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EDM GAP MODELING AT ELECTRICAL DISCHARGE
GRINDING WITH CHANGE OF ELECTRIC POLARITY

Abstract. The paper presents an experimental study and modeling in the Simulink graphical
environment of the EDM gap at electrical discharge grinding (ED grinding) with change of electric
polarit of difficult-to-machine materials. Based on the experimentally obtained oscillograms of currents
and voltages in the cutting zone, an EDM gap model has been developed, which implements the
nonlinear dependence of the active resistance of the electroerosion gap on its value, which makes it
possible to take into account the effect of the interelectrode environment on the parameters of electric
discharge pulses. Comparison of the calculated oscillograms obtained in the Simulink model with the
experimental ones has shown that during ED grinding, the developed EDM gap model adequately
reflects the real electrical processes occurring in the electroerosion gap.
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Introduction. The process of interaction of the cutting tool with the surface
of the processed material under the conditions of electrical discharge grinding with
change of electric polarity has not been studied, and the cutting zone of combined
processing has not been investigated [1, 2]. In this regard, the modeling of the
process occurring in the cutting zone has been carried out, and the features and
patterns of interaction of the cutting tool with the surface of the processed material
have been defined in the paper.

Literature Review. The machining zone for ED diamond grinding is a
complex electrophysical system [3, 4]. At the same time, it is the place of
microcutting and discharge activity in the electroerosion gap. When a voltage is
applied, an electric current, which passes through the conductive bridges, the
hydraulic fluid, which has a certain electrical conductivity, bridging the
electroerosion gap, and through the channel of the resulting discharge during its
action, arises in this zone.

The size of the machining zone is determined by the front width of the
grinding wheel and the EDM gap value, i.e. the distance between the wheel binder
and the surface of the processed material.

In the machining zone, along with chip formation and discharge activity, the
complex mechanical and electrophysical processes occur: contact-frictional,
thermal, electrical, plasma-chemical, and electrohydraulic ones; high-frequency
vibrations and cavitation of the liquid medium take place. The main, dominant
effect of electrical energy in the machining zone is manifested in electroerosion
processes and phenomena of a combined nature of various duration and intensity.
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They occur in the areas of contact and contactless interaction of the wheel
with the cut off chips and the processed material, where the surfaces of these
electrodes come close to each other and where the contact, the formation of
intermittent or tight contacts and their rupture are possible. Thus, the zone of ED
diamond grinding is characterized by contact and contactless electric erosion [5].

Research Methodology. The EDM gap model characterizes the
electrodynamic processes therein and it is determined by the type and parameters of
the equivalent circuit. In order to make a reasonable choice of the type and
parameters of the EDM gap model, oscillograms of currents and voltages of
technological pulses have been experimentally obtained at various values of this gap
(Fig. 1).
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Figure 1 — Oscillograms of currents (1) and voltages (2) in the EDM gap of size:
a— 7um; b — 14um; ¢ — in case of a short circuit

Experimental studies have been carried out on the basis of a 3J1642E machine
tool. Additional energy was supplied into the cutting zone from a HO 6506 pulse
generator, which converts 380V alternating current into a unipolar pulse current. The
voltage, discharge current amplitude, frequency and relative pulse duration have been
controlled from a pulse generator.

An end-face grinding method has been used, which was carried out with conical
cup wheels 12A2-45° 150x10x3x32 on a binder M1-01 with diamond grains AC6
with a grain size of 100/80 and a concentration of 4. Before the experiments, the
diamond wheels have been pre-straightened and run-in for 5-10 minutes. The
processed material was VK6 carbide plates with dimensions of 14x14x5mm.

Electrical modes of the technological pulse generator: voltage pulse amplitude—
50V, technological pulse frequency—44KHz, relative pulse duration—1.

The oscillograms have been recorded with a GOS-6050 oscilloscope (Good
Will Instrument Co), which was connected according to the diagram shown in Fig. 2.

