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ABSTRACT

EDM is one of the most advanced, non-traditional material removal processes which may help overcome the
limitations of conventional mechanical cutting methods. This study represents the recent trends in EDM process.
The varying input parameters are identified as peak current Ip, pulse duration Ton, types of dielectric medium and
powder-mixed dielectrics. The output responses are measured as Material Removal Rate (MRR), Tool Wear Rate
(TWR) and Surface Roughness (Ra). MRR was found to increase with powder-mixed dielectrics. Tq, and 1, seems
to be the most influencing factors for MRR. Addition of powders like SC and B4C to the dielectric lowers the tool
wear. Ra improves with addition of powder to the dielectric medium and also the desired properties like hardness,
corrosion resistance etc are imparted to the machined surface of the work piece.
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INTRODUCTION

Electro-Discharge-Machining is a thermoelectricqass where tiny amount of work piece material istedeand
vaporized due to generation of very high tempeeatie to the repetitive spark discharge betweeriableand
work piece within very small gap. The spark spreadsr the entire work piece surface leading teeitssion, or
machining to a shape which is mirror image of & {1]. As the machining zone is immerged in ditle fluid,
the melted and vaporized materials transform iitp particles known as debris upon cooling in ptofetime.
This debris is removed from the machining zoneHgyftushing pressure of the dielectric liquid jetmicro-EDM
process, any type of conducting materials can leel @s the work piece material regardless of itsifess [2].
Since there is no direct contact between tool eddet and work piece in EDM, defects like mechanatedsses,
clattering and vibration do not create problem adgitinachining.

REVIEW OF LITERATURE

Jaswani et al [3] investigated the performancelseobsene and distilled water over the pulse ensagge 72—288
mJ. Machining in distilled water resulted in a legIMRR and a lower tool wear rate than in kerosghen a high
pulse energy range was used. They also noticednitiatdistilled water, the machining accuracy wa®pbut the
surface finish was better. Tariq et al [4] measuhedperformance of water as dielectric fluid inMDsing distilled
water, tap water and a mixture of 25% tap and 7%8tilldd water. The best machining rates have hegheved
with the tap water and machining in water has thesibility of achieving zero TWR when using coppmrls with
negative polarities parameters that influenced dbping characteristics were pulse current and pdigation.
Mohri et al[5] studied the effects of Si powder addition onciriaing rate and surface roughnesg) (R EDM. The
fine and corrosion resistant surfaces having roegbrof the order of 2 mm were produced. Kruth ef6al
succeeded in depositing Al on steel and TiC ongwg Al and Ti—Al green compact electrodes respebtiwith a
traditional EDM machine. This was obtained by uspogous electrodes with negative polarity favorigh tool
wear. During investigating on white surface laythe use of an oil dielectric increases the carbmmtent in the
white layer and appears as iron carbides@F@& columnar, dendritic structures while machgin water causes a
decarbonization. Miyazaki et al [7] applied a plasanc produced through a small diameter nozzlee®i.<eramic
powder of silicon carbide was supplied to the pssagg region with the shielding gas of argon. Iswassible to
obtain a hardness of 1000 VHN on AISI 1010 steebélf-quenching without any powder and 1200HV waiiC
particles. When surfactant was added along witbdMider in the dielectric and observed a more appalischarge
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distribution effect which resulted in a surfacegbnessRa value of less than Quéh. It has been possible to achieve
near mirror-finish using conductive powders (sustgeaphite and Al) and semi conductive Si powdéfsng et al
[8] showed that besides the appropriate settingdeufirode polarity and pulse parameters, theaegieat influence
of work material and powder properties on the raspoparameters such as MRR, TWR and surface rosghne
Whilst graphite and silicon powders gave mirroiginon SKH-54 work material, Al powder failed tovegithe
same. The use of negative electrode polarity wasddo be essential for achieving mirror-finish dition. The
non-conductive materials like glass and Si3N4 cé&sroan be finely machined by PMEDM [9]. The PMEDM
process improved the wear and corrosion resistahtee work surfaces by depositing a hard layeritsrouter
surface. Chow et al [10] investigated the for fimm alloy effect of using pure water and silicorrtide (SiC)
powder in micro-slit EDM and found that by using@wvater as dielectric fluid yields a high MRR anedhatively
low electrode wear and small expanding slit by emiplg negative polarity (NP). Pure water and siictauses
high conductivity; therefore the gap was largenthaing pure water. Pure water and silicon powdetddisperse
the discharging energy that refines the surfacghoess effectively and also attains a higher MRRukaneously
than that of pure water.

