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Abstract—The work substantiates the relevance of the creation and problem of improving the quality of high-
performance continuous bimetal production. The production of steel overlay clad strips on a combined con-
tinuous casting and strain unit takes place in two process stages. The article provides recommendations for a
high-quality technological process. The recommendations include a problem statement, initial data for the
temperature of the steel base strip, stress-strain state of the cladding layers and the strip in the strain zone of
the three-layer bimetal ingot. A calculation model and a method for solving problems of thermal conductivity
and elastoplasticity are presented. A pattern of the temperature change of the main strip during its passage
through the melt of the cladding layer is established, a stress-strain state of the metals of the main strip and
the cladding layers in the strain zone is determined. The authors determine the value of the main strip drafting
and the mutual displacement of the layers during the reduction of the bimetal ingot by the dies, as well as the
patterns of the axial and tangential stress distribution along the contact line between the cladding layer and
the die. The results of obtaining bimetal steel 09G2S–steel 13KhFA–steel 09G2S on a pilot continuous cast-
ing and strain plant demonstrate the layer interconnection without visible macrodefects, delamination in the
contact zone and a homogeneous and fine-grained structure of the cladding layers.
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INTRODUCTION
Bimetals are widely used in various industries, the

use of which makes it possible to increase the reliabil-
ity and durability of a large class of parts and equip-
ment [1]. The growing demand for bimetals has
caused the need to create high-performance continu-
ous production processes and improve quality. The
main tasks in the production of high-quality steel
bimetal strips are to ensure a strong interconnection
and a given layer thickness ratio and to obtain a homo-
geneous and fine-grained structure of the cladding
layers. These problems of the continuous bimetal strip
production can be successfully solved using a com-
bined continuous casting and strain plant [2–4].

To assess the quality of steel three-layer bimetal
strips, theoretical studies were carried out with verifi-
cation of the results obtained on a pilot continuous
casting and strain plant of OAO Ural Pipe Plant.

The technology of overlay clad strips production
on a combined continuous casting and strain unit
includes two stages.

The first stage of the process consists in passing the
main strip in the solid state through the molten metal
of the cladding layers, which is fed into a water-cooled
copper mold, where a solidified cladding layer of the
metal of the cladding layers is formed. To obtain the
specified thicknesses ratio of the bimetal layers during
the passage of the main strip through the melt in the
mold, it is necessary to obtain the specified thickness
of the cladding layers at the outlet and to prevent the
main strip from melting. In addition, at a high tem-
perature of the cladding layers melt, interlayer forma-
tions (oxide films, decarburized and carbide layers)
may appear on the contact surfaces of the main strip,
which reduce the interconnection strength of the
bimetal strip layers.

At the second stage of the bimetal strip process, the
main strip is connected with the hardened cladding
layer of the cladding layers coming from the mold by
pressing the three-layer bimetal ingot with dies. It
should also be noted that during the passage of the
main strip through the molten metal of the cladding
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Fig. 1. Calculation and point position model (t1—on the
line of symmetry; t2—on the strip; t3—in the melt) repre-
senting the change in temperature over time; (1) contact
pair between the strip and the melt (there are two lines to
create contact).
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Fig. 2. Temperature change at points t1 (1), t2 (2), t3 (3),
and t4 (4) at a contact heat transfer coefficient of
10000 W/(m2 K).
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layers in the mold, it heats up. Therefore, when the
dies compress the bimetal ingot, there is strain of not
only the cladding layers, but also of the main strip. In
addition, during the reduction of a three-layer bimetal
ingot, it is necessary to ensure the mutual displace-
ment of the bimetal layers, which will contribute to the
destruction of undesirable interlayer formations and
increase the strength of the bimetal strip layers [3–5].

PROBLEM STATEMENT 
AND INITIAL DATA

To develop a high-quality steel overlay clad strip
technology, the following is required:

(A) Establishing the dependence of the main strip
temperature on the time of passing through the molten
metal of the cladding layers in the mold in order to
exclude the melting of the main strip;

(B) Determining the cladding layer thickness of the
cladding layers at the molt outlet, depending on the
solidification time;

(C) Establishing the patterns of the cladding layers
flow and the displacement of the main strip in order to
assess the mutual displacement of the bimetal layers
and determine the reduction of the main strip;

(D) Establishing the patterns of axial and tangen-
tial stresses on the contact surfaces of the cladding lay-
ers with dies and the main strip in the strain zone of
the steel bimetal ingot;

(E) Experimental verification of the results
obtained on the pilot continuous casting and strain
plant.

As an example, let us consider the process of
obtaining bimetal 09G2S steel–St3 steel–09G2S steel
on the combined process of continuous casting and
strain unit (Fig. 1). The thickness of the main strip and
cladding layers is 10 and 3 mm, the thickness of the
cladding layers at the mold outlet is 10 mm, the height
of the melt of the cladding layers in the mold is 600
mm, the pulling speed of the bimetal ingot from the
mold is 3 m/min.

RESULTS AND DISCUSSION

At the first stage of the calculation, it is necessary
to establish the patterns of change in the main strip
temperature as it passes through the molten metal of
the cladding layers. The result was obtained by solving
the problem of unsteady heat conduction by the finite
element method using the ANSYS package [6–15].

