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In this article, the influence of a new combined-processing technology of cop-
per wire on the stress state is investigated. This technology consists in de-
forming the wire in a rotating equal-channel step matrix and subsequent
drawing. Deformation modelling is carried out at ambient temperature. To
assess the effect of the workpiece twisting degree on the value of average hy-
drostatic pressure, the matrix-rotation speed is varied within 6, 18, and 30
rpm; the distance between the two deforming tools also is varied within 100,
200, and 300 mm. The simulation results reveal an inverse dependence of the
intensity of compressive stresses on the matrix-rotation speed and a direct
dependence on the gap magnitude between the deforming tools. Thus, with an
increase in the matrix-rotation speed, the level of compressive stresses in all
models is decreased by 1.5-2 times, depending on the gap length between the
tools. With an increase in the distance between the two deforming tools from
100 to 300 mm, the level of compressive stresses in all models increases by
1.5-2 times, depending on the matrix-rotation speed.
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¥ 1i#t craTTi KOCTiMKy€eTHCSA BIJIMB HOBOI KOMOiHOBAHOI TEXHOJIOTI1 00p00IeH-
HA MiJHOTO APOTY Ha HANpPyKeHUH cTaH. [JlaHa TexHoJOria mondArae B medop-
MyBaHHi IPOTy B PiBHOKAHAJBHIN CTyIIiHYACTi#T MaTpuIli, 1110 00epTaeThCs, Ta
momasbIIoMy BoJiouinui. MomemioBanuA medopMarliii IPOBOAMIOCSA 3a TeMIIe-

Corresponding author: Andrey Valerievich Volokitin
E-mail: a.volokitin@tttu.edu.kz

Citation: A.V.Volokitin, E. A. Panin, and D. N. Lawrynyuk, Study of the Stress
State in a Wire During Deformation Using a New Combined Technology, Metallofiz.
Noveishie Tekhnol., 47, No. 12: 1355—-1364 (2025). DOI: 10.15407/mfint.47.12.1355
© Publisher PH “Akademperiodyka” of the NAS of Ukraine, 2025. This is an open access
article under the CC BY-ND license (https://creativecommons.org/licenses/by-nd/4.0)

1355


https://doi.org/10.15407/mfint.47.12.1355
https://creativecommons.org/licenses/by-nd/4.0
https://doi.org/10.15407/mfint.47.12.1355

1356 A.V.VOLOKITIN, E. A. PANIN, and D. N. LAWRYNYUK

paTypu HaBKOJIUIITHBOTO cepenoBumia. {14 OmiHKM BIJIMBY CTYIEHS CKPYyYy-
BaHH 3aTOTiBKY HA BeJIMYUHY CEPETHBOTO TiIPOCTATUYHOIO TUCKY IIIBUAKICTD
obepTaHHS MaTPUIli 3MiHIOBajacsa B Mexxkax 6, 18 i 30 00/xB, Bigmanp Mixk
nBoMa nehOpMyBaJIbHUMU iHCTPYMEHTAMM TaKOXK 3MiHIOoBajsacsa B mexxax 100,
200 i 300 mm. PesynbpraTy MOeII0BaHHSA IIOKA3aJI O0EPHEHY 3aJIEXKHICTh iH-
TEHCUBHOCTY CTUCKAJbHUX HANIPY KEHb BiJl IIBUIKOCTU O0EPTAHHA MaTPUILL Ta
IPAMY SaJIEKHICTD BiJf BEIMUMHY 3a30Py MiK gedopMyBaIbHUMY iHCTPYMEH-
ramu. Tak, 31 30ibIIeHHAM IIBUAKOCTH O0€PTAHHSA MATPUIL PiBeHb CTUCKA-
JbHUX HAIPYKEHb Y BCiX MOJeJaaxX MOHMKYBaBcsa B 1,5—2 pasu, 3a1eKHO Bin
JOBXKMHU 3a30PYy MisK iHCTpyMeHTaMu. ¥ pasi 30iJabIeHHA Bigmanai misk gBoMa
medopmyBanbauMEu iHcTpyMeHTaMu 3i 100 1o 300 MM piBeHBL CTHCKAJIBHUX
HANPyKeHb y BCixX mMomenax 3poctae B 1,5-2 pasu, 3ajie;KHO Bim MIBUIKOCTH
00epTaHHA MAaTPUIIi.