Yan et al [11] modified the surface of titanium lwiEDM using dielectric of urea solution in wateheTlnitrogen
element decomposed from the dielectric that coathirea, migrated to the work piece forming a titamnitrate
(TiN) hard layer resulting in good wear resistantéhe machined surface. Hansal et al [12] stutlieoptimize the
process parameters of powder mixed electrical digghmachining (PMEDM). Response surface methogdiag
been used to plan and analyze the experimentse Bulgime, duty cycle, peak current and concewinatif the
silicon powder added into the dielectric fluid dDE were chosen as variables to study the procedsrp@ance in
terms of material removal rate and surface roughn&de results identify the most important paransete
maximize material removal rate and minimize surfameghness. The recommended optimal process consliti
have been verified by conducting confirmation ekpents. Si powder was suspended into the dielefitrid of
EDM and an enhanced rate of material removal an@aei finish has been achieved. Empirical modeliitty the
help of response surface methodology has led tofdaHewing conclusions about the variation of respe
parameters in terms of independent parametersnwitté specified range. The silicon powder suspernddtie
dielectric fluid of EDM affects both MRR and Ra.é& klope of the curve indicates that the MRR increasith the
increase in the concentration of the silicon powdéerefore, more improvement in MRR is expectestifithigher
concentration level of silicon powder. There iscdigible improvement in surface roughness of thekvgorfaces
after suspending the silicon powder into the dieledluid of EDM. However, more improvement in Ra still
expected at higher concentration level of silicamwger. The analysis of variance revealed that ek urrent
factor and concentration factor are the most imflizé parameters on MRR and Ra. The combinatiohigii peak
current and high concentration yields more MRR anthller Ra. The confirmation tests showed thatetrer
between experimental and predicted values of MRiRRa are within} 8% and —7.85% to 3.15%, respebtivia
[13] Hansal et al studied powder mixed EDM of diffiet materials mixed in dielectric fluid. The floa particles
impede the ignition process by creating a hightdisge probability and lowering the breakdown stteraf the
insulating dielectric fluid. As a result MRR and Rareases, TWR is lowered and sparking efficieiscynproved
also as the conductive powders enlarge the gapndistand dispersing the discharges more randomdydhout
the surface. Thickness of recast layer is smalled enicro-cracks are reduced. Consequently, theosimm
resistance of the machined surface is substaniialproved. Pradhan et al [14] performed experimesiag Ti-
6Al-4V alloy in micro-EDM by changing the polarityf the electrodes for improving the machining aecyrof
straight through micro-hole. The study was baseduse of different dielectrics in machining performa
characteristics for the successful implementatibrmicro-EDM process with effective dielectric, whiomay
improve titanium alloy machining efficiency in manachining domain. Ho et al [15] carried out exments with
alloying titanium Ti—-6Al-4V, using both solid anadwder compacted copper electrodes with a commenciédr-
based dielectric fluid. At the discharge energiegleyed, recast layer thickness varied from 4 touid with
thicker and rougher layers evident when using p@&sitool electrode polarity. All layers were in geal
discontinuous; however those produced with negapietarity were more uniform, especially when ussaid
electrodes. The hardness of the recast varied betw200 and 1100HKO0.025 compared to the bulk
material365HK0.025. They found that electrodes usild positive polarity produced thicker recastdes. Other
than when using a solid copper electrode undertivegpolarity, recast/alloyed workpiece hardness wageneral
of lower or of comparable hardness to the bulk nete

