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Abstract. The effect of electroplasticity (EE) is used to increase the deformability of 

metals and alloys, save the energy used to deform them, and reduce tool wear. Despite 

the practical importance of EE, there is no consensus in the literature on its physical 

nature, and further research is needed to elucidate it. In this work, the tensile deformation 

of aluminum and copper wires stimulated by the repetitive electric pulses is 

experimentally investigated. Copper and aluminum have low and high stacking fault 

energy, respectively, and it is interesting to compare the behavior of these metals during 

electrically assisted plastic deformation. Joule heat release is precisely controlled in the 

experiments. Both metals show qualitatively similar behavior, with the increment in 

plastic deformation decreasing with pulse number at fixed tensile stress. This result 

supports the dislocation mechanism of EE in these metals. 
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1. INTRODUCTION 

Troitskii first identified the effect of electroplasticity (EE) in metals in 1969 [1], and 

subsequent research has extensively explored this phenomenon through numerous studies 

[2]. The effect is the reduction in yield stress when high-density electric current pulses are 

applied to metallic materials. The temperature increase in the deformed material can be 

relatively small, and Joule heating alone is insufficient to account for the significant 

increase in plasticity observed. As a result, the energy-saving approach to metal forming 

can be developed with the help of EE. The ability to form parts with minimal heating allows 

for more energy efficient manufacturing processes, reducing overall energy consumption. 

In recent years, studies on EE have gained considerable attention due to its usefulness in a 

wide range of industrial sectors [3-5]. Due to the skin effect [6,7], EE can be observed only 

in relatively thin workpieces during rolling [8,9], drawing [10-13], stamping [14,15], 

cutting [16], forging [17,18], and forming [5,6,19-23].  

At the same time, the fundamental principles and mechanisms underlying EE remain 

not fully understood. Researchers have consistently pointed to two key mechanisms 

responsible for EE: non-uniform Joule heat release and electron wind action [24-26]. 

Although the heat released at defects such as dislocations and grain boundaries increases 

their mobility and enhances ductility, the overall increase in average temperature remains 

negligible. In addition, the electron wind exerts a force on the dislocations, which also 

contributes to the increase in their mobility. Experimental studies have provided evidence 

supporting the electron wind theory as an explanation for EE [26]. However, one study 

[27] observed non-directional migration of twin boundaries in response to electropulsation, 

which was attributed to the interaction between electrons and dislocations rather than the 

electron wind force. The mechanisms of EE have been discussed in several research and 

review articles [28-31]. 

In recent years, research has been conducted to gain a deeper understanding of EE and 

to explore its potential applications in the processing of various metallic materials. A 

method for self-healing of metallic materials using pulsed electric current to restore the 

microstructure has been developed [32]. The research by Kim et al. [33] showed that the 

application of electric current during tensile testing of an Al-Mg-Si alloy can induce 

structure relaxation and void formation processes. Lahiri et al. selected various parameters 

that affect the reduction of flow stress during electropulsation to explain the mechanism of 

electroplasticity in terms of crystal plasticity [34]. EE can improve the ductility of a Mg-

Nd-Zn-Zr alloy [35] and hcp metals [36,37]. The effect of strain rate on plasticity and 

microstructure was investigated in the context of electrically assisted tensile testing of the 

aluminum alloy 5754-H111 [38]. The influence of microstructure on EE has been 

investigated in an aluminum alloy [39]. Pulsed electric current has been used to improve 

the formability of the 5052-H32 aluminum alloy [40]. High-density pulsed electric current 

is able to induce precipitation hardening of steel [41], assist the deformation of the Haynes 

230 alloy [42] and the Invar 36 alloy [43]. The EE was studied in a high entropy alloy 

under uniaxial tension, where the study [44] reported a decrease in yield stress and an 

increase in strain with increasing current density. In the study [45], the effect of the angle 

between the direction of the applied load and the electric pulse current on the EE in the Ti-

6Al-4V alloy was investigated. Increased plasticity in monatomic metallic glasses was 

observed when electric pulses were applied, as reported in [46]. The in-situ study of 



 Comparison of the Effect of Electroplasticity in Copper and Aluminum 617 

individual dislocation motion was carried out in single crystal nickel and copper under 

combined electromechanical actuation as reported in [47] and [48], respectively. 