KarouoBi cioBa: minb, ApiT, CKpy4YyBaHHs, BOJIOUiHHS, HANPYysKeHUH CTaH,
MOJeJIIOBAHHSA.
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1. INTRODUCTION

The modern market economy imposes fundamentally new require-
ments on product quality. Now, the survival of any enterprise and the
stable position of its goods and services in the market are determined
by the level of competitiveness. Competitiveness is related to two indi-
cators: price and product quality. The competitiveness of a product is
understood as a set of qualitative and cost characteristics of a product
that meet the specific needs of the buyer at a given time and compare
favourably with similar products produced by competitors.

The main way to increase the competitiveness of wire is to introduce
innovative developments and technologies into existing production,
which will allow producing higher-quality wire at lower costs [1-5].
Therefore, the current steadily growing demand for high-quality wire
requires wire manufacturers to take a new approach to further devel-
opment and improvement of drawing technology.

The need to develop and introduce into production innovative tech-
nologies for the manufacture of wire with high strength and plastic
properties determines the relevance of this study.

A good option may be the principle of deformation combination,
when, as a result of combining two processes, it becomes possible to in-
crease the plastic characteristics of the metal [6-10]. It is known from
the practice of metal forming that the application of the alternating
strains makes it possible to increase the plastic resource of metals due
to the grain reorientation, the appearance of new sliding planes and a
decrease in energy along grain boundaries. This mechanism is because
the dislocation structure formed under a certain deformation pattern
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is disrupted when the deformation pattern changes. Such deformation
treatment does not reduce the dislocation density in the metal, but by
redistributing them, it changes the dislocation structure. The in-
volvement of additional sliding planes shifts the moment of complete
embrittlement to the area of increased total compression. As a result,
the yield strength decreases and the wire ductility increases. This is
because plasticity and deformability are largely determined by the
density and distribution of crystalline structural defects (mainly dis-
locations) in the metal volume, which accumulate during progressive
deformation. Therefore, it is necessary to create such deformation
conditions so that local peak stresses are always removed, even before
the crack originates.

Nanostructuring processes are one of the most progressive ways to
improve the complex of mechanical properties of structural materials,
allowing significant modification of the properties of alloys without
changing the chemical composition [11-17]. However, the unique
combination of particularly high strength and at the same time suffi-
cient plasticity of ultrafine-grained materials requires a unique devel-
opment of methods for their production. Therefore, many scientists
have been trying for a long time to combine traditional drawing with
methods of severe plastic deformation, which make it possible to ob-
tain an ultrafine-grained and nanostructure [18-22].

One of these combined technologies is a technology that combines
ECAP and traditional drawing (ECAP-drawing) [23-25]. The defor-
mation technology being developed in this article represents a further
development of the combined ‘ECAP-drawing’ process. In this tech-
nology, the key feature is the rotating ECA matrix. Due to this, the
workpiece, in addition to deformation at the stages of ECAP and draw-
ing, receives a certain increase in deformation due to twisting in the
gap between two deforming tools.

The practical significance of the study lies in the possibility of in-
troducing improved technology into existing drawing mills by simply
adding one node, without significant changes in the mill design or de-
formation technology.

2. EXPERIMENTAL

The possibility of implementing combined loading using traditional
drawing was studied using computer modelling. The study was con-
ducted using the DEFORM-3D software package, which takes into ac-
count sufficient resources to solve the tasks and a user-friendly inter-
face that allows you to output data in the form of graphs and images
with high computational accuracy.

