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Abstract. Electrical discharge machining (EDM) of a workpiece is a complex, fast-flowing process
characterized by alternating (intermittent) states: short circuit, idle and spark formation. The discontinuity of
the EDM process means that the processing is carried out in single pulses, which are formed by a special
pulse generator. The parameters of the generator pulses can be divided into time and electrical. The time
period and duration of the pulses, as well as the difference between these two parameters (the "silence"
interval), are considered temporary. The electric ones include the amplitude value of the voltage, the
maximum permissible current, and the polarity of the pulses. in addition, depending on the device of the
generator, the pulses can be composite, for example, have an igniting pulse with a higher voltage and a
lower current than the main (working) pulse. In this work, we have developed a interelectrode gap model
that allows not only to obtain values of electrical parameters, but also to evaluate and to optimize the
electrical parameters of materials being processed with known electrical properties. The key advantage of
this model is its modularity, which allows to add new functional blocks, which describe external and
internal influences, for example, the concentration of erosion products, uneven electrical conductivity of the
workpiece, and others, without changing its structure.

1 Introduction where hl and h2 are the lower and upper bounds for the
occurrence of discharges, respectively.
The EDM process is influenced by various factors such
as the electrical conductivity of the workpiece and
liquid, the state of the electrode, the parameters of the , 1
generator and others. One of them is the state of the
interelectrode gap (IEG). The state of the IEG has
concentrated most of the parameters that are difficult or I
impossible to control in the EDM process, so its A
assessment is carried out indirectly, for example, by
current. However, this does not give a complete picture
of what is happening with EDM, and even more so does
not allow you to estimate in advance certain EDM
parameters necessary for setting up the generator [1].
The IEG is the distance between the electrode and the
workpiece [2]. With EDM, the field strength in the IEG
increases up to the discharge with a decrease in this
distance. conditionally, depending on the interelectrode

distance, the IEG can be in three states (fig. 1): h, MKe
1) idling (XX), at h2 < IEG < oo;
2) operating pulses (ri), at h1<ieg < h2; Fig. 1. Dependence of current (I) on the value of IEG (h) for

3) short circuit (short circuit), at 0 < ieg < h1, EEP
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The IEG model should take into account the
transition from one state, since the EEP process itself
depends on it. The description of the IEG model can be
simplified by introducing assumptions:

1) when xx discharges are absent, there is no material
removal and the IEG behaves like a dielectric;

2) when short-circuit discharges are present, but the
removal of material does not occur and the IEG behaves
as an ideal conductor.

Thus, the main interest is in area 2 (see Fig. 1), in
which the material is removed.

In this area, a discharge occurs in the IEG (during the
operation of the generator and the formation of current
pulses), which takes place in 6 stages:

1) the appearance of an electromagnetic field between
the electrode and the workpiece;

2) ionization of the fluid in the IEG;

3) formation of a conduction channel;

4) spark discharge-conversion of electrical energy into
thermal energy (formation of a plasma channel) -
destruction of the material;

5) crater formation;

6) repeat steps 1-5.

At stage 4, a plasma channel is formed in the IEG
and the material of the electrode and part is destroyed,
which occurs unevenly for both of them and depends on
the polarity of the applied voltage. Thus, it can be
concluded that with an increase in voltage or a decrease
in distance, the resistance of the IEG before discharge
decreases sharply and increases after it. The increase in
resistance is due to the ionization of the liquid in the IEG
after discharge. the time associated with" de-ionization "
(restoration of the IEG resistance after discharge), along
with the pulse time, is often entered as a parameter for
controlling the eep process, and the pulse repetition
period is calculated as their sum. also, after the
discharge, erosion products are formed, which reduce the
resistance of the IEG and interfere with the passage of
pulses between the electrode and the part. These two
parameters can be combined in one concept — electrical
strength.

2 Results and Discussion

The electrical strength of the working fluid (RJ) strongly
depends on the presence of various impurities, including
erosion products. Taking as a basis the concept of
concentration, which describes the percentage of erosion
products in the IEG from 0 to 100%, it is possible to
express the breakdown strength of RYE contaminated
with erosion products as a function of the distance and
concentration of erosion products between the electrode
and the part [3-4]:
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where the voltage pulse (In), EPR — electric strength of
uncontaminated working fluid (V/m), map — value
MEHP (m), p — value breakdown of IEG (m), KZ is the
concentration of erosion products in the map (from 0 to
100%), EPR.z. — tension breakout RJ contaminated with
products of erosion.

