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Electrodes on the Finish Die-Sinking
Electrical Discharge Machining (EDM)
of AISI P20 Tool Steel

The machining parameter settings installed at CN@VEmachines are developed under
optimum process conditions. Standard workpiece atettrode materials are used
traditionally by machine manufacturers to establiie EDM parameter settings.
However, this is not the usual situation of thelitap industry, where many different
grades of workpiece and tool electrode materiale ased. Consequently, the customers
are required to develop their own process parangterhich normally demand many
tests. According to the aforementiormgument an experimental

investigation on the EDM of AISI P20 tool steel enfinish machining has been carried
out. The tests were performed with graphite angeojas tool electrodes. Important EDM
electrical parameters that influence the processfquemmance were investigated. The
measured technological outputs were the materiadaeal rate Vw, volumetric relative
wear & and workpiece surface finish Ra . The main comshsscan be summarized as
follows: the best results for material removal rafev were reached when EDM with
negative graphite electrodes. Graphite and coppeis presented similar results of Vw
for positive polarity. For graphite and copper tedhe lowest values of volumetric relative
wear were achieved for positive polarity. The tssface roughness Ra was obtained for
copper electrodes under negative polarity.
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Introduction

According to Koniget al. (1975) since the early stages of the
process of electrical discharge machining (EDM) llazarenko
(1944) various causes for the material removal hdeen

EDM has advanced to one of the major manufacturingostulated. Kahng & Rajurkar (1977) have reportee électro-

processes applied in die and mold making industrygénerate
three-dimensional complex cavities in many différetasses of
materials in rough and finish operations, as regbrby Konig
(1991). Examples include precision machining ofemals such as
hardened steels, carbides, ceramics and any othaéerial that
offers 0,01 S/cm of electrical conductivity, as idé&gd in Fig 1.
Recently, other researchers (Amorim & Weingaert@602, 2004)
also reported that special aluminum-based alloyd aopper-
beryllium alloys, which are used to produce spedigéection

molding tools, have also been machined by EDM. diditéon,

Masuzawa (2001) remarks that EDM is gaining mord arore
importance on the production of very accurate snyzdirts
(dimensions < 0,5 mm) on any electrical conducthagerial. This
is a market trend known as Micro-EDM.
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Figure 1. Electric conductivity necessary for EDM, Konig (1991).
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mechanical and thermo-mechanical theories. Thst fineory
suggests that a very high electric field is attiélolito separate
material particles of the workpiece as it exceeads forces of
cohesion in the lattice of the material. Howevexperimental
evidence lacks supports to this theory. The se¢badry (thermo-
mechanical) proposes that a variety of electridéces of the
discharge is responsible to the melting of materiahe workpiece.
Nevertheless, this theory does not agree with éxgertal results
and then do not give a reasonable explanation f@ME
phenomenon.

Nowadays, there is no complete and definite mogplaiing
in all details the different processes that takecel during a
discharge. As presented by several researdhesbest supported
theory still accepted to explain the electricacarge machining of
metals is based on the thermoelectric phenomencoording to
that theory the material removal in EDM is assadatvith the
erosive effect produced when spatially and disadeteharges occur
between two electrical conductive materials. Spadfs short
duration (0,1 to 3600 us) are generated in a liquid dielegeap
separating tool and workpiece electrodes.

