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INTRODUCTION

The electric dischargmachining (EDM) is an often ud productior technologyfor
free form surfacemachining, especially in the mould and die indus
The chip removal is done by the electric sfs, whichevolve between the electro
and the machined part in the dielectric fluid. The temperature of the spark is
800(-20000 C°, which is suitable for evaporatit the material. The materi
removal rate generally is 2 to 400 r’min. The advantages of the ED
technology are the next: every electrically conductive material is suitabl
machining; the hardness of the matl doesn’t have effect ¢ the machining; ne
mechanical load to the machined part. The material of the elec is most ofter
copper or graphite, but other material can be used like tungsten, silver, g-
copper etc [1, 2
During the EDM process the ometry of the electrode is copied to the workpie
The nature of the machine surface is different from the cutted surfaces. In c
cutting technologies the tool motions create geometric patterns, while in ci
EDM technologythe surface consists random pattern of caters (Figure
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Surface structure in case of milling and EDM technol

The surface quality depends on the process parameters (i intensity, voltage,
frequency etc. [3]), thgrade of the electrode material, the distance betweel
electrode and the workpiece (spark gap), and the surface quality of the ele

DESIGN OFEXPERIENCE

The aim of the current research to study the effect of the electrode’s surfe
guality to the time, the accuracy, surface quality and the electrode wear
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electrode wear based on the previous tests and literature was defined by weight
loosing [4].
The investigation process can be seen in the Figure 2.

Preprocessing (parting, Measuring of the mass of
marking, milling) the electrodes
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‘ ofthe workpiece
Figure 2

The investigation process

During the EDM machining three parameters were varied:

» The surface roughness of the electrode,

* The planned surface roughness of the workpiece,

* The spark gap.
The tests were performed by 15x15 mm sized copper electrodes (grade Meusburger
2.0060), a 7.5 mm wide 1 mm depth steps were machined (Figure 3) in an Ingersol
Gantry 400 die sink EDM machine. The process parameters were defined by the
machine’s controller. The test part made of 1.2343 (x38CrMoV5-1) hardened (52-
54 HRc) high alloyed tool steel.

Milling direction

Figure 3
The test part geometry

The different electrode surface qualities were produced by ball end surface milling,
which were controlled by the step over parameter (ProEngineer WF4 CAM system).



The working surfaces of the electrode were manufadtby milling with a Mazak
A410-1I CNC machining centre. The surface roughreess the 3D topology were
measured by Mahr-Perten Concept device. The gemmdimensions were
measured by Mitutoyo PJ-H3000F optical projectoe, hass of the electrodes were
measured by a Kern ALJ 220-4NM digital scale, admel $tatistical analysis was
performed by MiniTab v14.
The planned surface quality of the workpieces wefthdd based on the VDI 3400
standard and the industrial requirements of mowdufacturing.
The levels of the parameters are the next:

» Stepover of the electrode surface milling=a0,1 — 0,2 — 0,3 mm.

* Planned surface quality of the workpiece (VDI 3400p!1 = 18 (Ra 0.79) —

21 (Ra1.12) — 24 (Ra 1.58).

« Spark gap: SD =0,20 - 0,25 - 0,30 mm.
In order to optimize the number of test sets, TAgDOE method was applied, thus
10 sets were performed instead of 27 sets. Thesétslcan be seen in Figure 4.
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Taguchi DOE
ae VDI SD
1 01 | 18 | 02
2 01 | 21 | 0325
3 01 | 24 | 03
4 | 02 | 18 | 025
5 02 | 21 | 03
6 | 02 | 24 | 02
7 03 | 18 | 03 | P4 VD
8 | 03 | 21 | 02 k:
9 | 03 | 24 | 0,25 ae
10 | 02 | 21 | 0,25

Figure 4
Taguchi DOE sets

PREPROCESSING OF THE ELECTRODES

The working area of the electrodes is a horizoplahe surface, the different
surface roughness was generated by ball-end sumidteg (D, = 10 mm). The
tool path was parallel with the x axis of the miimachine, and zig-zag strategy
was used. The cutting parameters were the nextinguspeed (y 250 m/min,
revolution (n) 8.000 1/min, feed speed)(2.000 mm/min. The three different
surface roughness was set by the density of tdbl plze stepover were 0.1 — 0.2 —
0.3 mm. The generated cusps result the surfacéinasg (Figure 5).



Figure 5
The tool paths and the cusps in the CAM simulation

The pictures of the 3D topology (Figure 6) showka tinm surface patch. The cusps
and the marks of the feed can be identified, betghttern is not as clear then the
geometric model. The distance of the cusps isviieetthan the stepover parameter
which is against the geometric model. But in the weews the marks of the up cut
and down cut are shown, the every second cuspdiam@ated.
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Figure 6
The 3D topology of the milled elektrode surfaces.(¥l and 7)
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The surface roughness of the electrodes are the, sanich were milled with same
parameters, but the equal change in the steposeitsdarger change in the surface
roughness. The Table 1 shows the Ra and Rz valubks electrodes.

Table 1
The average values of the surface roughness @l¢lctrodes
No e Ra E1 Rz E1
1-3 0.1 1.4 7.2
4-6, 10 0.2 1.6 8.8
7-9 0.3 2.3 12.5




SURFACE ROUGHNESS OF THE TEST PART

The Table 2 shows test parameters and the averdgesvand deviations of the
surface roughness. The surface roughness was ddfamsed on ten measures in
each surface.

