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Abstract. Electrical discharge machining is one of the most important non-conventional machining
processes for removing material from electrically conductive materials by the use of controlled electric
discharges. EDM is a non-contact machining process, therefore, is free from mechanical stresses. This
paper investigates the machining Al7075-T6 alloy by EDM using a copper electrode. Al7075-T6 alloy
was selected, because of its growing use in a lot of engineering applications. The effect of electrical
parameters, peak current and pulse-on time, on the surface integrity, was studied. Area surface
roughness parameters (arithmetical mean height, Sa, and maximum height, Sz) were measured on all
samples and 3D surface characterization has been carried out with confocal laser scanning microscopy.
The experimental results showed that the surface roughness is mainly affected by the pulse-on time.
Keywords: Electrical discharge machining; Aluminum alloys; Surface topography; Surface roughness;
Peak current; Pulse-on time.

Introduction

Electrical discharge machining (EDM) is one of the most important non-
conventional manufacturing processes and is used for machining with high
precision and accuracy electrically conductive materials which are difficult to
machine by conventional machining processes. EDM finds extensive use in many
engineering applications like machining surgical components, dies and mold-
making, and in automobile and aerospace industries [1], [2].

EDM is a thermo-electric process and characterized by an erosion effect
produced when electrical discharges occurred between two conductive electrodes.
In this process, when a voltage difference is applied between the electrode and the
workpiece, which are separated by a dielectric fluid, causes the formation of an
electric discharge. The electric discharge generates high temperatures (6000 —
12000 °C) and leads to melting of the material at the point of discharge. [3]. The
melted material is removed from the tool electrode and the workpiece, and as a
result a small crater is created on both surfaces. The molten material which had not
been efficiently flushed away by the dielectric fluid is re-solidified in the crater,
forming a white layer.

The literature shows that a lot of works have been carried out for the
machining of hard materials such as tool steels, tungsten and ceramics. However,
lately, soft materials like aluminum alloys have been machined by EDM as well.
Aluminum alloys have been widely used in a lot of industries like marine,
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aerospace, automotive and electrical equipment. Above all aluminum alloys, the
7xxx series (also called aluminum- zinc alloy) is the strongest wrought aluminum
alloys series with a better response to age hardening, obtaining better mechanical
properties [4].

The studies in the EDM machining of aluminum 7xxx alloys have been
focused on machining performance parameters such as material removal rate
(MRR), tool wear rate (TWR) and the machined surface quality (SQ). Gatto et al.
[5] studied the machinability of Al2219-T6, AlI7050-T6 and Al7075-T6 with EDM.
Surface roughness, dimensional and accuracy of the workpieces and the wear
mechanism of the electrodes were evaluated. Kasman and Tosun [6] conducted
experiments for AA7075 aluminum alloy under different process parameters peak
current, pulse-on time, pulse-off time, gap voltage and using copper and graphite
electrode. Taguchi method was used to design the experiment. Routara et al. [7]
analyzed MRR, TWR and SR on T6-Al 7075 alloy using Cu tool in steady and
rotary conditions. For conducting experiments, spark gap, pulse-off time and peak
current was selected as machining parameters. Furthermore, a few of works have
been carried out on machining Al alloy 7075 as a base matrix alloy in composite
materials by EDM. Some examples of AMCs machined by EDM are Al7075-B.C
[8] and AI7075/SiC/Mg [9].

The present study investigates the machining of aluminum alloy Al7075-T6
with EDM by using a copper electrode. AI7075-T6 is a high strength engineering
alloy, which is used as structural material in marine, automotive and aviation
applications, while it is suitable for use in injection moulds applications. The effect
of peak current and pulse-on time on the Surface Roughness (SR) was studied. The
surface characteristics were also evaluated by confocal laser scanning microscopy.

Experimental procedure

Experiments were conducted on a die-sinking EDM machine (ANGIETRON
EMT 1.10). Aluminum alloy AI7075-T6 was machined by EDM using a
rectangular copper electrode with dimensions of 38x23 mm. The chemical
composition, density and hardness of AI7075-T6 are shown in Table 1. A
hydrocarbon mineral oil was used as a dielectric fluid. The selected input
parameters are given in Table 2. Peak current and pulse-on time were used to
investigate the effect of surface roughness. The selected input parameters are given
in Table 2. In all experiments, straight polarity was used, with 100 and 30 V as the
open and close circuit voltage, respectively. Moreover, the dielectric fluid flushing
pressure was constant for all the experiments, while the duty cycle was
automatically adjusted by the machine, for optimized machining efficiency. The
duty cycle (n) is calculated by using Equation (1):
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I
n=g 1)
1]
with ]_p the ammeter indication of the mean current intensity in A, and I, the pulse

current in A.

