  where the method is 

based on removing material from a part by means of a 

sequence of repeated electrical discharges between tool and 

the work piece in the existence of a dielectric fluid [4].  The 

electrode is move toward the work piece until the gap is 

sufficient to ionize the dielectric [5]. Short interval spark are 

generated in the gap, which separates tool and work piece. 

The excess material is removed with the erosive cause of the 

electrical discharges from tool and work piece [6]. EDM 

doesn’t make direct contact between the electrode and the 

work piece where it can reduce mechanical stresses chatter 

and vibration problems during machining of work piece. 

Materials of any hardness can be cut as long as the material 

can passes electricity [7]. 

 
Fig. 1: Input-Output process diagram of EDM process 

The review presented in this paper is on recent 

EDM research trends done by researchers on machining 

techniques viz. dry EDM machining, EDM in water and 

EDM with powder additives. The areas are selected because 

of the new techniques employed, the environmental aspect 

and attempt towards predicting EDM performance. Each 

topic will present the activities approved out by the 

researchers and the improvement of the area that brings it to 

the current trends.  

II. DRY EDM 

In dry EDM, tool electrode is shaped to be thin walled pipe. 

High-pressure air or gas is supplied through the pipe. The 

function of the gas is to eliminate the debris from the gap 

and to cool the inter electrode gap. Fig. 2 shows the 

fundamental of dry EDM. The technique was initiated to 

diminish the pollution caused by the use of liquid dielectric 

which leads to creation of vapour during machining and the 

cost to handle the waste. 

 
Fig. 2: Principle of dry EDM [8]. 

Yu et al. [9] investigated the capability of the 

technique in machining cemented carbide material and 

compared the machining characteristics between oil EDM 

milling and oil die sinking EDM. They found that for 

machining the same shape oil die sinking EDM consume 

short period of machining time. But because oil die sinking 

requires time for producing electrodes, dry EDM should be 

more useful in industrial production. Figs. 3 and 4 show the 

MMR and TWR ratio in groove machining. According to 

the results, MMR of dry EDM milling is about six times 

larger than that of oil EDM milling, and TWR one-third 

lower. The smallest electrode wear  ratio ma c h i n i n g  

was dry EDM milling.  
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Fig. 3: Work removal rate [ 9 ]  

 
Fig. 4: Electrode wears [9 ] . 

The following paragraph present the development 

in dry EDM based on topics: MRR and tool wear, 

polarity and surface roughness and advance techniques. 

A. MRR and Tool Wear 

In 1991 Kunieda et al. [10] has exposed a new technique to 

improve EDM efficiency by supplying oxygen gas into 

electrode gap. They found that the MMR is increased due to 

the enlarged volume of discharged crater and more frequent 

incident of discharge. Then in 1997 Kunieda et al. [11] 

revealed a 3D shape can be machined very accurately using 

a special NC tool path which can supply a homogeneous 

high-velocity air flow over the working gap and MRR is 

enhanced as the concentration of O2 in air is increased. 

ZhanBo et al.  Investigated the feasibility of 3D 

surface machining by dry EDM to study the influence of 

depth of cut and gas pressure, pulse duration time and the 

rotating speed of the electrode. The result shows that 

optimum arrangement between depth of cut and gas pressure 

and when pulse duration 25µm it is leads to maximum MRR 

and minimum tool wear. As the rotational speed increases 

the tool wear increases fairly. 

B. Polarity and Surface Roughness 

In 2004 Li et al. [13] proposed positive polarity to be 

emerged in dry EDM because electrodes play major roles in 

impact and ionization and in order to ensure machining 

process stable at the spark discharge state, a certain gas 

pressure is essential to make stronger deionization in dry 

EDM and to keep discharge in gap. Zhang et al. [14] 

developed a theoretical model to estimation the roughness of 

the finished surface. Curodeau et al. [15] developed a new 

EDM process involving the usage of a thermoplastic 

composite electrode and air as dielectric in order to do 

automate polishing of tool steel cavity. The method can 

reduce 44 µm Ra surface finishes to 36 µm Ra.  

III. EDM IN WATER 

Water is very good dielectric because it has a superb relative 

permittivity value. The approach is taken to encourage a 

better health and harmless environment while working with 

EDM. This is because hydrocarbon oil such as kerosene will 

decompose and discharge injurious vapors [16]. Research 

over the last 30 years has concerned the use of Tap water 

and water with additives. 

A. Pure Water 

Kruth et al. [17] analyzed that the use of an oil dielectric 

enhances the carbon content in the white layer and appears 

as iron carbides in columnar, dendritic structures on the 

other hand machining in water causes a decarburization. 

