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The influence of electrical current pulses on the plastic deformation
of copper
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The paper studied the influence of electrical current pulses with density of 300 — 900 A/mm? and duration of 4-10*s on the
plastic deformation of the technically pure copper. The deformation curves under and without the influence of current pulses during
the deformation of specimen were obtained. The comparison of obtained curves was carried out. It was determined that the passing of
electrical current pulses during the deformation of copper leads to the resource of plasticity growing.

Keywords: electroplastic effect, plastic deformation, electrical current pulses.

B po6oTi BUBYCHO BIUIHB IMITYIIbCIB EICKTPUYHOTO CTpyMy rycTuHO 300 — 900 A/MM? Ta TpuBaiicTio 4-10 ¢ Ha mIacTHYHY
nedopmanito TexHigHO yncToi Mini. bymn orpumani nedopmaniiini kpuBi IpH BIUIMBI Ta 0€3 BIUIMBY IMITYJIBCIB CTPyMy B IIpOLECi
nedopmarii 3paska. Byllo BUKOHaHO MOPIBHSHHS OTPHMMAaHHX KPHBHX. BCTaHOBIEHO, IO MPOXOPKEHHS IMITYIBCIB EIEKTPHYHOTO
cTpyMy Iipu e opmManii MiZii IPUBOAMUTE 10 3pOCTAHHS PECypCy INIACTUYHOCTI.

KurouoBi ciioBa: enexrporiacTuaHuii eekT, miactudHa gedopmartis, iMITyIbCH €IEKTPUIHOTO CTPYMY.

B paboTe M3y4eHO BIMSHHE HUMIIYJICOB AJICKTPHYECKOrO TOKa IUIOTHOCTHIO 300 — 900 A/MM? 1 anutenbHOCTHIO 4:10 ¢ Ha
IUTACTUYECKYI0 Je(OpMAIMI0 TEXHWYECKH 4MCTOH Menu. beumm momydeHsl nedopManyoHHBIE KpHBEIE NpU BO3JEHCTBHHM H Oe3
BO3/ICHCTBHUS UMITYJILCOB TOKa B Iporiecce Aedopmariu obpasua. BbUIo BEIOTHEHO CpaBHEHHE MOMYYEHHBIX KPUBBIX. YCTaHOBIICHO,
YTO MPOXOXKJICHHE UMITYJIbCOB IEKTPHYECKOTO TOKa NpH AeopMaliiu Meau MPUBOAUT K BO3PACTAHHIO pecypca IIIACTHYHOCTH.

KirodeBsle cjioBa: snexrporuiacTiueckuii a3 Qext, miacruaeckas qedhopManus, UMIYJIbChl AMEKTPHIECKOrO TOKA.

Introduction

It is known that lattice defects and deformation
conditions (such as strain rate and temperature) influence on
the mechanical properties of metal. But also the influence
of phonons and electrons of conductivity on dislocations
motion exists. It is possible to affect on the crystal by the
flux of high-energy electrons in the electric current pulse
[1, 2]. The phenomenon of sharp reduction of resistance
to deformation of the metal and growing of plasticity by
passing of current pulses is called the electroplastic effect. It
is stated that the critical value of the electric current density
exists and above that value the picture of deformation
changes qualitatively and it cannot be explained only by
influence of temperature and (or) magnetic field. When
the direction of the drift velocity of electrons is along the
direction of external force there is the maximum effect [3].

There is a big amount of experimental results at this
time which demonstrate the influence of the electrical
current pulses with large densities on the plastic flow of
pure metals and alloys [4]. In available works it was found
that the electroplastic effect is observed when the drift
velocity of electrons is higher than velocity of dislocations
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motion. However, issues that deal with a lattice heating
and controlling the phenomenon on the microscopic level
remain outstanding.

In this context, it might be useful to study this
phenomenon at higher densities of electric current
considering the Joule’s heating and other related exposures
on the deformable specimen. It will allow to separate
the influence of thermal and athermal processes on the
deallocation of dislocations from stoppers and their
displacement in the crystal lattice [5].

Object and methodology of the experiment

To carry out the tasks assigned in the work copper
specimens were used. Impact on the object was carried out
by the external load, temperature, electrical current pulses.
Tests were carried out by the universal testing machine,
which had the next technical characteristics:

- creating loads on the specimen up to 2-10° N with
ultimate sensitivity of 102 N;

- registration of elongation during active loading
with sensitivity of 5-10° and relative deformation of 5-102
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- strain rate range of 10¢— 102s™",

For research a roll of technically pure copper wire
with diameter of 0,8 mm was made in factory. While the
preparation the wire was cut into segments with length
of 50 mm and in order to reduce the number of defects
in the specimens created by rolling the annealing with
temperature of 450°C and vacuum of 10 mm was made.

Electric current pulses generator which created single
and multiple pulses with current up to 1 kA, duration
of ~10° — 10* s and voltage of 65 - 400 V was used in
experiment. Discharger with frequency of 400 — 1250
Hz also was used in the work. To make experiments with
annealed lattice defects during passing of pulses we need
to have a big drifting velocities of electrons with density of
10°— 10* A/mm? and duration of 10— 10 s.

