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Abstract  7 

Wire-cut electrical discharge machining (WEDM) is the highly essential unconventional electro-8 

thermal machining process to cut the contour profile of hard materials in modern production 9 

industries. The various environmental impacting wastes (by evaporating and reacting hydro-10 

carbon dielectric fluid) are produced during the WEDM process and these are harmful to the 11 

machine operators. These wastes are minimized by a near-dry WEDM process wherein the 12 

pressurized air mixed with a small amount of water is used as a dielectric substance. In this 13 

research, influences, and contributions of machining parameters such as air pressure, mixing water 14 

flow rate, spark current and pulse width on gas emission concentration (GEC), materials removal 15 

rate (MRR), and relative emission rate (RER) of sustainable near-dry WEDM process have been 16 

optimized by Taguchi analysis. RER is investigated to analyze the effects of machining factors on 17 

gas emission and machining rate combinedly. It was revealed that the maximum air pressure and 18 

flow rate of mixing water have significantly been promoting the sustainable near-dry WEDM 19 

process.  20 

Keywords: Gas emission concentration; Material removal rate; relative Emission rate; WEDM; 21 

sustainable; near-dry. 22 

1. Introduction 23 

In the recent aerospace and automotive industries, wire-cut electrical discharge machining 24 

(WEDM) is an imperative recent cutting process to cut contour, accurate, intricate, and irregular 25 

profiles of thermal and electrical conducting sub-components. Furthermore, the best accuracy and 26 

highest surface finish of WEDM components are appreciated (Das and Chakraborty 2020). The 27 

gas emission from hydrocarbon fluid in the conventional EMD/WEDM process is unavoidable for 28 

the expectation of the highest production rate. As per ISO14000 environmental act, the gas 29 
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emission and hazardous wastes emitted from such modern machining processes should be 30 

minimized to save the ecological system. The causes and effects of EDM wastes were analyzed by 31 

many EDM research experiments. The hydrocarbon and liquid dielectric fluids caused many 32 

harmful contaminants are exposed in the operating environments (Tonshoff et al. (1996). Leao and 33 

Pashby (2004)). Hence, the ecological impacts of EDM/ WEDM could be minimized by changing 34 

cutting fluids and modifying machining factors. However, the machining performance has been 35 

reduced while altering cutting fluid and operating procedures. It affects the production rate and 36 

leads to economic losses. Hence, sustainable eco-friendly EDM/WEDM research activities should 37 

be focused on improving machining performance and minimize pollutions. The sustainable 38 

development researches activities in EDM/ WEDM processes have been explained as follows.  39 

The toxicity and flammability of waste streams generated during EDM processes are analyzed 40 

and compared. It was concluded that harmful waste produced could be varied by tool, work 41 

material, and dielectric fluid (Yeo et al. 1998). After the days, many research activities were 42 

promoted to control the waste stream of EDM. It was found that minimum hazardous material was 43 

detected from resin dialectic and softer work materials in WEDM and emitting low-level 44 

emissions.  The energy consumption and waste impacts to the health of human operators, lands, 45 

water, and air pollutions have been concentrated and hydro-carbon fluid was replaced by tab water 46 

in EDM and WEDM processes(Boopathi and Sivakumar 2014; Tang and Du 2014). However, the 47 

machining efficiency has been decreased while replacing such dielectric fluid. In this aspect, 48 

ultrasonic, magnetic, and cryogenic assisted gas dielectric EDM processes improve the machining 49 

performances(Zhang et al. 2005, 2006; Singh Grewal and Parkash Dhiman 2019; 50 

Talebizadehsardari et al. 2020). Various groupings of work materials, tools, and dielectric fluid 51 

are affecting the various elements in the gas emissions (Evertz et al. 2006). It was revealed that 52 

the plasma zone temperature of EDM will generate the various toxic contaminants while using 53 

different work materials(Tonshoff et al. 1996; Valaki et al. 2015).   54 

The dielectric level, current, pulse time, and flushing pressure were taken as factors to control 55 

the concentration of aerosol and optimum parameters setting had been predicted to optimize the 56 

lowest aerosol exposure(Mathew et al. 2010). It was also found that the maximum current and 57 

pulse time settings will increase toxic aerosol emission in the operating zone (Jose et al. 2010).  58 