While investigating the effect of kerosene and distilled 

water as dielectric on Ti–6A1–4V work pieces material. 

Chen et al. [18] found that carbide is produced on the work 

piece surface while using kerosene oxide is formed on the 

work piece surface while using water. The debris size of Ti–

6Al–4V alloy in distilled water is larger than that in 

kerosene and compared with kerosene oil, the impulsive 

force of discharge in distilled water is smaller but more 

stable. 

In 1981 Jeswani proposed 1st paper about usages of 

water as dielectric in EDM.  He compared the performances 

of kerosene and distilled water for the energy range 72–288 

mJ. Machining in distilled water show a higher MRR and a 

lower wear ratio than in kerosene when a high pulse energy 

range was used and the machining accuracy was poor but 

the surface finish was improved. Tariq Jilani and Pandey 

study the performance of water as dielectric in EDM using 

distilled water, tap water and mixture of 25% tap water and 

75% distilled water. The preeminent machining rates have 

been achieved with the tap water and machining in water 

has the high probability of achieving zero electrode wear 

when using copper tools with negative polarities. 

B. Water with Additives 

Water can be used as dielectric in place of hydrocarbon oil. 

This approach is taken to promote a better health and safe 

environment. Some additives can be mixed to improve its 

working performance. 

1) Powder-Mixed EDM 

The mechanism of this process is completely different from 

the conventional EDM. A appropriate material in powder 

form is mixed into the dielectric fluid. When an appropriate 

voltage is applied, the spark gap filled up with additive 

particles and the gap setup between tool and the work piece 

increased from 25-50 to 50–150 μm. The powder particles 

organize themselves under the sparking area and collect in 

clusters. The chain formation helps in bridging the gap 

distance between both the electrodes which causes   the 

early explosion. Rapidly sparking within discharge takes 

place and causes quicker erosion from the work piece 

surface. 

Ming et al, investigated that some conductive 

powder and lipophilic surface agents can reduce the surface 

roughness and the tendency of cracks in middle finish and 

finish machining but the inorganic oxide does not have such 

effect. Wong et al. [19] compares the near mirror-finish 

phenomenon using graphite, silicon (Si), 
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2) Urea Solution in Water 

In 2003 Biing Hwa Yan et al [20], examine effect of urea 

solution as a dielectric for unlike parameter and found 

following result compares MRR and EWR obtained using 

Conventional water dielectrics and using urea solution 

dielectrics. The results indicate that the MRR and EWR 

value of the two dielectrics did not show significant 

difference. Compares the surface roughness and the SEM 

micrographs are using by conventional water dielectrics and 

urea solution dielectrics. The distilled water that contained 

urea yielded a smoother surface (RaZ2.7 µm) than was 

obtained when only water dielectrics were used. Above 

observations indicate that using urea solution dielectric in 

EDM machining process is feasible.  

IV. DISCUSSION AND FUTURE RESEARCH DIRECTIONS 

EDM is a non-traditional material removal process, 

releasing a variety of harmful substances in the form of 

liquid, solid and gaseous wastes, which result in serious 

health issues, and environmental issues. These harmful 

substances can enter the body of the worker through 

ingestion, inhalation, and skin contact which is not 

satisfactory for green manufacturing. Also, the 

manufacturing process is considered to be an energy 

intensive activity, which also affects the environment. 

The researchers have categories the wide range of 

published works relating to the EDM process into three 

main areas, namely optimizing the process variables, 

monitoring and control the process, and EDM 

developments. This section discusses the classified EDM 

research areas and the feasible future research directions, 

illustrated in Fig. 5. 

 
Fig. 5: Classification of the major research area in EDM 

[21] 

V. CONCLUSION 

EDM is a non-conventional material removal process 

capable of meeting the various machining requirements of 

industries. It has been usually applied for the machining and 

micro-machining of parts with intricate shapes and varying 

hardness requiring high profile accuracy and close 

dimensional tolerances. However the main drawback of the 

process is the relatively low machining rate, as compared to 

the other non-traditional machining processes such as the 

laser-cutting process, mainly due to its machining technique. 

In addition, the advancement of newer and more exotic 

materials has challenged the feasibility of the EDM process 

in the future manufacturing environment. Hence, continuous 

development needs to be made to the current EDM traits in 

order to expand the machining ability and enlarge the 

machining productivity and efficiency. The final goal of this 

research paper is to caparison for the MMR and TWR of dry 

EDM and EDM with additive. 
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