Table 1 — Chemical composition, density and hardness of Al-7075 T6 (wt.%)

Density | Hardness
(g/mm3) (HV)
5.1- 1.2- 2.1- | 0.18-

6.1 0.40 | 0.50 | 0.20 20 0.30 29 | 028 0.65 | 0.00281 175

Zn | Si Fe Ti | Cu | Mn | Mg Cr | Other

Table 2 — Input parameters

Parameters
Peak Current (Ip) 15,18,21 and 24 A
Pulse-on duration (Ton) 100, 200, 300 and 500 us
Open-circuit voltage 100V
Close-circuit voltage 30V
Polarity Straight
Dielectric Fluid Hydrocarbon mineral oil

SR of the machined surface is measured on random surface area by TOPO
01P contact profilometer by using the 1SO 25178-2 to analyze the collected data.
The cut-off length was set at 2.5mm with a cutting length of 8 mm. In this present
study, the following surface roughness parameters have been taken:

e S, is the arithmetical mean of the difference in height within a definition

area (A) and calculated using Equation (2)

5= J], 120, y) | dxdy @)

e S, is the sum of the largest peak height value and the largest pit depth
value within the defined area.

The confocal laser scanning microscopy (CLSM) was used to study the
machined surface characteristics. To measure the slot dimensions, a VHX-6000
ultra-deep-field microscope (KEYENCE, Mechelen, Belgium) was used, which is
based on Focus Variation Microscopy Microscopy (FVM), equipped with a 20-
2000x objective. After the experiments were conducted, 3D surfaces was generated.
The results of surface roughness parameters are shown in Table 3.
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Table 3 — Experimental results

Io (A) Ton (ns) Sa (um) Sz (um)
15 100 9.83 68.8
18 100 9.03 68.55
21 100 8.5 83.83
24 100 9.97 78.7
15 200 11.69 103.1
18 200 13.19 98.03
21 200 14.11 109.41
24 200 15.33 134.57
15 300 14.54 114.89
18 300 16.88 118.75
21 300 17.76 130.85
24 300 17.97 150.3
15 500 18.21 147.75
18 500 19.88 128.55
21 500 17.27 143.27
24 500 20.09 162.77

Results and Discussion

Surface Roughness

SR is one of the most major performance measures in EDM and is influenced
by the machining parameters. The machined surface obtained by EDM is the result
of the amount of energy released during the process which causes material removal.
The discharge energy is affected by the machining parameters. Therefore, peak
current and pulse-on time are the major factors that affect the surface roughness.
Surface roughness increases with an increase in peak current and pulse-on time,
due to the increase in thermal energy which transferred to the machined surface
[10], [11]. This can be explained by the fact that, as pulse-on time gets higher, the
plasma column expands beyond the point of electrical discharge, leading to a larger
diameter crater, on the other hand, the peak current influences the depth of the
crater [1]. Thus, the amount of the molten material is increased. If this molten
material is not flushed away by the dielectric fluid, it will re-solidify on the
machined surface and form a white layer. The surface roughness is also influenced
by the white layer formation [11].
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In Figure 1 the main effect plots and the interaction plots for the S,
parameters are presented. In general, from the main effect plot it can be observed
that the peak current does not have a significant effect on S.. On the other hand, an
increase in pulse-on time results in an increase in Sa. Particularly, S, increased up
to 50.8% as the pulse-on time increased from 100 to 500 us. The interaction plot
confirms those results. It is observed that as the To, is increased, S, is getting
higher values in re respect of peak current.
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Figure 1 — Main effect plot and interaction plot for Sa
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The main effect plots and the interaction plots for the Sz parameters are
illustrated in Figure 2. The peak current plot in the main effect diagram shows
reduce in S; up to 18A, followed by an increase of S, as the peak current gets
higher at 24A. At the same time, as the pulse-on time increased an increase up
57.9% in the S, take place. From the interaction plot it can be concluded that as the
Ton is increased, Sz is increased in respect of peak current.
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Surface Topography

As has been stated above, the topography of the machined surface is due to
the enormous amount of heat generated by the discharges. After the EDM, the
condition of the surface is changed due to erosion and vaporization of the material
from both the electrodes followed by re-solidification. The machined surface is
characterized by the presence of a distribution of overlapping craters with irregular
flow marks of molten metal and debris particles. The size of the craters produced
affected by the machining parameters and consequently peak current and pulse-on
time influence the surface topography.
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Figure 3 — Surface topography of the machined surface for (a) Ip= 18 A
and Ton= 100 ps, (b) Ip=15 A and Ton= 200 ps,
(c) Ip =21 A and Ton =100 ps and (d) Ip =24 A and Ton = 500 ps

8



ISSN 2078-7405 Cutting & Tools in Technological System, 2021, Edition 94

The 3-D image in Figs. 3 presents the variation of the machined surface for
different machining parameters from the analysis of CLSM. The machined surface
is covered with a distribution of craters and as well as solidified crater boundaries.
As discharge energy increased, the sizes of the craters are changing and become
more distinct. The images showed that the height difference between the base of
the crater and the white layer has been increased. Thus, surface roughness and
surface height inhomogeneity increased as the machining parameters changing.
These results are agreed with the surface roughness measurements. The S; and S;
take higher values under more intense conditions. This can be confirmed and by
the 3-D images, the machined surface becomes rougher as the peak current and
pulse-on time get higher values.