Figure 2 presents the phases of an EDM discharge.fdur
phases of a single discharge in EDM can be shepridgented as
follows. The first one is the ignition phase. épresents the delay
time () to the occurrence of the breakdown of the higbrogircuit
voltage (§) applied across the working gap, until the fairyl
discharge voltage (u The second phase instantaneously occurs
right after the first one, when the current rapidigreases to the
operator specified peak currenf) (It is the formation of a plasma
channel surrounded by a vapor bubble. The thirds@ha the
discharge phase. Here the high energy and preptasma channel

2 Kénig & Klocke (1997), Eubanlet al. (1993), Dibitontoet al (1989),
Mukund (1989), Van Dijck et al. (1974), Schumacfi®66), Miller (1965),
Zolotyck (1955).
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is sustained for a period of timeg)(tausing melting and evaporation
of a small amount of material in both electroddse Tourth phase is
the collapse of the plasma channel when the etestrérgy is turned
off. This phase causes the molten material to béenily ejected.
At this time, known as interval timey)t a part of the molten and
vaporized material is flushed away by the flow bé tdielectric
across the working gap and the rest is solidifiedthe recently
formed crater and surroundings. This process coesinuntil the
geometry of the workpiece is completely machined.

Voltage -u_ S

time

>
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Ignition Phase Plasma Formation Discharge Phase Ejection Phase

Figure 2. The phases of an electrical discharge in EDM (Konig & Klocke,
1997).

According to the aforementioned EDM theory the naedbal
properties of the workpiece and the tool electrbeee negligible
effect on machining performance. However, the tlogimysical
properties of the workpiece and tool electrode r(tta@ and
electrical conductivity, thermal expansion, heatvaporize from
room temperate, melting and boiling temperatur@eh@nsiderable
influence on the EDM process performance in termsnaterial
removal rate, electrode wear and surface integfitiie workpiece.

Drozda (1998) reminds that the tool electrode spoasible to
transport the electrical current to the workpiegberefore, any
material to be used as a tool electrode is requicedonduct
electricity. In fact, there is a wide range of mels used to
manufacture electrodes, for instance, brass, tangsarbides,
electrolytic copper, copper-tungsten alloys, siftergsten alloy,
tellurium-copper alloys, copper-graphite alloysaprite etc. In
respect to the application of electrolytic copped @raphite as tool
electrodes, the following arguments can be summdriz

(i) COPPER:it works very well as an electrode material and
widely used when smooth workpiece surface finisiiesrequired.
This material can be machined by all conventionethods such as
drilling, turning, milling, grinding etc. But maahing can be
sometimes difficult because copper has a trenddg dn the edge
of the cutting tool and the grinding wheel. In thisse 2%
Tellurium-copper alloy, which presents better maability, can be
a choice. However, copper machines on Wire EDMebethan
graphite. Very complex shapes can be obtained g DM onto
copper electrodes. Another advantage of coppemomparison to
graphite is its ability to be coined and then to desery good
material for engraving electrodes. For certain i@pgibns, such as
electrodes to be used in medicine engineering,fietghper is the
best choice because of its facility to be highlligieed.

(i) GRAPHITE this material is available in many different
grades from large grain sizes (2Q@n), used in rough EDM

operations, to very fine grains (im) for finish EDM operations,
particularly in steel. The costs of graphite vamyni inexpensive,
for coarse-grain sizes, to very expensive for fin@in sizes. It
provides a high material removal rate and low etet# wear -
depending on the EDM parameter settings - as cadparmetallic
electrodes. At the present there is a trend torpurate the entire
geometrical configuration of the workpiece onto iagke large
electrode, instead of partitioning the tool in masipall pieces.
Thus, the weight of the electrode becomes very itapd because it
affects many factors in handling construction amgk wf the
electrode. Graphite has a much lower density thapper, which
makes it the best material for large electrodethdgh graphite is
very abrasive it is relatively easy to be machingd all the
conventional machining processes. Milling, drillingurning,
grinding and ultrasonic machining provide excelldimishes in
graphite. The major drawback of graphite is the fitust it produces
during its machining. It is able to settle on thidgs of the machine
tool and when mixed with the machine's cuttingdlitiwill act like
a lapping compound, which eventually reduces tloeiracy of the
machine. Precautions must be taken when machimagghge.

