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Abstract - Simulation results of electro burst in
solid which consistently describes plasma channel
expansion, shock waves generation and their inter-
action with a material is presented. The consecu-
tive solution of wave dynamics equations in con-
densed material and equations in the discharge
circuit of pulse generator has allowed to analyze
possible mechanisms of scabbling crater formation
in solid. Connection of the discharge circuit pa-
rameters with tensely - deformed solid state and
destruction character is shown, influence of dielec-
tric surface form and circuit parameters on char-
acter of possible destruction is presented. It is
showed, that solid destruction occurs due to com-
pression material surrounding the channel and
stretching or displacement between the channel
and destroyed material surface.

1. Introduction

Material destruction at electrical discharge in electro
discharge technologies with laid electrodes, drilling,
for example, is determined by discharge power char-
acteristics and physico-mechanical properties of de-
stroyed rock. Depending on discharge energy, speed
of wave distribution generated by the expanding
plasma channel, depth of channel inculcation different
variants of wave dynamics and, accordingly, various
mechanisms of material destruction nearby its surface
can be realized.

It is considered, that the main factor determining
solid destruction at electro burst, is the shock wave,
radiated by expanding channel which in the neighbor-
hood of the channel (~2-3 mm) transforms in plastic
and further in an extending elastic wave with ex-
pressed region of tensile tangential stress [1]. Tensely-
deformed material state, formed thus, leads to a frac-
ture pattern with the small crush region of material
surrounding the channel and extended area of crack
formation, covered with a radial crack network [2].

2. Electro burst model

The discharge circuit (fig. 1) which includes the
plasma channel as an expanding cylinder with resis-
tance R.(¢) is considered. When S (fig. 1) is switched
on solid breakdown occurs. Capacitor energy is re-
leased in the channel and discharge channel expands

intensively, that result to stress wave formation and
spread in material surrounding the channel.

The scheme of the electrodes disposition, channel
trajectory at the moment of bridging electrode gap by
discharge channel and variants of wave interaction
with dielectric surface are shown on fig. 2. Depth of
channel inculcation in solid at optimum regime usu-
ally makes # = 1/3 [, [2]. The variant b) shows a case
in which the head part of wave at it output on the di-
electric surface is similar to a triangular profile. In
case c) stress O in a wave is gradually reduced in a
wave front direction.

Fig.1. Electrical scheme of the discharge circuit

Electro burst model [3] is based on the laws of
pulse, mass, energy preservation describing wave
character of pulse influence. The model which consis-
tently describes stored energy transformation W, to
energy of wave expanding in material, includes the
electro-technical equations of circuit, the energy bal-
ance equation of plasma channel, the equation of dy-
namics of tensely - deformed solid state: the move-
ment equation, the indissolubility equation, the energy
equation, the equations for tension components, the
equations for deformation speed tensor and the granite
state equation similar [3].

Simulation was carried out for channel radius
r{0)=5 um, =2 cm, h=4...8 mm, C=0.5...20 nF,
Up=250...350 kV, L=10...25 pH, r,=1 Ohm. Numeri-
cal integration of the electro-technical equations was
carried out by Euler's implicit method. The dynamic
equation system [3] was solved consistently and ap-
proximated by difference scheme [4] on a computa-
tional grid fig. 3, (a). The ordinate axis is an axis of
symmetry. In a vicinity of channel calculation cells
corresponded to the cylindrical channel form with
coordinates of its axis x = 0, y = 0. In vicinity y~h the
cells form is adapted to description of wave reflection
from a flat surface.
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Fig. 2. Scheme of the electrodes disposition and typical channel trajectory (a), sections, perpendicular to the
channel (b), (c), /. - channel length, / - depth of channel inculcation , DC - the discharge channel, DW - a direct
wave, HVE - a high-voltage electrode, RW - a wave reflected from dielectric surface, 04, 0, - radial and tangen-
tial stresses, T - areas of the most possible crack formation

Predicted fracture pattern was determined on the
basis of analysis of dynamic material tensely - de-
formed state. In case when distribution of wave
stress is similar fig. 2, (b), the main destroying fac-
tor is tensile stress arising both in direct and re-
flected waves. The criterion of destruction ¢ = o+,
was used to such variant of wave process develop-
ment, where o= is the tensile strength. The material
was considered destroyed when one of the stress

components has exceeded value ox. When the wave
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formation is similar fig. 2, (c) wave stresses are
compressive in the considered time interval. De-
struction in this case is realized when shear defor-
mations exceed critical value. It was necessary, that
shear destruction occurs in dielectric regions where
shear deformations exceed solid shear strength.

3. Simulation results

Typical dependences of stored energy transforma-
tion W, are shown on fig. 4 where W, = CU& /2,
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Fig. 3. Surface reflection forms and relative surface displacement Ah of material over the chan-

nel: Ug=200 kV, (

) C=20 nF, L=25 pH, (
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coefficients of generator energy transformation to
the channel 7. =W /W, and to wave energy

1N, = A/W,, relative power consumption of gener-
ating capacity 17, =CU2(t)/CU§, where W -

channel energy , 4 - channel expansion work .