Table 2
The test parameters and results

No. VDI | Rayp | SD | RaP | Dev | Rz P | Dev
- pHm mm pm pm pum pm

1 18 0.79 0.2 0.92 | 0.07 | 6.42 | 0.40

2 21 1.12 | 025 | 1.11 | 0.04 | 758 | 0.33

3 24 1.58 0.3 152 | 0.13 | 9.52 | 0.84

4 18 079 | 025 | 0.92 | 0.04 | 6.41 | 0.36

5 21 1.12 0.3 1.10 | 0.05 | 7.26 | 0.39

6 24 1.58 0.2 1.41 | 0.06 | 895 | 0.59

7 18 0.79 0.3 1.16 | 0.04 | 752 | 0.42

8 21 1.12 0.2 1.48 | 0.07 | 892 | 0.37

9 24 158 | 0.25 | 1.71 | 0.11 | 10.87 | 0.93

10 21 1.12 | 025 | 1.14 | 0.07 | 7.97 | 0.27

The natures of the EDM and milled surface are éfferent, and this difference is
reflected in the ratio of Ra and Rz roughness patars. The same Ra means 20%
larger Rz in case of EDM.

RZe|ectrode_milling = 5380( Radectrode_milling (1)
theﬂ _ part _EDM = 6AT7T7I Ratest _ part _EDM (2)

The next question is, how accurate the technoladpat is the difference between
the planned and the realized surface roughnesthelrrigure 7 the red dash line
shows the ideal state, when the planed and thevaéats are equal, namely:

— I:Zaplanned _

RRa B Rarealized (3)

If this ratio is larger than 1, smaller surface gbness will be produced than the
planned, in that case the measured point is ur@dedash line. If the ratio is less

than 1 — the measured point there is above the-lthe produced surface roughness
is worse than the planned.
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Figure 7
The planned and the realized surface roughness (Ra)
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Figure 8
The ratio of the planned and the realized surfaoghness (Ra)

c)

The Figure 8 shows the behaviour of this ratiounction of surface roughness of
the electrodes, the spark gap (SD) and the plasuddce quality.
Based on the diagrams:
* The row electrode surface diminishes the surfacitguof the EDM test
surface (a and b).
* There is no differences between the two smallestielde surface roughness
from the viewpoint of goodness ratio (a and b).
» The small spark gap (0.2) is only suitable in cafséne (VDI 18) planned
surface quality (c).
» The large spark gap (0.3) is advantageous in chsarger (VDI 21, 24)
surface roughness (c).
» In case of VDI 18 the next parameters gave the gesult:
o Small electrode surface roughness (Ra 1.4, 1.6) and



o Small or medium spark gap (0.2, 0.25).

* In case of VDI 21 and 24 the next parameters gikiergood result:
o Small electrode surface roughness (Ra 1.4, 1.6) and
o Medium or large spark gap (0.25, 0.3).

Figure 9
The pictures og the EDM-ed surfaces

Based on the photos of the test surfaces (Figuie &n be said that, in case of
small electrode surface roughness the test suigalsemogeneous, nevertheless in
case of large electrode surface roughness thepsalf the electrodes are copied to
the test surfaces.

01 02
' '" ‘I..'i.
= lI l a I ’.
04 | os | o8
1 144 A | %j ey %
b B s TR "\‘, S
y \ ! N U W
07 ‘| o8 ' ‘ 09 I
"y ; .Ji’;'rq - I y r ‘ - _la 4 "
il '*.n d..i“_- 1 brs . a -;r's.__a_r y
& I,"-".I'}I“__” .- '5'!5’,, o _‘,\,,‘I. , .'.:‘_1_. .. o ' =) 'ﬁ.\. 3 :'4' b R i
"o r‘f’l y ‘3 " " y . g | ) l;,. l._ SN ‘ TNy ‘{JW‘,-" -“i"_‘_'. ) ’

Figure 10
3D topology of the EDM-ed surfaces



Based on the 3D topology (Figure 10) the test sedaare homogeneous in case of
Ra 1.4 um only, in other cases resulted in stredisurfaces, but the increasing of
spark gap reduces the inhomogenity.

SUMMARY

The quality of spark eroded surface depends on rpangmeters. Based on tests
with copper electrodes the importance of the effifcsurface roughness of the
electrode is presented.

The surface roughness of the electrode modifiedabelts of the default machining
parameters, the surface roughness of the test ¢iéfds from the planned quality.
The differences are clearly visible to the nakee@.ely the electrode surface
roughness larger than 1.6 pum, the accuracy of d¢se gart surface roughness
decreases. There is no optical difference betwbensurfaces when machined
electrode with Ra 1.4 uym and Ra 1.6 um, but the t@@blogy shows the
differences: the Ra 1.4 um electrode generates hmmogeneous surface.

The increasing spark gap increases the inhomogehitlye surface, and increases
the difference between the planned and realizddsiquality.

The additional question of the research: what ésdfiect of the electrode surface
roughness and other process parameters to theoeleatear, the productivity and
the geometrical accuracy?

REFERENCES

[1] HO K.H., NEWMAN S.T.:State of the art electrical discharge machining
(EDM); International Journal of Machine Tools & Manuiaet Vol.43 (2003)
p.1287-1300.

[2] MAJOR T.: Electrode discharge machining without wear (in Hungarian),
Gyartbeszkdzok, Szerszamok, Szerszamgeépek, 2G0¥1;13.

[3] MUTHURAMALINGAM T., MOHAN B.: A review on influence of
electrical process parameters in EDM process, Archives of Civil and
Mechanical Engineering, Vol.15 No.1 (2015) p.87-94

[4] JEEVAMALAR J., RAMABALAN S.: Die sinking EDM process
parameters. a review; Int.J. Mech.Eng.&Rob.Res. Vol.4. No.l. (2015)
p.315-326



