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Abstract. The global demand for hot-rolled sheets made of steel and non-ferrous alloys
continues to grow steadily due to their versatility and wide range of applications. Hot-
rolled products serve as a basis for further processing into cold-rolled materials used in
the automotive industry and other sectors. At the same time, a significant portion of hot-
rolled sheets is used directly in construction industry and mechanical engineering, as well
as being in demand in the energy and shipbuilding industries. High requirements for
strength, plasticity, durability and corrosion resistance of hot-rolled sheets dictate the
need for precise control over temperature regimes throughout the entire technological
process. Optimization of the pre-rolling heating and controlled cooling regimes of hot-
rolled products allows the modification of the metal’s microstructure and mechanical
properties. The use of mathematical modeling will allow for the study of thermal regimes
and the development of recommendations for their improvement.
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The analysis of modern technological schemes for the production of hot-rolled
steel products, such as the Danieli QSP-DUE caster-rolling complex [1], under
various rolling conditions, particularly using endless rolling mode, reflects current
trends in thermomechanical processing.

A typical production scheme of the hot-rolled sheets (Figure 1) involves slab
formation via continuous casting, followed by soft reduction and feeding into a
tunnel furnace where temperature homogenization of the slabs occurs. Next, the
material is rolled through roughing and finishing stands, with subsequent controlled
multi-zone laminar cooling. A unique feature of endless rolling is the additional
high-speed reheating of the sheets using induction heaters, installed between the

roughing and finishing groups of stands. This allows for uniform temperature
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distribution across the sheet thickness, which is critical for ensuring the required

mechanical properties of steel.
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Flgure 1 — Technological layout of the Danieli QSP-DUE caster-rolling complex [2]

A precise analysis and control of heating, rolling, and cooling temperature
regimes is essential for forming the final characteristics of hot-rolled sheets. One of
the most important stages is controlled cooling after rolling, as it directly affects
phase transformations, grain size, residual stresses, texture, and the final
mechanical properties of the material. Available research confirms that cooling rate
significantly influences the mechanical properties of hot-rolled sheets.

Excessive cooling rates may lead to the formation of martensitic or bainitic
structures, which increase hardness but reduce plasticity. Conversely, slower cooling
promotes the formation of ferrite-pearlite structures, improving machinability but
potentially reducing strength [3, 4]:

- slow cooling (0,5 — 1 K/s) contributes to the formation of polygonal ferrite and
pearlite, improving plasticity but reducing strength;

- accelerated cooling (5 — 30 K/s) results in bainitic structures with fine-grained
elements, providing balanced mechanical properties;

- extremely fast cooling (up to 90 K/s) facilitates martensitic formation,
increasing hardness but reducing plasticity and impact strength.

Conclusions. The use of traditional cooling schemes does not always ensure
full control over the required properties of the metal, which requires the
development of new approaches and the improvement of existing cooling strategies.
Considering the complex relationship between temperature regimes and the final
properties of hot-rolled sheets, numerical modeling is essential for analyzing
cooling processes.

The development of a mathematical model will allow for the determination of

optimal temperature intervals and cooling regimes, as well as the analysis of phase
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transformations required to achieve the desired mechanical characteristics of hot-

rolled products.
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AHoTranisgs. CnoxueaHHs 2apaueKkamadozo Jucmosozo npokamy 3i cmaneii ma
KOJIbOpOBUX CNhJa8i8 y ceimi cmabiibHO 3POCmae uepe3 1i0zo YHigepcaivHicms ma
wupoke 3acmocysanHs. I'apsuekamaHuil 1UCmosutl nNpokam € 0CHO8010 0711 N0JanbULOT
nepepobKu 8 X0J1I00HOKamawuii npokam 01 asmomoo0inedyoysanHss ma iH. 3HauyHa
uacmuHa 2apsauekamaHozo JiUCmosoz0 npokamy 6e3nocepedHvb0 8UKOPUCMOBYEMbCS Y
oydisenvHUli 2any3i ma mawuHobydysaHHi, npokam 3ampebysaHuili 8 eHepzemuui ma
cydHobydysaHHi. Bucoki eumozu 0o MiuHOCMI, NaacmuyHocmi, 3Hococmiiikocmi ma
KOpPO3IlIHOI cmilikocmi 2apsiuekamano2o JUcmoeoz20 npokamy eumazarms pemeibHo20
KOHMPOI0 MeMnepamypHux pexcumié nid uac ycb020 MeXHOJN02IUH020 NPOYecy.
Onmumisauis memnepamypHux  pexcumis nepeonpoxamHozo Hazpigy i
KOHMPONbOBAHO20  OXOJIOOMEHHSl  2apsiueKamaHux Jiucmie  00360J151€  KepOo8aHo
3MIHI8aMU MIKpOCMPYKMypy ma MeXaMiuHi eaacmusocmi memany. BukopucmauHs
MamemamuuHozo Mo0en8aHHsT 00380Jume 00CAIOUMU MmemMnepamypHi pexcumu ma
po3pobumu pekomeHdauii uj000 ix 600CKOHANIEHHS.

KnouoBi cjioBa: zapsuekamaHuil Jaucmosuti npokam, MeXAaMiuHi 81acmugocmi,
pexcumMu Hazpisy, pexcumu 0X0J100HCeHHS, MamemamuyuHe MOOeNB8AHHS
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