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Abstract. In this work, the electrode wear rate (EWR) and electrode surface characterlstlc of copper
electrode when EDM of Nickel Based Super ‘Alloy, Inconel 718 at higher peak current and pulse
duration were analyzed. Experiménts were conducted using Inconel 718 as a work piece and copper
as an electrode with a kerosene dielectric under different peak currents and pulse durations. Peak
current, J, within a range of 20A to 40A and pulse duration (or pulse on-time), #,, within a range of
200pus to 400ps are selected as the main parameters. In this study, EWR were measured using
digital weight balance (accuracy 0.01mg) and by using Scanning Electron Microscope (SEM), the
surface texture of the electrode iin order to evaluate the material deposited on the electrode surface.
The results have shown that machining at' a lowest. peak current of: 20A and highest:pulse duration
of -400ps ‘yields the: lowest electrode wear: rate (EWR) of -0.01mm’/min. The pulse duration is’
significantly affecting the EWR. It also revealed that, the deposited of carbon and work piece
material is occurred on the electrode surface for all machining conditions.

Introduction

One of typical problems with EDM machining operations is high cost of tooling due to electrode
wear rate (EWR) and that is the major issue for prolonged machining especially when machining of
difficult to cut material such Nickel based super alloy [1]. Nickel based super alloy, Inconel 718 is
an aerospace material and considered one of the most difficult-to-machine material which attributed
to its ability to maintain hardness at elevated temperature, very poor thermal properties, high
toughness, high hardness, and high work hardening rate and consequently it’s very useful for hot
working environment. Formation of complex shapes by this material along with reasonable speed
and surface finish is not possible in traditional machining. Usually, a nonconventional rnachmmg
method like electrical discharge machining (EDM) is chosen for machmmg Inconel 718 in order to
overcome such limitations [2]. e

Copper became the metallic electrode materlal of chmce for EDM even though it wear rate is
higher due to the melting point temperature of copper is low but copper have high in electrical and
thermal condugtivity properties, Copper can produce very fine surface finishes, even without special
polishing circuits [3]. Result from an experiment done by Kumar et al. [4] when EDM of Inconel
718 shows that an increase in pulse duration up to 750ps has improves the EWR but.at higher peak
current will affect the EWR adversely. Bharti et al, [2] used copper electrode when EDM machining
on Inconel 718. He found that the EWR increases with the increase in discharge current. EWR also
increases initially with the increase in pulse-on-time but after certain value it decreases due to the
deposition of carbon particles on tool electrode at a high temperature. According to Ghewade and
Nipanikar [5], the EWR is mainly influenced by pulse-on time and duty cycle. Whereby, the effect
of peak current is less on EWR. Rajesha et al. [6] also claimed that electrode wear is highly
influenced by pulse on time when EDM machining of Inconel 718 by using copper electrode. Thus;
the objective in this research is to study the effect of hlgher peak current and pulse duration on
copper electrode when EDM machmmg of Inconel 718. eyt 2o SRR
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Experimental Setup -

The experimients were carried out on a standard CNC EDM machine, Sodick AQ55L with
positive electrode polarity. Nickel base super alloys, Inconel 718 were selected as the material for
the work piece (specimens 40mm x 30mm x 10mm) and Copper as a tool electrode with diameter of
10mm. The EDM experimental conditions and parameters are summarized in Table 1. = . -

Table 1: Experlmental cond1t1ons and parameters

Parameters | " Levels
. { Work piece material . .. . .., Inconel 718 . .~
Tool electrode Copper . ... u
Peak Current, I, (A) 20, 30, 40
.| Pulse duration, #,, (us) .| - 200,300, 400. EEN
..} Pulse interval, toﬁ‘(l.l,S) . | Based on 80% duty factor o R
| Voltage, V. - ... .o 120. o
Electrode polarlty T T RE Posmve ca e
- | Dielectri¢ fluid ... . . . | . ... Kerosene' : o
. Depthofcut s co . 3mm . ¢

Before expenmentatlon the work plece top surface was ﬂattened usmg a surface grmdmg
machine. The initial weight of the work piece and electrode was weighed using a 0.01mg accuracy'
digital weight balance. The work piece was held on the machine table using a fixture shown in Fig
1. The time taken for machining and the weighed of electrode after machining are measured.::~ .

Tool ro
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Fig. 1 Expenmental setup before maehmmg

The: EWR ‘were calculated using the Eq. 1. In this research, a constant duty factor was used for |
the purpose of mamtalmng machmlng efﬁc1ency The formula for duty factor i 1s stated 1f1 Eq 2.0

EWR (mm3/m1n)—' ' : Mass loss of electrode (g) R S ""”“‘(1‘)'
Density of electrode (g/mm”) x machining time (min) e

"Dutyfacto:r(%)'=' o ‘Pulse duration (us). o " @
SR Pulse duratlon (us) + pulse 1nterva1 (ws) ' ’

Result and Discussion
Effect of | peak current and pulsehduration on;’ EWR. The effect- of peak current and  pulse:
durations on the EWR is shown in Fig. 2. In this study, the highest EWR obtained at highest peak
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current (40A) and lowest pulse duration (200ys). This is due to high spark energy at high discharge
current causes more material removal from work piece and tool electrode which in turn increases
the EWR. However, EWR shows improvement at high pulse duration for each of peak current used
respectively. This is due to the longer pulse duration used the pulse interval also increase based on
80% duty factor whereas the flushing have enough time to flush out the debris and to cool down the
temperature at machining area and the machining process become more stable thus, reduced EWR.
It is suspected that, the deposition of carbon from dielectric and material from work piece on tool
electrode at a high peak current for longer pulse duration also contributed for improving EWR.
Longer pulse duration tends to increase the possibility of carbon and material deposition on the
electrode surface, which function as wear resistant layer for copper electrode and helps to decrease
the electrode wear [7]. The lowest EWR is approximately -0.01mm*/min at 20A of peak current and
400us 'of pulse duration. The combination of Tower peak current and higher pulse duration used is
better for reducing EWR. The negative value' for the lowest EWR indicated that, the electrode
weight after machining is more than before machining. A dissolved metal from the work piece also
revealed deposjited on the copper electrode.