Electric scheme consists of the next elements: 1 —
control block; 2, 3 — thyristors; 4 — inductor; 5 — specimen;
6 — capacitor bank; 7 — voltmeter; 8 — standart resistance of
1 mOhm; 9 — oscilloscope; 10 —load resistor; 11 — capacitor
bank of 20 mF; 12 — 220 V supply; 13 — transformer; 14 —
diode bridge.
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Fig. 1. Electric scheme of the pulse machine.

Relation of current and duration that is shown on fig.2
is regulated by changing the voltage on supply. Calibration
of pulses by amplitude and duration is carried out by Rigol
DS1052D oscilloscope. In addition, the graphic image of
electric current pulse was carried out (fig.3).
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Fig.2. Single pulse curve in voltage — tome coordinates.
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Fig.3. The scan of the electric current pulse in time.

Main scheme characteristics: current of (0,1 - 10)-10°
A; working voltage of 60 — 450 V; pulse duration of (1,4
- 18)-107 s; bell-shaped pulse; steepness of the front and
slope are 4:10°and 2:10° kA/s respectively; the smallest
duty cycle in automatic turning on mode is of 1 s.

Results and discussion
To define the influence of electric current pulses on
deformation characteristics of metal the loading curves in
coordinates load P — time t, obtained without (j=0) and with
the electric current pulses (j#0), were compared (fig.4).
B

Fig. 4. The load — time diagram in the area of elastic and
plastic loading of copper specimens with diameter of 0,8
mm without (1) and with (2) electric current pulses.

The initial area of P(t) curve of the polycrystalline
copper (99,5 %) without electric pulse exposure
(dependence 1) allows to define: the effective elastic
modulus in the specimen — moving rod of loading machine
system (<E>), yield stress (), strain hardening coefficient
(6=do/de). The electric current pulses exposure on the

L

Fig.5. Deformation curves under different values of
densities of electric current (1 — 0 A/mm?, 2 — 291 A/
mm?, 3 — 500 A/mm?, 4 — 708 A/mm?, 5 — 916 A/mm?).
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elastic and plastic area of loading curve is shown on fig.4
(dependence 2).

It is already known that there is no clear explanation
how electric current pulses influence on plastic deformation
of metals and alloys.

Examples of the influence of electric current pulses
in continuous mode on deformation curve character of
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Fig.6. The dependencies of strengthening characteristics
on electric current density, a — plasticity resource, b —
conditional yield stress, ¢ — ultimate tensile strength.
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polycrystalline copper specimens are shown on fig.5. As
can be seen, electric current pulses of different density
influence on deformation curve character in different ways.

Let us consider the influence of electric current density
on mechanical characteristics of copper. Dependencies
e_ (), 0,,(), 0,(j) are shown on fig.6 respectively, where
g .~ plaéticity resource, G, , — conditional yield stress, o, —
ultimate tensile strength. ’

As can be seen from these three figures, ultimate
tensile strength, plasticity resource and conditional yield
stress are increasing non-monotonously and the maximum
is observed at j = 500 A/mm? It is also noteworthy that
plasticity resource and ultimate tensile strength at 900 A/
mm? are approximately equal to the value when there is
no exposure of electric current pulses whereas conditional
yield stress with current density higher than 700 A/mm?
increases rapidly.

It can be seen from graphics that with current
density up to 500 A/mm? both ultimate tensile strength
and plasticity resource increase which is abnormally.
This effect, supposedly, occurs in the result of exposure
of electric current pulse that influence on dynamics of
the dislocations motion. Probably, that with passing of
electric current pulse the velocity of dislocations motion
increases, whereas with its absence velocity decreases and
dislocations are starting to concentrate in the specimen.
Thus, the specimen becomes stronger.

In addition, the role of adiabatic heating was
considered. Let us evaluate the temperature increase of the
copper specimen with unit volume from the relation:

AT = (p - <t>- cp-l ‘D) - <2, (1)
where specific electrical resistance p = 1,73:10® Ohm'm
(without temperature dependence); duration of pulse at
the level of 0,7+ is <t> = 107 s; specific heat capacity c,
= 3,85-10* J'’kg"K'!' (without temperature dependence);
density D = 8,93-10° kg'm?. Then, for current density
values of (291 and 916) - 10° A/m? temperature increase AT
will be 2,1 and 20,6 K respectively.

While electric current pulses are passing through,
some of the electrons interact with atoms of crystal lattice
causing the latter to oscillate with frequencies higher than
phonons have. Such oscillations are called breathers [6].
When the flux of electrons passes through the crystal lattice,
the latter starts to shake. Therefore, dislocations continue
their motion and do not accumulate near the stoppers. In
the result of dislocations motion the plasticity of specimen
grows, that can be seen on fig.4 (a). After definite moment
(G = 500 A/mm?) the plasticity starts to decrease. This
is explained by the strengthening of specimen at high
densities of dislocations.

Conclusions

1. The influence of electric current pulses on plastic
deformation of the technically pure copper with temperature
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of 300 K is shown.

2. It was stated that with determined density (j=500 A/mm?)
the maximum value of plasticity resource and ultimate
tensile strength is observed.

3. It was found out that values of strengthening
characteristics with current of 900 A/mm? approximately
coincide with the values when there are no electric current
pulses.
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