Vartanian & Rosenholm (1992) pointed out that f@nyyears
there have been discussions about the relativasradrthe different
EDM electrode materials. The major debates are talcopper
versus graphite. The EDM users in different paftdhe world have
been using different electrode materials to do xadece same jobs.
Normally, copper is mainly used in Europe or Asia historical
reasons. Graphite is the chosen material by theritajof EDM
users from the United States of America. Most EMs] that can
be done with copper can also be executed with gephhe end
result might be the same, but the cost to accomplie job can be
vastly different. In practical terms the choice thie electrode
material will depend mainly on the tool size, theorkpiece
requirements, type of EDM machine and the methddsaking the
electrodes. Other important factors shall be considered when
selecting the electrode material:

(a) Workpiece material removal rate,Nmm*/min]: a correct
choice of EDM parameters to the pair tool /workpiedectrode
materials will increase the value of,V

(b) Electrode resistance to weathere are four types of wear:
volumetric, corner, end and side wear. Of the fevtumetric and
corner wear are very important in finish EDM openas of fine
details. Minimization of those wear requires chagsiadequate
EDM parameters and proper electrode material.

(c) Workpiece surface roughnesgood workpiece quality is
obtained by the proper choice of electrode mategabd flushing
conditions and adequate EDM parameter settings.

(d) Tool electrode material machinabilitgopper and graphite
are the most commonly used. However, it is impdrtarselect an
electrode material where the macro and microgegmefr the

ié/vorkpiece can be easily machined. It promotes raolucof

machining time and costs.

(e) Tool electrode material cosbn average, fine graphite is
about three times more expensive than copper. hbEe shall be
done considering the company facilities (e.g, maetiools,
CAD/CAM software technology etc). It also includég know-how
on machining copper and graphite electrodes, theptaxity of the
electrode and its difficulty to be redressed arel khowledge on
EDM parameters.

The present work was focused in two major objestivié is
known that graphite is a relatively new tool eled& material to the
Brazilian EDM users. Then the first objective was provide
technological information on the use of graphiteewlEDM steel
workpieces in finish process conditions. The secobjgctive was
to attain more understanding about the EDM phenamehen
machining with graphite electrodes in comparisorcepper. It is
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because technological and basic research debaesgilicurrently
being carried out worldwide.

This research work is focused in assessing theshfileDM H toalalactrods
behavior of AISI P20 tool steel using a specialigraf graphite and
copper as electrodes. Important EDM electrical mpatars that
influence the process performance were investigateerms of the
following technological results:

(a) Material removal rate ) which represents the volume of
material removed from the workpiece per unit timmerf/min];

(b) Volumetric relative weafi: which represents the ratio of
electrode wear rate Mo material removal rate ¥ expressed in
percentage values.

(c) Surface finish of the machined workpiecegi&n].

20 mm

25 X 25 X 15 mm
Workpiece

Figure 3. Geometry of the tool and workpiece sample  s.

Nomenclature (iif) Workpiece AISI P20 tool steel square samples 25 mm wide

Te = discharge currentA and 15 mm thick with a roughnesg & 2um on the surface to be
t, = pulse cycle timgus machined were prepared by Wire EDM, as shown in3FigThe
pn = dielectric inlet pressure, MPa workpiece material was chosen because it is wide&d by the die
U, = discharge voltage, V and mold making industry. The surface finish waalyred using a
ty  =ignition delay time, ps Surtronic 3 Taylor Hobson roughness measuremernpegnt. The
0; = open circuit voltage, V measurements were done on the bottom of the EDNycasing a
te = discharge duration, ps stylus tip of 5um, cut-off length of 0,8 mm and evaluation length o
V. = electrode wear rate, mitmin 4 mm.

t = pulse duration, us (iv) Dielectric: hydrocarbon fluid for universal application in
V, = material removal rate, mi#fmin EDM operations with properties of viscosity 3 C8t28 °C, flash
to = pulse interval time, pus point of 125°C, density of 0,783 g/ml and 0,3 % of aromates.
Greek Symbols (v) Flushing methodthe dielectric fluid was injected through

the 4 mm electrode hole with 0,01 MPa providingcadee flushing

9 =volumetric rellatlve wear (W), % of the eroded particles away from the working gap.order to