The loading scheme can strongly influence the development of plastic flow in metals [49,50] 

and thus the manifestation of EE [51-56]. In the present study, EE is studied for copper and 

aluminum wires under tensile loading. There are two main goals of this work. First is to assess 

the effect of multiple electric pulses at fixed tensile stress. Joule heat release does not depend 

on the pulse number and if the deformation increment will also be same for each current pulse, 

this would suggest that the observed plastic deformation is related to the temperature increase 

of the wire. On the other hand, if EE is realized through the depinning of dislocations, then the 

increment of plastic deformation is expected to reduce from pulse to pulse, as dislocations will 

eventually pinned by stronger obstacles. The observation that the deformation increment 

decreases with increasing pulse number under constant stress was reported in [57] for 

nanoindentation and compression. The second goal is to compare EE in two metals with 

significantly different stacking fault energy. Copper and aluminum have considerably different 

values of the stacking fault energy, about 0.04 and 0.2 J/m2, respectively [58-60]. As the results, 

twins are easily formed in copper but not in aluminum. If a difference in the behavior of copper 

and aluminum will be observed, this would reveal the contribution of twins to EE, otherwise, 

in both metals EE is realized through the activation of dislocation motion. In our previous study 

[61] the effect of several high-density electric current pulses on the deformation of copper wires 

in different structural states under tension was investigated. In this work, a comparison between 

the uniaxial tension of copper and aluminum wires under the action of repetitive electric pulses 

is carried out.  

Additionally, the cooling time of the samples after several pulses at different applied 

voltages was examined. 

2. MATERIALS AND METHODOLOGY 

2.1. Microstructure Characterization 

In this work, copper and aluminum wires of M1 and KAS 8176 grades, respectively, 

are used as samples. The chemical composition of the metals studied is given in Tables 1 

and 2, respectively. The choice of these materials is based on their use in the production of 

electrical wires by drawing, and this process can be improved by EE. It is also interesting 

to compare these metals because, as mentioned in the introduction, there is a significant 

difference in the values of the stacking fault energy in copper and aluminum. Samples with 

a length of 360 mm were obtained from copper (aluminum) wire with a cross-sectional 

diameter of 1 mm (1.79 mm). 

The wires were examined in their as-received condition and after annealing to a larger 

grain size. Copper wire was annealed at 500°C for 2 hours and oven cooled, and aluminum 

wire was annealed at 450°C for 2 hours and oven cooled. 

Table 1 Chemical composition of grade M1 copper 

Mass fraction of element 

Cu 

no less 

Impurities, no more 

Bi Fe Ni Zn Sn Sb As Pb S O 

99.90 0.001 0.005 0.002 0.004 0.002 0.002 0.002 0.005 0.004 0.05 
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Table 2 Chemical composition of KAS 8176 aluminum 

Mass fraction of element 

Al 

no less 

Impurities, no more 

Si Fe Cu Mn Mg Cr Ni Zn Ti Ga 

99.35 0.03-0.15 0.40-0.15 - - - - - 0.10 - - 

The surface of specimens for EBSD analysis was prepared as follows: material blanks 

were cut into plates by electrospark method, then these plates were mechanically thinned 

on abrasive paper with gradual reduction of abrasive value, then polishing was carried out 

on diamond paste also with gradual transition to finer abrasive. The final polishing was 

carried out by jet electropolishing on the "Tenupol - 3" machine using electrolyte of the 

following composition: for copper wire 20% aqueous solution of H3PO4 (at room 

temperature), for aluminum wire 750 ml methanol, 250 ml HNO3 (at 28°C). The polishing 

time was 20 sec. 