Sometimes  researchers use the  schematic
representation model of the IEG, shown in Fig. 2. Based
on the current-voltage characteristic of the IEG [2], the
circuit model of the IEG will be characterized by
equivalent parameters: inductance Leq, resistance Req
and capacitance Ceq (Fig. 2)

Fig. 2. Schematic model of IEG with equivalent Leq, Req, Ceq

Equivalent parameters (Leq, Reqs Ceq) Can be
determined using the equations:

d
R - —— 1
“«T g (1)
and
S
Ceq = gogr E (2)

Where $=7'73 is the area of the end of the
cylindrical electrode (> is the radius of the electrode), d
is the distance of the IEG, o is the specific conductivity
of the medium, er is the permittivity of the medium, er =
8.854-10-12 F/m is the electric constant,

Knowing the processing parameters (the rate of

i
change of current %h and the value of voltage (V. (1))
in the IEG zone), the equivalent inductance can be
estimated by the formula

v0=10%

However, this model does not take into account the
fact that these parameters can change, since the
geometry and mutual location of the workpiece and the
electrode, as well as the concentration of erosion
products in the IEG during the EEP process, change. It is
also necessary to take into account the properties of the
plasma channel formed during the passage of the
discharge and the processing parameters set by the
generator — pulse time, duty cycle, maximum and
average current. In [3], the inductance of the plasma
channel that occurs when the current is discharged as
estimated as
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where i is the channel current (A), po is the initial gas
density, ¢ is the conductivity, and £ is the temperature
coefficient [4].

As can be seen from (4), the current values of current
and voltage, which are largely determined by the EEP
pulse generator, also affect the equivalent electrical
parameters of the MEP. Thus, the MEP model should
additionally include a model of a pulse generator, the
main parameters of which are:

e Operating current I, A;
e  Operating voltage V, V;
e operating frequency f, Hz:

1 1
f:;:—
Lon T Lo

where T is the period equal to the sum of the pulse
durations (to,) and its absence (tof);
e pulse duty cycle, g, or the inverse of it, D, (duty
cycle):

DU = 1 = —ton
q

Lon T 1o

e pulse fill factor for a discharge of duration ti,
which may not coincide with ton:

t
D,z—’

Loy Tl

Modern generators are complex power electronics
devices with a large number of feedbacks to analog and
digital controllers [5]. However, the principle of
operation of most of them is similar and consists in the
formation of an output pulse with the specified
parameters (see above). In this regard, the generator
consists of:

1) voltage source;
2) of control unit;
3) one or more managed keys.

Construction of the model and simulation was carried
out in the environment of circuit modeling LTspice XVII
(Linear Technology). Figure 3 shows a block diagram of
the model for studying the EEE process, as well as a
schematic model of the MEP (Block 4) based on
formulas (1), (2) and (3).
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Fig. 3. The block diagram model MEP generator: voltage
source (1), the control unit (2), two managed key (3),
schematic model of interelectrode gap (4).

Model of inductance, capacitance and resistance in
block 4 — MEP (Fig. 3) described in the form of
macromodels using the Spice language, the parameters
of which vary according to the given laws (see formulas
above) using a controlled voltage source.

The generator circuit is based on a half-bridge circuit

As a result of modeling, the time dependences of
current and voltage were obtained, as well as the
interdependence of the conductivity of the MEP and the
current at breakdown, the values of the MEP and the
breakdown voltage, and many others. Figure 4 shows an
example of the time dependence of current (I (R2)) and
voltage (V (vist)) with a linear change in the MEP value
from 1000 microns (XX from 0 to 2.5 ms) to 0 (short-
circuit for 7ms) and vice versa.

120 100.00

90.00

100 \ . ] 80.00

80 |‘ 1} Y - [ | 70.00

) iy f . T 1 60.00

60 | Iyt i . 50.00

| \ ) . . 8 ' 40.00

40 ,\{ vy A RETEE) 30.00

20 p 4 Yabai, I 20.00

SERETRAS R NRERENE
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016

Time, s

Voltage, V

Amperage, A

= = = V(vist) 1(R2)

Fig. 4. Simulation results for linear reduction and increase of
the interelectrode gap (voltage-dashed line, current — solid).

The data obtained in the simulation are in good
agreement with other experimental data [6]. Taking into
account the peculiarities of the behavior of current and
voltage during EEE, it is possible to evaluate the
effectiveness of a particular mode of processing various
materials.

The adequacy of the obtained results of circuit
modeling was evaluated by comparison with the results
of experimental studies on the developed experimental
stand [7-34]. Figure 5 shows a joint graph of the results
of the experiment (a) and simulation (b) at the operating
pulse.
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