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1. Introduction 

Rapid itechnological iadvancements iin iaerospace, itransportation, imedical, iand isuch iother iindustries ihave 

demanded ithe iprocessing iof imore imaterial iat ia ihigher icapacity iand iefficiency. iMost iadvanced imaterials, idue 

to their uniqueicharacteristics, need the use of iadvanced iproduction itechniques iin iorder ito ibe imachined efficiently 

[1, i2]. The majority iof ithese iitems iare itough ito icut iusing istandard imanufacturing iprocesses i[3–7]. The specific 

iproperties of these materials ihave ibroadened itheir irange iof iapplications iand iprompted manufacturers ito idevelop 

Abstract: Electrical discharge machining (EDM) is a high-precision manufacturing process that may be 

implemented to any electrically conductive material, notwithstanding its of mechanical residences. It’s far a non-

contact process using thermal energy that is used in a wide range of applications, especially for difficult-to-cut 

materials with complicated shapes and geometries. The dielectric is critical in this process as it focuses the plasma 

channel above the processing and also serves as a debris carrier. The long-term use of dielectric used in EDM 

process pollutes to the atmosphere and is harmful to the operator's health. This study compares the efficiency of 

refined, bleached, and deodorized (RBD) palm oil (cooking oil) with traditional hydrocarbon dielectric, kerosene 

using copper electrode in the finishing process of AISI D2 steel. Low peak current, Ip 1A to 5A and pulse duration, 

ton up to 150μs were chosen as the main parameters. The effects of material removal rate (MRR), electrode wear 

rate (EWR), and surface roughness (Ra) were evaluated. The result shows that RBD palm oil has higher MRR 

which is 33.4821mm3/min while kerosene is 22.4888mm3/min, both at Ip=5A and ton=150µs. The improvement 

when RBD palm oil is used as dielectric is 48.88% compared to kerosene. With the increase in peak current, the 

EWR increases but it is inversely proportional to the pulse duration. The lowest EWR is obtained at the same 

IP=1A and ton=150µs for both RBD palm oil and kerosene which is 0.0010mm3/min and 0.0002mm3/min 

respectively. The minimum value of Ra for RBD palm oil is 2.15µm at IP=1A and ton=150µs, while for kerosene it 

is 2.11µm at IP=1A and ton=150µs. In terms of finishing process efficiency, RBD palm oil, a biodegradable oil-

based dielectric fluid, has shown significant potential in EDM processing of AISI D2 steel. 
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newilow-costiand high-precision machining processes [10, i11]. EDM iis iamong ithe most isophisticated  technologies 

for icutting iconductive imaterials i[10, i12–16]. iIn modern iindustries, iEDM iis the imethod iof ichoice for 

machiningidifficult-to-cut materialsitypically used to facilitate iprecise imachining, complex ishape imachiningiand 

betterisurface integrity [17–22]. Theimethodiisiuseditoimanufacture electricallyiconductiveimaterials 

byirepeatedlyiapplying sparks betweenielectrodes iand iworkpieces. iIn icontrast to imechanical imachining, ithere iis 

no ideformation iforce ibetween ithe iworkpiece iand ithe ielectrode, iand machining ioccurs iwithout iany iphysical 

contact ibetween ithem i[20, i23–25]. i 

EDM imethods ithat iemploy ithe isame imaterial iremoval imechanism iinclude idie-sinking iEDM, iwire iEDM, 

micro iEDM, ipowder-mix iEDM, iand idry iEDM. iDifferent itechnologies imake ithe iprocess imore iflexible iand 

ideal ifor imachining irelatively iwide iand imicroscopic. iDie-sinking iEDM iis ia imethod iof iremoving imaterial 

from ia iworkpiece ithat iincludes ia iseries iof iquickly ioccurring icurrent idischarges ialong ielectrodes iseparated iby 

a idielectric ifluid iand iexposed ito ian ielectrical ivoltage. iTo iproduce isparks, iboth ithe ielectrode iand ithe 