EBSD (Electron Back Skatter Diffraction) analysis was performed on a TescanMira 

3LMH scanning electron microscope using the built-in "CHANNEL 5.0" software. 

Imaging was performed at an accelerating voltage of 20 kV. For all states, the imaging step 

was set to 0.5 μm for copper wire and 0.3 μm for aluminum wire, with a maximum 

allowable misorientation error of 2°. The number of Kikuchi lines used to index the 

diffraction patterns was at least 5. To increase the reliability of the EBSD data obtained in 

the analysis of crystallographic grain misorientation, regions consisting of five points or 

less were removed from the EBSD maps as unreliable [62]. The resulting misorientation 

maps show the different crystallographic orientations in different colors. Boundaries with 

misorientations between 2 and 15° were considered low-angle boundaries (LABs), and those 

with misorientations greater than 15° were considered high-angle boundaries (HABs), with 

twin boundaries labeled Ʃ3. Structures were analyzed quantitatively according to ASTME112-

10 recommendations. The equivalent diameter was used as the grain size. 

The EBSD inverse pole figure (IPF) map and corresponding misorientation angle 

distributions for copper and aluminum wires in the as-received condition are shown in Figs. 

1 and 2, while similar plots for the annealed copper and aluminum wires are shown in Figs. 

3 and 4. The left (right) columns in these figures show the results for the cross sections 

along (normal to) the wire axis. It can be seen from Figs. 1 and 2 that the structure in the 

as-received wires is recrystallized with random orientation of the grains in the longitudinal 

direction and preferential <111> orientation in the transverse direction for copper and 

<111> + <100> for aluminum. The ratio of twin boundaries for copper wire reaches 0.53 

for as-received and 0.81 for annealed wires (see Figs. 1 and 3). The average grain size for 

as-received copper wire, excluding twin boundaries, is 9.1 ± 0.4 µm and 8.2 ± 0.2 µm in 

the longitudinal and transverse directions, respectively (Fig. 1). For as-received aluminum 

wire, the grain sizes are 7.6 ± 0.3 µm and 6.2 ± 0.2 µm in the longitudinal and normal directions, 

respectively (Fig. 2). The grain size in copper increases significantly after annealing, up to 113.8 

µm for the longitudinal and 50.4 µm for the normal cross section (Fig. 3). In contrast, the grain 

size in annealed aluminum increases only slightly to 12.3 ± 0.3 µm and 6.2 ± 0.2 µm for the 

longitudinal and normal cross sections, respectively (Fig. 4). 
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Fig. 1 The microstructure of the as-received copper wire: (a,c) grain orientation distribution 

maps, (b,d) grain boundary distribution according to misorientation angle. Results 

for section (a,b) along the wire axis and (c,d) normal to the wire axis 

 

Fig. 2 The microstructure of the as-received aluminum wire: (a,c) grain orientation distribution 

maps, (b,d) grain boundary distribution according to misorientation angle. Results 

for section (a,b) along the wire axis and (c,d) normal to the wire axis 
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Fig. 3 The microstructure of the annealed copper wire: (a,c) grain orientation distribution 

maps, (b,d) grain boundary distribution according to misorientation angle. Results 

for section (a,b) along the wire axis and (c,d) normal to the wire axis 

 

Fig. 4 The microstructure of the annealed aluminum wire: (a,c) grain orientation distribution 

maps, (b,d) grain boundary distribution according to misorientation angle. Results for 

section (a,b) along the wire axis and (c,d) normal to the wire axis 
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In summary, copper contains a large number of twins, while twins are almost absent in 

aluminum, which is a consequence of the large difference in stacking fault energy between 

these metals. It is also important to note that the grain size of the annealed copper is an 

order of magnitude larger than that of the as-received copper, whereas the grain size of the 

aluminum wires is only slightly increased by annealing. 