The water dielectric in EDM processes has been reducing the toxic gas emission as compared to 59 
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the existing process. Three sustainability indicators EDM have been identified as ecological 60 

impact, operator’s health, and working safety. It was analyzed and concluded that dry EDM is an 61 

environment and operator-friendly sustainable process (Valaki et al. 2015). The sustainable EDM 62 

process has been investigated using canola and sunflower Biodiesel to promote clean and emit 63 

much less harmful emissions (Ng et al. 2017).  Generally, the gas-assisted EDM was performed 64 

with low performance with a good environmentally supported process. The reducing negative 65 

impact of this process could be improved by replacing a minimal amount of eco-friendly fluids 66 

such as water mixed with gas mixed with air as dielectric fluid(Leppert 2018). The carbon 67 

emissions and machining noises of the magnetic flux assisted technique EDM process have been 68 

experimentally investigated to identify the machining setting for improving both environment and 69 

machining performances(Zhang et al. 2018). The economic and environmental factors (energy, 70 

electrode, and treatment of dielectric fluid) are experimented to analyze the harmful discharges 71 

and discarding of the dielectric medium by three pillars sustainability approach(Zia et al. 2019). 72 

The typical tap water dilutes in deionized water as a protecting medium in EDM experiments was 73 

attempted to reduce the machining pollution. It was concluded that the toxic contaminants have 74 

been reduced by diluted dielectric medium using Taguchi-grey analysis(Muthuramalingam 2019). 75 

The suitable EDM process had also experimentally been attained by water-in-oil (nano-emulsion) 76 

as insulation fluid. It has revealed that machining performance was also improved by that 77 

method(Dong et al. 2019). A study exhibited that the near-dry green EDM process decreased the 78 

97% fume emission with maximum debris when compared to existing liquid EDM (Dhakar et al. 79 

2019). It was reviewed that the water, gas, bio- dielectric have been utilized to promote sustainable 80 

development of dry and near-dry EDM processes(Singh et al. 2020). The vegetable oil-based 81 

dielectrics in wet, near-dry EDM processes was experimentally justified that the eco-friendly EDM 82 

performance had significantly been improved(Das et al. 2020). The electrode wear, energy, vapour 83 

density, current, and dielectric contaminants had been investigated superiority and inferiority 84 

ranking (SIR) method. It has been observed that to predict the best process parameter to improve 85 

the overall performance(Das and Chakraborty 2020).  86 

In the above-mentioned literature, the gas emission analysis of near-dry WEDM investigations 87 

was not experimentally investigated. In this paper, the gas emission concentration, material 88 

removal rate, and relative emission rate of near-dry WEDM (small quantity of water and 89 
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compressed air as dielectric) by Taguchi technique to predict the best machining setting for 90 

minimizing gas emission and relative emission rate with MRR.    91 

<Insert Figure 1 about here>  92 

2. Experimental method 93 

2.1. Experimental setup 94 

The fuzzy logic CNC-controlled WEDM machining is used to cut AISI D2 tool materials by 95 

0.18mm molybdenum wire electrode. The sustainable near-dry WEDM conditions are listed in 96 

Table 1. The pictorial representation of the near-dry WEDM experimental arrangement is 97 

displayed in Figure 1. 7 mm thickness of the wire tool has been used to conduct the experiments.  98 

The wire tool is reciprocating with help of a servo motor and rollers. The compressed air and small 99 

quantity of water mixed is called air-mist instead of hydrocarbon as a dielectric fluid. The 100 

compressed air pressure and mixing water flow rate are measured by this special experimental 101 

setup. The machining parameters pulse duration and spark current have been controlled and 102 

observed by the WEDM control unit monitor. The pulse interval and gap voltage and wire tension 103 

are constantly maintained as 48 micro-second, 75V, and 10 N respectively. In the experimental 104 

setup, the complete WEDM machining zone is covered by a vacuum chamber in which the small 105 

holes are provided to enter the atmospheric air (Figure 1). The outlet pipe is connected to a dust 106 

collector which is made of paper material. The dust collector/ filter is connected to a vacuum pump 107 

to suck the gas from the machining zone. Thus, the dust particles emitted during the cutting process 108 

are collected in a filter (dust collector).  109 

<Insert Table 1 about here>  110 

2.2. Machining responses measurement  111 

(i) The gas emission concentration (GES) is calculated by the ratio of the weight of filter 112 

after cutting process in specific time to initial weight of filter by Equation (1) 113 

