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Influence of various variants of discharge circuits on effectiveness of electrodynamic treatment (EDT) of
aluminium alloy AMg6 and its welded joints was studied. It is established that maximum EDT effectiveness
is achieved at simultaneous impact of pulsed electric current and dynamic load on the treated metal, while
minimum effectiveness is achieved at the impact of just the pulsed current. Deformation wave parameters
were studied at EDT of AMg6 alloy welded joints.
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Methods of treatment of metallic materials and
their welded joints by applying pulsed electro-
magnetic fields to them are becoming ever wider
accepted at regulation of the stressed state of
welded structure elements [1, 2].

One of such methods is electrodynamic treat-
ment (EDT) based on simultaneous impact of
electric current and dynamic load on the electric
contact point. Electrodynamic impact on the met-
al (welded joint) is produced at discharge of
capacitive energy storage through electric con-
tact of working electrode with the metal surface.
Investigations were conducted earlier on evalu-
ation of the influence on treatment effectiveness
of such parameters of electrodynamic impact, as
charging voltage, storage capacitance, and am-
plitude values of pulsed current [3]. During cur-
rent discharge passage electric pulse and dynamic
processes are initiated in the treated material,
determined by electroplasticity mechanism [4]
and generation of deformation waves in the ma-
terial, respectively. Interaction of electroplastic
and dynamic components of EDT at passage of
pulsed current through the treated item deter-
mines its effectiveness.

The objective of this work is assessment of
electroplastic effect and dynamic force load, de-
termining the effectiveness of EDT of AMg6 alu-
minium alloy and its welded joints.

The work was performed using an EDT sys-
tem, the principle of operation of which is de-
scribed in [5], and design features of discharge
circuit elements providing the electrodynamic

impact on the treated metal are given in [3]. The
system (Figure 1, a) consists of capacitive storage
C, flat inductor L, electrode 2 and disc 3 from
nonferromagnetic material. Electric power in the
storage device C in the form of a current pulse
is transferred into treated metal 1 at the moment
of closing of contactor K. At current passage
through inductor L a pulsed magnetic field is
excited in it, which induces eddy current in the
disc. Its interaction with the magnetic field gen-
erates an electromagnetic force. Force impact is
transferred from the disc to the electrode, which
transfers the electrodynamic impact to the metal.
Thus, the capacitive storage discharge ensures
interaction of two mechanisms – dynamic force
impact of the electrode with simultaneous pas-
sage of pulsed electric current through the ma-
terial being treated.

Influence of various variants of discharge cir-
cuit (Figure 1) on parameters of electrodynamic
impact at EDT was studied, including amplitude
values of pulsed current I and dynamic loads P
during the time of capacitive storage discharge.
Measurements of I and P were performed in the
instrumentation complex, the principle of opera-
tion of which is set forth in [3]. Values of pulsed
current I were recorded by contactless method
of Rogowski loop, parameters of dynamic load
P were recorded by a piezoelectric pressure sen-
sor, and a cylindrical sample from an aluminium
alloy was used as the treated material.

Four circuit variants were studied. In the first
(basic) variant (see Figure 1, a) discharge cur-
rent flowed through inductor L, disc 3, electrode
2 and treated metal 1. In this case, parameters I
and P were determined by electrodynamic inter-
action of such circuit elements as «inductor +
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disc» and «electrode + metal». In the second
variant (Figure 1, b), inductor L was removed
from the disc to distance h = 10 mm, but was
included into the circuit. This eliminated the fac-
tor of dynamic pressure of the inductor on the
disc at preservation of equality of discharge cir-
cuits (see Figure 1, a, b). In the third variant
inductor L was completely excluded from dis-
charge circuit (Figure 1, c) that allowed assess-
ment of the influence of its resistance on values
of parameters I and P, as well as their rise speeds.
The circuits embodied in variants shown in Fi-
gure 1, b, c allow assessment of the influence of
pulsed current on electrodynamic impact at EDT.
In the fourth variant (Figure 1, d) discharge
circuit was closed to inductor L that eliminated
current flowing through treated metal and al-
lowed assessment of the contribution of dynamic
load P resulting from interaction of «disc + elec-
trode» elements of the circuit to electrodynamic
impact at EDT.

