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Abstract. The Electrical Discharge Machining (EDM) represgione of the key machining processes in die and-mol
making industry. In finish EDM regimes to assure #itcuracy of work piece’s dimension and shags,iihportant to
apply adequate electrical parameter settings ad alan efficient flushing method to the pair afattode and work
piece materials. The prevention of electrode wearanother essential aspect to be controlled in EDMe
measurement of electrode wear is normally carriatia stationary state. This means that electrodanis measured
just after the EDM of a work piece is completedwdeer, the wear of the electrode proceeds with mauptime M.
Thus, in precise EDMachining it is important to patyention to the changes of electrode wear as tinaw is being
executed. In this work the changes of a coppegsdtan electrode edge radius as the machining timmegeds are
experimentally evaluated. The measurements to i@0machining time Mwere carried out divided in eight stages.
The major conclusions can be summarized as follavthe beginning of the EDM the electrode radidgeewear is
remarkable; the four edge radius wear of the eledér presented slightly differences; the depth efwlork piece
cavity tends towards to be linear as the poceeds; it was observed little adhesion of EDMrbgucts over both the
work piece cavity and the electrode frontal ancediakces.
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1. INTRODUCTION

Electrical Discharge Machining (EDM) is a non-titamhial machining process used from rough to firipkrations
in any material that conducts electricity (0,01r)clt is used when the conventional machining psses, such as
turning, milling etc, are not able to produce hRb geometrical complex shapes, dimensions and tgatances in
hard work piece materials, as remarked by Kénigkdondke (1997).

Crookall and Khor (1972) point out that the materéanoval from the tool electrode and work pieceiignarily
based on a thermal phenomenon. Thus the mechanimpérties of the materials exert just a few infices on the
EDM process. However, the thermophysical propem@sarkably influence the EDM performance, e.g. kwpiece
material removal and electrode wear. When considehe tool electrode there is a wide range of na$ethat can be
used. It can be mentioned copper, copper-grapbiphite and its special grades, brass, tungsikmr,ssilver-
tungsten alloys, tellurium-copper alloys, copperesten alloys etc. Each one of those materialsthasvn advantages
and disadvantages.

According to Drozda (1998) there are four ways malgze the electrode wear: (i) volumetric relativear, (ii)
relative linear frontal wear, (iii) relative lineaorner wear and (iv) relative linear edge wearhNet al. (1995) and
Suzukiet al. (1992) remind that the measurements of the aforéaresd electrode wear ratios are normally carriet o
at stationary state, i.e. after the EDM of the woidce is completed. Nevertheless, to attain piglcision on geometry
and tolerances of the work pieces machined by EBNMery important to evaluate the electrode wedhasnachining
time M, proceeds.

In the present research work the electrode edgesacar was experimentally evaluated while the hiraag time
M, proceeded. The first objective was to gather teldgical information on the electrode wear whilaish EDM
machining. The second one was to attain some uiagheling on the electrode wear phenomenon. Withghrpose it
was used a CuW (30% Cu, 70% W) alloy as electrodtemal and AISI H13 quenched and tempered workepie
samples during a machining timg 100 min divided in eight stages.

2. EXPERIMENTAL PROCEDURE

(i) Conditions of the experimentSable 1 summarizes the machine tool, equipmentaat@rials used to carry out the
tests. It was used a Charmilles ROBOFORM 30 CNChinacequipped with an isoenergetic generator. Avensal
hydrocarbon dielectric fluid (3 ¢St at 40) simultaneously with a jet of fluid directly the gap plus and immersion of
the pair electrode/work piece was applied as fhugimethod. It was used AISI H13 tool steel sqsamples 25 mm
wide and 15 thick with Ra = 0,42n on the surface to be EDM . The chemical compmsitif AISI H13 tool steel is
the following: 0,40% C, 1,0% Si, 1,0% Mn, 5,2% C€/5% Mo, 0,9% V and 0, 00765 [g/mm?] density &t@0The



AISI H13 work pieces were quenched and temperednt@verage 45 HRC. The EDM variables ¢, G, T and
polarity) used for the experiments represents aatequrocess parameters for finish machining.

Table. The conditions for the experimental tests.

EDM machine tool Charmilles ROBOH®R0 CNC

Machining dielectric fluid Arcleatydrocarbon fluid with 3 cSt at 2T

Electrode material Copper-Tunggtd8a% Cu 70%W)

Work piece material Quenched amaptered AISI H13 tool steel (45 HRC)
Polarity of electrode Positive