workpiece imust ihave ielectrical iconductivity. i 

In iaddition, iwhile imany itechnologies ihad ibeen iinvested iin iimproving imachining icapabilities, 

environmental isustainability ihad ireceived ilittle iattention. iSeveral iproblems iwith ithe imachining iprocess iarose 

during ithe iEDM iprocess. iBecause iof itheir ihigh iflammability iand iinstability, idielectric ifluids iwere ia isource  

of iconcern i[26]. iThe icarcinogenic iand ipolluting ipotential iof ithe idielectric ifluid, ikerosene, iwhich iwas 

frequently iemployed iin iEDM iowing ito iits ilong-term iusage, iwere isome iof ithe imost iworrisome iproblems. 

Many istudies ihad ibeen iconducted ito iimprove ienvironmental imachining icapabilities, iwith isome iproposing itap 

water ior ideionized iwater iwith iadditives ias ian ialternative ito iconventional ihydrocarbon ioil ito ireduce 

environmental iimpact iwhile imaintaining imachining icapabilities. i[27, i28]. iOther iresearch iinitiatives iincluded  

the iuse iof iRBD ipalm ioil ito ireplace ikerosene ito iminimize icosts iand ito icreate ian ienvironmentally isustainable 

method ifor imachining i[27-30]. i 

RBD ipalm ioil ihas ia ilow iprice, iis iconvenient ito iuse, iis iwidely iavailable, iand ihas ia ihigher isustainability 

impact iindex. iFurthermore, iit ihas ithe iproperty iof ibeing ireusable iand inot icausing idamage ito ithe ienvironment 

or ihuman ihealth iwhen iused i[6]. iRBD ipalm ioil ihad ibeen ishown ito ienhance ithe imachining iprocess iand 

undoubtedly ito ibe ithe ibest isubstitute ifor ikerosene ibecause iof iits ibiodegradability iand ipollutant-free i[29, i30]. 

However, itheir iperformance ihas ibeen iquestioned. iIt ican ireduce ithe ipollutant iand icost ibut iup ito ithis ipoint, 

there iis ino idetailed iresearch ion ithe iperformance iand ieffect iof irepeated icycle iuse iof iRBD ipalm ioil iin   

EDM. iBesides, ibiodegradable ioil-based idielectric ifluids iare islow ito ibe iintroduced iin ithe iindustry idue ito ithe 

fundamental iproblems iwith ithis inew idevelopment, isuch ias ithe imachining imechanism iin ithe iEDM iprocess 

[25]. i 

It iis idesirable ito iselect ian iappropriate idielectric ifluid iduring iEDM ioperation ito iimprove iEDM iefficiency. 

Most iresearchers iinvestigated ithe ieffects iof ichanges iin ithe istate iand iparameters iof ithe imachining i[7, i25]. 

Still, ivery ifew istudies ihad ibeen idone ion idielectric ifluid iefficiency iby ilooking iat ithe imechanism iin iEDM 

with ithe iintroduction iof ibio-degradable idielectric ifluid ibased ion ioil iin iEDM. iHowever, ithe iprocedures 

involved irequire ifurther ianalysis iand itesting ito iapply ibio-dielectric ifluid ito iEDM. iHence, ithis istudy iwas 

investigating ion ithe iperformance iof iRBD ipalm ioil idielectric ifluid ito ithe ifinishing ioperation iof iAISI iD2  

steel iin ia isustainable iEDM iprocess. iIn ithis icase, iit iwas ihighly iexpected ithat iit iwould iimprove ithe 

performance iof iEDM imachining 

 

2.   Experiment Methods 

The iprocedure iof ilong-term ielectrical idischarge imachining iwill ibe idiscussed ithroughout. iTo iachieve ithe 

proper iresult ifor ithis ianalysis, ithe iproper isteps ishould ibe itaken. iThe ischematic idiagram iand imachine isetup 

are ishown iin iFig. i1, iand iTable i1 ilists ithe iproperties iof ithe idielectric ifluid iused iin ithis istudy. 
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Fig. 1 -i(a) Schematic diagram of machine setup; (b) External working tank 