It was found that when the main strip passes
through the metal melt of the cladding layers for 10–
15 s, its temperature is 900–1000°C (Fig. 2), that is,
the strip melts [3–5]. During this time, the thickness
of the cladding layers at the outlet from the mold will
reach 10 mm, which provides a given degree of strain
of the cladding layers and a required ratio of the
bimetal strip layer thicknesses.

At the second stage of the calculation, it is neces-
sary to determine a stress-strain state of the metals of
the main strip and cladding layers in the production of
bimetal 09G2S steel–St3 steel–09G2S steel on a con-
tinuous combined casting and strain unit. For the cal-
culation, the coefficient of friction between the lining
layer and the die is taken equal to 0.3, and between the
lining layer and the strip—0.6. The temperature of the
outer surface of the cladding layer is 1200°C, and the
inner surface of the cladding layer is 1450°C. The cal-
culation was carried out for two values of the strain
resistance (160 and 240 MPa) and three values of the
cladding layers thickness (2.4 and 6 mm). The results
were obtained by solving the problem of elastoplasti-
STEEL IN TRANSLATION  Vol. 51  No. 10  2021
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Fig. 3. Dependence of the compression value of the main
strip of St3 steel on its strain resistance and thickness of the
cladding layer: (1) σ = 160 MPa; (2) σ = 240 MPa.
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Fig. 4. Nature of the axial stresses along the axes ОХ (SX) (1),
OY (SY) (2) and tangential (SXY) (3) on the contact line of
the cladding layer and the die (thickness of the cladding
layer is 4 mm; friction between the die and the cladding
layer is 0.3).
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city by the finite element method using the ANSYS
package [6–15].

It was established that during the reduction of a
three-layer steel ingot, a mutual displacement of the
main strip and the cladding layers occurs, which con-
tributes to the destruction of undesirable interlayer
formations and interconnection of the bimetal layers.
Moreover, the mutual displacement of the bimetal
layers depends on a degree of deformation of the clad-
ding layers, and the greatest displacement (2.86 mm)
of the layers occurs when the bimetal is obtained with
a cladding layer thickness of 2 mm, and a degree of
their deformation is 80%.

To ensure the specified ratio of the bimetal strip
layers, it is necessary to consider the degree of com-
pression of the heated main strip, which depends on its
strain resistance and the degree of deformation of the
cladding layers.

Figure 3 shows the dependence of the size of the
reduction of the main strip of steel St3 on its strain
resistance and the thickness of the cladding layer when
obtaining a steel three-layer bimetal strip on the con-
tinuous casting and deformation plant; the thickness
of the cladding layer made of 09G2S steel at the mold
outlet is 10 mm at different values of σben.

It was found that when obtaining a steel bimetal
ingot with a thickness of cladding layers of 2 and 4 mm
and a strain resistance of the main strip of 240 MPa, its
reduction is 2.1 and 1.2 mm [3–5, 16, 17].

Figure 4 shows the distribution patterns of axial SX,
SY, and tangential SXY stresses on the contact line of
the cladding layer with the die when obtaining a
bimetal strip with a cladding layer thickness of 4 mm.

It was established that high compressive stresses up
to 260 MPa appear on the contact surfaces of the
STEEL IN TRANSLATION  Vol. 51  No. 10  2021
bimetal strip with dies, contributing to the formation
of a homogeneous and fine-grained metal structure of
the cladding layers.

To evaluate the results of the theoretical studies,
bimetal strips made of steel 09G2S steel–13XFA
steel–09G2S 16 mm thick and 120 mm wide were
obtained on the combined continuous casting and
deformation pilot plant of OAO Ural Pipe Plant
(Fig. 5).

The fact regarding the formation of a fine-grained
structure of the cladding layer of 09G2S steel (in
which the ferrite phase is divided into separate frag-
ments), evenly distributed between pearlite grains,
should be noted (Fig. 6). In the contact zone of the
cladding layer with the main strip, macrodefects and
delamination are absent [18–21].

CONCLUSIONS
It was established that when obtaining steel three-

layer bimetal strips on the combined continuous cast-
ing and deformation plant, the base strip does not melt
when passing through the molten metal of the clad-
ding layers.

When pressing a bimetal ingot with dies, its layers
are displaced in the deformation zone, which contrib-
utes to the destruction of interlayer undesirable forma-
tions in the layer interconnection zone and an increase
in their adhesive strength. In addition, high compres-
sive stresses on the contact surfaces of the bimetal strip
with dies contribute to obtaining a uniform and fine-
grained metal structure of the cladding layers. When
steel three-layer bimetal strips are produced on the
plant, the base strip is reduced 2.1 mm, which should
be considered when developing a bimetallic strip pro-
duction technology.



708 LEKHOV, SHEVELEV

Fig. 6. Microstructure of the steel strips in the bimetal con-
tact interaction zone.

100 μm 100 μm

09G2S

13KhFA

Fig. 5. Continuous casting and deformation section: (1) induction furnace; (2) DC motor; (3) synchronizer gearbox; (4) unit
frame.
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In the study of the steel three-layer bimetal strip
technology on the pilot continuous casting and defor-
mation plant, it was found that the interconnection of
layers without visible macrodefects and delamination
in the contact zone is ensured, and a homogeneous
and fine-grained metal structure of the cladding layers
is obtained.
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