 

Fig. 5 Stress-strain curves for as-received (black) and annealed (red) specimens deformed 

at a strain rate of 1.1×10-3 s-1: (a) copper and (b) aluminum 

2.2. Stress-Strain Curves 

Tensile tests were performed on long copper and aluminum wires (360 mm) at room 

temperature. The tests were performed using a Schenck Trebel RMC100 universal 

electromechanical machine with a force of 100 kN. Figure 5 shows the stress-strain curves 

for copper and aluminum, with the black curves representing the initial condition and the 

red curves representing the annealed condition. 

It can be seen that for both metals the stress levels required for deformation are lower 

in the annealed condition. This is particularly noticeable in the case of copper, where there 

is a large difference in grain size between the annealed and as-received specimens, while 

for aluminum this difference is small. 

According to the results obtained, the yield stresses of copper and aluminum in both 

structural states were determined. The yield stress of copper (aluminum) in the initial state 

is 125 MPa (55 MPa), and after annealing it is 95 MPa (45 MPa). Based on these values, 

the tensile stress in the EE experiments was selected. 

3. RESULTS 

3.1. Joule Heat Release 

A detailed description of the experimental setup and methodology is given in our 

previous study [61]. 
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First, the Joule heat release on the samples due to a current pulse from a battery of 

capacitors charged to different voltages is measured. The dead load is chosen to be 65 N, 

which corresponds to a tensile stress of 83 MPa for copper and 26 MPa for aluminum. In 

both cases, the specimens are loaded in the elastic region. The voltage range of the 

capacitor bank is varied from 45 to 100 V in 5 V steps. After each current pulse, the tensile 

strain of the specimen associated with thermal expansion, ∆𝜀J, is measured and the increase 

in temperature is calculated using the formula  

 ∆𝑇 =
∆𝜀J

𝛼
 , (1) 

where the coefficient of thermal expansion α at room temperature is 16.9×10-6 K-1 and 

22.2×10-6 K-1 for copper and aluminum, respectively. 

Figure 6 shows the function of temperature increase with voltage on the capacitors for 

copper and aluminum in two states, as-received and annealed. The results for the samples 

in the as-received state are indicated by black curves and for the annealed state by red 

curves. For better accuracy, the experiments were done twice and the results obtained were 

averaged. Note that the results presented in double logarithmic scale are well approximated 

by straight lines, implying the power dependence between ∆T and V in the form 

 ∆𝑇~𝑉𝑠. (2) 

The blue dashed line in Fig. 6 has a slope of s=2.4, which is very close to the slope of 

the experimental curves for both metals regardless of the structural state. 

 

Fig. 6 Temperature increase of samples due to Joule heat release as a function of voltage 

across the capacitor battery for copper (solid) and aluminum (dashed) lines. Results 

for as-received (annealed) samples are shown in black (red). The blue dashed line 

shows the power dependence of ∆T on U with the exponent s=2.4. Each curve is the 

average of the results from two experiments 
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The energy stored in the capacitor is proportional to the square of the voltage, E=CU2/2, 

where C is the capacitance of the capacitor. One could expect that the Joule heat release 

would also be proportional to the square of U, but the experiment showed a slightly faster 

growth. This can be attributed to the increased resistance of the wires as the temperature 

rises. 

From Figure 6 it can be seen that the temperature increase of the annealed specimen is 

greater than that of the as-delivered specimen. This can be explained by the decrease in 

grain boundary density in the annealed specimens and thus the dissolution of grain 

boundary segregations. It is well known that elements in solid solution significantly 

increase the electrical resistivity of metals, resulting in an increase in the heat dissipation 

due to the passing current. Note that for copper, the difference in heat dissipation between 

annealed and as-received samples is greater than for aluminum. This is because the grain 

size difference between annealed and as-received copper wires is greater than for aluminum 

wires.  