Consideration of the stress state is important in the study of any de-
formation technology. From the point of view of the processed materi-
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al, the study of the stress state allows to assess the resulting stress dis-
tribution over the entire workpiece volume and make the necessary ad-
justments to obtain the most optimal distribution picture (for exam-
ple, to reduce the level of tensile stresses and increase the proportion of
compression stresses). From the perspective of a deforming tool, the
study of the stress state allows to assess the overall stress level that
occurs and identify the possibility of equipment failure due to viola-
tion of strength conditions.

In addition, in this case, it is necessary to take into account the non-
cumulative nature of all stress state parameters. Unlike the strain
state, stress parameters tend to reset after the load is removed. There-
fore, the most appropriate way to study the stress state is to consider
the workpiece at the time of simultaneous deformation in both tools.
This will allow examining in detail the patterns of stress distribution
both in the deformation zones and in the gap between the tools. In this
case, the most advantageous position is the longitudinal section of the
workpiece, which allows to consider the stresses that arise both in the
transverse direction (in height) of the workpiece and in the longitudi-
nal direction (in length).

The deformation speed v; applied to the front end of the workpiece
and equal to 500 mm/s was taken as the initial parameter. In the fibre,
the initial diameter of 7 mm is reduced to 6 mm. In accordance with the
law of constancy of second volumes, the velocity vo-; will be equal to
367 mm/s. The velocity vo applied to the rear end of the workpiece is
280 mm/s. At the same time, it was decided to vary the value of the an-
gular velocity of rotation of the matrix in order to assess the effect of
the workpiece twisting level on the stress state. The following values of
the matrix-rotation speed were set: 6, 18, 30 rpm. A geometric param-
eter the distance between two deforming tools was also varied. This
variation was designed to evaluate the distribution of workpiece twist-
ing intensity in the interval between tools with unchanged kinematic
parameters. The following values of the distance between the matrix
and the drawing die were set: 100, 200, 300 mm.

3. RESULTS AND DISCUSSION

Figure 1 shows the patterns of stress distribution in the workpiece sec-
tion with a distance between the matrix and the drawing die of 100 mm
at different matrix-rotation speeds.

Comparing the obtained results, it can be noted that the stress dis-
tribution is quite identical both in the deformation zones and in the
gap between the instruments. At all matrix-rotation speeds, an abso-
lutely identical pattern is formed in the ECAP deformation zone, both
in terms of the nature of the stress distribution and their values. This
is because the influence of the matrix-rotation speed in this defor-
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Fig. 1. Stress distribution in the workpiece section with a distance between
the matrix and the drawing die of 100 mm at different matrix-rotation
speeds: 6 rpm (a), 18 rpm (b), 30 rpm (c).

mation zone is practically absent due to the free rear end of the work-
piece, which rotates with the matrix.

Due to the presence of tension in the matrix, only small areas of con-
tact between the workpiece and the tool occur, compressive stresses in
the range of —230—250 MPa occur in these zones. Zones of tensile
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stresses in the range of 80-100 MPa are created in opposite sections.

In the interval between the tools, the stress values are also approxi-
mately the same, namely, in the stretching zones, the stress level is of
60—-80 MPa, and in the compression zones, the stress level is of —20—
—50 MPa. The main difference here is the nature of the distribution of
tensile and compressive stresses, which is the result of the influence of
the matrix-rotation speed. Comparing all three pictures in Fig. 1, it
can be noted that, with an increase in the matrix-rotation speed in the
considered interval between the tools, a stress distribution along a hel-
ical line is observed, whereas at a speed of 6 rpm this distribution is
almost linear in length.

The first serious differences in the models are observed in the draw-
ing deformation zone, which is associated with a change in the matrix-
rotation speed, which, in turn, has a direct effect on the workpiece
twisting intensity in the interval between tools. With an insignificant
rotation speed of the ECA matrix of 6 rpm, the drawing deformation
focus differs little from the classical focus, when compressive stresses
prevail in the contact zone of the workpiece and the drawing (under
these conditions, their level is approximately of —140—-150 MPa).
With an increase in the rotation speed of the ECA matrix, the level of
twisting of the workpiece increases, as a result of which the level of
compressive stresses decreases. This phenomenon is a well-known fact,
when the torsion factor reduces energy costs during drawing [4]. As a
result, at a matrix-rotation speed of 18 rpm, the level of compressive
stresses in the drawing deformation zone is approximately of —100—
-120 MPa, and at a matrix-rotation speed of 30 rpm, the level of com-
pressive stresses is approximately of -60——70 MPa.

