
DOI: 10.4018/IJMFMP.2019070102

International Journal of Materials Forming and Machining Processes
Volume 6 • Issue 2 • July-December 2019


Copyright©2019,IGIGlobal.CopyingordistributinginprintorelectronicformswithoutwrittenpermissionofIGIGlobalisprohibited.



15

Influence of Al Powder on Circularity 
During Micro-Electro-Discharge 
Machining of Monel K-500
Premangshu Mukhopadhyay, Jadavpur University, Kolkata, India

Debashish Biswas, Jadavpur University, Kolkata, India

Biplab Ranjan Sarkar, Jadavpur University, Kolkata, India

 https://orcid.org/0000-0002-8965-9893

Biswanath Doloi, Jadavpur University, Kolkata, India

Bijoy Bhattacharyya, Jadavpur University, Kolkata, India

ABSTRACT

Inthepresentera,μ-EDMisapromisingnon-conventionalmicro-machiningprocess
fordrillingaswellascuttingofelectricallyconductivematerialsinthemicronrange.
Theobjectivesofthepresentresearchworkistoinvestigatetheinfluenceofvarious
parameterssuchaspeakcurrent,pulseON-time,workingtime,andaluminiumpowder
concentrationoncircularityandtofindoutthesignificantprocessparametersbasedon
TaguchimethodduringmicroholedrillingonMonelK-500withthehelpofanEDM
set-up.Further,amathematicalmodelhasbeendevelopedtocorrelatetherelationship
betweenprocessparametersandcircularitybasedonResponseSurfaceMethodology
(RSM).Circularityisincreasedfrom1to1.5Aofpeakcurrent,from0.5to1.5sec
ofworkingtimeandfrom1to4gm/litofaluminiumconcentration.Themaximum
valueofcircularity isobtainedas0.976at theparametriccombinationof1.2Aof
peakcurrent,1.8secofworkingtimeand3.33(gm/lit)ofAlpowderconcentration.
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1. INTRoDUCTIoN

Micro-EDMprocess ispopular alternative toproduceprecise complex featureson
difficult-to-cutbutelectricallyconductingmaterials.Itisacompetentmicro-machining
process for fabricationofamicro-holes,whichareutilised forseveralpurposes in
microelectro-mechanical systems(MEMS),suchas inkjetprinternozzles, spinner
holes,turbinebladecoolingchannels,dieselfuelinjectionnozzlesanddrugdelivery
orifices,etc.(Diver,Atkinson,Helmi,&Li,2004).Also,itisacommonfeaturein
different microproducts used in aerospace, automotive, medical, biomedical and
nuclearsector,etc.,wherematerialsusedhavetoresistwearandbearhightemperature
andpressure.Uhlmannetal.(2005)representedanoverviewonthestateoftheart
ofmicro-electricaldischargemachiningtechnologiesforapplicationsinthefieldof
micro/miniaturedieandmouldmaking.LeaoandPashby(2004)observedthat the
performanceofplainwaterintermsofmaterialremovalrateandelectrodewearwas
generally lowerwhencompared to thatobtainedwithhydrocarbonoils indie sink
EDM.DistilledwaterwasreportedassuperiortohydrocarbonoilwithaTi-6Al-4V
workpieceandcopperelectrode.Singetal.(2004)foundthattheovercutdepended
uponthegapvoltageandchipsize,whichvariedwiththeamperageused.Thecopper
andcopper-tungstenelectrodeshadminimalwear.Brassandaluminiumattributeda
considerableincreaseintheelectrodewearwiththeincreaseinthedischargecurrent.
MoghaddamandKolahan(2014,2015)investigatedontheinfluencesofinputEDM
parameterssuchaspeakcurrent (I),pulseon time,pulseoff time,duty factorand
voltageonthesurfacequalityof2312hotworkedsteelpartsusingTaguchiL36design
matrix.Therelationsbetweeninputandoutputparameterswereestablishedandthe
optimal setofprocessparameters formaterial removal rate (MRR), toolwear rate
and surface roughness were found out with help of genetic algorithm, statistical
analysisandsimulatedannealingalgorithm.Suryavanshietal. (2014)developeda
finiteelementmethodbasedthermalmodeltoestimatethesurfaceroughnessbased
onthegeometryofcraterproducedduringmicro-EDMprocessusingthetemperature
fieldintheworkpiece.Kimetal.(2007)documentedthatdeionisedwaterwouldbe
maintainedcarefullybecauseitsresistivitywasdecreasedbyabsorptionofcarbondi-
oxidefromairotherwisethedischargegapbecamewideandthenprecisionmachining
became difficult to carry out. If the resistivity of deionised water was too low,
dielectricbreakdownoccurredeveninthelargegapbetweenthetoolelectrodeandthe
workpiece.UhlmannandRoehner(2008)observedthatusingnovelelectrodematerials
likeelectricallyconductiveborondopedCVDdiamond(BCVD)andpolycrystalline
diamond(PCD),themachiningperformancescouldbeenhancedwithminimumrelative
wear.TheworkpiecesurfacewasfoundsmootherwhenmachinedwithB-CVDtool
electrodecomparedtoPCDandtungstencoppertoolelectrodes.Kungetal.(2009)
carriedoutthestudyonthepowdermixedelectricaldischargemachining(PMEDM)
ofcobalt-bondedtungstencarbide(WC-Co).Tallaetal.(2016)investigatedonthe
influence of various powder-suspended dielectrics and machining parameters on
variousEDMcharacteristicsatthetimeofmachiningofInconel625.Karunakaran
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