Table i1 - Properties of dielectric fluid 

Properties RBD iPalm iOil Kerosene 

Density i(kg/m3) 870 820 

Viscosity, iat i40oC i(cST) 40.24 2.08 

Flash iPoint i(oC) 160 38-41 

Specific iheat i(KJ/KgK) 1.902 2.00 

Breakdown iVoltage i(KV) 51-64 6.4-11.4 

Thermal iConductivity i(W/mK) 0.1708 0.145 

 

2.1 Experiment Setup and Details 

As ishown iin iFig. i2, iRBD ipalm ioil i(cooking ioil) iwas iused ibiodegradable ioil idielectric iand ikerosene ias  

a iconventional idielectric iin ithis istudy. iComputer iNumerical iControl i(CNC), iSodick ihigh ispeed iEDM idie sink 

AQ55L i(3 iAxis iLinear) imachine iwas iused ito icarry iout ithis istudy. iA ispecial imade iglass itank (25x20x15) cm3 

was iused ito iperform ithis istudy iwith iRBD ipalm ioil ias ithe idielectric ifluid. iThis iwas idone because ithe iSodick 

high ispeed iEDM iDie iSink i(AQ55L) imachine iis idesigned ito iuse ikerosene ionly. 

The iworkpiece iin ithis iproject iwas iAISI iD2 isteel i(40x30x10) imm3. iA icut-off igrinder iwas iused ito icut 

the irequired idimensions ifrom ithe iraw imaterial ias ireceived. iFiling iwas ialso iused ito iremove iburrs iand isharp 

corners. iThis isteel ihas ihigh icompressive istrength iand iexcellent iwear iresistance. iThe ichemical icomposition 

(wt%) iof iAISI iD2 isteel iwas: iC: i1.5%, iS: i0.3%, iMn: i0.3%, iMo: i1.0%, iCr: i12%, iNi: i0.3%, iV: i0.8%, iCo: 

1.0%, iand ithe ibalance iwas iFe. iA icommercial ielectrode imade iof i99.58% ipure icopper iwith idimensions iØ (10 

x30) imm iand ia idimensional itolerance iof i+ i0.02mm iwas iused ito iperform ithe iEDM iexperiments. iThe 

chemical icomposition i(wt%) iof ithe icopper ielectrode iwas: iCu: i99.58%, iAl: i0.006%, iSi: i0.002%, iS: i0.035%, 

P: i0.052%, iZn: i0.25%, iMn: i0.002%, iNi: i0.023%, iPb: i0.02%, iand iC: i0.028%. i iDue ito iits ihigh ithermal 

conductivity, icopper ielectrodes ihave ibeen iwidely iused ias ielectrodes iin iEDM iprocesses i[7, i8]. iThe isample 

image iof ithe imachined iworkpiece iis ishown iin iFig. i3. iFor ieach iset, ia itotal iof i18 iruns iwere iperformed, i9 

trials ieach iwith iRBD ipalm ioil iand ikerosene. iThe iset iwas irepeated itwice iand ithe ibest iresult iwas iselected 

forianalysis. iTable i2 ishows ithe iexperimental iconditions iand iparameter isettings ifor ithe istudy. i 

 

  

Fig. i2 - Dielectric fluid; (a) RBD palm oil; (b) kerosene 

 

  
Fig. i3 - AISI iD2 steel machining using; (a) RBD palm oil; (b) kerosene 

(a) (b) 

(a) (b) 
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Table i2 - Experimental condition on EDM machining of AISI D2 steel 

Parameter Details 

Workpiece imaterial AISI iD2 isteel 

Electrode imaterial Copper 

Peak icurrent, iIp i(A) 1, i3, i5 

Pulse ion-time, iton i(µs) 50, i100, i150 

Pulse ioff-time, itoff i(µs) 50 

Voltage, iV 120 

Electrode ipolarity Positive i(+ve) 

Depth iof icut i(mm) 1.5 

 

2.2 Responses  

In ithis istudy, ithe imaterial iremoval irate i(MRR), ielectrode iwear irate i(EWR) iand isurface iroughness i(Ra) 

were iinvestigated. iMRR ican ibe idefined ias ithe ivolume iloss iof ithe iworkpiece iper imachining itime i(mm3/min). 