Calculation of parameters I and P (Figure 2)
was conducted by the procedure of [6] at imple-
mented variants of discharge circuit, shown in
Figure 1. Figure 2, a gives calculated values of
pulses of current and load at discharge of capaci-
tive storage of 6600 μF capacitance charged up

Figure 1. Variants of discharge circuit in EDT system: a –
current discharge runs through flat inductor L, disc 3, elec-
trode 2 and metal sample 1; b – similar to a, but air gap
h is provided between flat inductor and disc; c – current
discharge runs through the disc, electrode and metal sample,
flat inductor is eliminated; d – current discharge runs
through the flat inductor and disc

Figure 2. Calculated values of pulsed current I (1) and dynamic load P (2) for discharge circuit variants shown in
Figure 1, a—d, respectively
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to 480 V voltage, to inductance of 22.66 μH
mounted in the electrode system with a minimum
gap between the coil and disc that corresponds
to the circuit in Figure 1, a. It is seen from the
Figure that dynamic load reaches its maximum
value before current has reached its highest value.
This ratio changes only slightly at increase of
inductance from 26.66 to 36.08 μH, obtained by
increasing the gap between the coil and disc (Fi-
gure 2, b) that corresponds to the circuit in Fi-
gure 1, b. It should be noted that at any values
of capacitance and inductance the maximum cal-
culated value of dynamic load is achieved before
current has reached its highest value.

Calculated values of current and load, reached
at capacitive storage discharge by the circuits
shown in Figure 1, c, d are given in Figure 2, c,
d, respectively. At removal of inductor from the

discharge circuit, the current pulse is formed by
storage capacitance and parasitic inductance of
wires, assumed to be equal to 4 μH in calcula-
tions, and reaches its maximum value at 6200 A
at the moment of time of 0.125 ms. Leading edge
of the pulse is shortened approximately 4 times,
compared to the variant shown in Figure 2, a,
b, while the dynamic load pulse is absent. Con-
trarily, when current passage through the treated
metal is eliminated at minimum gap between the
disc and inductance, a dynamic load is created
(Figure 2, d) reaching its maximum at 18,000 N
at 0.5 ms duration (inductance L is equal to
26.66 μH). The amplitude does not differ from
the variant shown in Figure 2, a.

Investigations of the influence of various dis-
charge circuits on parameters P and I were con-
ducted at the value of charging voltage U of
capacitive storage device, equal to 480 V. Total
capacitance of storage battery of EVOX RIFA
2200 model, included into the discharge circuit,
was 6600 μF. Error of measured parameters of
electrodynamic impact did not exceed 5 %.

Experimentally derived oscillograms of
pulsed current I and dynamic load P at different
variants of discharge circuit are given in Figure 3.
Figure shows that when basic circuit (see Figu-
re 1, a) was used and just the dynamic load (see
Figure 1, d) was applied, Imax values were in the
range of 2908—3080 A (Figure 3, a, d), which
can be assumed to be close. Experimental values
of Imax are below the calculated values, that is
attributable to contact resistances of discharge
circuit elements, allowing for which is a rather
complicated task, going beyond the scope of this
study. On the other hand, if maximum value of
dynamic load Pmax for basic variant (Figure 1,
a) was equal to 20,461 N (Figure 3, a), for the
variane in which the treated material is excluded
from discharge circuit and subjected to just dy-
namic loading (Figure 1, d), Pmax did not exceed
17,895 (Figure 3, d) that is by 15 % lower than
the basic one. Experimental Pmax values are quite
close to calculated values that is seen from Figu-
re 2, a, d. Increased values of Pmax for the circuit
shown in Figure 1, a, compared to Figure 1, d,
are attributable to simultaneous electrodynamic
impact on the treated metal of such discharge
circuit elements as «inductor + disc» and «elec-
trode + metal». In the variant shown in Figure 1,
d, action of «inductor + disc» pair is eliminated
and metal is exposed to the impact of just the
dynamic load. Periods of the time of impact of
parameters I and P on the metal for the two
considered variants of the circuit were compara-

Figure 3. Experimental values of pulsed current I (1) and
dynamic load P (2) at different variants of discharge circuit
shown in Figure 1, a—d, respectively
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ble and did not exceed 1.42 and 0.87 ms, respec-
tively (see Figure 3, a, d).

A different pattern of distribution of I and P
values was observed in the absence of dynamic
load in those variants of the circuit, when induc-
tor was removed to a distance from the disc (see
Figure 1, b), as well as completely eliminated
from the circuit (see Figure 1, c). Periods of
action of pulsed current I in the considered circuit
variants were close to calculated ones of 1.6—
1.8 ms (see Figure 3, b, c), but in the absence
of the inductor maximum value of current am-
plitude Imax was higher, and the speed of its rise
and drop was steeper, that can be seen at com-
parison of curves 1 in Figure 3, b, c, as well as
calculated curves (Figure 2, b, c). If at inductor
removed from the disc (see Figure 1, b) maximum
current value Imax was equal to 2780 A, then at
its elimination from the circuit Imax value was
6181 A that is close to the calculated value. This
is attributable to lower circuit resistance, because
of the absence of inductance element. Speeds of
current rise and drop in the case of a distanced
inductor (Figure 1, b) were 8687 and
2138 A/ms, respectively, and at its elimination
from the circuit (see Figure 1, c) they were 61,810
and 4578 A/ms. Thus, decrease of the considered
circuit inductance and storage device energy, re-
spectively, leads to an increase of the speed of
pulsed current rise by more than 7 times, and
that of its drop – by more than 2 times. Maxi-
mum values of dynamic loads Pmax in the variants
of inductor removed to a distance and its elimi-
nation reached 7.9 and 23 N, respectively, while
the period of their action was 0.16 ms (Figure 3,
b, c, curves 2). Values of speeds of P rise/drop
in Figure 3, b (corresponds to the circuit in Figu-
re 1, b) were equal to 79 N/ms, and for the
circuit in Figure 3, c (corresponds to the circuit
in Figure 1, c) they were 255 N/ms, that corre-
sponds to Pmax values for the considered circuit
variants.