Comparison of time-current dependences and
discharge power characteristics fig. 4, (a-b) shows,
that only (30+90) % of storage energy W, is used
for wave formation to the moment of wave output
on a solid surface depending on circuit parameters
and channel inculcation depth. Wave energy is still
less (5+25) % W,.

Thus the wave profile essentially depends on
discharge power parameters. In case fig. 4, (f) tan-
gential stresses become tensile in a direct wave and
thereby stimulate radial cracks formation by this
stage. In case fig. 4, (c) the tensile stress region in a
direct wave has not time to be formed.

The further wave dynamics depends on the solid
surface form. Four variants of dielectric surface
form were considered in the model fig. 3. Only the
right segments of computational grid are resulted
due to symmetry. The sizes of surface "rough-
nesses" did not exceed A/2. Reaction of material

which is being above the channel on such type of
wave influence is showed in moving of a solid part
in a surface direction. In sections which divide the
moved dielectric part from stationary part, located
under a corner o to Y-line there are displacement
deformations. On fig. 5 calculated values of shear
deformations &, in solid elements located in three
different sections are showed. Comparison of re-
ceived distributions &, shows, that the largest val-

ues &, are in sections located along
R =+4/x? +y* under corners ~40°...50° to Y-line.
Dynamics of relative surface displacement

Ah = (h(x, 1)/ h(x,0) - 1)~ 100 % for two discharge
regimes is shown on fig. 3. It is shown that solid
surface raise above the channel is more intensive
and decreases to periphery. Comparison of various
surface forms shows that only surface on fig. 3 (b)
results in qualitative difference of wave dynamics
at other forms. With increase in discharge energy
W, and its duration values A/ also grow. Thus at
the identical discharge regimes Ak is the same for
different reflection surfaces. It means, that deforma-
tion parameters in surface solid layers also are simi-
lar in compared cases.
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Fig. 4. Time-current dependences i and energy consumption of generating capacity (a), (d), coefficients of stored
energy transformation to the channel energy n. and to the wave n, (b), (i), at Uy=300 kV. Stress distribution 0y,
(continuous lines), Oy (lines marked by points) (c), (a) in the wave during the moment of wave output on dielec-
tric surface. The merker | indicates the time 0,6; 0,9; 1,2 us of wave output on a surface located in 4, 6, 8 mm

away from the channel, accordingly
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Fig. 5. Dependence of shear deformation on dis-
tance R at =2 ps, /=4 mm; C=20 nF, L=25uH,
U=200kV, a: 1) 0%, 2) 40°, 3) 70°

Stress distribution in sections located along R
under corners 40°-50° to Y-line (in areas "T" see
fig. 2, b, c) are shown on fig. 6
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Fig. 6. Main radial 04 and tangential O, stress
distribution at t=1,5 us, Up=200 kV a), b) C=20
nF, L=25 uH; ¢), d) C=0,8 nF, L=1 pH. Letters
correspond to reflection surface forms on fig. 3

Comparison of the main radial 01 and tangential
O, stresses shows, that high-energy discharge re-
gimes do not result in tensile stress region forma-
tion (fig. 6, a, b). Crack formation in region "T" is
connected with exceeding by shear deformation of
critical values. In these cases the mechanism of
scabbling crater formation is realized at large wave
energy and practically does not depend on the re-
flection surface form. Less-energy discharge re-
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gimes lead to formation of tensile tangential stress
area already in a direct wave which intensifies at
reflection fig. 6, d. As a result radial cracks which
lead to scabbling crater formation are formed. Ten-
sile tangential stress and sizes of destruction re-
gions are more critical to the reflection surface form
as against the previous case. It means, that volume
of formed scabbling crater also depends on condi-
tions of wave reflection from a surface. Thus the
considered mechanism of scabbling crater forma-
tion is considerably less power-expenditure.

At the circuit parameter variation and different
value 4 it was shown, that the mechanism of shear
destruction becomes the main with increase in gen-

erator energy CU g /2, growth of discharge dura-

tion and at small channel inculcations.
4. Conclusion

Two possible mechanisms of rock destruction and
scabbling crater formation are found by electro
burst simulation. More powerful and durable dis-
charge forms scabbling crater due to shear deforma-
tions. Coefficient of generator energy transforma-
tion to the wave energy makes ~ 4 - 5 %, and
mechanism of scabbling crater formation practi-
cally does not depend on the reflection surface
form. Less powerful and less durable discharge
forms a scabbling crater due to tensile tangential
stress in a wave. The corresponding coefficient of
energy transformation has increased up to 15 % and
more. Influence of the reflection surface form on
tensely - deformed solid state and, hence, on the
cavity sizes occur only in case of destruction due to
tensile stress.
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