(Thiyagarajan et al. 2014).  114 

𝐺𝐸𝑆 = (𝑤𝑡𝑎 − 𝑤𝑡𝑏 𝑇⁄   mg/min   (1) 115 
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Where wta - the initial weight of filter/dust collector paper before cutting process 116 

in milligram, wtb -the weight of filter paper before the cutting process in 117 

milligram, T – time of machining duration in minutes. 118 

(ii) The material removal rate (MRR) is calculated by Equation (2) as follows.  119 

𝑀𝑅𝑅 = (𝑤𝑡𝑚 − 𝑤𝑡𝑛 𝑇⁄   mg/min   (2) 120 

Where wtm - the initial weight of work materials\ before cutting process in 121 

milligram, Wtn - Weight of work material before the cutting process in milligram, 122 

T – time of machining duration in minutes. 123 

(iii) The relative emission rate (RER) of the machining processes is calculated from the 124 

ratio of GES and MRR as following Equation (3) (Thiyagarajan et al. 2014). It is used 125 

to observe the quantity of gas emission to quantity of material removal during the 126 

specific time of the cutting process.  127 𝑅𝐸𝑅 =  𝐺𝐸𝑆𝑀𝑅𝑅  (3) 128 

<Insert Table 2 about here>  129 

<Insert Table 3 about here>  130 

2.3. Experimental design  131 

The Taguchi L27 orthogonal array is applied to conduct the near-dry WEDM experiments by 132 

varying the machining parameters and making response observations. It is an effective design of 133 

the experimental (DOE)  method to identify the influences of each factor with minimum numbers 134 

of the test. Initially, the trial tests were conducted to finalize the machining parameters levels. The 135 

value of each parameter level is shown in Table 2. The values of each parameter level have been 136 

finalized based on permitted ranges of parameters and the combination of parameters setting is 137 

implemented to measure the required results. The levels combination of air pressure, the flow rate 138 

of mixing water, spark current and pulse width are used to conduct the 27 trials of experiments as 139 

listed in Table 3. In this paper, the mean effect of parameters is considered to study the response 140 

variations. The influences and contributions of each parameter on gas emission concentration, 141 

material removal rate, and relative emission ratio are predicted by Taguchi analysis. The analysis 142 

of variance (ANOVA) is performed for the mean values of each factor. The Taguchi analysis of 143 
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GES, MRR, and RER are shown in Tables 4,5, and 6 respectively. The following formulae 144 

(Equations (4) – (8) ) are employed to find the internal terms of Taguchi analysis.  145 

Total sum of Square     𝑆𝑆𝑇 = ∑ (𝑚𝑖2 − (𝑘 × 𝑚𝑡2))𝑘𝑖=1                     (4)  146 

Parameter sum of Square     𝑆𝑆𝑃 = ∑ (𝑠𝑚𝑖2𝑟 − 1𝑘 (∑ 𝑚𝑖𝑘𝑖−1 ))𝑟𝑖=1              (5)  147 

Variance       𝑉𝑝 = 𝑆𝑆𝑃𝑑𝑓𝑝               (6) 148 

Corrected sequential sum of square   𝑆𝑆𝐶 = 𝑆𝑆𝑃 − (𝑑𝑓𝑝) (𝑉)           (7) 149 

Percentage of contribution         𝐶% =  𝑆𝑆𝑃𝑆𝑆𝑐              (8) 150 

Where ‘k’ represents the number of parameters,  ‘j’ as the parameter level, mi as the mean value 151 

of ith experiment, mt as the total mean value, smj as the sum of the value of jth as level of the 152 

parameter, ‘r’ as the number of repetition, and dfp as the degree of freedom.  153 