Wu et al [16] added a surfactant along with Al pewih the dielectric and observed a more apparischdrge
distribution effect which resulted in a surface gbnessRa value of less than Queh. Pecas and Henriques [17]
compared the EDM machining of AISI H13-0.39% C,024Si, 0.40% Mn, 5.2% Cr, 1.4% Mo, 0.90%V (quenched
and tempered-54 HRc) using copper tool electrodh simple dielectric and silicon powdered (PMEDMixed
dielectric (2g/lit). They found the the use of PNHDM conditions promotes the reduction of surfaceghmess,
crater diameter, crater depth and the white-lalyiekhess. Senthilkumar et al [18] investigatedeffect of current
(Ip), Pulse On-Time (ton) and flushing pressuredi®Metal Removal Rate (MRR), Tool Wear Rate (TVdR)ing
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electrical discharge machining of as-sintered Al-RMith 5% and 2.5% tit6nium carbide (TiC) reinfoment. The
use of kerosene as a dielectric fluid was emplogdate present investigation. A copper tool of déen 7 mm was
used to drill the specimens. Al-TiC composites lsarmachined using electrodischarge machining argklgcting
optimum levels for the EDM parameters, namely, ltigge current, pulse on time and flushing pressiee
effectiveness of process like metal removal raie @lectrode wear rate can be improved. A carefutstigation
into the structure of the material after the maiigrsuggests that ceramic particles (TiC) weremetted during
the process and removal of material occurs asudt igflsmatrix melting and ceramic particle pull adhereafter. The
above phenomenon results in the reduced metal r@nmate with the increased titanium carbide contanthe
composite material. Material removal rate and teear rates are influenced by discharge currenshig pressure
plays an important role in continuing the procesd @amproving the material removal rate at highesctarge
current and pulse duration levels. Wu et al [19plered the influence of surfactant on the charisties of
electrical discharge machining (EDM) process ondrstieel (SKD61). In this study, particle agglomiematis
reduced after surfactant molecules cover the sairédcdebris and carbon dregs in kerosene solubahris is
evenly dispersed in dielectric to improve the efecof carbon accumulation and dreg discharge, addce the
unstable concentrated discharge. The EDM paramestaech as peak current, pulse duration, open woltagl gap
voltages are studied. The experimental results sthaivafter the addition of Span 20 (30 g/L) toletitric, the
conductivity of dielectric is increased. The madahinefficiency is thus increased due to a shorgdmyr time of
electrical discharge. When proper working paransetee chosen, the material removal rate is imprdyeds high
as 40-80%. Although the improvement of surface hoegs is not obvious, the surface roughness idetetiorated
since the material removal rate is great. Ojhal §2@ studied material removal rate (MRR) and towar rate
(TWR) study on the powder mixed electrical discleargachining (PMEDM) of EN-8 steel. Response surface
methodology (RSM) has been used to plan and andghgexperiments. Peak current, pulse on time, eli@nof
electrode and concentration of chromium powder ddidéo dielectric fluid of EDM were chosen as prsge
parameters to study the PMEDM performance in tasfidRR and TWR. The powders used were Cr, C, SiP,
Al & Fe. It was found out that MRR shows increastrend for increase in powder concentration. Tkedrshows
that MRR will increase further with further incream concentration. TWR increased with lower ran§@owder
concentration but then decreased.

