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ABSTRACT 

Fundamentally Wire Electrical discharge machining (WEDM) is a well-established non-traditional 

machining process, used for machining geometrically difficult or hard and electrically conductive material parts 

that are extremely difficult to cut by regular conventional machining processes. Erosion pulse discharge occurs in a 

small gap between the workpiece and the tool electrode. This removes the unnecessary material from the workpiece 

metal through melting and vaporizing in presence of dielectric fluid, which affects factors such as productivity and 

quality. Operator’s health, safety and environment are also important factors, particularly when oil-based fluids are 

used. Performance measures are different for different materials, process parameters as well as for dielectric fluids. 

Presence of 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 workpiece. As a result, the process becomes more 

stable and metal removal rate (MRR) and surface finish (Ra) increases. The WEDM process is mainly used for 

making dies, moulds, parts of aerospace, automotive industry and surgical components etc. This paper presents a 

literature survey on the use of water based gaseous dielectric medium that provide an alternative to dielectric fluids. 

It has been reported that water-based dielectrics may replace gas-based fluids in WEDM applications. Gaseous 

dielectrics such as oxygen, Helium, Argon may also be the alternative. Nonetheless, these need further research in 

order to be commercially viable. 

INTRODUCTION 

 Use of water based gaseous dielectric medium is also called as Near Dry WEDM. It is a new WEDM 

process and it is an environment-friendly modification of the conventional (deionized water) WEDM process in 

which the dielectric fluid is replaced by a mixture of gas and water. Use of Deionized water as the dielectric liquid 

is the major cause for the environmental problems. Dielectric waste generated during the oil WEDM process is 

very poisonous, cannot be recycled and also harmful fumes are generated during machining. The main advantage of 

this near dry WEDM is low electrode wear and high work removal rate. High velocity water and gas flow through 

the separate nozzle into the inter-electrode gap. High velocity gas provides removal of debris and prevents 

excessive heating of the tool and workpiece at the discharge place. 

DRY AND NEAR DRY WIRE EDM PROCESS  

Dry electrical discharge machining (DEDM) is a modification of the oil EDM process in which the liquid 

dialectic is replaced by a gaseous dielectric. High velocity gas flowing through the tool electrode into the inter-

electrode gap substitutes the liquid dielectric. The flows of high velocity gas into the gap facilitate removal of 

debris and prevent excessive heating of the tool and workpiece at the discharge spots. Providing rotation or 

planetary motion to the tool has been found to be essential for maintaining the stability of the dry EDM process. 

Tubular tools are used and as the tool rotates, high velocity gas is supplied through it into the discharge gap. Gas in 

the gap plays the role of the dielectric medium required for electric discharge. Also, continuous flow of fresh gas 

into the gap forces debris particles away from the gap. Tool rotation during machining not only facilitates flushing 

but also improves the process stability by reducing arcing between the electrodes. Dry EDM is an environment-

friendly EDM technique because of the absence of mineral oil-based liquid dielectric. Environmentally harmful oil-

based dielectric wastes are not produced in dry EDM. Also, the process does not pose a health hazard since toxic 

fumes are not generated during machining. Additionally, absence of mineral oil-based dielectrics drastically 

reduces fire hazards during the process. 

PERFORMANCE OF GASEOUS DIELECTRIC MEDIUM 

Kunieda Masanori et al had applied oxygen gas in to the discharge gap, when a water based dielectric is 

used. It is found that the stock removal rate is increased due to the enlarged volume of discharged crater and more 

frequent occurrence of discharge. Here discharge frequency is increased compared to conventional EDM, The 

particles eroded by the oxygen assisted EDM include much more oxygen than the particles eroded by the 
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conventional EDM. Supplied oxygen gas reacts with not only iron but also cracked gases such as hydrogen, Carbon 

monoxide and hydrocarbon. Kunieda Masanori et al suggests that Dry electrical discharge machining (dry EDM) 

has characteristics of high work removal rate and low tool electrode wear ratio, experiment was conducted with 

Cemented carbide (G5). Copper Tungsten pipe was used as the tool electrode to increase removal rate and reduce 

electrode wear. The results, work removal rate of dry EDM milling is about six times larger than that of oil EDM 

milling, and electrode wear ratio one-third lower. 

Jun Takahashi et al investigate the dry EDM on the rotating pipe electrode. This electrode is prototyped 

here depth of cut, oxygen gas pressure, pulse duration, pulse interval and revolution of tool electrode were 

considered as the process parameters. Compared to oil EDM, tool wear ratio was about 1/3 smaller, and profile 

accuracy was excellent.  C.C. Kao et al investigates the dry wire electrical discharge machining (EDM) on thin 

workpieces. Dry EDM experiments were conducted in air, which was used as the dielectric fluid. Effects of spark 

cycle (T), spark on time (Ton), air flow rate, workpiece thickness, and type of work material were studied under wet 

and dry EDM conditions and also observed the deposition of debris in the groove cut by dry wire EDM. For a thick 

workpiece, the groove was totally blocked. Results showed that not all thin work-materials could be machined 

using dry EDM.  

Irina Besliu et al investigate replacement of the dielectric working liquid with dry or semi-dry dielectric 

fluids that are characterized by a lower negative impact over the environment. The experiments were done with 

compressed air blowing, dielectric liquid and in normal atmosphere. Relatively long pulse duration and high pulse 

energy level. 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. Sourabh K. Saha et al experiments were conducted with air as dielectric to develop polynomial models of 

MRR and Ra in terms of the six input parameters: gap voltage, discharge current, pulse–on time, duty factor, air 

pressure and spindle speed. Operations were performed on EN32 mild steel workpiece using tubular copper tool. 

