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the workpiece, relative wear of the electrode and the machined surface roughness during electrical discharge
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Introduction

Electrical discharge machining (EDM) is not the
high productivity technological process. However,
cavities of the various geometric shapes on the
machined parts can be obtained by means of the
special electrode. Providing the electrical discharge
machine with the numerical control system allows to
perform EDM with high accuracy. Thus, this EDM of
various materials is rational to carry out in the
conditions of the individual or small-scale
productions.

Doi: &os¥® https://dx.doi.org/10.15863/TAS.2020.07.87.1

The productivity of EDM is understood as the
material volume removed from the workpiece per unit
of time. Wear resistance of the electrode affects the
quality of the machined surface of the workpiece.
Simultaneous combination of the high productivity of
EDM and the quality of the machined surface is the
complex process, because it is necessary to take into
account the large number of the modes, the materials
properties of the workpiece and the electrode, the
technical requirements for manufacturing the part, etc
[1-10]. Mathematical processing of the experimental
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data will allow to determine the optimal modes for
high productive finish EDM of various metals and
alloys and make the forecast about wear resistance of
the electrode.

Materials and methods

The analysis of the values changing of the
material removal rate, relative wear of the electrode
and the machined surface roughness of the workpiece
in the conditions of the modes changing of EDM was
the experiment purpose. EDM was carried out on the
Form 30 electrical discharge machine. Steel was
machined with the steel and graphite electrodes; steel,
titanium, cemented carbide, aluminum and copper
were machined with the copper electrode. The
following modes were adopted for machining all
considered materials: the active electrode surface (Fp)
—0.0008...20 cm?; peak current (1) — 0.8...104 A; on
time (T) — 1...749.9 us; the capacitance (S-box) —
0...127 pos; polarity (Pol) — -...+; off time (P) —
1.2...177.8 ps; compression (Comp) — 10.2...40%;
the gain (Gain) — 8...25 pos; voltage (U) — 60...250
V; the ACC/ACO sensitivity (MS) — 0%; the mode
(Mode) — 10...11 pos; the oscillator mode (OM) — 3

rotation speed (®w) — 5...10 rpm; the planetary
tolerance (Tol) —0.008...0.016 mm; the planetary feed
increment (Inc) — 0.018...1.4 mm; the impulse
undersize (M) — 0.006...1.8 mm; the impulse
undersize finishing (2gap) — 0.006...1.04 mm. Fp, I,
and U were adopted as the independent factors. The
material removal rate V, (mm3/min), relative wear of
the electrode 6 (%), and the machined surface
roughness of the workpiece Ra (um) were adopted as
the dependent factors.

Results and discussion

The experiment results were mathematically
processed and presented graphically. The
dependencies of the material removal rate from the
active electrode surface, relative wear of the
electrodes from the value of peak current and the
machined surface roughness of the workpiece from
voltage are presented in the Fig. 1-3.

The removal rate of all materials increases with
increasing the active electrodes surface. It was noted
that the maximum removal rate occurs during EDM of
aluminum with the copper electrode. EDM of
cemented carbide is characterized by the low
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Figure 1 — The dependencies of the material removal rate during EDM from the active electrode surface.
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Figure 2 — The dependencies of relative wear of the electrodes from the value of peak current.

Philadelphia, USA

2 Clarivate

Ana lytics indexed



ISRA (India) =4.971 SIS (USA) =0.912 ICV (Poland)  =6.630
. ISI (Dubai, UAE) = 0.829 PUHII (Russia) = 0.126 PIF (India) =1.940
Impact Factor: g\ australia) =0564 ESJI(KZ)  =8997  IBI (India) = 4.260
JIF =1500 SJIF (Morocco) =5.667 OAJI (USA)  =0.350
30 —Steel-Steel
25 ] .
——Copper-Titanum
20
—Graphite-Steel
15

——Copper-Cemented
carbide

Roughness, pm

A

Copper-Copper

—Copper-Aluminum

50 100 150

Voltage, V

gL et

200

N
250 —Copper-Steel

Figure 3 — The dependencies of the machined surface roughness of the workpiece from voltage.

