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Abstract
Evaluation of the mechanisms of formation of mechanical deformations is of great
importance for the practical application of the electroplastic effect. Estimations of
the efficiency of conversion of the energy of the electric pulse in the energy of the
magnetic field and mechanical oscillations are obtained.
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1. INTRODUCTION

The mechanisms of manifestation of the electroplastic effect (EPE), depending on the
experimental conditions, can show the predominant role of various phenomena: the
pinch effect [1], deformations associated with phase transitions [2], magnetohydrody-
namic disturbances [3] and a large number of other processes [4, 5]. The mechanisms
of the influence of electric fields on plastic deformation are still not fully understood
[3-5]. In [5], for example, it is stated that ”the mechanism of the electroplastic effect
is the amplification of a weak external signal by fluctuations in a nonlinear system.”
This is confirmed by the large range of energy conversion efficiency (from 0.05% to
35%) in these processes.

2. METHODS OF RESEARCH

When conducting the research was carried out the measurement of vibration response
of a multicomponent acceleration sensors that were glued to the round specimens of
different metals [6]. Similarly conducted control the vibration response of specimens
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Figure 1: The location of vibration sensors and magnetic field relative to the sample of metal with a
rectangular cross section.
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Figure 2: One-component magnetic field sensor on the chip MLX90242 and three-component magnetic
field sensor on the chip DRV5053.

with rectangular cross section, as shown in Figure 1. The mount of the piezoelectric
accelerometer to the sample was performed with cyacrylic glue through the insulat-
ing spacer on the sensor. Control of the pulse current flowing through the sample
was performed contactless Hall sensors, as shown in Figure 2. To improve the noise
immunity of transmission of signals and measuring magnetic induction was performed
using differential measurement schemes [7].

3. RESULTS

Typical vibration signals shown in Figure 3. Encountered in the sample by passing
current pulse mechanical vibrations are generated during the passage of the leading
and trailing edges of the current pulse at the moment of maximum rate of change
of the magnetic field, as shown in Figure 3. If the duration of the current pulse is
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Figure 3: Radial vibration and the derivative of the magnetic induction for a sample of copper rod∅ 3 mm.

large enough, which is formed on the front and rear fronts of the damped mechanical
oscillations are symmetric in nature, similar in amplitude and can be treated as an
independent damped vibroacoustic shock processes. When reducing the duration of
the current pulse, the rise of the amplitude of the magnitude of mechanical vibrations,
as shown in Figure 4. The increase is due to the addition of the vibrations generated
on the front and rear fronts of the current pulse.

The pulse duration of 100-150 µs, the fluctuation is because of the coincidence of the
phases of these processes becomes maximal, with a further reduction in the duration
there is a decrease in scope due to the mutual damping of the vibration oscillations
[8]. Shown in Figure 4 according to different values of current flowing through the
sample show that the dependence of the amplitude of oscillations of the amplitude of
the current is close to linear.

As noted in the introduction, proposed a number of mechanisms which describe
the transformation of energy of an electrical pulse passed through the sample in a
mechanical deformation of the sample. This conversion finds practical application in
electroplastic processing of metals, can be used when performing NDT.

According to [9] the possible mechanisms of electroplastic effect can’t fully describe
what happens in metallic specimens the processes of energy conversion of the current
pulse into the energy of mechanical deformation. Among the proposed mechanisms
are highlighted:

• thermofluctuational contribution from the wind quadratic in 𝜎 and does not
depend on the direction of the current;
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Figure 4: The dependence of the magnitude of the radial acceleration of the pulse current for a sample
of copper of circular cross section with ∅ 3 mm.

• mechanical stress near the surface (tangent to the surface) associated with the
scattering of electrons near the surface. Such napryajeniya are polar in nature
and is proportional to the current density;

• dynamic pinch-effect, delayed due to the influence of skin effect is delayed;

• dynamic temperature field - thermal stress. Considerably in size, but should give
different effect on the front and rear fronts and is proportional to the pulse
duration;

• the impact of current and magnetic field on the interaction of dislocations with
point defects in metals;

• concept of dynamic equilibrium for the dislocation of the ensemble, the current
pulse activates the internal voltage.

The complexity of the simultaneous action of electromagnetic high-frequency and
low-frequency mechanical vibrations associated with changes in deformation compli-
cates the interpretation of the obtained results, which is not possible with satisfactory
precision to explain is often not only quantitatively but also qualitatively one of those
mechanisms. It is difficult to understand the ongoing processes of elastic deformation
of the samples under the action of pulsed current. Similar problems of analysis of the
behavior of samples under the action of currents arise preblei high current densities
when shown the plastic deformation and the difficulty of explaining the formation of
strata at even higher current densities, a typical electrical explosion [3, 10, 11].
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Figure 5: The dependence of the depth of the skin layer with frequency for different metals.

These mechanisms can add thermomechanical phenomena in surface skin layer,
magnetohydrodynamic processes [12, 13], as well as the previously mentioned
strengthening of the weak external signal fluctuations in a nonlinear system [5].