T =duty factor, dimensionless further improve the flushing efficiency an altefipat between
periods of machining U [s] and periods of tool &lede retraction

Experimental Procedure with no discharges R [s] were introduced, as showhig. 4. The

. . . , values of U and R were defined after pilot tests.
The Electrical Discharge Machining experiments were

conducted at the Laboratory for Research on Magbifrocesses

(LAUS) of the Pontificia Universidade Catélica doar&na R
(Pontifical Catholic University of Parana) (PUCPRJuritiba-
Brazil. The following materials, equipment and noeth were u tool electrode
applied for all the series of tests:
(i) EDM machineia Charmilles ROBOFORM 30 CNC machine _ workpiece electrode
equipped with an isoenergetic generator, which metrat is =
possible to set - among others EDM parameters -dtkeharge g U=08s U=08s
duration ¢ and to control the ignition delay timeas a percentage of 3 F—{%L—H =025
te. In this work § was kept as 30% of for all the experiments
because a finish machining would be carried outdans that low i
energy would be applied and then longer would kdghition delay ’
time.
(i) Tool electrodes100 mm long cylindrical bars of graphite Li‘ % ? time [s]
and copper with diameter of 20 mm and a 4 mm cehtte. The s
main specifications of the graphite used for thetsteare 10um Figure 4. Series of pulses U followed by a pause R [s].
average grain size, 1,8n average pore size, 1,77 gfodensity and
80 W/mK thermal conductivity. The tool electrodesrer mounted
axially in line with the workpiece samples as showfig 3.
Table 1. Electrical variables used for the experime  nts with graphite and copper electrodes.
Discharge current Discharge duration Pulse interval time Open Voltage Tool electrode Generator mode
Te [A] te [ps] to [ps] G [V] polarity
3;6;8 6,4; 12,8; 25; 50; 100 6,4; 12,8; A®; 100 160 (+) and (-) isoenergetic
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(vi) Electrical Variables:the major variables that influence on
the performance of EDM, which are discharge curfgrdischarge
duration § and tool polarity (+/-), were investigated throutite
values presented in Tab.1

In finishing EDM operations an important objectiie to
achieve the best workpiece roughness with a loe lef’volumetric
relative wear. So that it could be possible, they dactor T (ti/ty),
which represents the ratio between pulse duratiand pulse cycle
time t, (t, = § + o), was chosen to be 0,5 for all the tests. Thiseal

presented an average value of volumetric relatigards of about 4
to 6% while copper has achieved 2%. Moreover, ghiserved that
the volumetric weaf is much higher for graphite than for copper
from t, = 6,4 to 25us, which represent very short levels pand
interval time §. It probably occurred because the short intetivats

t, were not sufficient to efficiently flush the elemtie and workpiece
debris away from the working gap. When EDM in fintonditions
the working gap is very small, i.e. it varies frdf to 50um width
(Drozda,1998). The grain size of graphite is esaktd guarantee a

of 1, i.e., t = t,, was used because the good stability normallgtable EDM process. In this work a jih graphite grain size was

observed on EDM for this condition. It means fewcuwcence of
short-circuits and arc-discharges. As a consequéemoper flushing
of eroded patrticles away from the working gap snpoted. Smaller
values of duty factor (& t,) is commonly established by keeping t
constant and increasing the value ofTthis would lead to very low
discharges frequencies. It would result in decrepshe material
removal rate. On the other hand, levelg digher than 0,5 (& t,),
set by reducing the value gfih relation to t would probably cause
an over-concentration of debris in the working ghipis would lead
to non-uniform material removal along the frontatfaces of the
tool and the workpiece, as well as possible in@ea$ the
roughness.