The value of wear of the electrode leads to the
similar value of the shape deviation of the machined
surface of the workpiece. Relative wear of the
electrodes decreases at the large values of peak
current. EDM of cemented carbide with the copper
electrode is the exception. Minimal wear in this case
is observed at peak current of 10 A. Peak current up to
10 A leads to relative wear of the electrodes in the
range of 15-50% during EDM of other materials.
Aluminum machining is recommended to be
performed at peak current of more than 10 A, since
relative wear of the copper electrode in this case does
not exceed 1%.

Finish EDM is carried out at high voltage (from
200 to 250 V). Semi-finish EDM occurs in the range
from 100 to 180 V. Aluminum machining is
accompanied by the formation of the high surface
roughness of the workpiece. Steel machining with the
steel electrode occurs at the single voltage value (180
V).

The multiple regression equations allow to
determine the factors that most and least affect the
analyzed results. The analytical formulas for the
calculation of the material removal rate, relative wear
of the electrode and the machined surface roughness
of the workpiece and the factors that most affect the
productivity of EDM and the quality of the machined
surface are presented in the table 1.

All calculated equations have three independent
variables, with the exception of the equations for
determining the steel removal rate, relative wear of the
steel electrode, and the machined surface roughness of
the steel workpiece. The value of the active electrode
surface has the most influence on relative wear of the
tool. The value of peak current affects the machined
surface roughness of the workpiece. The value of the
removal rate will depend on machined material. Peak
current affects the removal rate of steel, the value of
the active electrode surface affects the removal rate of
other materials.

Table 1. The analytical formulas for the calculation of the material removal rate, relative wear of the
electrode and the machined surface roughness of the workpiece.

Steel-Steel Vw 0 Ra

The equation 0.336F, + 0.6711 0.45F, — 1.378I 0.52F, + 0.4261

The factor that most affects | = =

the result P P

Copper-Titanium Vw 0 Ra

The equation 0.651F, + 0.3461 — | -0.339F, - 0.2671 - |-0.364F, + 1.1431 +
0.0133U 0.391U 0.236U

The factor that most affects
Fp I |

the result

Graphite-Steel Vw 0 Ra

The equation 0.314F, + 0.6951 + | 1.025F, - 1.2441 +|-0.731F, + 16371 -
0.0141U 0.744U 0.0902U

The factor that most affects | F I

p
the result
Copper-Cemented carbide | Vw 0 Ra
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The equation 082y T 02181 T 1 39F, 0,971 +0.133U | -0.330F, + 0.981 + 0.458U

The factor that most affects = = |

the result P P

Copper-Copper Vw 0 Ra

The equation 0.947F, + 0.1991 + | -2.799F, + 2281 +|0.842F, + 0.0881l -

0.239U 0.204U 0.0893U

The factor that most affects = | =

the result P P

Copper-Aluminum Vw 0 Ra

. 0.533F, + 0.4681 + -2.795F, + 34121 -

The equation 0.0llUp 2.601F, — 2.85I +0.253U 0.0245U’)

The factor that most affects = F |

the result P P

Copper-Steel Vw 0 Ra

The equation 0.119F, + 0.8531 —| 0.185F, - 0.7441 - | 0.0211F, + 0.9721 +

0.151U 0.492U 0.0626U

The factor that most affects

I Fp |

the result
Conclusion However, these calculated modes are suitable for
The low productivity of EDM of cemented semi-finish EDM. The quality of the machined surface

carbide and large wear of the copper electrode is of the workpiece depends on changing the peak

compensated by low roughness of the machined current value (the exception: if materials of the

surface of the workpiece. EDM of aluminum occurs electrode and the workpiece are the same). The

with the high productivity and slight wear of the voltage value does not significantly affect the

copper electrode under the specified conditions. considered dependent parameters of EDM.
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