Electrode Wear Rate
0.05

0.04
0.03
0.02 % 20A

0.01 030A
X40A

EWR, mm3/min

Coop 20 ‘///”300’ 730

-0.02

Pulse duration, ps o

Fig. 2. Effect of peak current and pulse duration on EWR

Effect of peak current and pulse duratlon on the electrode surface Exammatlon on the EDM
electrode surface for lowest and hlghest EWR, respectlvely by using Scanning Electron Microscope
(SEM) as shown in Fig. 3 indicated that the electrode surface were deposited with other material
and this is proved by EDS analysis as shown in Fig. 4. The deposited material on electrode surfaces
were formed by melted material, which was blasted out of the surface by the discharge pressure .and
subsequently quickly reached solidification temperature through being cooled by the dielectric fluid
[8]. It is clear that the morphology of electrode surface was dependent on the applied peak. current
and pulse duration. At combination of lowest peak current (20A) and highest pulse duration (400us)
as subjected to the lowest EWR, the intensity of deposited material on electrode surface is more
than at a combination of 40A and 200us as subjected to highest EWR, respectively: Thé result
shows that, the highest material content deposued on the electrode surface is nickel from work piece
material and carbon from kerosene dielectric. The incremerit in the electrode weight after machining
can be explained with this deposition effect. It is believed that the amount of melted metal, which is
subjected to instant vaporization, will be increased as the intensity of the peak current is increased
[9] and the heat input to the electrode also increase when higher peak current and longer pulse on is
applied and more possibly for melted metal during sparking to deposit on electrode. Further
research is needed to understand the effect of deposited material on electrode to the performance of
EDM machining and its relation on improving the EWR as well as to the machining accuracy.
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Fig. 4. EDS analysis of the copper electrode surface after EDM (7, = 20A, #,,~400ps)

Conclusion

The effect of higher peak current and .pulse duration on copper electrode when EDM of Inconel 718
was examined. The important results are summarized as follows:
1: ' Pulse duration is significant parameter for EWR. The longer pulse duratlon used may 1mproved

the EWR but affect adversely when higher peak current used. -

2. The ‘deposited material on electrode surface’ may 1mprove EWR and act as' wear res1stant for

electrode.”

3. The study shows that; the material deposited on electrode surface occured at all parameters
. studies. It is believed that, the negative value for EWR is due to the deposrtlon effect on the

electrode causes the electrode weight after machining is more than before machmmg,

Ac‘k‘notvl,edéeruentsi

T

The authors would hke to thank the Un1vers1t1 T un Hussem Onn Malaysm (UT HM) and Mlmstry of
ngher Educatlon (MOHE) for financial support under the Exploratory Research Grant scheme

(ERGS) Vot 0886.



Advanced Materials Research Vol. 845 949

References

[1] E.O Ezugwu: Key improvements in the machining of difficult-to-cut aerospace superalloys.
International Journal of Machine Tools & Manufacture Vol. 45 (2005), pp. 1353-1367.

[2] P.S. Bharti, S. Maheshwari, and C. Sharma: Experimental Investigation Of Inconel 718 During
Die-Sinking Electric Discharge Machining. International Journal of Engineering Science and
Technology Vol. 2(11) (2010), pp. 6464-6473.

[3] R.Kern: TechTips: Sinker Electrode Material Selection. EDM Today Vol. (July/August 2008
Issue).

[4] A. Kumar, S. Maheshwari, C. Sharma, and N. Beri: Analysis of Machining Characteristics in
Additive Mixed Electric Discharge Machining of Nickel-Based Super Alloy Inconel 718. Materials
and Manufacturing Processes Vol. 26(8) (2011), pp. 1011-1018.

[S] D. V. Ghewade, and S. R. Nipanikar. Experimental Study of Electro Discharge Machining for
Inconel Material. Journal of Engineering Research and Studies II (II/April-June, 2011): 107-112.

[6] S. Rajesha, A. Sharma, and P. Kumar: On Electro Discharge Machining of Inconel 718 with
Hollow Tool. Journal of Materials Engineering and Performance (2011), pp. 1-10.

[7]1 J. Marafona. "Black layer affects the thermal conductivity of the surface of copper—tungsten
electrode." The International Journal of Advanced Manufacturing Technology 42(5) (2009): 482-
488.

[8] Y. H. Guu, and M. T.-K. Hou. Effect of machining parameters on surface textures in EDM of
Fe-Mn-Al alloy. Materials Science and Engineering: A 466(1-2) (2007): 61-67.

[9] S.Kang, and D. Kim: Investigation of EDM characteristics of nickel-based heat resistant alloy.
Journal of Mechanical Science and Technology Vol. 17(10) (2003), pp. 1475-1484.





