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Abstract: HII tool steel is an exceptional class of alloy steel, also known as chromium tool steel. It found
applications in forging and extrusion dies, helicopter rotor blades etc. Electrical discharge machining (EDM) is one
of the alternative processes to shape this material. This study exhibits the effect of discharge current (1) and gap
voltage (Vg) on metal removal rate (MRR) during EDM of HI1 tool steel by taking three different tool electrode
materials. Experiments have been performed by varying 1 in four steps (4 A, 84, 12 A, 16 A) and Vgin (25 V, 30V,
35V, 40 V) while keeping the values of other variable fixed. On the basis of experimental findings, it is concluded
that tool properties of the electrode play a crucial role in machining characteristics of EDM process. The results
show that graphite electrode offers the higher MRR followed by aluminium and copper electrode in EDM of HI 1
tool steel.
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Analiza uticaja alatnog materijala na koli¢inu skinutog materijala kod maSina za elektro erozivonu obradu.
H11 alatni celik je izuzetna klasa legiranog celika, poznatog i kao hromski alatni celik. Ovaj materijal je pronasao
primenu kod kovanja i ekstruzije, rotacionih lopatica helikoptera itd. Elektro eroziona obrada (EDM) je jedan od
alternativnih procesa za oblikovanje ovog materijala. Ova studija pokazuje uticaj struje praznjenja (Id) i napona
paznjenja (Vg) na brzinu skidanja metala (MRR) tokom EDM obrade HI11 alatnog celika sa tri razlic¢ita materijala
alata elektrode. Eksperimenti su izvrSeni promenom ld-a u Cetiri koraka (44, 84, 12 A, 16 A) i Vgu (25 V, 30V, 35
V, 40 V) dok se vrednosti druge varijabli drze fiksne. Na osnovu eksperimentalnih nalaza, zakljuceno je da svojstva
alata elektrode igraju presudnu ulogu u masinskim karakteristikama EDM procesa. Rezultati pokazuju da grafitna
elektroda nudi vecu kolicinu skinutog materijala MRR u odnosu na aluminijumsku i bakarnu elektrodu tokom
obrade H11 alatnog celika pomocu EDM.

Kljuéne reci: EDM, brzina skidanja metala (MRR), H11 ( Celik za kalupe), struja praznjenja, napon praznjenja

1. INTRODUCTION al. [3] studied the influence of electrode type and
material on the EDM process by taking EN-31 tool steel

H11, a special hot worked chromium tool steel with  as a work piece and copper, copper-tungsten, aluminum,
good hardness and toughness found suitable and brass as an electrode material. They reported that
applications in the production of extrusion, forging and  copper electrode showed better results related to MRR,
die casting dies etc. Due to its special class it found its ~ diameter overcut, TWR and SR followed by the
usage in aerospace industries, helicopter rotor blades aluminium electrode. Muthuramalingam and Mohan [4]
and shafts [1]. Due to its typical properties it found investigated the importance of tool electrode materials
difficulty in the machining process by conventional (copper, brass, tungsten carbide) on the machining
methods. Non-conventional methods is found to be one  performance of AISI 2020 stainless steel in EDM
of the options for machining H11 tool steel. EDM is an  process. They reported that copper electrode produces
unconventional, non-contact machining process in  higher MRR and tungsten carbide electrode showed
which material removal takes place by the help of better surface finish. Dewangan et al. [5] examined the
electrical discharges occurring between tool electrode  effects of EDM parameters as well as tool electrode
and the work piece separated by dielectric medium. The  materials (copper, brass and graphite) onAISIP20 tool
amount of heat generated by the electrical sparks is  steel .They have reported that graphite tool showed
around 8000-10000°C which is sufficient to melt the better results in regards to white layer thickness, surface
material as well as electrode also. EDM is known for its  crack density and SR followed by brass, copper. Lee
thermal behavior which can machine any electrically and Li [6] performed an experimental investigation on
conductive material regardless of its strength and EDM for Tungsten carbide material using copper,
hardness [2]. EDM is a stochastic process whose copper tungsten and graphite as tool electrode material.
performance depends on the input parameters chosen. They have taken MRR, SR, TWR as the performance
Thus, certain input parameters when varied directly = measures. It was observed from the results that graphite
effects the performance measures such as MRR, tool electrode offers higher MRR whereas copper electrode
wear rate, surface roughness of the machined work showed higher TWR but better surface finish. They also
piece. A lot of work has been reported in the literature  reported that with negative tool polarity maximum
with regard to high MRR in the field of EDM. Singh et MRR, minimum TWR and SR could be achieved. Payal
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et al. [7-8] studied the machining characteristics of
Hl1land H13 material by taking three electrode material
i.e. aluminum, copper and graphite. They reported that
copper electrode achieved the best surface finish among
other electrodes.