The size of the electroerosion gap has been recorded by a dial indicator with a
graduation of 0.001mm. Analysis of the electrical circuit of the NO 6506 pulse
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generator and the oscillograms of currents at different EDM gap values makes it
possible to go just with the T-shaped equivalent circuit, which takes into account the
reactance of the technological pulse generator and the EDM gap.
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Figure 2 — Oscilloscope connection diagram

Since the current in the EDM gap has a pronounced oscillatory component, the
equivalent circuit includes the oscillatory RLC circuit shown in Fig. 3.
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Figure 3 — The equivalent circuit of electroerosion gap

The active resistances of the technological pulse generator R; and the load
(electroerosion gap) R, can be found by the established values of the voltage drop U,
across the resistance R, and the current I, at a known value of the amplitude of the
no-load pulses of the generator U:

R= , 1)
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As a result of oscillograms processing, the values of active resistances R; and
R2 have been obtained for different EDM gap values (Table 1).

Table 1 shows that the resistance of electroerosion gap R. nonlinearly
depends on the EDM gap value S. Since at a given generator voltage U, there is a
limiting value of the electroerosion gap S, at which an electric discharge does not
occur, the indicated dependence R.=f (S) can be approximated by the expression:

Ry =— @3)

where k to t approximation coefficients found by the least square method [6],
depending on the amplitude of the operating pulse generator and the electrical
parameters of the equivalent circuit.

Table 1 — Active resistance values

EDM gap S, um R1, Ohm Rz, Ohm
14 4.85 2.21
7 4.85 0.35
Short circuit 485 0

In order to determine the remaining parameters of the equivalent circuit,
namely, Ly, Lo, and C, the coordinates of several characteristic points have been
found on the experimentally taken oscillograms of the transient process of a single
electric discharge. Parametric identification of the oscillogram (Fig. 4) was
digitized in the GetDataDigitizer program.

dr
S tRiL+Uc=U

dl
de_:‘Fszz:Uc : (4)
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A measure of the adequacy of the experimental data and the calculated values
obtained as a result of solving a system (4) is the square of the distance between
the experimental and calculated points [7].
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Figure 4 — An example of digitizing a current pulse

F(Ly, Ly C) = X72(t; — tpi)z +X2(L - fpz')z ()

Calculated points are also selected at the extreme values of the resulting
solution (4). By minimizing F(L,,L,,C) over the variables L;, L, and C, we can
determine their value. The minimization has been carried out in the Matlab system
using the simplex Nelder-Mead method [8]. As a result, the following values of the
sought parameters of the equivalent circuit averaged over the entire series of
experiments have been obtained: Ly = 173uH, L, = 173uH, and C = 18yuF.

Results. Fig. 5 shows the calculated curve obtained as a result of minimizing
the solution (4) by criterion (5) and the experimental curve taken from the graph
Fig. 1b, confirming good agreement between the calculated and experimental
results.

Based on the accepted type and the found parameters of the EDM gap
equivalent circuit, the EDM gap model has been developed for ED diamond
grinding in the Simulink graphical simulation environment. The block diagram of
the model is shown in Fig. 6.

Simulink model of EDM gap includes two blocks “Bl” and “B2”. Block 1
(“B1”) reproduces the dependence of the EDM gap resistance on its value, block 2
(“B2”) simulates the operation of the equivalent circuit (Fig. 7.).

99



ISSN 2078-7405. Cutting & Tools in Technological System, 2020, Edition 93

Measured and simulated model output
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Figure 5 — Calculated and experimental values of current change in EDM gap
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Figure 6 — Block diagram of a Simulink model of EDM gap
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Figure 7 — Blocks of the Simulink model of the EDM gap
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Fig. 8 shows oscillograms of currents and voltages obtained in the developed
Simulink model of the EDM gap.
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Figure 8 — Oscillograms of currents and voltages obtained in the Simulink model
of the EDM gap at: a— 7um; b — 14um; ¢ — in case of a short circuit

Emergence of a current pulse at the initial moment of time on the calculated
oscillograms is due to the capacitance of the gap between the diamond wheel and
the surface of the processed material before the discharge occurs. The presence of
this capacitance in the experiment is not taken into account, since it practically
does not affect the ED grinding process.

Conclusions. Thus, as a result of the analysis of the experimental
oscillograms of the operating pulse currents, it was found that the electrical
processes occurring in the EDM gap during ED grinding are of an oscillatory
nature. The environment in which these processes take place can be represented
with sufficient accuracy in the form of a T-shaped equivalent circuit, which
includes active resistances, inductances, and capacitance. It was found that the
active resistance of the EDM gap nonlinearly depends on its value. The root-mean-
square deviation between the calculated and experimental pulses of current and
voltage, referred to its established value, does not exceed 12-15%.