At implementation of circuit variants shown
in Figure 1, b, c (dynamic load is absent), elec-
trodynamic impact is determined by «electrode +
metal» pair. In this case, maximum values of
pulsed current Imax, initiating the electroplastic-
ity mechanisms, correspond to dynamic loads P =
= 0 at inductor L placed at a distance from the
disc (see Figure 3, b, curves 1, 2) and P = 0.5Pmax
with inductor eliminated from the circuit (see
Figure 3, c, curves 1, 2). This results in earlier
impact of dynamic load Pmax relative to current
Imax at electrodynamic impact, that is in agree-
ment with calculations (Figure 2, b, c).

At comparison of periods of time t(Imax) and
t(Pmax), corresponding to maximum values of
current and load on curves 1 and 2 (see Figure 3,

a, d), a difference from calculated curves is found
(Figure 2, a, d), expressed in delaying of dynamic
load impact Pmax relative to current load Imax.
Calculated and experimental values of speeds of
P rise and drop for circuit variants shown in
Figure 1, a, d, were equal to 37,000 and
40,000 N/ms, respectively, that shows that at
the above-mentioned electrical parameters of the
circuit the actual load rise is comparable with
the calculated values. It should be noted that
real ratios of Pmax and Imax in the time scale
(Figure 3, a, d) provide synchronizing of the
components of electrodynamic impact on the
treated material. Delaying of real rise of dynamic
load P compared to the calculated value is related
to plastic deformation of the treated surface at
its contact interaction with the spherical tip of
the electrode at the moment of capacitive storage
discharge.

For a more detailed evaluation of electrody-
namic impact on the effectiveness of EDT proc-
ess, treatment was applied to pre-stretched flat
samples of aluminium alloy AMg6 and its welded
joints with working area dimensions of 150 ×
× 30 × 4 mm. Samples were loaded in the rupture
machine of «rigid» type with maximum tensile
force of 98,000 N at deformation rate of 0.1 mm/s
and temperature of 293 K. EDT was performed
by series of five current discharges at pulse ratio
of 60 s in the mode, taken for investigations of
discharge circuit variants (see Figure 3).

Influence of electrodynamic impact on lower-
ing of material resistance to deformation, Δσ,
was evaluated at different variants of the circuit.
Initial value of tensile stress σ0 was taken equal
to 150 MPa, at which, according to the data of
[7], maximum values of EDT effectiveness –
Δσ/σ0 – are achieved at the above-mentioned
mode parameters.

Three variants of discharge circuit were used
(Figure 4). In the first variant (Figure 4, a) EDT
effectiveness was determined by interaction of
such circuit elements as «inductor + disc» and
«electrode + metal sample». In the second variant
of the circuit (Figure 4, b) Δσ/σ0 values were
determined by electrodynamic interaction of ele-
ment pair of «electrode + metal samples», and
in the third variant (Figure 4, c) – by electro-
dynamic interaction of «inductor + disc» ele-
ments.

Values (Δσ/σ0)⋅100 % after EDT of samples
of AMg6 alloy and its welded joints, imple-
mented with different variants of discharge cir-
cuit, are shown in Figure 5, from which it is seen
that action of just the pulsed current (curves 1
and 1′ correspond to the circuit in Figure 4, b)
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does not have any significant influence on defor-
mation resistance, and, consequently, on EDT
effectiveness. At comparison of (Δσ/σ0)⋅100 %
values, resulting from EDT under the conditions
of dynamic load (curves 2 and 2′ correspond to

the circuit in Figure 4, c), and at interaction of
pulsed current and dynamic load (curves 3 and
3′ correspond to the circuit in Figure 4, a), one
can see that EDT effectiveness at dynamic load
has lower values. EDT of base metal is less ef-
fective compared to EDT of welded joints that
is seen from comparison of curves 1—3 and 1′—3′.
This is related to presence of residual stresses in
welded joint samples, and in [7] it is shown that
effectiveness of electrodynamic impacts depends
on values of elastic tensile stresses in the material,
subjected to EDT.