In the present work, the objective is to investigate
the machining characteristics of H11 tool steel material
using three different electrode materials viz.
copper(Cu), graphite (Gr), aluminum (Al). The
discharge current and gap voltage has been varied in
four steps to study the MRR.

2. EXPERIMENTATION

The experiments were conducted on EDM machine
(S645CNC) of OSCARMAX a Taiwan company
installed at Central Institute of Hand Tools, Jalandhar,
India as shown in figure 1.The commercial grade EDM
oil was used as a dielectric fluid. The work piece
material was AISI H11 tool steel with rectangular in
shape of 125mm x 100mm x 24mm size. Figure 2
shows the machining of HI11 work piece Three different
tool electrodes of cylindrically shaped namely Copper
(Cu), Graphite (Gr) and aluminum as shown in figure 3
were used in the present study. Figure 4 depicts the
machining by Cu electrode. Typical mechanical
properties and chemical composition of HI1 are
depicted in table land table 2.

Fig. 2. Hot die steel H11 during Machining

Fig. 3.Tool electrodes used

The input parameter discharge current and gap voltage
has been varied in four steps. The MRR is taken as the
performance measures. MRR is calculated by evaluating
the weight loss of work piece using equation 1
respectively.

Wi Wf 3 .
MRR=7mm / min (D)

Fig. 4. Machining by Cu electrode

Property Unit Value
Density g/em’ 7.81
Melting Point C 1427
Elastic modulus GPa 207
Thermal (10-6/C) | 11.9
expansion

Thermal (W/m-K) | 42.2
conductivity

Hardness HRC 57

Table 1. Mechanical properties of H11

Elements Wt. % age
C 0.648

Si 0.603

Mn 0.262

P 0.0078

S 0.0145

Cr 5.17

Mo 1.23

\Y 0.756

Table 2. Chemical composition (wt %) of H11 material



3. RESULTS AND DISCUSSION

On the basis of experimental results, the effect of
discharge current and gap voltage on MRR with
different tool electrode materials has been shown in
table 4 and 5and .Diagrammatic representation is shown
in Figure 5 and 6. Figure 5 indicates that MRR increases
with increase in discharge current for all the three
electrode material. This is due to the fact that MRR is
directly proportional to discharge current and another
reason is that at higher discharge current the intensity of
the sparks will increase which causes larger overcuts
and more material is removed from the surface.

In the present work, the results depicts that graphite
electrode exhibits higher MRR followed by aluminium
and copper. This confirms that thermo physical
properties of the electrode material play crucial role in
MRR. The melting point of electrode material can also
be linked up with the MRR of work piece. Figure 6
indicates the graph between gap voltage and MRR
which indicates the increment in MRR with increase of
gap voltage for all the three electrode materials. It was
observed that an increase in gap voltage caused an
increase in MRR for given constant parameters up to
certain voltage. This is due to the fact that pulse energy
increases with gap voltage.
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Fig. 5. MRR Vs Discharge Current
Discharge 3, . 3, . 3, .
Current (A) MRR by Cu (mm’/min) MRR by Gr (mm’/min) MRR by Al (mm’/min)
4 31.29 42.39 34.39
8 69.61 78.28 71.26
12 123.51 131.21 126.11
16 199.31 215.39 201.05
Table 3. Effect of discharge current on MRR for H11 material
Gap Voltage 3, . 3, . 3, .
V) MRR by Cu (mm’/min) MRR by Gr (mm’/min) MRR by Al (mm’/min)
25 31.29 42.39 34.39
30 69.61 78.28 71.26
35 123.51 131.21 126.11
40 199.31 215.39 201.05

Table 4. Effect of gap voltage on MRR for H11 material
4. CONCLUSION

The experimental study has been conducted to
investigate the effect of discharge current and gap
voltage during EDM of AISI H11 tool steel material
by taking three different tool electrode materials. The
value of MRR increases with increase in discharge
current and gap voltage value. In the instant case, it is
concluded that graphite offers the higher MRR
followed by aluminium and copper.
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