3. Results Analysis and Discussions 154 

3.1 Analysis of GEC  155 

It was observed from Taguchi analysis that the spark current and air pressure significantly 156 

affect the mean value of GEC. The percentage (%) contribution of machining factors, i.e., spark 157 

current (45.78%), air pressure (32.03%), and pulse width (18.15%) have been higher than the flow 158 

rate of mixing water (2.79%) on GEC.  159 

<Insert Table 4 about here>  160 

It was observed from Table 4 that the percentage contribution of spark current on GEC was 161 

45.78%. It revealed that current is providing an important impact on the GEC of the reacting 162 

dielectric fluid as shown in Figure 2. While increasing current, the gas emission is also increased 163 

due to an increase in the concentration of spark energy in the cutting zone(Thiyagarajan et al. 2012; 164 

Dhakar et al. 2019). It is caused by the increasing thermal reaction between work material and a 165 

wire tool. Thus, the gas emission will be increased in the machining atmosphere/ zone. The air 166 

pressure has the second-highest contribution on the GEC by increasing the dielectric strength and 167 

reducing evaporation of dielectric fluid due to minimum reaction of water with burned metal. 168 

While increasing the air pressure, the machining performance will be improved and material debris 169 

also increased(Boopathi and Sivakumar 2014). However, a small amount of mixing water is only 170 

evaporated and metal is completely burned during the cutting process. It caused the gas emission 171 
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mixing with the surrounding air is decreasing while increasing air pressure (Suthangathan 172 

Paramashivan et al. 2012).  173 

<Insert Figure 2 about here>  174 

The emission concentrations increased by the increase in pulse width due to high heat energy, 175 

evaporation, and metal melting are directly varied to the quantity of pulse heat by pulse time(Evertz 176 

et al. 2006; Sivapirakasam et al. 2011; Suthangathan Paramashivan et al. 2012; Thiyagarajan et al. 177 

2012). The high heat debris particles will react with water which causes the smoke by long 178 

availability of spark in the cutting zone(Spedding and Wang 1997; Pandey et al. 2015; Sadagopan 179 

and Mouliprasanth 2017). The flow rate of water mixing with air was less contribution on GEC 180 

(2.79%) due to mixing water had atomized by high-pressure air in the cutting zone. While 181 

increasing flow rate from 8 to 12 ml/min, the maximum portion of water has been perfectly mixed 182 

with pressurized air and from 12 to16 ml/min, un-atomized water particle reaction with debris, 183 

then the GEC is getting increased. In the near-dry WEDM process, the gas emission by the burning 184 

of dielectric fluid will be deceased at the flow rate of 12 ml/min. thus, the near-dry WEDM process 185 

is representing as a Green machining process(Pandey et al. 2015; Valaki et al. 2015; Dhakar et al. 186 

2019; Singh et al. 2020).   187 

<Insert Table 5 about here>  188 

3.2 Analysis of MRR 189 

It was revealed from Table 5 that the percentage of contributions of spark current, pulse width, 190 

air pressure, and flow rate of mixing water on MRR is 33.71%), 23.42%, 31.78%, and 8.68% 191 

respectively.  192 

<Insert Figure 3 about here>  193 

It was indicated from Taguchi analysis (Figure 3) that the moderate air pressure (5 bar) 194 

improves the MRR due to efficient flushing and sufficient cooling effect in the near-dry WEDM 195 

process(Boopathi and Sivakumar 2012; Boopathi and Myilsamy 2021). At the low air pressure (3 196 

bar), the metal debris is reduced due to insufficient spark in the plasma zone. The spark transfer 197 

between wire and workpiece materials has been disturbed by increasing pressure to 7 bar (Boopathi 198 

and Sivakumar 2013, 2014, 2016). While increasing the mixing water flow rate, the MRR is 199 

increased due to effective cooling and an increase in dielectric strength in the cutting 200 

zone(Boopathi and Sivakumar 2012). The spark current and pulse width are significantly 201 
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contributing to improving the MRR due to high thermal energy, high melting, and vaporization of 202 

metal in the cutting zone(Abbas et al. 2012; Kumar et al. 2020).  203 

<Insert Table 6 about here>  204 

3.3 Analysis of RER 205 

The effects of machining parameters on the RER of near-dry WEDM are shown in Figure 4. It was 206 