The open gap voltagetias intrinsic relation with the size of the
working gap, i.e., the distance between the eldesoduring the
spark. The higher is the value qtlie larger the working gap. Itis
common to set;at lower levels — 80, 100, 120 V - when EDM
under rough conditions. It is because the highayeenergy W=
U . T . t [J] keeps a larger working gap and proper expuolsib

debris. As the energy Ws decreased so is the working gap size.

Thus, in finish EDM is recommended to establisthbigvalues of i
in order to promote more adequate working gaphls work, the
value of §- 160 V was established. This magnitude ajuaranteed
proper dispersion of the sparks along the frontaaaof the
electrodes and good flushing conditions.

(vii) The precise quantification of material rembwa,, and

volumetric relative wea® was possible using a precise balance

(resolution of 0,0001 g) to weigh the tool and wiece before and
after an average machining time of 30 minutes. fEsts were done
three times for each parameter settings, and naifis@nt
differences were observed among them. It is importa mention
that during EDM process the graphite electrodesor@bsome
quantity of the dielectric fluid. To avoid any ernehen measuring
the mass of the graphite tool it was necessanatry out a drying
period. The electrodes were kept in a furnace®@f@ for 24 hours
before and after each EDM test.

Results and Discussions

Figure 5A shows the results of material removae re, for
positive graphite and copper tools versus the tiariaof discharge
duration t and discharge current. iFor both tool materials the
optimum discharge duratiopwas 50 ps at= 3, 6 and 8 A, where
the best results of yand good stability of the EDM were observed
For & = 6 and 8 A the values of \are similar for both materials,
reaching a maximum of 8 nifmin. When EDM with graphite tool
at . = 3 A the value of \{ was about 1,5 mffmin higher than the
values of copper. This difference is not significkor EDM with
finish parameter settings. The general performaoCeEDM is
similar for the two electrode materials. Some stestth longer

used to carry out the experiments.

TEST CONDITIONS:

tool: Graphite (Gr), Copper (Cu) workpiece: AISI P20 (-)
pressure flusing: ;p: 0,01 MPa
01160V

duty factort ) =0,5

.= 3,6;8 A

mms
min

positive tool (+) 1. [A]

—+—8A(GH
_.a.8A(Cu)
—=—6A (G
..0--6 A (Cu)

()

L=

r-or ===

—e—3A(Gr)
—0--3A(Cu)

material removal rateV,,

F—-—O -

20 30
discharge duration ;t

10

35

| LA
—+BA(GN
--a--8 A (Cu)
—a—6A(Gr)
-.o--6 A (Cu)

positive tool (+)

® ——3A(Gn)

.0--3A(Cu)

volumetric relative wear 9

~

o< T

10 20 30 40

discharge duration ;t

60

Figure 5. (A) Material removal rate V ,, and (B) volumetric relative wear 8
against the variation of discharge current 7 . and discharge duration t . for
EDM with positive graphite and copper electrodes.

Therefore, it is possible that particles separatédhe tool
electrode tended to clog the working gap, causimgtscircuits and
arc-discharges. Thereafter this phenomenon hagbta, to lower
levels and electrode wear ratg t@ higher levels. As a consequence
the volumetric relative wea? (V¢/V,) was increased when EDM
was performed with (t= t, from 6,4 to 25us, as can be noticed at
Fig. 5B. Here it is possible to say that the 10 graphite grain size
would probably give better results if applied to MQvith higher
rates of {, t, t,, when the working gap width would be larger and

the EDM performance could be more stable. It mehat higher

V,, and lowerd would be reached.

Figure 6A presents the results of material remoat \, when
EDM with negative polarity graphite tool (cathod®espite the
values of discharge curreptaind discharge duratiogit is observed
that negative polarity for graphite promoted verwcam higher
values of material removal rate,Mthan the ones achieved with

discharge duration {t= 100 us) were carried out, but the values ofjraphite at positive polarity (anode), as depidtefbre in Fig. 5A.