Furutania et al [21] studied surface modificatioethod by electrical discharge machining (EDM) wéthgreen
compact electrode has been studied to make thiCkofiwC layer. Titanium alloy powder or tungsterwpler is
supplied from the green compact electrode and adham a workpiece by the heat caused by dischameavoid
the production process of the green compact eldetra surface modification method by EDM with powde
suspended in working fluid is proposed in this papdter considering flow of working fluid in EDMnpcess, the
use of a thin electrode and a rotating disk elegtrare expected to keep powder concentration Hgiha gap
between a workpiece and an electrode and to aqoostder material on the workpiece. The accretioghimang is
tried under various electrical conditions. Titaniygowder is suspended in working oil like kerosehi layer
grows a thickness of 150 mm with a hardness of H@@n carbon steel with an electrode of 1 mm amakter. A
wider area of the accretion can be obtained bygusia rotational electrode with a gear shape. # fwand that TiC
layer can be accreted by using a thin electrodeép the powder concentration high. A column caalbe formed.
A wider area with uniform thickness can be depdsitéth gear shaped electrode. Yan et al [22] irigasts the
influence of the machining characteristics on pitesnium metals using an electrical discharge nmaoli (EDM)
with the addition of urea into distilled water. tile experiments, machining parameters such asi¢hecttic type,
peak current and pulse duration were changed ttoexpheir effects on machining performance, inaigdthe
material removal rate, electrode wear rate andasarfoughness. Moreover, the elemental distributionitrogen
on the machined surface was qualitatively detertchineEPMA to assess the effects on surface modidicaMicro
hardness and wear resistance tests were perfonedatuate the effects of the reinforced surfaogeimental
results indicate that the nitrogen element decoegpdom the dielectric that contained urea, migtatethe work
piece, forming a TiN hard layer, resulting in gowdar resistance of the machined surface after EDiM. results
show that the MRR and TWR value of the two dielestidid not show significant difference. It was fouthat
adding urea into the dielectric, MRR and TWR insexh with an increase in peak current. Moreover MVHRE
EWR declined as the pulse duration increased. Whis due to the peak current increase, increasmgligtharge
energy. Roughness deteriorated with an increapeak current. Since an increase in the peak cuimerdgased the
discharge energy and the impulsive force, removimye molten material and generating deeper andedarg
discharge craters. Hence, the surface roughnessrigecoarser. Gu et al [23] investigated an efficiEigAl ;v
electrical discharge machining (EDM) process withumdled die-sinking electrode. The feasibilityrofchining
TigAl,V with a bundled electrode was studied and itsceften EDM performance was compared experimentally
using a solid die-sinking electrode. The simulatiesults explain the high performance of the EDMcpss with a
bundled electrode by through the use of multi-hioleer flushing to efficiently remove molten matérieom the
inter electrode gap and through the improved abibt apply a higher peak current. Compared wittoléd Sdie-
sinking electrode, bundled electrodes can endunech higher peak current, which results in a suttistidy higher
MRR and a comparably lower TWR. When using a buhélectrode with multi-hole inner flushing, theifidield
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simulation results show that the flow velocity ieases continuously from the centre to the peripbéopg the
radial direction of the tool electrode, and itheitefore more effective than other flushing methddss benefit of
the bundled electrode makes it much more feas@slegplication in large-area rough machining. Idesrto extend
the advantages to the semi-finishing process, duntbsearch about the improvement of work piectaserquality
need to be carried out. EDS results indicate thahevith strong inner flushing, the electrode stefés partially
covered by the ejected melting work piece mateléalding to an electrode protection effect andarniftool wear.
Peak current, fluid flow rate and the interactibesween peak current and pulse duration have loeetfto have a
significant influence on the MRR. The TWR is sigeaintly influenced by the peak current and thedflflow rate
during EDM with a bundled electrode. JabbaripoualdP4] studied the two series of machining tests designed.
Firstly the PMEDM of titanium aluminide inter mdta$ by means of different powders such as Al, atepSiC,
graphite and Fe is performed to investigate th@wutharacteristics of surface roughness and tepdyr MRR,
electrochemical corrosion resistance of machinetb$es and also the machined surfaces are investigmt means
of EDS and XRD analyses. In the first setting gfuhmachining parameters, Al powder improves thefRTiAl
sample about 32% comparing with EDM case and alspafticles with the size of gm, in the second setting of
input parameters lead to 54% enhancement of MRRpadng with EDM case. The electrochemical corrosion
results show that, corrosion resistance of the fmsmphich are machined by graphite and chrome powvde
respectively are about three and two times mone tiva sample which is machined without powder.

It was found that Al powder produces the leastasig$ roughness and also the best surface topogfafibwed by
SiC, Gr, Cr and Fe in sequence. Considering the E€38lts, in addition to the main elements of titlanand Al,
elements such as carbon, oxygen and copper atedxis all machined surfaces. Depending on the psedier in
PMEDM process, about 5-10% of that element is adadidthe surface layer of machined sample anceidifit
chemical phases are produced on the machined ssampleh are determined by means of XRD analysiseBan
the electrochemical impedance spectroscopy reshtishighest corrosion resistance.(R is for the sample which
is machined by graphite powder whereas the ledse\va for the sample which is machined by Al powdehe
former sample has the least contents of alumininchaxygen elements, while the latter one has thst mantents
of aluminium and oxygen elements. The order ofl tekactrochemical corrosion resistance.g for the samples
which are machined by different kinds of powdermparing with the machining case without powder (BD#as

the following: Rs™> Re> Rsic> Reom™ Ree> Ra.