also revealed from Table 6 that the percentage of contributions of air pressure, the flow rate of 207 

mixing water, spark current, and pulse width on RER are 85.01%, 9.36%, 3.52%, and 0.81% 208 

respectively.   209 

It was observed from Table 6 that air pressure has the highest contribution than mixing water flow 210 

rate, pulse width and spark current on RER. the pressure is directly proportional to expectations of 211 

both responses (MRR and gas emission) due to high air pressure promotes green machining 212 

processes(Dhakar et al. 2019; Ming et al. 2021). It was also revealed from the literature the 213 

dielectric medium is a significant factor in gas emission in EDM processes(Leão and Pashby 2004; 214 

Chakraborty et al. 2015; Ng et al. 2017; Singh et al. 2018). In the near-dry WEDM processes, the 215 

liquid/ hydrocarbon dielectric fluid has been replaced by air or air mixed with a small amount of 216 

water to control the emission.  217 

<Insert Figure 4 about here> 218 

While increasing the flow rate of mixing water, the RER also decreased due to effective cooling, 219 

good dielectric strength and flush-out debris effectively in the cutting zone. The highest quantity 220 

of water (16 ml/min) provides sufficient dielectric strength and cooling effect in the cutting zone. 221 

The spark current and pulse width parameters are giving inverse influences on gas emission and 222 

MRR. Thus, these factors were insignificant and less contribution to RER. However, the lowest 223 

values of spark current and pulse time will promote the eco-friendly machining process (Figure 4).  224 

<Insert Table 7 about here>  225 

3.4 Prediction and confirmation experiments 226 

The optimum machining parameter settings for minimizing the gas emission and RER, and 227 

maximize the MRR are shown in Table 7. The optimum machining parameter settings to minimize 228 

GEC (0.179 mg/min) were air pressure (7 bar), flow rate (12 ml/min), spark current (3 A), and 229 
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pulse width (16 µs), and predicted value was at best parameter setting. The predicted GEC value 230 

was validated by a confirmation experiment (0.181 mg/min). The optimal machining parameter 231 

settings to maximize the MRR (105 mg/min) were air pressure (5 bar), flow rate (16 ml/min), spark 232 

current (5 A), and pulse width (28 µs). The predicted MRR value was validated by a confirmation 233 

experiment (106 mg/min). The best machining parameter setting to minimize the RER (0.0057) 234 

were air pressure (7 bar), flow rate (16 ml/min), spark current (3 A), and pulse width (16 µs). The 235 

predicted RER value was validated by a confirmation experiment (0.006).  236 

 237 

4 Conclusions  238 

In this research, the GEC, MRR, and RER of sustainable near-dry wire-cut EDM process have 239 

been analyzed using the Taguchi method. The following conclusions were derived as follows.  240 

 The gas emission concentration (GEC) has been reduced by minimizing pulse width, 241 

spark current, and flow rate of mixing water and maximizing air pressure. Air pressure 242 

increases the dielectric strength and reducing the evaporation of dielectric fluid due to 243 

the minimum reaction of water with burned materials. The moderate flow rate of water 244 

gives the lowest emission due to avoiding the chemical reaction of unburned materials. 245 

The current and pulse width enhance the gas emission rate because of the highest 246 

debris by maximum intensity of long spark energy in the cutting zone.  247 

 The MRR has been improved by increasing pulse width, spark current, and flow rate 248 

of mixing water. It is maximum at moderate air pressure (5 bar) due to efficient 249 

flushing and sufficient cooling effect in the cutting zone. The pulse width and current 250 

improved the MRR because of the highest debris by the good intensity of a long spark. 251 

The highest flow rate of water improves the MRR due to sufficient dielectric strength 252 

with good flushing efficiency.  253 

 The relative emission rate (RER) was reduced by the lowest input of spark current, 254 

pulse width, and highest value of air pressure and mixing water flow rate due to 255 

sufficient dielectric strength and chilling effect in the cutting zone. While increasing 256 

air pressure, RER is getting reduced due to the complete burning of materials at 257 

maximum pressure.  RER is reduced by the minimum intensity of spark at the low 258 

value of pulse width and spark current levels.  259 
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 The air pressure was the highest contribution (85.01%) on relative emission rate by 260 

increasing pressure minimize the gas emission and improves the materials debris. 261 