Here, imw idescribes ithe imass iloss iof ithe iworkpiece i(g), iρw iis ithe idensity iof ithe iworkpiece i(0.00896 g/mm3), 

and it iis ithe imachining itime i(min), ias ishown iin iEquation i(1). iThe iweights iof ithe iworkpieces iand ielectrodes 

before iand iafter imachining iwere imeasured iusing ia iShimadzu iweight ibalance iinstrument. iIt iwas iassumed ithat 

the iweight ichanges iof ithe iworkpiece iand ielectrode iwere ismall. iTherefore, iit iwas ibetter ito ieliminate ithe 

possibility iof ia ilarge ierror iby iusing imore idecimal iplaces. iThe idecimal ipoint iwas iset ito i4 idecimal ipoints ito 

ensure iaccuracy iand istandardization. 

 

MRR = mw i/ ρwt (1) 

 

EWR iis icalculated iin imm3/min iand iis ibased ion ithe iamount iof ielectrode iwear iper imachining iperiod. 

Where ime iis ithe ielectrode imass iloss i(g), i.e. iis ithe ielectrode idensity i(0.0088852 ig/mm3), iand it iis ithe 

machining iperiod i(min). 

 

EWR = me i/ ρet (2) 

 

Ra iwas imeasured iusing iMitutoyo iSJ-400 iSurface iRoughness iTester ito imeasure ithe iaverage iRa iof ithe 

machining isurface ibetween iRBD ipalm ioil iand ikerosene. iTherefore, itopography ianalysis iwas iperformed iusing 

Scanning iElectron iMicroscope i(SEM). iBased ion ithe iscanned iimage, ithe isurface ifinish iof ithe iworkpiece ican 

be ievaluated. iIn iorder ito iachieve igood iresults iin iany iresearch iproject, ia iproper iexperimental idesign iis 

required. 

 

3.   Results 

The idiscussion iand ianalysis ifocused ion ithe iinfluence iof idielectric ifluid ion iMRR, iEWR, iand isurface 

roughness. iThe iattention iof ithis itakes ia ilook iat ichanged iinto ito iassess ithe iimpact iof ipeak icurrent, iIp iand 

pulse ion itime, iton iat ithe ioverall iperformance iof ifinishing iprocess iof iAISI iD2 isteel iusing iRBD ipalm ioil ias 

the ibio-dielectric ifluid iand ikerosene ias ithe iconventional imethod irelying ion ithe ichosen ireactions. iThe efficacy 

of ithis iapproach iwas idetermined iby iexamining ithe icutting itime iachieved iin ieach itrial ifor icutting i1.5mm 

depth iof iAISI iD2 iworkpieces iwith icopper ielectrodes. iThe iexperiment's ioutcome iis idescribed. 

 

3.1 Material Removal Rate (MRR) 

The iMRR iresponse iwas irecorded iunder ithe iinfluence iof ithe icontrol iparameters ishown iin iFig. i4. iMRR is 

defined ias ithe iweight iof imaterial iremoved iper iunit itime iand iis ian iimportant iparameter ifor iprocess 

economics. iA ihigher iMRR iis iideal ifor imore icost-effective iproduction. iThe iresults iobtained ihelp ito iimprove 

the iefficiency iof iEDM ioperations, iand imany ifactors imust ibe iconsidered. iThe imost iimportant ifactor iin 

increasing ithe iprocessing ispeed iis ithe iamount iof imaterial ithat ican ibe iremoved iin ia igiven itime. iThe 

comparative iresults iof iMRR iwere iaffected iby iIp iand iton iduring imachining itime. iIt iwas iobserved ithat iMRR 

increased iwith ithe iincrease iof iIp iand iton ifor iboth idielectric ifluids. 