Figure 2 shows the patterns of stress distribution in the workpiece
section with a distance between the matrix and the drawing die of
200 mm at different matrix-rotation speeds.

An increase in the gap between deforming tools has practically no
effect on the parameters of the stress state in the ECAP deformation
zone and in the gap between the tools. For all values of the matrix fu-
sion rates, patterns similar to the previously considered models in
Fig. 1 are observed in these zones. Significant differences are observed
only in the drawing deformation zone. Here, the inverse dependence of
the intensity of compressive stresses on the matrix-rotation speed is
preserved. However, a comparison of two groups of models with dif-
ferent values of the gaps between the tools revealed a direct relation-
ship of this parameter with the intensity of compressive stresses—in
all three models, the level of compressive stresses in the drawing area
had increased of 25-35%. Despite the fact that increasing the matrix-
rotation speed reduces stresses, the overall increase is associated with
an increase in the total working of the metal along the section, i.e., with
its hardening due to longer workpiece twisting.



STUDY OF THE STRESS STATE IN A WIRE DURING DEFORMATION 1361

Stress—Mean (MPa)
300
225 H
150

r/‘I 75.0
) :;?_"Hi h“'.‘u_';.‘\L'J_U.OO

-75.0 ‘
-150
-225
-300

(]

Stress-Mean (MPa)

300
225 H
150

Stress—Mean (MPa)

300
225 H
150
75.0
= )

L O : A - l 0.00
LJ J_—-M ;
150 o
—225 I
-300

Fig. 2. Stress distribution in the workpiece section with a distance between
the matrix and the drawing die of 200 mm at different matrix-rotation
speeds: 6 rpm (a), 18 rpm (b), 30 rpm (c).

c

Figure 3 shows the patterns of stress distribution in the workpiece
section with a distance between the matrix and the drawing die of
300 mm at different matrix-rotation speeds.

A further increase in the gap between the instruments from 200 to
300 mm preserves the previously identified dependences. There is still
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Fig. 3. Stress distribution in the workpiece section with a distance between
the matrix and the drawing die of 300 mm at different matrix-rotation
speeds: 6 rpm (a), 18 rpm (b), 30 rpm (c).

an inverse dependence of the intensity of compressive stresses on the
matrix-rotation speed and a direct dependence of the intensity of com-
pressive stresses on the magnitude of the gap values.

Since the differences in all the considered models were revealed only
at the drawing stage, for this zone, all the stress values obtained were
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TABLE 1. Stresses in the drawing area, MPa.

Parameter 6 rpm 18 rpm 30 rpm
100 mm -140—-150 -100—-120 -60—-70
200 mm -160—-170 -120—-140 -90—-110
300 mm -220—-240 -160—-180 -140—-160

summarized in Table 1.

4. CONCLUSION

In this article, the stress state is considered during the implementation
of a new combined technology for copper wire processing. The key fea-
ture of the new technology is the wire deformation in a rotating equal-
channel step matrix and subsequent drawing. The analysis results of
the average hydrostatic pressure revealed an inverse dependence of the
compressive stresses intensity on the matrix-rotation speed and a di-
rect dependence on the gap magnitude between the deforming tools.
Thus, with an increase in the matrix-rotation speed, the level of com-
pressive stresses in all models decreased by 1.5-2 times, depending on
the gap length between the tools. With an increase in the distance be-
tween the two deforming tools from 100 to 300 mm, the level of com-
pressive stresses in all models increases by 1.5-2 times, depending on
the matrix-rotation speed.

This research is funded by the Science Committee of the Ministry of
Science and Higher Education of the Republic of Kazakhstan (Grant
No. AP19676903).
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