In the previous experiment for copper samples [61], the battery voltage was chosen to 

be 60 V, for which the wire temperature increase is about 25 K, see Fig. 6. In this study, 

this voltage across the capacitor is used for copper, but a different voltage is chosen for 

aluminum because the aluminum wire has a different cross-sectional area and different 

physical properties. The voltage is chosen so that the homologous temperature increase of 

aluminum wires is equal to that of copper wires. The melting point of M1 copper is equal 

to Tm1=1358 K and a temperature increase of 25 K corresponds to 0.0184Tm1. The melting 

point of aluminum is Tm2=933 K, and 0.0184Tm2=17.2 K. Approximately this heating 

occurs when a current pulse is applied with a battery voltage of 75 V, and this voltage is 

chosen in experiments with aluminum wires. 

In the previous experiment for copper specimens [61], the battery voltage was chosen 

to be 60 V, for which the increase in the wire temperature is about 25 K, see Fig. 6. In this 

study this voltage across capacitor is used for copper but a different voltage is chosen for 

aluminum since the aluminum wire has different cross section area and different physical 

properties. The voltage is chosen such that the increase in the homological temperature of 

aluminum wires is equal to that of copper wires. The melting point of M1 copper is equal 

to Tm1=1358 K and an increase in temperature by 25 K corresponds to 0.0184Tm1. The 

melting point of aluminum is Tm2=933 K, and 0.0184Tm2=17.2 K. Approximately this 

heating occurs when a current pulse with a battery voltage of 75 V is applied and this 

voltage is chosen in the experiments with aluminum wires. 

In summary, experiments are performed with copper wires at a voltage across the 

capacitor of 60 V and with aluminum wires at a voltage of 75 V. The temperature increase 

T in both types of wires is 0.0184 of their homologous melting temperatures, which is 

approximately 25 K for copper and 17 K for aluminum. 

3.2. Cooling and Creep of Wires after the Current Pulse 

In the course of experiments at sufficiently high tensile stresses, the phenomenon of 

creep of samples after passing a current pulse was observed. It is known that the creep rate 

of metals depends significantly on temperature, so the question arose about the nature of 

the observed creep and its relation to Joule heating. To answer this question, the cooling 

and creep rates of the samples were studied. 
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To study the cooling rate of the specimens, the same tensile stresses were applied as in 

the experiment described in Section 3.1, namely, 83 MPa for copper and 26 MPa for 

aluminum; in both cases, the tensile stresses lie below the yield stress. The voltages across 

the capacitor bank were 60, 80, and 100 V for the copper specimens and 75, 110, and 140 V 

for the aluminum specimens. To improve accuracy, three experiments were made for each 

capacitor voltage and the data were averaged.  

In the experiments, the decrease in length of the wires due to their cooling after the 

current pulse was recorded and recalculated into the temperature decrease using Eq. (1). 

Fig. 7 shows the results obtained for copper and aluminum wires, where the abscissa shows the 

time in seconds and the ordinate shows the temperature change of the samples in Kelvin. The 

black, red and blue curves correspond to the voltage on the capacitor batteries of 60 (75), 80 

(110), and 100 (140) V used for the experiment with copper (aluminum) wires. 

The results for copper in the as-received state and after annealing are plotted in 

Fig. 7(a). Exponential decrease of temperature in time can be seen as the logarithmic scale 

is used for the ordinate. The structural state does not noticeably affect the cooling of the 

samples as the difference is within the scattering range of the experimental data. It can be 

seen that the temperature decreases down to T=10 K in 20, 30, and 45 s for the current 

pulse from the capacitor charged to 60, 80, and 100 V, respectively.   

 

Fig. 7 Cooling rate of samples after an electric current pulse from the capacitor charge to 

different voltages. (a) Results for as-received (solid lines) and annealed (dashed 

lines) copper. (b) Results for annealed aluminum. The plots show the average result 

of three experiments 

The cooling of the aluminum wire was measured only for the annealed sample because, 

as mentioned above, the grain size in the annealed and as-received aluminum samples 

differs not significantly, see Figs. 2 and 4. In Fig. 7(b) it can be seen that aluminum cools 
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down longer compared to copper and this is due to the fact that the diameter of the 

aluminum wire is 1.79 times larger. But even at the capacitor voltage of 150 V cooling 

down to T=10 K takes only 50 s. 