In iFig. i4, ithe icomparative iresponse ishows ithe ieffect iof ipeak icurrent, iIp iand ipulse iduration, iton ion MRR. 

It iwas iobserved ithat ithe iMRR iincreased iwith ithe iincrease iin ipeak icurrent, iIp iand ipulse iduration, iton ifor both 

dielectric ifluids; iRBD ipalm ioil iand ikerosene. iThe ihighest iand ilowest iMRR ifor iboth idielectrics iwere iIp=5A, 

ton=150µs iand iIp=1A, iton=50µs irespectively. iThe iresults ishowed ithat ithe ihighest iMRR ifor iRBD ipalm ioil iwas 

33.4821mm3/min iwhile ikerosene iwas i22.4888mm3/min, iwhile ithe ilowest iMRR ifor iRBD ipalm ioil iwas 

0.3252mm3/min iwhile ikerosene iwas i0.3125mm3/min. iAt ihigh iIp=5A, ithe iamount iof ienergy ireleased iduring 
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sparking iincreases iproportionally, iwith ihigher itemperatures imelting iand iremoving imore imaterials ifrom ithe 

workpiece i[7]. iTherefore, iit iwas iable ito igenerate imore isparks, iwhich ieffect ithe iincrease iin iMRR. Meanwhile, 

the iincrease iin ipulse iduration ihad iresulted iin ia islight idecrease iin iMRR iat iIp=1A iof iRBD ipalm ioil iand iall 

Ip iconditions iwhen ikerosene iwas iused. iThis iwas icaused iby ithe ielectrode inot ibeing iproperly iflushed iaway 

and idebris ifrom ithe imachining iphase iremaining iin iit, iresulting iin ibulging. iWhen icomparing ithe iMRR, iRBD 

palm ioil iperformed ibetter ithan ikerosene. iThis iwas idue ito ithe idensity iand iviscosity iof iRBD ipalm ioil iwhich 

resulted iin ibetter ientrapment iand ihence ihigher iMRR. iThe iviscosity iand iflash ipoint iof iRBD ipalm ioil iwere 

both ihigher ithan ikerosene, iresulting iin iincreased isparking i[10]. iThe iimprovement iwas iabout i48.88% iwith ithe 

same iparameter isetting, inamely iIp=5A iand iton=150. 

 

 
Fig. i4 - Effect of MRR ion; (a) RBD palm oil; (b) kerosene 
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iOil 
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Fig. i5 - Comparison of surface topography for AISI iD2 steel ion; (a) RBD palm oil; (b) kerosene 
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Furthermore, iFig. i5 ishows ithe icomparison iof isurface itopography iof iRBD ipalm ioil iand ikerosene. iThe 

high ipeak icurrent, iIp iimproved ithe iMRR ibut iaffect ithe isurface itopography iafter imachining. iDuring ithe iEDM 

process, iwhen ithe isetting iparameter iof ihigh ipeak icurrent iin ievery ispark ihad icaused ithe imaterial ito imelt iand 

evaporate, iand ithen ileaving ia icrater ion ithe imachined isurfaces i[11]. iFig. i5(a-1) ishows ithat iat ilower iMRR for 

RBD ipalm ioil, iIp=1A iand iton=50µs, ithe iconditions iof icraters iare ishallow iand iflatten, iwhereas iat ihigher 