V, had a trend to deeply decrease for the two eléetnoaterials.
Figure 5B depicts the results of volumetric relatiwear &
(VJV,,) for positive graphite and copper versus the viariaof
discharge duration, and discharge current 3, 6, 8 A). When
EDMachining at the optimum conditions & t, = 50 us) graphite

J. of the Braz. Soc. of Mech. Sci. & Eng. Cop yright 0O 2007

When EDM under the optimum discharge duratigr 60 us
and L = 8 A the maximum material removal ratg, \ 23,5
mnt/min was obtained for negative polarity, while fpositive
graphite the maximum =8 mn¥/min was reached (Fig. 5A). This
EDM performance can also be noticed for dischargeeat { at 3
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and 6 A, where the maximumy\Vabout 10 mrfimin was reached attained ford= 3 A and ¢ =12,8ps using copper eletrodes. The
for to = 50 ps. higher surface roughness obtained with graphitkiesto the higher
When comparing Fig. 6A against 6B, wherg fér negative copper V,, reached for that material, which means that lagyet deeper
tools (cathode) are presented, the results of matemoval |, for  craters were made in the workpiece surfaces.
graphiteversuscopper are vastly different. In the case of copper Figure 7B depicts the results of EDM with positp@arity for
maximum \{, was about 0,12 mifmin when EDM with {= 8A at  both electrode materials. It is observed just adamergences on the
the optimum & = 12,8 us, which is much lower than those ofesults. When EDM with.i= 6, 8 A and the optimum discharge

graphite tools in any circumstances. duration t = 50pus the difference of Rvas about im and for =3
The performance of any electrical discharge manlini A a smaller difference occurred.
operation greatly depends on the thermophysicapeties of the TEST CONDITIONS:
electrode material, although the non-thermal prioger tool : Graphite (Gr) workpiece: AISI P20 (-)
(electrodynamical and mechanical effects) are regfligible. The ey o 001 MPa
discharge current just takes place after the break down of the open .= 36,8 A duty factor () =05
circuit voltage @ The occurrence of this phenomenon is just m i i
possible when the cathode electrode starts to @pttrons. At this o 5 | negative tool () /,J! i, [A]
time, the electrons from the cathode collide witbleoules of the 4 | —+8A(G)
dielectric fluid and more electrons are releasedetioer with g 4 %% ] TerBA(CY
positive ions. As a result, the dielectric fluidvisporized and a high (o) £ s — %= [ o] ) _;_g:g))
energy plasma channel is formed (Stevens, 1998)addition, g ) [ _--1:° % sA @
Drozda (1998) arguments that the cathode must besiaugh to ] s18°° =P- '_ __L-- ° -_;-—-SA(CU)
permit electrons to absorb enough energy to escape 51 ale--_ 0
thermophysical properties of copper are very dfer from 0
graphite. When the cathode is copper it is ablenit electrons, to 0 10 20 30 4 50 ks
carry the current, only after some of its own miatés melted and discharge duration ; t
boiled. On the other hand, when graphite is thhazi it is able to
emit electrons below its sublimation temperatuttger&fore graphite Hm ‘ ‘ -
is more stable than copper as cathodes, which pesmbigher e s positive tool (+) /‘¥ '58[;(60
material removal rates,y see Fig 6. o e -a--8A(CU)
- g 4 o k| —=-6A(Gr)
TEST CONDITIONS: '§> 3 = A":/ --0--6 A (Cu)
workpiece: AISI P20 (+) g F" ° j__—/—’; —e—3A(Gr)
pressure flushing: p, : 0,01 MPa 3 2 Q- -——-|--G--——~"77 - -0--3A(Cu)
0,:160V £ &
i,=368A duty factor (1) =0,5 a1
3rr(i3 | | LA ° 0 10 20 30 40 50 Hs
, M negative graphite tool (-}
g mn // ——8A(GN discharge duration ;t
g 20 L —a—6A(Gr)
®w g & —e—3A(Gr) Figure 7. Results of surface roughness when (A) EDM with nega  tive and
£ 15 P (B) with positive graphite and copper tool electrod es.
CRNER e
Q . . -
g In Figure 8 the results of volumetric relative weafor EDM
with negative electrodes are presented. The neggtaphite tools
0 0 20 40 Hs 60 promoted much higher volumetric welr= 30% (3 = 8 A, =50
discharge duration ; t us) than with EDM at positive polarity (= 6%, L =8 A, £=50 us
which represent the best parameter settings) asrshefore in Fig.
0.2 I T ‘ | i, [A] 5B.
negative Copper tool (-)
f m.m3 & -a--8A(Cu) TEST CONDITIONS:
g min A -0--6 A (Cu) ) )
K] -2 _o.3A(CU) tool: Graphltg (Gfr),lCopper (Cu) workpiece: AISI P20 (+)
® 8 01 S - pressure flusing: ,p: 0,01 MPa
E ’ N N G160V L= 368 A
_g @I: FE -1 :D_ 4. : - duty factor{ ) =0,5
£ o 7---->-= 70 | ‘
- o %l _ )
o 10 " 2 % © s & ; \ negative tool (-) _+ 8A(GN
) ) g2 50 L) -—-a--8 A (Cu)
discharge duration ;t °
2 N —a—6A(Gr)
Figure 6. Material removal rate V ,, against discharge current 7 ¢ and g 40 N — —e—3A(Gn)
discharge duration t . for (A) EDM with negative graphite tool and (B) fo r o 30 N :
EDM with negative copper tool. = <
£ 2 . N -
. [<} 4
The results of workpiece surface roughness for eopmnd T =1
graphite tools at negative and positive polarityn che seen ro-9
respectively in Fig. 7A and 7B. It is observed thagative graphite 0 10 20 30 40 Hs 60
tool electrodes promoted higher roughness thanerogols for all discharge duration ¢ t