To study the creep rate, high tensile stresses of 191 MPa were chosen for the copper 

specimens in both structural states, and 80 and 70 MPa for the as-received and annealed 

aluminum specimens, respectively. The capacitor bank voltages were chosen to be 60 V 

for copper and 75 V for aluminum. Figure 8 shows the results for copper (aluminum) wires 

with solid (dashed) curves. The results for the samples in the as-received condition are 

shown as black curves and the results for the annealed samples are shown as red curves. 

It can be seen that creep is much faster as the wire heats up after the current pulse. However, 

the deformation does not stop when the sample is completely cooled and continues at a slower 

rate. It can also be observed that the creep of the annealed specimens stops earlier compared to 

the original specimens. This is particularly noticeable for copper specimens. 

 

Fig. 8 Creep strain as the function of time for specimens after single electric current pulse 

at a fixed tensile stress for copper (solid) and aluminium (dashed) lines. Results for 

as-received (annealed) specimens are shown in black (red) 

3.3 Wire elongation under the action of repetitive electrical pulses 

The next step was to make a series of 15 current pulses with fixed tensile stress in the 

range of 95.5-171.9 MPa and 34-76 MPa for copper and aluminum wires, respectively. 

These load ranges capture the elastic and inelastic regions. Figure 9 shows the results for 

the specimens in the initial state, where the abscissa stands for the pulse number and the 

ordinate denotes the strain induced by a current pulse. Figure 9(a) shows the results for 

copper and (b) for aluminum.  
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Fig. 9 The increase in plastic deformation as a function of the electric current pulse number 

at various values of the fixed tensile stress. Fifteen current pulses are applied for 

each tensile stress, after which the load is increased. Results for the as-received 

specimens of (a) copper and (b) aluminum. Each curve is the average of two 

experiments. The capacitor bank voltage is 60 V for copper and 75 V for aluminum 

 

Fig. 10 The increase in plastic deformation as a function of the electric current pulse number 

at various values of the fixed tensile stress. Fifteen current pulses are applied for each 

tensile stress, after which the load is increased. Results for the annealed specimens of 

(a) copper and (b) aluminum. The capacitor bank voltage is 60 V for copper and 75 V 

for aluminum. The graphs show the average result of two experiments 
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It can be seen that qualitatively the results do not differ for copper and for aluminum.  

At tensile stresses below 121 MPa (52 MPa) the effect of electroplasticity is practically not 

manifested in copper (aluminum), since this stress range is below the flow stress. But with 

increasing tensile stresses beyond the elastic limit, the effect of electroplasticity is 

enhanced. The first current pulse gives the largest deformation of the specimen, and with 

each subsequent pulse this effect becomes weaker until saturation occurs. This can be 

attributed to the fact that dislocations, whose motion is activated by the current pulse, are 

gradually fixed on the obstacles or reach the grain boundaries or come to the surface. The 

fraction of mobile dislocations decreases from pulse to pulse, which leads to a decrease in 

the plastic strain increment with pulse number. 

Figure 10 shows the results of the same experiment but for copper and aluminum wires 

after annealing. It can be seen that the effect of electroplasticity for the annealed specimens 

is manifested at lower tensile stresses because their yield strength is lower compared to the 

specimens in the as-received condition. For the annealed copper wire, the strain due to 

current pulses increased compared to the as-received wire, see Fig. 9(a) and Fig. 10(a). 

This is because the metal became more ductile due to the increase in grain size during 

annealing. However, the same cannot be said for the aluminum specimens. This is due to 

the fact that aluminum already had rather large grains in as-received state, which grew only 

slightly as a result of annealing. 

 

Fig. 11 Increment of plastic deformation as a function of fixed tensile stress for four successive 

electric current pulses. After every four pulses, the tensile stress increased by about 5%. 