MRR, iIp=5A iand iton=150µs ias iindicated iin iFig. i5(a-2), ithe ilarge icrater iis iformed. iThis iwas ibecause iduring 

the iEDM iprocess iwith ihigh ipeak icurrent, isince ithe imelted imaterial iwas inot iadequately iwashed iaway ifrom 

the iworkpiece's isurface, ithe idischarge icraters igrew ideeper iand iwider i[7]. iFig. i5(b-1) ishows ithe ieffect iof 

kerosene ion ithe isurface itopography, iat ilower iMRR, iIp=1A iand iton=50µs, ithe isurface ilooks ibetter ithan iRBD 

palm ioil idielectric, iand iat ihigh iMRR, iIp=5A iand iton=150µs iin iFig. i5(b-2), ilooks irough iand ibigger icompared 

to ithe iRBD ipalm ioil iat ihigh iMRR. iThis iwas ibecause iof ithe iviscosity iof ithe iRBD ipalm ioil iwhich ihelped 

in igaining ihigher isparking iduring ithe imachining. iThe ihigher isparking iin ihigh ipeak icurrent iaffected ithe 

results iin ilowering ithe ibreakdown istrength iof ithe idielectric ifluid iwhich ihad icaused ian iearly iexplosion iin ithe 

gap i[10]. 

 

3.2 Electrode Wear Rate (EWR) 

The ispark iproduced iin ithe iEDM iprocess icreated ia ihigh-speed ielectron istrike ion ithe isurface iof ithe softer 

electrode, iresulting iin ielectrode isurface ierosion. iThe igeometry iand idimension iof ithe ielectrode, ias iwell ias ithe 

formed icavity iwere ichanged iby ithis ierosion. iAs ia iresult, ia ilow iEWR iis idesirable ito iachieve ibetter 

dimension iand iscale. iAdditionally, idue ito ithis icorrosion, ithe ielectrode irequired iregular idressing, iresulting iin 

an iincreased ielectrode imaterial iloss iand, ias ia iresult, iincreased ithe ielectrode icost. iFig. i6 ishows ithe 

comparison iof ithe iEWR ifor iRBD ipalm ioil iand ikerosene ias idielectric ifluid iunder ithe iinfluence iof ipeak 

current, iIP iand ipulse iduration, iton. iThe iresult ishows ithat ithe iEWR iincreases iwith ithe iincreases iof ipeak 

current ifrom i1A ito i5A ibut idecreases iwhen ithe ipulse iduration iincreased ifrom i50µs. ito i150µs. iThis iis 

because ia ihigh idischarge icurrent iproduces ihigh ispark ienergy, iwhich icauses imore imaterial ito ibe iremoved 

from ithe iworkpiece iand itool ielectrode, ithus iincreasing ithe iEWR i[12]. 

The ihighest iand ithe ilowest iEWR ifor iRBD ipalm ioil iand ikerosene iwere ilocated iat ithe isame icondition. A 

similar itrend iof iEWR iwas ishown ifor iboth idielectric, ihowever iRBD iPalm ioil iproduces ihigher iEWR 

compared ito ithe ikerosene iwhich iwas ilocated iat iIP=5A iand iton=50µs, ithe ivalue iwas i2.5149mm3/min iwhile ifor 

the ikerosene iwas i0.3304mm3/min. iThe ilowest iEWR iwas ilocated iat iIP=1A iand iton=50µs iwith ithe ivalue iis 

0.0010mm3/min iwhile ifor ithe ikerosene, iit iwas i0.0002mm3/min. iFrom ithe iresult, ithe ihigher iEWR ifor iRBD 

palm ioil iwas idue ito ithe ihigher ioxygen icontent iin ithe iRBD ipalm ioil iand iit iwas ia ibetter iconductive 

discharge ichannel iwhich ihad iresulted iin ithe ihighest iEWR. iTherefore, iit iwas ibecause iof ithe iincrease iof ipeak 

current, ithe ispark ienergy ihad iincreased iresulting iin ithe inumber ifor ielectron ieffect ion ithe isurface iof ithe 

electrode i[30]. iKerosene igenerated ilower iEWR ithan ithe iRBD ipalm ioil idue ito ithe iprotective ieffect iof ithe 

deposited icarbon ilayer ion ithe icopper ielectrode iand ithe ilow icontent iof icarbon iatoms iin ikerosene iwhere 

kerosene itended ito iform imore idecomposed iand ideposited icarbon iatom ion ithe ielectrode isurface icompared ito 

the iRBD ipalm ioil i[31]. 