RESULTSAND DISCUSSIONS

Analysis of Material Removal Rate (MRR)

It is found that MRR increased with increase in dewconcentration in dielectrics. Higher MRR wabkiaged with
distilled water as dielectric then with kerosermugh the best machining rates have been achieitbdap water.
Also with deionized water, a higher MRR could b&iaged than with kerosene when machining Ti-6Al-4Vith
suspended particles like,8, MRR was found to increase. Addition of powdéks ICr, C, S, P, Si, Al and Fe has
shown increased rate in MRR and is expected tease with further increase in concentration. It aige found
that a highly concentrated aqueous glycerin satutias an advantage as compared to hydrocarbortdietevhen
working with long pulse duration and high pulseydfaictors and discharge currents.

It was also observed that for machining titaniutoyalising pure water with suspended SiC powder icrarslit
EDM, yields a higher MRR, but when urea was addaedistilled water as dielectric medium, MRR dectingith
an increase in pulse duration. Also, with additadnsurfactant to dielectric, particle agglomerati®aluced. The
debris evenly dispersed in dielectric improvedéffects of carbon accumulation and dreg dischangeraduce the
unstable concentrated discharge. When proper wgdmameters were chosen, MRR improved by as tgtddo
80 %.

Analysis of Tool Wear Rate (TWR)

It was found that TWR decreased with distilled wede dielectric than with kerosene. It was obsered the

addition of powders in dielectric medium loweree@ tiool wear. Addition of powders like SiC and@Bhas been
found to lower the electrode wear. The parametaasihfluenced the doping characteristics were pmakent and
pulse duration. It was also found that TWR declimgtth increase in pulse duration. At negative pityatool wear

was found to be high. When using bundled electrath multi-hole inner flushing, a uniform tool weavas

achieved. There could also be the possibility dfieding zero TWR using copper electrodes with negagiolarity.

Analysis of Surface Roughness (Ra)

It was found that the addition of doping elementghe dielectric medium could be used to impartrddsproperties

to the top layer of the workpiece. It was invedighthat, on white surface layer, with the use ibfdelectric
increased the carbon content appearing a€ ke columnar, dendritic structures as machiningvater causes a
decarbonisation. It was also possible to obtairaraiess of 1000 VHN on AISI 1010 steel by self apnémg
without any powder and 1200 VHN with SiC particl&ith conductive powders, the gap distance enlarged
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dispersing the discharges more randomly throughmutsurface hence recast layer and micro-crackseghiced.
The recast layer thickness varied from 4 touirl. It was observed that adding urea to distilledewfor machining
titanium, friction and wear resistant TiN layer wasmed on the work surface.

It was also observed that when surfactant was adudetielectric with Al powder, a more apparent ti@ge
distribution effect was observed which resultedRin value less than Oi2n. It was also reported that, with use of
powder-mixed EDM, surface roughness, crater diametater depth and white layer thickness reduddte
electrochemical impedance spectroscopy result shtbassthe highest corrosion resistance was for shiaple
machined by graphite powder than with Cr, Si, Fe& Ahpowders.

CONCLUSIONS

From the above study following conclusions can tzevt -

* MRR increases with powder-mixed dielectrics andhfer increases with increase in powder concentratio
Higher MRR can be achieved with tap water andItistiwvater as dielectric than with kerosene.

« A higher MRR can be achieved by using pure watéh 8iC powder. When machining with Al powder mixed
dielectric, MRR increased with respect to the ottandard dielectrics.

 The TWR decreases with distilled water than witlokene. Addition of powders like SiC and B4C to the
dielectric lowers the tool wear.

« TWR declined with increase in pulse duration. lkree to increase with low powder concentration dreht
decrease. At negative polarity tool wear was fotmtle high. With addition of urea, electrodes wieareases
with increase in peak current.

 Surface roughness improves with addition of dopétgments to the dielectric medium and also there@si
properties like corrosion resistant, hardnessngtreetc to the machined surface of the workpisémparted.

 Addition of surfactant with Al powder for machinitiganium, a more apparent discharge distributitfece was
observed which resulted in surface roughness valtiess than 0.gm.

» The work surface machined by graphite powder midietectric has highest corrosion resistance thah @,
Si, Fe, and Al
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