Conclusion

This paper presented an experimental study on the surface integrity of
Al7075-T6 alloy, machined EDM. The studied machining parameters were the
pulse current (Ip) and the pulse-on time (Tqn). The surface topography was studied
through roughness measurements (Sa and S;) and confocal laser scanning
microscopy. From the experimental results, the conclusions are summarized as
follows:

e The S, is strongly affected by the pulse-on time. The mean value of Sa

increased up to 50.8 % as the pulse-on time increased from 100 to 500 ps.

e The S; significantly increased for an increase in pulse-on current from 100

to 500 ps.

e From the CLSM the morphology of the machined was observed. . The

size of the craters produced affected by the machining parameters and
become more distinct when the thermal is increased.
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EKCIIEPUMEHTAJIBHE JOCJIIJKEHHSI
PEJIb€®Y ITOBEPXHI CIIVIABY AL7075-T6,
OBPOBJEHOT' O EJEKTPOEPO3IMHUM METO/J0M

AHorauis. Enexmpoepositina 06pobka (EEO) € o00Hum 3 Haubinbur 6axiciusux HempaouyitiHux
BUPOOHUYUX NPOYeCis | BUKOPUCTNOBYEMbCA 0N 0OPOOKU 3 UCOKOIO MOYHICHIO eN1eKmpOnpoGiOHUX
Mamepianie, SKi 8aXiCKO 00pobasmu 3suuainumu npoyecamu o6pobxu. EEO 3naxooums wupoxe
3acmocysantsa 8 6a2amvox IHICEHEePHUX 000AmKax, Maxux Ak 00poOKa XipypeiuHux KOMNOHEHMIS,
WMAMNI8 ma 6U2OMOGIEHHS NPec-ghopM, d MAKONC 8 ABMOMODLIbHIU | AePOKOCMIYHIL NPOMUCTOBOCTII.
OCmanHim 4acom 3a OONOMO2010 eleKmpoeposiiHoOi 06poOKU 0OPOOIAIOMbCA MAKONC M'AKI Mamepiai,
MaKi AK aNOMIHIES] CNIA8U, AKI WUPOKO BUKOPUCTNOBYIOMbCS 68 0a2amvox 2any3sax NpOMUCIO80CHII,
MAKUX SIK MOPCbKe, AepOKOCMiuHe, asmoMoOibHe ma eieKmpuyHe o00Na0HanHs. 3 ycix antoMiHiegux
CNIasie cepis 7XXX (AKA MAKONC MAE HA36Y ATOMIHIEBO-YUHKOBUI CNAAB) € HAUMIYHIUOW Cepicio
AnIOMIHICUX CNIagie sKI nidnsearoms Odepopmayii 3 Kpawumu NOKAZHUKAMU HA CMAPIHHA  §
NOMNWEHUMU MEeXAHTYHUMUY eracmusocmamu. Y yitl cmammi 00CaioHcyemocs 00poOKa anoMIHIEE020
cnaagy Al7075-T6 3a Oonomocoro EEO 3 euxopucmanusm mionoeo enexmpooa. Al7075-T6 - ye
BUCOKOMIYHUTI CNAG, AKUU SUKOPUCIIOBYEMbCA 8 AKOCHI KOHCMPYKYiliHO20 Mamepiany 6 MOPCHbKUX,
agmomoObinbHUX I agiayitinux UPOOHUYMBAX, A MAKOJIC NIOX0OUMb 05l GUKOPUCIIAHHA 8 TUBADHUX
hopmax. Byno eusueno eniug nikogoeo cmpymy i mpugaiocmi iMnyavbcy Ha wopcmkicms nosepxmi (SR).
Xapakmepucmuku nogepxui maxodic oYiHlo8an 3a 00NOM02010 KOHPOKANbHOI IA3ePHOI CKAMY 8ANbHOT
MIKpocKonii. 3azanom, MOJCHA NOMIMumu, wjo NiKOBUU CMPYM He MAe 3HAYHO20 6naugy Ha Sa. 3
iHWo20 OOKY, 30INbUENHs Yacy 6KII0UeHHs npu38o0ums 00 36invuienns Sa. 3okpema, Sa 36inbuuscsa 0o
50,8% npu 36inbwenni yacy imnynscy 6io 100 do 500 mxc. Obpobrena nosepxus xapakmepuszyecmocs
HasAGHICMIO  PO3NOOINYy Kpamepis, 5K Nepekpusaiomvcsi, 3 HEPIiGHOMIpHUMU — cridamu  medii
PO3NNABNEH020 MEMAny I Hacmunokx 6i0xo0ie. Posmip ymeopenux kpamepis 3anedjcums 6i0 napamempis
06pobKU I, omdice, NIKOBUL CIMPYM [ Yac IMRYIbCY GAUBAIONb HA MONO2PAPil0 NOBEPXHI.

Kuaro4oBi cioBa: enexmpoeposiiina 0opobxa; anioMiHicsi cniasu, monozpagpis noGepxHi, wWopcmkicmo
NOBEPXHI; NIKOBUL CIMPYM; MPUBATICMb IMIYTbCY.
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