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Aluminum alloy 6082 is widely used in mechanical engineering, aircraft
construction, shipbuilding and power engineering due to its high combination of
strength, corrosion resistance and processability. It is in demand for the manufacture
of critical components and structural parts, however, traditional methods of
thermomechanical processing do not always ensure the formation of a fine-grained
structure and an increase in the mechanical properties of the material, as a result of
which the resource of such products may decrease. Modern requirements for
reliability and durability of critical structures require materials to have high strength,
ductility and corrosion resistance at the same time. Achieving an optimal balance of
properties is possible with a significant improvement in the structure of the metal, in
particular by grinding grain. Therefore, an urgent scientific and technical task is to
develop new technological processes for manufacturing products made of EN AW-
6082 alloy with predictable properties and fine-grained structure over the entire
cross-section.

One of the promising ways to solve this problem is the method of three-roll
radial shear rolling (RSR), a process of intense plastic deformation that significantly
grinds the grain of the material and increases the strength characteristics of the rolled
bars. Radial shear rolling provides a stress state close to all-round compression with
active shear, which is favorable from a technological and economic point of view.

Thus, the study of the RSR alloy 6082 process is aimed at improving the quality
and durability of aluminum products by obtaining a uniform fine-grained structure
and improving the complex of mechanical properties. The scientific and practical
significance of the work lies in the development of technology for the production of
high-strength rods from alloy 6082 by methods of intensive plastic deformation,
which is in demand in modern metallurgy and mechanical engineering.

The purpose of the study is to develop scientifically proven modes of three—
roll radial shear rolling of rods made of aluminum alloy 6082, providing grain
grinding and improving the mechanical properties of the deformed metal.

To achieve this goal, the following tasks have been solved:

— to determine the rheological properties of alloy 6082 (by thermomechanical
tests) and to establish the dependence of the deformation resistance on the
temperature and velocity parameters of the deformation process;



— to develop a numerical model of the rolling process of a 6082 alloy bar in
the Forge NxT software environment and conduct computer modeling in order to
optimize technological parameters (the model should adequately describe the
distribution of deformation, stress and temperature in the metal);

— perform experimental rolling of bars made of alloy 6082 on an experimental
three-roll radial shear mill;

— to carry out metallographic studies of the resulting structure and test the
mechanical properties of the rolled material;

— To verify the numerical model by comparing the calculated data with the
experimental results and, on this basis, optimize the rolling modes.

The object of the study is the process of intensive plastic deformation of
aluminum alloy 6082 by three—roll radial shear rolling (the technological process of
rolling rods from alloy 6082 on a radial shear mill).

Provisions to be defended:

- Patterns of deformation of alloy 6082. The dependences between the
parameters of the deformation-velocity regime of three-roll radial shear rolling and
the characteristics of plastic deformation of aluminum alloy 6082 are established.
For the first time, the effect of temperature and deformation rate on the deformation
resistance of this alloy in the RSR process (in the range of 350-500 °C) has been
experimentally determined. It is shown that a decrease in the heating temperature to
~350 °Increasing the angle of inclination of the rolls increases the resistance to
deformation, however, they ensure the achievement of a fine-grained structure with
sufficient plasticity of the material.

- Numerical simulation of the process. A numerical model of three-roll rolling
of bars made of alloy 6082 has been developed and verified using physical
experiments. It is revealed that the results of computer modeling (distribution of
strain, stress, temperature) They are in good agreement with experimental data on
the structure and properties of rolled metal, which indicates the correctness of the
chosen model and its suitability for predicting process parameters and final material
characteristics.

- Optimal rolling modes. Rational technological modes of radial shear rolling
of alloy 6082 have been determined, which make it possible to obtain a fine-grained
structure without defects. It has been found that the greatest effect is achieved when
rolling at a heating temperature of about 350 ° C; under these conditions, due to the
dynamic softening of the material, it is possible to carry out up to three consecutive
passes without additional heating of the metal. The selected modes ensure significant
grain grinding of alloy 6082 while maintaining the integrity and specified geometry
of the rolled bar.



- The effectiveness of an integrated approach combining plastometric testing
and experimental rolling with computer modeling for the development of pressure
treatment technologies for aluminum alloys is shown. The use of digital and physical
experiments made it possible to reduce the material and time costs for selecting
process parameters while increasing the reliability of the results.;

The scientific novelty of the work is determined by the following results:

- The conditions of intensive deformation treatment of alloy 6082 by three-roll
radial shear rolling, under which a fine-grained structure is formed in deformed bars,
are determined. For the first time, it has been experimentally shown that a certain
combination of rolling parameters ensures that the grain of alloy 6082 is crushed to
a submicron level without disturbing the continuity of the material.

- The rheological behavior of aluminum alloy 6082 under radial shear rolling
conditions has been studied for the first time. Based on the data obtained, a numerical
model of the process was developed and verified, which is a prototype of a digital
twin of a three-roll DSP and adequately describes the deformation of alloy 6082.
The model made it possible to establish the influence of the deformation-velocity
parameters of rolling on the resistance to plastic deformation of the material (in the
temperature range 350-500 ° C) and to justify the optimal processing modes.

The reliability of the obtained results is ensured by conducting a wide range of
experiments, verifying the numerical model and a good match between the results
of computer modeling and the data of the physical experiment. All the main
conclusions are confirmed by both calculated and experimental data, which indicates
the reliability of the conducted research.

The theoretical and practical significance of the work is due to the
development of scientific ideas about the processes of intensive plastic deformation
and the possibility of direct application of the results obtained in industry. The
revealed patterns of deformation and structure formation of alloy 6082 under RSP
conditions expand the database for modeling metalworking processes by pressure
and the formation of fine-grained structures. The developed numerical model and
certain optimal rolling modes can be used in the design and modernization of
manufacturing technologies for deformed rolled products (rods, blanks) made of
aluminum alloys with enhanced performance properties. The implementation of
recommendations based on the research results will allow metallurgical enterprises
to produce products with a fine-grained structure and improved mechanical
characteristics, increasing the reliability and service life of critical parts. The
proposed integrated approach (numerical modeling + experiment) can be extended
to other alloys, reducing the cost of pilot testing.
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