Hence the air pressure is one of the key parameters to enhance the sustainable near-262 

dry wire-cut EDM process.   263 

 The predicted values of GEC, MRR, and RER from Taguchi analysis have been 264 

validated by a set of confirmation experiments.  265 

Acknowledgment Author  266 

The author thanks Mechanical Engineering at Bannariamman Institute of Technology, 267 

Sathayamanagalam, Erode, Tamilnadu, India. for helping to carry out this research work.  268 

Ethics approval 269 

Not Applicable 270 

Consent to participate 271 

Not Applicable 272 

Consent for publication 273 

Not Applicable 274 

Authors Contributions 275 

Dr. Boopathi Sampath contributed to conducting experiments, experimental design, analyzing 276 

and interpreting the data regarding the near-dry WEDM Process.  277 

Funding 278 

No fund received.  279 

Competing Interests 280 

The author declares that he has no competing interests. 281 

Availability of data and materials  282 

The datasets generated during and/or analyzed during the current study are available from the 283 

corresponding author and included in this article.  284 

 References 285 

Abbas NM, Yusoff N, Wahab RM (2012) Electrical discharge machining (EDM): Practices in 286 

Malaysian industries and possible change towards green manufacturing. Procedia Eng 287 

41:1684–1688. https://doi.org/10.1016/j.proeng.2012.07.368 288 

Boopathi S, Myilsamy S (2021) Material removal rate and surface roughness study on Near-dry 289 

wire electrical discharge Machining process. Mater Today Proc xx:xx–xx. 290 

https://doi.org/10.1016/j.matpr.2021.02.267 291 

Boopathi S, Sivakumar K (2014) Study of water assisted dry wire-cut electrical discharge 292 

machining. Indian J Eng Mater Sci 21:75–82. 293 



11 

 

http://nopr.niscair.res.in/handle/123456789/27453 294 

Boopathi S, Sivakumar K (2012) Experimental comparative study of near-dry wire-cut electrical 295 

discharge machining (WEDM). Eur J Sci Res 75:472–481 296 

Boopathi S, Sivakumar K (2013) Experimental investigation and parameter optimization of near-297 

dry wire-cut electrical discharge machining using multi-objective evolutionary algorithm. 298 

Int J Adv Manuf Technol 67:2639–2655. https://doi.org/10.1007/s00170-012-4680-4 299 

Boopathi S, Sivakumar K (2016) Optimal parameter prediction of oxygen-mist near-dry wire-cut 300 

EDM. Int J Manuf Technol Manag 30:164–178. 301 

https://doi.org/10.1504/IJMTM.2016.077812 302 

Chakraborty S, Dey V, Ghosh SK (2015) A review on the use of dielectric fluids and their 303 

effects in electrical discharge machining characteristics. Precis Eng 40:1–6. 304 

https://doi.org/10.1016/j.precisioneng.2014.11.003 305 

Das PP, Chakraborty S (2020) Parametric analysis of a green electrical discharge machining 306 

process using DEMATEL and SIR methods. Opsearch 57:513–540. 307 

https://doi.org/10.1007/s12597-019-00410-2 308 

Das S, Paul S, Doloi B (2020) Feasibility assessment of some alternative dielectric mediums for 309 

sustainable electrical discharge machining: a review work. J Brazilian Soc Mech Sci Eng 310 

