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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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AHoranist. CnoxueaHHs 2apsA4yeKamaHozo Jucmoso2o0 npokamy 3i cmaneili ma
KOJIbOPOBUX Chjlagie y ceimi cmabilbHO 3pocmae uepes3 1020 yHigepcanvHicms ma
wupoke 3acmocysanHs. I'apsuekamauuii 1Ucmosuti npokam € 0CHO800 0711 N0JANbULOT
nepepobKu 8 X0J1I00HOKamawuii npokam 0 asmomoo0inedyoysaHHss ma iH. 3HauyHa
UACMUHA 2apsA4eKamaHozo Jucmogozo npokamy 6e3nocepedHb0 8UKOPUCMOBYEMbCS Y
oydigenvHuli eany3i ma mawuHo6ydysaHHi, npokam 3ampebysaHuli 8 eHepzemuyi ma
cyoHoOydysaHHi. Bucoki eumozu 00 MiyHOCMI, naacmuyHocmi, 3Hococmiiikocmi ma
KOpPO3IlIHOI cmilikocmi 2apsiuekamano2o JUcmoeoz20 npokamy eumazarms pemeibHo20
KOHMPOJII0 MeMNepamypHux pemcumié nid uac ycb020 MeXHOJ02IUH020 NpPOYecy.
Onmumi3auis memnepamypHux  pexcumis nepednpokamHozo Hazpigy i
KOHMPONbOBAHO20  OXOJIOOMEHHS  2apsiUeKaAmaHux Jucmie  00380J11€  Kepo8aHo
3MIHI8aMU MIKpOCMPYKMypy ma MeXaMiuHi eiacmusocmi memany. BukopucmauHs
MamemamuuHo20 MOOeN8aHHs 003601UuMb 00CAIOUMU MeMnepamypHi pexcumu ma
po3pobumu pekomeHdauii ujo0o ix 600CKOHANIEHHS.

KimouoBi cmoBa: zapsuekamauuil Jaucmosuil npokam, MeXaMiuHi eaacmueocmi,
pexcumMu Hazpisy, pexcumu 0X0J100HCEHHS, MamemamuuHe MOOeNB8AHHS

JIITEPATYPA

1. Danieli QSP DUE. https://www.danieli.com/en/products/processes-technologies/product-
lines/due 26 192.htm

ISSN 1991-7848 140


https://www.danieli.com/en/products/processes-technologies/product-lines/due_26_192.htm
https://www.danieli.com/en/products/processes-technologies/product-lines/due_26_192.htm
https://2023.aisusteel.org/wp-content/uploads/F-3-1-DANIELI-DUE-From-SGJT-to-green-steel-and-ready-for-automotive-exposed.pdf
https://2023.aisusteel.org/wp-content/uploads/F-3-1-DANIELI-DUE-From-SGJT-to-green-steel-and-ready-for-automotive-exposed.pdf
https://doi.org/10.1007/s10853-021-05974-3
https://doi.org/10.4028/www.scientific.net/msf.854.29
https://www.danieli.com/en/products/processes-technologies/product-lines/due_26_192.htm
https://www.danieli.com/en/products/processes-technologies/product-lines/due_26_192.htm

International scientific and technical conference
Information Technologies in Metallurgy and Machine building - ITMM 2025

2. Danieli DUE from SGJT to green steel and ready for automotive exposed.
https://2023.aisusteel.org/wp-content/uploads/F-3-1-DANIELI-DUE-From-SGJT-to-green-
steel-and-ready-for-automotive-exposed.pdf

3. Wang, H., Cao, L., Li, Y. et al. Effect of cooling rate on the microstructure and mechanical
properties of a low-carbon low-alloyed steel. ] Mater Sci 56, 11098-11113 (2021).
https://doi.org/10.1007/s10853-021-05974-3

4. Schottler J, Maiwald T, Linke G. Production of Directly Quenched High-Strength Hot-
Rolled Strip Steels - Influence of Rolling and Cooling Conditions on Mechanical Properties
and Flatness. MSF 2016;854:29-34. https://doi.org/10.4028/www.scientific.net/msf.854.29

ISSN 1991-7848 141


https://2023.aisusteel.org/wp-content/uploads/F-3-1-DANIELI-DUE-From-SGJT-to-green-steel-and-ready-for-automotive-exposed.pdf
https://2023.aisusteel.org/wp-content/uploads/F-3-1-DANIELI-DUE-From-SGJT-to-green-steel-and-ready-for-automotive-exposed.pdf
https://doi.org/10.1007/s10853-021-05974-3
https://doi.org/10.4028/www.scientific.net/msf.854.29