the three discharge curre_nf[§:(i3, _6' 8 A) ar_]d diSChf”lrge duratiqn t Figure 8. Volumetric relative wear 9 for the variation of discharge current
evaluated. For EDMachining using graphite at thgnaum ¢ = 50  and discharge duration when EDM with negative graph  ite (i. = 3,6,8 A)
us the R varied from 4 to fum, while copper tools provided much and copper (i . = 8A).

better workpiece surface quality. The best valye R,6 um was
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The same behavior is also noticed for negative eppgols at
their best EDM settings, i.e, for® 8A t = 12,8 us the volumetric
relative weas is also about 30%. Although not represented @n Fi
8, when EDM with copper at & 3 and 6 A for the optimum &
12,8 ps the volumetric relative wear of 40% waseobed.

Conclusions

This work has carried out experiments on the perémrce of a
special grade of graphite when electrical dischangehining AlSI
P20 tool steel under finish conditions. It has béevestigated
important EDM variables such as discharge curreligcharge
duration and tool electrode polarity. From the hssaof this work
the following conclusions can be drawn:

(@) The highest material removal rateg Were achieved for
EDM with negative graphite electrodes, much betian the results
reached with copper tools. Therefore graphite isenwiable than
copper when EDM as cathodes.

(b) For electrodes at positive polarity, graphited acopper
presented similar results in terms of the value¥ pfProbably the
10 pum grain size of the graphite used for the eéwrparts should be
applied with higher discharge currents, when thekimg gap width
would be larger and the EDM performance could beenstable. It
means that higher/and lower electrode we&rwould be reached.

(c) The lower levels of volumetric relative weamere attained
for EDM with graphite and copper at positive pdiariespite the
EDM parameter settings.

(d) The best surface roughnesg Was obtained for copper
electrodes under negative polarity.
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