42:148. https://doi.org/10.1007/s40430-020-2238-1 311 

Dhakar K, Chaudhary K, Dvivedi A, Bembalge O (2019) An environment-friendly and 312 

sustainable machining method: near-dry EDM. Mater Manuf Process 34:1307–1315. 313 

https://doi.org/10.1080/10426914.2019.1643471 314 

Dong H, Liu Y, Li M, et al (2019) Experimental investigation of water-in-oil nanoemulsion in 315 

sinking electrical discharge machining. Mater Manuf Process 34:1129–1135. 316 

https://doi.org/10.1080/10426914.2019.1628266 317 

Evertz S, Dott W, Eisentraeger A (2006) Electrical discharge machining: Occupational hygienic 318 

characterization using emission-based monitoring. Int J Hyg Environ Health 209:423–434. 319 

https://doi.org/10.1016/j.ijheh.2006.04.005 320 

Jose M, Sivapirakasam SP, Surianarayanan M (2010) Analysis of aerosol emission and hazard 321 

evaluation of electrical discharge machining (EDM) process. Ind Health 48:478–486. 322 

https://doi.org/10.2486/indhealth.MS1127 323 

Kumar V, Diyaley S, Chakraborty S (2020) Teaching-learning-based parametric optimization of 324 

an electrical discharge machining process. Facta Univ Ser Mech Eng 18:281–300. 325 

https://doi.org/10.22190/FUME200218028K 326 

Leão FN, Pashby IR (2004) A review on the use of environmentally-friendly dielectric fluids in 327 

electrical discharge machining. J Mater Process Technol 149:341–346. 328 

https://doi.org/10.1016/j.jmatprotec.2003.10.043 329 

Leppert T (2018) A review on ecological and health impacts of electro discharge machining 330 

(EDM). AIP Conf Proc 2017:020014. https://doi.org/10.1063/1.5056277 331 



12 

 

Mathew J, Sivapirakasam SP, Surianarayanan M (2010) Evaluation of occupational exposure to 332 

aerosol emitted from die sinking electrical discharge machining process. Int J Environ Heal 333 

4:1–17. https://doi.org/10.1504/IJENVH.2010.033031 334 

Ming W, Shen F, Zhang G, et al (2021) Green machining: A framework for optimization of 335 

cutting parameters to minimize energy consumption and exhaust emissions during electrical 336 

discharge machining of Al 6061 and SKD 11. J Clean Prod 285:124889. 337 

https://doi.org/10.1016/j.jclepro.2020.124889 338 

Muthuramalingam T (2019) Effect of diluted dielectric medium on spark energy in green EDM 339 

process using TGRA approach. J Clean Prod 238:117894. 340 

https://doi.org/10.1016/j.jclepro.2019.117894 341 

Ng PS, Kong SA, Yeo SH (2017) Investigation of biodiesel dielectric in sustainable electrical 342 

discharge machining. Int J Adv Manuf Technol 90:2549–2556. 343 

https://doi.org/10.1007/s00170-016-9572-6 344 

Pandey H, Dhakar K, Dvivedi A, Kumar P (2015) Parametric investigation and optimization of 345 

near-dry electrical discharge machining. J Sci Ind Res (India) 74:508–511. 346 

http://nopr.niscair.res.in/handle/123456789/32205 347 

Sadagopan P, Mouliprasanth B (2017) Investigation on the influence of different types of 348 

dielectrics in electrical discharge machining. Int J Adv Manuf Technol 92:277–291. 349 

https://doi.org/10.1007/s00170-017-0039-1 350 

Singh AK, Mahajan R, Tiwari A, et al (2018) Effect of Dielectric on Electrical Discharge 351 

Machining: A Review. IOP Conf Ser Mater Sci Eng 377:012184. 352 

https://doi.org/10.1088/1757-899X/377/1/012184 353 

Singh Grewal G, Parkash Dhiman D (2019) Effect of deep cryogenic treatment on copper 354 

electrode for non-traditional electric discharge machining (EDM). Mech Sci 10:413–427. 355 

https://doi.org/10.5194/ms-10-413-2019 356 

Singh NK, Singh Y, Sharma A, et al (2020) An environmental-friendly electrical discharge 357 

machining using different sustainable techniques: a review. Adv Mater Process Technol 358 

x:1–30. https://doi.org/10.1080/2374068X.2020.1785210 359 

Sivapirakasam SP, Mathew J, Surianarayanan M (2011) Multi-attribute decision making for 360 

green electrical discharge machining. Expert Syst Appl 38:8370–8374. 361 

https://doi.org/10.1016/j.eswa.2011.01.026 362 

Spedding TA, Wang ZQ (1997) Parametric optimization and surface characterization of wire 363 

electrical discharge machining process. Precis Eng 20:5–15. https://doi.org/10.1016/s0141-364 