The found values of equivalent circuit parameters made it possible to obtain
the Simulink model of the EDM gap for ED grinding.

The good agreement of the calculated oscillograms obtained in the Simulink
model with the experimental ones has shown that the developed EDM gap model
for ED grinding adequately reflects the real electrical processes occurring in the
EDM gap.
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MOJEJIIOBAHHS MI’KEJIEKTPO/JJHOI'O 3A30PY
IPU EJIEKTPOEPO3ITHOMY IILJII®YBAHHI
31 3BMIHOIO IMOJIAPHICTIO EJIEKTPOJIB

AHoTauis. Y cmammi nposedeno excnepumenmanbie 00CTIONCEHHs Ma MOOENOBAHHS 8 2PAPIUHOMY
cepedosuwyi Simulink medcerekmpooHo2o 3a30py npu eneKkmpoepo3itiHoOMY WIQY8aAHHI 3i 3MIHHONO
NOJAPHICMIO eleKmpo0ie 8aNCK00OpoOoeanux mamepianie. IIpoeedeHo MOOeno8anHs npoyecy, wo
8i00y6a€MbCA 6 30HI PI3AHHS, | 6CMAHOBNEHO OCODIUBOCHI MA 3AKOHOMIDHOCII 83A€MOOIT Pi3abHO20
iHcmpymenmy 3 noeepxHelo  00pobnweanoco  mamepiany — demani.  Po3zpobaena  moodenw
MediceneKmpoOH020 3a30py 00360JA€ XaPAKMepUsysamu el1eKmpoeposiiini npoyecu, wo npomikams 6
30Hi WNIQY6aHHs, [ 60HA GUBHAYANACS MUNOM [ NApAMempamu —cXemu 3amiwenns. 3a
eKCNePUMEHMANLHO OMPUMAHUMU  OCYUNOZPAMAMU CMPYMI6 | Hanpye 6 30Hi pi3anHa po3pobnena
MOOelb  MediceNeKmpoOH020  3a30py, WO peanizye HeniHilHy 3anedCHICMb aKMUHO20 Onopy
MIJICENeKMPOOHO20 — NPOMINHCKY — 6I0 11020  6eluyUHU, AKA  O0360JA€  6pAX06Y6AMU  BHIUG
MIJICENeKMPOOHO20  cepedosuya HA napamempu — eieKmpopospsaonux — imnyascie.  ITlopigHanms
pospaxynkosux ocyunozpam, ompumanux 6 Simulink-uoodeni, 3 excnepumenmansnumu, noxasano wo
PO3pOONEeHa  MOOeNb  MeHCeNeKMpPOOHO20 3a30py Npu  eleKmpoeposiiHoMy waighysanti  0ocumo
adekeamno 6i006paxcac peanbHi eNeKmMpuuHi npoyecu, W0 NPOMIKAIONb 8 MINCeNeKMPOOHOMY
npomigicky. B pesyromami ananizy exchepumenmanbHux ocyunoepam cmpymie pobouux iMnyascig 6yno
6CMAHOGNIEHO, WO eNeKMPUUHI Npoyecu, w0 NPOMIKAmMy 6 MidCeleKmpoOHOMY 3a30pi npu
eJIeKmpoepo3INHOMY WnihyéanHi Hocsimb KoaueansHuil xapakmep. Cepedosuuye, 8 AKOMY NPOMIKAOMb
yi npoyecu modice Gymu 3 O00CMAmMHLOI0 MOYHICMIO npedcmasneno y euenadi T-nodibnoi cxemu
3AMiWeHH s, Wo BKIIYAE 8 cebe akmueHuil onip, iHOykmusHocmi ma emuicmos. CepeOnboKkeaopamuire
BIOXUIIEHHS MIJC PO3PAXYHKOBUMU | eKCNEePUMEHMANbHUMU IMIYIbCAMU CIMPYMY | HANpYeu, 8iOHeceHe
00 tioeo cmanoeo 3navenns, ne nepeguugye 12-15%.

Kuio4oBi ciioBa: midgicenekmpoOnuil 3a3op; OCyiiospamma cmpymy [ Hanpyeu; cxema 3aMiujeHHs:,
elleKmpuYHi npoyecu; 30Ha Pi3anHs.
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