Discharge currenf i 8 A

Discharge duration t 5Qus

Open circuit voltage; 0 200 V

Flushing method Jet plus immerdloshing

Duty factor 0,5

With the purpose to rather improve the flushingogghcy an alternation between periods of machinihfs] and
periods of tool electrode retraction with no disgjes R [s] were introduced, as shown in Fig. 2e ¥élues of U and V
were defined after pilot tests.
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Figure 2. Series of pulses U followed by a pause tR.
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(i) EDM tool electrodeFigure 3 shows a schematic representation oCthgper-Tungsten (30% Cu 70% W) square
bar electrode 70 mm long and 7 mm wide. The siedaof the electrode were produced by wire EDM frmugh
machining to four trim cuts to generate Ra =|m8surface roughness which was then polished. fitialire;= 11 um
electrode edge radius was produced. In Fig.4 theahassembly method of the CuW electrode and wpigke is
shown. The electrode was precisely installed aba@ holder which was mounted directly to the EDM cimiae
headstock. This method made possible an easy rérobthe whole assembly. As a result the measurérokthe
electrode edge radius wear was done without lasiagepositioning accuracy of the tool holder adsdgrto the EDM
machine headstock. This method guaranteed an aecpratinuation of the EDM machining.
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Figure 3. Schematic representation of the workepgample depicting the initial electrode edgeusiffiej =11um).
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Figure 4. The picture shows work piece and the @ettrode/tool holder assembly at the EDM machigedstock.

(iii) Procedure for the measurement of electrodgesdadius wear.To accurately scan the edge radius wear the
following technique was used while the machinimgetiM, proceeded: the measurements were done farf, 10,

20, 30, 40, 60, 80 and 100 min from the initial @dgdius & = 11 um. After each one Mhe process was interrupted
and the electrode/tool holder assembly was draam the machine headstock. This assembly was psopesitioned

on the working table of a NIKON MM40 optical micape equipped with QC software (Fig. 5). This saftsvis able

to capture three or more points on the electrodge ecthd then calculate and present the value oédye radius. To
each one of the four edge radius of the electrbdeetmeasurements were done. This procedure cedtinntil the
total machining time Mwas performed.

Figure 5. NIKON MM40optical microscope (resolution ) used to measure the electrode edge radius wear.

3. RESULTS AND DISCUSSIONS

Figure 6 shows the results of the electrode eddj@savear versus the machining time Mis observed that for the
first 20 min of machining the radius wear increaalesiptly from 11 pm to about 200 pm. It probakdppens for two
reasons: (i) although the frontal faces of the phactrode/work piece were adequately positionedlighto each other,
when the EDM operation starts it takes some timeemome stable. This means the reduction of thercerace of arcs
and short circuits through the edges and the frdates of the pair electrode/work piece (ii) tlee@nd reason can be
correlated to higher frequencies of dischargeseretige radius of the electrode than on the fréata!.

As the M proceeds from 20 to 60 min the ascendance ofatiieis wear is a litle more regular. Here it prdpab
takes place because the electrode is already lguahimg its frontal face, since the cavity is dedhan the one at the
beginning of the process. Consequently the disesaage adequately dispersed. From 60 to 100 mihimiag time M
just a few differences on the values of the eletdredge radius wear are observed. It is likelytedl#o fact that the arc
size of the edge radius has become large enougekds longer machining times ¥ promote a higher increase of
the edge radius wear. It can be noticed in Fig. 6.



It is important to remark that some slight diverges on the values of the wear for the four edgdausaare
observed in Fig. 6. It is possible to be associatethe hydrodynamic behavior of the dielectriddlas the cavity
becomes deeper. This suggests that the contaminaitidthe working gap is not uniform, as remarkedSmphumacher
(1990).
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Figure 6. Results of the four electrode edge radiesr (rl, r2, r3, r4) as the machining timepvbceeds.

The depth of the cavity created as the machine kiinadvances is shown in Fig.7. The penetration ®@&lkectrode
into the cavity is linear while the Mproceeds, as depicted in Fig. 7. It is due tostability of the EDM operation. It
means that flushing is adequate and little archdisges and short circuits have occurred, as poiigdy Konig &
Klocke (1997). The high resistance of CuW (30%a@d 70% W) against the thermal wear phenomenorolsaply to
be the key factor to explain this performance. Tinisar progression of the cavity depth (11 mm) sizé (7 mm wide)
over machining time demonstrates that CuW as ttesit®de material promotes good conditions for EDMdeep
cavities no matter the frontal dimension of thegte.
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Figure 7. Results of the work piece cavity deptlil@vmachining time NMproceeds.
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4. CONCLUSIONS AND FINAL REMARKS

In this work an experimental investigation on thé/Celectrode edge radius wear when EDM of AISI kigle
the machining time Mproceeds was carried out. From the results theviolg conclusions can be drawn:

(a) At the beginning of EDM operation (Mp to 20 min) the electrode edge radius wearnsarkable (= 11 to 200

pm). As the machining time proceeds;@®120 to 100 min) the radius wear doest not in@edghe same proportion. It
is due to the good stability attained as the abeletrsinks into the cavity. It promotes adequateation of the eroded

particles away of the working gap.

(b) The four edge radius wear of the electrodegmesl slightly differences of results, which isimportant aspect

concerning the work piece geometry. It happensimxthe good flushing conditions.

(c) The depth of the work piece cavity tends towa be linear as the machining time\droceeds. It is due to the
high resistance of CuW (30% Cu 70% W) against lileerbal wear phenomenon.

(d) It was observed little adhesion of EDM byproduaver both frontal and side walls of the CuW etete as well as

for the work piece cavity.
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