In iaddition, ian ianalysis iof ithe icopper ielectrode isurface iwas iperformed iby iusing iSEM ias iindicated iin 

Fig.7. iThe iblack ilayer iand ideposited imetal ifrom ithe iworkpiece iwere ialso irevealed ideposited ion ithe ielectrode 

surface. iThe ifigure ishows ithe isurface imorphology iof ithe icopper ielectrode iafter ithe ilowest iand ihighest iEWR 

using iRBD ipalm ioil iand ikerosene. iIt iwas iobserved ithat ithe idistribution iof ideposited imaterial iwas iwider iand 

more iat ithe ilow iEWR icondition ithan iat ithe ihigh iEWR ifor iboth idielectrics. iThe ishape iof ithe ideposited 

material iformed ion ithe ielectrode isurface ialso ilooked ismaller iwhen ithe ilowest iEWR iwas idetermined. iOn ithe 

other ihand, iat ithe ihighest iEWR, iit iwas iobserved ithat ia iwider ishape iof ideposited imaterial iformed ion ithe 

copper ielectrode isurface, iwhich iwas idue ito ithe ihigher ipeak icurrent iused, iwhich iresulted iin imore imaterial 

being ideposited iat ia ilower ipeak icurrent. 

 

3.3 Surface Roughness (Ra) 

The iquality iof ithe imachined isurface iof ithe iEDM iprocess ican ibe ianalysed iby isurface iroughness, iRa. iIn 

this istudy, ian iattempt iwas imade ito iinvestigate ithe irelationship ibetween iIp iand iton. iLower iRa iwas irequired 

for igood iaccuracy, ilow iwear iand ilong ilife. iFig. i8 ishows isimilar itrends iof iRa ifor iboth idielectric ifluid; i(a) 

RBD ipalm ioil, i(b) ikerosene iunder ithe iinfluence iof icontrol iparameters. iBased ion iFig. i8(a-b), iRa iincreases 

proportionally iwith iIP ifrom i1A ito i5A. iDue ito ithe ihigh idensity iof ithe iplasma ichannel iand ithe ihigher 

breakdown ivoltage, ithe ihigher ispark ihits ion ithe isurface iwith igreater iintensity ias ithe ipeak icurrent iincreases 

to idissolves ithe isubstances i[9-10, i30]. iThe ihigher iimpact iforces iaffected ithe iformation iwith iwider iand deeper 

craters igenerating icoarse isurfaces i[7-9]. i iFurthermore, ia ilonger ipulse ion itime iproduced imore isparks, iwhich 

prolonged ithe imelting iand ivaporization iof ithe imaterial iresulted iin ia ilarger icrater i[13]. I 

According ito ithe iresults, ithe iincrease iof iton iis idirectly iproportional ito ithe iincrease iof iRa ifor i1A iand i3A 

while iit ifluctuates ifor i5A. iThe ilowest ivalue iof iRa ifor iRBD ipalm ioil iand ikerosene iis iat iIP=1A iand 
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ton=150µs iwith i2.15µm iand i2.11µm irespectively, iwhile ithe ihighest ivalue iof iRa iis iat iIP=5A iand iton=150µs 

with i9.54 iµm iand i7.66µm irespectively. iThis ishows ithat ithe ipulse iduration icertainly iaffects ithe isurface 

roughness isince ifor ieach iIP ithe ihighest ivalue iof iRa iis iat i150µs. iThis iphenomenon iof iincrease iin isurface 

roughness iis idue ito ithe ihigher itemperature iat ithe ispark ipoint, iwhich iincreases ithe iduration iof imelting iand 

evaporation iof ithe imaterial i[28]. iIn iComparison, ikerosene ihas ia ilower iRa icompared ito iRBD ipalm ioil. 