The short-term nature of the formation of deformation at the front of the pulse is
the influence of the skin effect. The magnitude of the skin effect typically assess the
depth of skin-layer, the dependence from frequency is shown in Figure 5. Somemetals,
such as titanium, can have the depth of the skin layer comparable to the thickness of
the samples.The depth of the skin layer 𝛿 is determined by the ratio:

𝛿 = √
1

𝜇𝜇0𝜋𝑓𝜆

where 𝜇 - relative magnetic permeability of the conductor material;

𝜇0 = 1,257.10−6 H/m;

f – frequency;

𝜆 - conductivity.
Upon receipt of the momentum distribution of the current in the sample, there is

practically no skin effect, as evidenced by the rapid growth of the current through
the samples, measured the magnitude of the magnetic field. Metals are widely used
as conductors (copper, silver), characterized by a thin skin layer and a relatively slow
buildup of current through the sample. Despite these significant differences, the for-
mation of vibroacoustic response to the passage of the current pulse has a similar
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Figure 6: The amplitude of the radial acceleration for samples in the form of rods of circular cross section
with ∅ 3 mm made of different metals.
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Figure 7: Based on the scale and was quadratic values of the radial component of the acceleration pulse
magnitude value of magnetic induction.

character. The magnitude of the response in the form of estimates of maximum accel-
eration for samples of various metals are shown in Figure 6.

The dependence of themagnitude of the acceleration and the RMS values are shown
in Figure 7. More resistant to the influence of noise rating on the scale shows an almost
linear dependence on the magnitude of the magnitude of the magnetic induction
corresponding to the magnitude of the current during the pulse.

Control of vibration and magnetic fields allows us to estimate the efficiency of
energy conversion of an electric pulse to the magnetic field energy and into energy of
mechanical vibrations.
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The energy of the electric pulse flowing through the sample is converted into heat
Joule:

𝑄 =∫
𝑡𝑒

𝑡𝑠
𝐼2(𝑡)𝑅𝑑𝑡

Where R is the resistance of the sample is calculated for the resistivity and dimensions
of the sample for a givenmaterial; ts - and te the start and end time of the current pulse;
I(t) is determined by measuring a calibrated gauge magnetic induction as a function of
time.

The current is measured through magnetic induction by the relation:

𝐵 = 𝜇 ⋅ 𝜇0
𝜋 ⋅ 2 ⋅ 𝐼𝑟

where 𝜇 = 1 for non-ferromagnetic metals;

r = 0.07 - distance sensor magnetic field from the sample;

𝜇0 = 4.𝜋.10−7 T.m/A.

Hence I = B.r/8.10−7.
The current pulse passing through the sample is converted to amagnetic field, which

for the duration of the pulse accumulates energy W of the magnetic field:

𝑊 =
𝐿∫𝑡𝑒

𝑡𝑠 𝐼
2(𝑡)𝑑𝑡

2(𝑡𝑒 − 𝑡𝑠)
where L is the inductance of the sample. The inductance of a cylindrical sample [14] of
length l and radius r:

𝐿 = 𝜇0
2𝜋 𝑙 [ln(

2𝑙
𝑟 ) − 1]

For the conductor of rectangular cross section expression similar, but instead of the
radius from the geometric mean of the functions of the external dimensions of the
sides of the transverse rectangular cross section.

The energy of mechanical vibrations of the specimen E can be estimated by the
ratio:

𝐸 =
𝑀 ∫𝑡𝑒′

𝑡𝑠 𝑣2(𝑡)𝑑𝑡
2(𝑡𝑒′ − 𝑡𝑠)

whereM is themass of the sample; te’ – the decay time of the oscillatory process in the
sample induced by the pulsed current, to a level below the level of the vibration noise
recorded by the vibration sensor; v(t) - is the signal of the vibration velocity obtained
from the vibration acceleration signals coming from the piezoelectric accelerometer
using integration.
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Table 1 provides information about the characteristics of the three samples for which
the dependence of vibration are shown in Figure 7.

Table 1

Metal mass
(gram)

R (mOm) L (nH) 𝛿 (mm Q ( J) W (mJ) E (𝜇J)

stainless steel 0,2х4х30 I =
280A

0,173 4,5 26,03 1,38 0,314 1,02 159

copper 0,5х3х30 I = 2500A 0,402 0,342 24,13 0,2 1,919 75 2931

brass 0,5х3х30 I = 1700A 0,383 0,84 24,13 0,394 2,161 35 12290

The relationship between heat energy, magnetic field energy and the energy of
mechanical vibrations is presented as the ”efficiency” of such transformations.

Table 2

Metal efficiency factor
(Q⇒W)

efficiency factor
(W⇒E)

efficiency factor
(Q⇒E)

stainless steel 0,33 % 15,6 % 0,05 %

copper 3,9 % 3,9 % 0,15 %

brass 1,6 % 35 % 0,57 %

4. CONCLUSION

Evaluation of energy conversion electrical pulse to the energy of deformation of the
sample is essential to choose themode of electroplastic processing. A significant range
of variation of these coefficients does not allow us to predict the parameters of such
processes. The data obtained on the formation of the damped oscillatory processes
and the possibility of increasing the amplitude of the oscillations in the choice of pulse
duration current provide the possibility of optimizing the choice of processing modes.
To enable prediction of the behavior of samples with different geometric sizes from
a variety of materials appropriate to continue the study of correlations between the
processes of converting electrical impulses into mechanical strain.
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