During machining tool and work-piece were held in air medium. High air pressure and high spindle speed 

combination is favourable for obtaining both a high MRR and a low Ra. Such a combination of these input 

parameters leads to a higher flushing efficiency.  

NEAR DRY WIRE EDM 

C.C. Kao et al conducted experiments with liquid–gas mixture as the two phase dielectric fluid. Here liquid 

droplets are sprayed with controlled rate to the gap between the workpiece and electrode. The mixture of water and 

air is the dielectric fluid used for near dry EDM. Near dry EDM shows advantages over the dry EDM in higher 

MRR, sharper cutting edge, and less debris deposition. Compared to wet EDM, near dry EDM has higher at low 

discharge energy and generates a smaller gap distance. Albert J. Shih et al conducted experiments based on dry and 

near-dry EDM milling. Results, high MRR and fine surface finish for roughing and finishing operations, 

respectively. Dry EDM uses gas and near-dry EDM applies a liquid-gas mixture as the dielectric medium. 

Experimental studies leading to the selection of oxygen gas and copper electrode for high MRR dry EDM and the 

nitrogen-water mixture and graphite electrode for fine surface finish near-dry EDM are presented. Finally, high 

MRR dry EDM and fine surface finish near-dry EDM milling processes.  

Masahiro Fujiki et al investigates the effects of electrode lead and tilt angles and dielectric fluid flow rate 

on MRR, tool electrode wear ratio, and Ra in near-dry electrical discharge machining (EDM) milling process. 

Experiments are performed with air and kerosene mixture. CFD model of dielectric fluid flow in EDM milling was 

developed to predict the mist flow rate and correlated to the experimentally measured MRR, efficiency, and Ra in 

near-dry EDM milling. Results showed that MRR was linearly proportional to mist mass flow rate through MDR, 

and efficiency was inversely related to the mist flow rate. S. Mahendran et al explains that the electrode is in pipe 

form and gas or air flows through the pipe to remove debris from the gap and cools the gap surface. This 

technology helps to reduce vaporization that happen when dielectric fluids are used, thus cost increase to manage 

the vaporization waste. Dry EDM shows improvement in tool wear and machining time reduction. Kunieda et al. 

(1997) discovered that high constant velocity over the working gap does improve Material Removal Rate (MRR) as 

the concentration of oxygen in air is increased, although dry EDM is much better than oil EDM milling.  

Masahiro Fujiki et al had resulted with experimental results show a 30% increase in MRR while the TWR 

and Ra are not affected. The work material is H13 tool steel, and the electrode is a copper tube. Compressed air at 

517kPa and kerosene liquid at 5ml /min flow rate are supplied to the inlet. In this method a 30% increase occurs in 

MRR while small differences in Z and Ra are observed. S.Abdulkareem et al explained that the effects of Wire-

Electrical Discharge Machining variables like pulse current & Gap voltage on surface topography during wet and 
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dry WEDM of SS were investigated. Wet wire-EDM gives better surface integrity compared to dry wire-EDM. 

During dry wire-EDM, adhesion of machining debris on the inter electrodes surface is one of the factors that is 

responsible for poor surface integrity resulting poor surface finish on the workpiece. Increasing pulse current and 

voltage it gives poor surface finish. Prasad Bari et al finds the best suitable dielectric fluid for a given work piece 

and tool material in order to increase MRR and reduce TWR.  Mineral oils are commonly used as the dielectric 

medium for die sinking EDM operations. Mineral oils exhibiting high dielectric strength and a low viscosity are 

preferred because of their higher performance. Kerosene is one such oil which is used commonly for EDM. Water 

based dielectrics are used almost extensively for wire EDM operations. S. Boopathi et al investigated and worked 

on to minimize the environmental pollution. In the NDWEDM process, the mixing minimum quantity of liquid 

with oxygen gas has been used as the dielectric medium to reduce the environmental impact. Throughout the 

experiments, the gap-voltage, thickness of the materials and wire speed has been maintained constantly.  Four 

processing parameters have been considered for this study; discharge current, pulse on time, oxygen-mist pressure, 

pulse-off time and flow rate of mixing liquid for the machining performance evaluation of Material Removal rate 

(MRR) and Surface Roughness (SR). High speed steel has been used.  

RESULT AND DISCUSSION 

From the literature review, with a help of gaseous dielectric mediums like oxygen, air, orgon, helium, we can 

reduce the environmental polution and also the machining time is reduced, surface roughness of the workpiece 

material  is increased. 

CONCLUSIONS  

Some commercial water-based fluids have performance similar or higher than that of hydrocarbon oils. A 

specific product may provide material removal rates 2–3 times higher than that achieved with hydrocarbon oil and 

lower cost per part (approximately 40%). Workpiece surface roughness/integrity is dependent on the type of 

dielectric fluid. Surface roughness produced with deionised water is generally lower than that of hydrocarbon oils. 

Steel parts machined with hydrocarbon have an increase in the carbon content.  

Gaseous dielectrics such as air and oxygen can provide higher material removal rates than that with hydrocarbon 

oil, under some very special machining conditions. This application needs further research in order to be 

commercially viable. Water based dielectrics can replace hydrocarbon oils as they have higher performance and are 

more environmentally suitable. The review of the research trends in EDM on ultrasonic vibration, dry EDM 

machining, EDM in water and various optimization and modeling technique in predicting EDM performances is 

presented. In each topic, the development of the methods for the last 25 years is discussed. 
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