 

 
Fig. i6 - Effect of EWR on; (a) RBD palm oil; (b) kerosene 

 

Dielectric Low iEWR High iEWR 

RBD iPalm 

iOil 

 

a-1) iEWR=0.0010mm3/min, iIp=5A; iton=150µs 

 

a-2) iEWR=2.5149mm3/min; iIp=5A; iton=550µs 

Kerosene 

 

b-1) iEWR=0.0002mm3/min, iIp=5A; iton=150µs 

 

b-2) iEWR=0.3304mm3/min, iIp=5A; iton=50µs 

Fig. i7 - Comparison of surface morphology for copper ion; (a) RBD palm oil; (b) kerosene 
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Fig. i8 - Effect of Ra on; (a) RBD palm oil; (b) kerosene 

 

4.   Conclusion 

As ia iresult iof ithe isuccessful icompletion iof ithis ianalysis, iall iof ithe iobjectives ifor iimproving ithe 

performance iof iRBD ipalm ioil ias ia idielectric ifluid ifor iEDM ihave ibeen imet. iThe iobjective iof ithis iproject 

was ito iinvestigate iRBD ipalm ioil ias idielectric ifluid ion imaterial iremoval irate i(MRR), ielectrode iwear irate 

(EWR) iand isurface iroughness i(Ra) iof iAISI iD2 isteel iduring iEDM ifinishing ioperation iand icompare ithe iresult 

with ithe iconventional ihydrocarbon idielectric ifluid, ikerosene. iThe ifollowing iinference ican ibe idrawn ifrom ithe 

analysis: 

1) Peak icurrent, iIp iand ipulse ion-time, iton iare ithe imost iimportant ifactors icontributing ito ihigher iMRR. iThe 

MRR iincreased ias iIp iand iton iincreased. iThe iresult ishows ithat ithe ihighest iMRR ifor iRBD ipalm ioil iis 

33.4821 imm3/min iwhile ikerosene iis i22.4888 imm3/min iat iIp=5A iand iton=150µs. iThe iimprovement iwhen 

RBD ipalm ioil iis iused ias idielectric ifluid iis i48.88% icompared ito ikerosene. i 

2) The iEWR iincreased iwith ithe iincrease iof iIp, ibut iinversely iproportional ito ithe iton. iThe ilowest iEWR ifor 

both idielectric ifluids ilocated iat iIP=1A iand iton=150µs iwhich iwas i0.0010 imm3/min ifor iRBD ipalm ioil 

while ikerosene iwas i0.0002 imm3/min. i 

3) The iresults ishow ithat iadding iRBD ipalm ioil, iwhich iacts ias ia ibio idielectric ifluid, iincreases imachining 

speed. iIt iwas idiscovered ithat iwhen iRBD ipalm ioil iwas iused iinstead iof ikerosene, ithe imachining iprocess 

took iless itime. 

4) The ihighest iIp iis inot irecommended ifor iRa ibecause ilower iRa iis irequired ifor ibetter imachining  

performance iof ithe isurface ifinish. iAccording ito ithe iresults, ithe iRa iis iincreased iwith ithe iincrease iof ithe 

Ip. iThe ilowest iRa ifor iRBD ipalm ioil iwas i2.15µm iwhile ikerosene iwas i2.11µm ilocated iat iIP=1A iand 

ton=150µs. iTherefore, ithe ihighest iRa ifor iRBD ipalm ioil iwas i9.54µm iwhile ikerosene iwas i7.66µm ilocated 

at iIP=5A iand iton=150µs. 

5) The iperformance iof iRBD ipalm ioil iand ikerosene ias idielectric ifluids iwas icompared iand ithe iresults ishow 

that iRBD ipalm ioil ihas igreat ipotential ifor iuse ias ia idielectric ifluid iunder icertain iparameters. iIn ia 

machinability ianalysis, iRBD ipalm ioil ioutperformed ikerosene iby iexhibiting ihigher iMRR, ilower iEWR iand 

higher iRa. iMRR, iEWR, iand isurface iroughness iduring iEDM iare iinfluenced iby ivarious iparameters isuch as 

peak icurrent iand ipulse ilength. 
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