6359(97)00003-2 365 

Suthangathan Paramashivan S, Mathew J, Mahadevan S (2012) Mathematical modeling of 366 

aerosol emission from die sinking electrical discharge machining process. Appl Math Model 367 

36:1493–1503. https://doi.org/10.1016/j.apm.2011.09.034 368 

Talebizadehsardari P, Eyvazian A, Khan A, Sebaey TA (2020) Measurement and evaluation of 369 

magnetic field assistance on fatigue life and surface characterization of Inconel 718 alloy 370 

processed by dry electrical discharge turning. Meas J Int Meas Confed 173:108578. 371 



13 

 

https://doi.org/10.1016/j.measurement.2020.108578 372 

Tang L, Du YT (2014) Experimental study on green electrical discharge machining in tap water 373 

of Ti-6Al-4V and parameters optimization. Int J Adv Manuf Technol 70:469–475. 374 

https://doi.org/10.1007/s00170-013-5274-5 375 

Thiyagarajan S, Sivapirakasam SP, Mathew J, et al (2014) Influence of workpiece materials on 376 

aerosol emission from die sinking electrical discharge machining process. Process Saf 377 

Environ Prot 92:739–749. https://doi.org/10.1016/j.psep.2014.01.001 378 

Thiyagarajan S, Sivapirakasam SP, Mathew J, Surianarayanan M (2012) Experimental 379 

investigation on manufacturing and environmental aspects of electrical discharge machining 380 

process using graphite electrode. Adv Mater Res 433–440:655–659. 381 

https://doi.org/10.4028/www.scientific.net/AMR.433-440.655 382 

Tonshoff HK, Egger R, Klocke F (1996) Environmental and Safety Aspects of Electrophysical 383 

and Electrochemical Processes. CIRP Ann - Manuf Technol 45:553–568. 384 

https://doi.org/10.1016/S0007-8506(07)60510-1 385 

Valaki JB, Rathod PP, Khatri BC (2015) Environmental impact, personnel health and operational 386 

safety aspects of electric discharge machining: A review. Proc Inst Mech Eng Part B J Eng 387 

Manuf 229:1481–1491. https://doi.org/10.1177/0954405414543314 388 

Yeo SH, Tan HC, New AK (1998) Assessment of waste streams in electric-discharge machining 389 

for environmental impact analysis. Proc Inst Mech Eng Part B J Eng Manuf 212:393–400. 390 

https://doi.org/10.1243/0954405981515996 391 

Zhang QH, Du R, Zhang JH, Zhang QB (2006) An investigation of ultrasonic-assisted electrical 392 

discharge machining in gas. Int J Mach Tools Manuf 46:1582–1588. 393 

https://doi.org/10.1016/j.ijmachtools.2005.09.023 394 

Zhang QH, Zhang JH, Ren SF, et al (2005) A theoretical model of surface roughness in 395 

ultrasonic vibration assisted electrical discharge machining in gas. Int J Manuf Technol 396 

Manag 7:381–390. https://doi.org/10.1504/IJMTM.2005.006840 397 

Zhang Z, Yu H, Zhang Y, et al (2018) Analysis and optimization of process energy consumption 398 

and environmental impact in electrical discharge machining of titanium superalloys. J Clean 399 

Prod 198:833–846. https://doi.org/10.1016/j.jclepro.2018.07.053 400 

Zia MK, Pervaiz S, Anwar S, Samad WA (2019) Reviewing Sustainability Interpretation of 401 

Electrical Discharge Machining Process using Triple Bottom Line Approach. Int J Precis 402 

Eng Manuf - Green Technol 6:931–945. https://doi.org/10.1007/s40684-019-00043-2 403 

 404 



Figures

Figure 1

Graphic drawing of near-dry wire-cut EDM experimental arrangement to measure the gas emission
concentration



Figure 2

Impact of machining parameters of near-dry WEDM on GEC



Figure 3

Impact of machining parameters of near-dry WEDM on MRR

Figure 4

Impact of machining parameters of near-dry WEDM on RER