Increase of EDT effectiveness at interaction
of current and dynamic components, compared
to dynamic load, is attributable to interaction of
conduction electrons with dislocation clusters
during the action of current pulse [8]. Dynamic
load, value of which at the above-given charging
voltage is equal to 20,460 N, creates the conditions
for dislocation clusters overcoming the barriers.
Pulsed current provides dislocation displacement
by the electron flow at its impact on the metal.
Thus, the impact of just the pulsed current with-
out the influence of dynamic load is capable of
unpinning the dislocation clusters from stoppers
in the material microvolume, but is insufficient
for initiating a jump of stresses Δσ over the entire
cross-section of the sample (Figure 5, curves 1
and 1′). Dynamic load (Figure 5, curves 2 and
2′) promotes dislocation clusters overcoming the
barriers over the entire section of the sample dur-
ing the first current discharge (n = 1 in Figure 5),
but its effectiveness essentially decreases at sub-
sequent discharges. This is attributable to the
fact that at n = 1 the dynamic impact energy
ensures overcoming of barriers for dislocation
clusters of finite density. The metal preserves
stable dislocation groups, the density of which
exceeds the energy capabilities of dynamic load
that makes low-effective the current discharges
n = 2—5 in Figure 5. At the same time, dynamic
impact is characterized by the required potential
for dislocation unpinning from the stoppers, but
is insufficient for their displacement. This as-
sumption is supported by the difference in effec-
tiveness data in the sections of curves 2—2′ and
3—3′ at n = 2—5 in Figure 5. Pulsed current pro-
motes displacement of dislocations unpinned
from the stoppers by dynamic load at n = 2—5
that enables exceeding (Δσ/σ0)⋅100 %. This is
seen at comparison of curves 3—3′ and 2—2′. If
dynamic load does not provide dislocation un-
pinning from the stoppers after the first current
discharge (n = 1), then curves 2—2′ and 3—3′
coincide during the entire treatment cycle, i.e.
at n = 1—5 in Figure 5. Thus, pulsed current is

Figure 4. Circuits of EDT of AMg6 alloy and its welded
joints (for a—c see the text)

Figure 5. Influence of discharge circuit on relative effec-
tiveness of EDT (Δσ/σ0)⋅100 % of AMg6 alloy and its
welded joints (for designations see the text)
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not the only parameter determining EDT effec-
tiveness. This mechanism is described in [9] for
the case of jump-like deformation of aluminium.

For evaluation of dynamic loads initiated by
electrodynamic impact, distribution of longitu-
dinal deformation waves was studied at different
variants of the discharge circuit corresponding
to those shown in Figure 4, a, b. Investigations
were performed using a flat sample of welded
joint of AMg6 alloy, on the surface of which a
strain gauge with 10 mm base was placed along
the central longitudinal axis at 70 mm distance
from the center of the sample, the surface of
which was treated by single current discharge in
the mode corresponding to charging voltage of
480 V. Sensor readings were recorded with two-
channel digital oscillograph PCS Welleman at
0.1 ms scan.

Values of deformation waves εEDT initiated
by dynamic load (without current impact) and
electrodynamic impact are given in Figure 6.
From the Figure one can see that maximum range
of wave amplitude, which is equal to 0.0042,
corresponds to electrodynamic impact (curve 2).
No residual plastic deformation was recorded in
the strain gauge measurement zone. This is con-
firmed by the results given in [7], where it is
stated that the region of plastic deformation at
EDT is localized in the zone of electrodynamic
impact.

As is seen from Figure 6, the periods of rise
of primary deformation wave for the two variants
of the circuit, are equal to each other, being
0.05 ms. Here, the speed of deformation wave
rise at dynamic load (curve 1) is equal to 0.04 ms,
and at electrodynamic impact (curve 2) it reaches
0.049 ms. Higher speed of wave rise achieved
under the conditions of current flowing through
the sample, ensures maximum values of tensile
deformations of 0.0024 (curve 2). At sample ex-
clusion from discharge circuit stress value was
not higher than 0.002 (curve 1). More noticeable
is the influence of pulsed current in the flat region
of primary wave drop, where the difference of
values of tensile deformations on curves 1 and 2
was up to 0.0007 during 0.12 ms.

Results of conducted investigations lead to
the conclusion that pulsed current treatment has
the smallest influence on lowering of residual

stresses in welded joints of AMg6 alloy. More
effective is the impact of dynamic load realized
without pulsed current passage through the
treated material. The highest effectiveness of
EDT is found at pulsed current passage through
the material, at its simultaneous action with the
dynamic load on samples with welded joint.
Thus, such an impact is preferable at EDT of
welded joints of sheet structures from aluminium
alloys.
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Figure 6. Values of deformation waves εEDT initiated by
dynamic load (1) and electrodynamic impact (2)
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