Results for the as-received specimens of (a) copper and (b) aluminum. The capacitor 

bank voltage is 60 V for copper and 75 V for aluminum. The graphs show the average 

result for two experiments 

In the next experiment, 4 current pulses were applied at a fixed tensile stress, after 

which the latter was increased by about 5%. The results for samples in the as-received 

(annealed) state are shown in Fig. 11 (Fig. 12), where the dependence of strain increment 
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on tensile stress is plotted in (a) for copper and (b) for aluminum. The black, red, blue and 

magenta curves denote the first, second, third and fourth current pulses, respectively. It can 

be seen that regardless of the microstructure of the samples, the dependence revealed in the 

previous experiment is maintained - the first pulse gives the largest increase in relative 

elongation, and with each subsequent pulse the strain increment decreases. This is most 

pronounced for samples after annealing. 

 

Fig. 12 Increment of plastic deformation as a function of fixed tensile stress for four successive 

electric current pulses. After every four pulses, the tensile stress increased by about 

5%. Results for the annealed specimens of (a) copper and (b) aluminum. The capacitor 

bank voltage is 60 V for copper and 75 V for aluminum. The graphs show the average 

result for two experiments 

4. CONCLUSIONS 

The influence of electric current pulses on plastic deformation of wire samples from 

M1 grade copper and KAS 8176 grade aluminum in two structural states as-received and 

after annealing has been investigated. 

The heat release on the specimen during pulsed current with different voltages on the 

capacitor batteries has been evaluated. At capacitor voltages of 60 V for copper and 75 V 

for aluminum, an increase in sample temperature of 25 K and 17 K was observed, which is 

1.84% of the melting point of these metals. The results presented in Figs. 9 through 12 are 

obtained at these capacitor voltages and, therefore, the observed strain increments during 

the current pulses of the samples occurred at such a small Joule heating, less than two 

percent of the melting point. Thus, the classical effect of electroplasticity was observed in 

this work, when plastic deformation occurs under the action of pulsed current practically 

without heating the metal. Figures 9 through 12 show that each current pulse causes an 

increase in strain of the order of 10-3, and it increases with increasing tensile stress and 
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decreases from pulse to pulse at a fixed tensile stress. If the tensile stress does not exceed 

the yield stress, the current pulses do not cause elongation of the specimens. 

The results for copper and aluminum are qualitatively similar, although the stacking 

fault energy is significantly different in these two metals. This supports the dislocation 

mechanism of EE and the presence of numerous twins in copper does not affect the 

electroplastic deformation. The decrease in wire elongation with pulse number at fixed tensile 

stress can be explained as follows. Joule heat released mainly on dislocations increases their 

mobility. While moving, the dislocations reach obstacles or grain boundaries or the specimen 

surface. The number of mobile dislocations decreases and so does the increment of plastic 

deformation. However, an increase in tensile stress leads to a resumption of the effect of 

electroplasticity. The volume-averaged Joule heat release is small because heat is released 

mainly at defects, particularly dislocations, which are effective scatterers for electrons. 

It can be seen from Figs. 9 through 12 that in annealed specimens the plastic 

deformation caused by electric pulses is somewhat greater than in as-received ones, but the 

effect of electroplasticity decays faster with the number of pulses due to a smaller number 

of dislocations. This is clearly seen in the case of copper. In aluminum, however, this effect 

is barely noticeable due to the insignificant difference in grain size between the as-received 

and annealed states. 

The cooling and creep rates at a fixed tensile stress were also investigated. It was shown 

that the cooling rate is almost independent of the structural state of the specimen and is 20-

50 s for copper wire and 10-50 s for aluminum wire, depending on the capacitor battery 

voltage. In addition, it was found that creep continues at a slower rate after the specimen 

has cooled completely. 

Our results confirm that the effect of electroplasticity can be used as an energy saving 

way of metal forming, because the heat is mainly released at dislocations, increasing their 

mobility and stimulating plastic deformation, while the net Joule heat is small. 
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