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Uplatnenie vysledkov projektu

V ramci projektu "Vyvoj softvérovej podpory s vyuzitim fyzikalnej simulacie pre optimalizaciu
procesov plynulého odlievania ocele ako systémov s rozlozenymi parametrami pre
Zeleziarne Podbrezova, a. s." boli navrhnuté a rozpracované softvérové nastroje
OPTlexpert a OPTlIcontrol pre optimalizaciu procesov plynulého odlievania ocele ako
systémov s rozlozenymi parametrami. Tieto softvérové nastroje su uz druhy rok uspesne
vyuzivané vo Vyskumno-vyvojovom centre Zeleziarne Podbrezova, s.r.o. pri rieSeni tloh
optimalizacie procesov plynulého odlievania ocele pre Zeleziarne Podbrezova, a. s.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)

V ramci projektu "Vyvoj softvérovej podpory s vyuzitim fyzikalnej simulacie pre optimalizaciu
procesov plynulého odlievania ocele ako systémov s rozloZzenymi parametrami pre
Zeleziarne Podbrezova, a. s." boli navrhnuté a rozpracovavané softvérové nastroje
OPTlexpert a OPTlIcontrol pre optimalizaciu procesov plynulého odlievania ocele ako
systémov s rozlozenymi parametrami. Pritom pre numerické modelovanie procesu
plynulého odlievania bolo vyuzité virtualne softvérové prostredie ProCAST developera ESI
Group Pariz. Ulohy riadenia a optimalizacie boli rie$ené pomocou softvérovych blokov DPS
Blockset for Simulink - third-party software product of The MathWorks, Inc. DPS Blockset for
Simulink sa rozpracovava na riesSitelskom pracovisku v spolupraci so spolo¢nostou The
MathWorks v programe CONNECTIONS. Softvérové nastroje OPTlexpert a OPTlcontrol su
uz druhy rok Uspesne vyuzivané vo Vyskumno-vyvojovom centre Zeleziarne Podbrezova,
s.r.o. pri rieSeni tloh optimalizacie procesov plynulého odlievania ocele pre Zeleziarne
Podbrezova, a. s. Zvlastna pozornost bola venovana vyrobe nosného formatu 205R40 na
zariadeni plynulého odlievania ocele v Zeleziarni Podbrezova, a. s. v kategorii kotlovych
akosti, konkrétne 10CrMo9-10. Totiz pri tejto akosti boli v ur€itych pripadoch zaznamenané
az 20% vymety vo vyrobe valcovanych bezSvikovych rur za tepla z celkovej vsadzky plynule
odlievanych oceflovych odliatkov. Pomocou navrhnutych softvérovych nastrojov prebiehala
komplexna numericka analyza a optimalizacia procesu vyroby tohoto formatu. Vysledky
numerickych analyz boli verifikované v Plastometrickom laboratériu Regionalniho
Materialové Technologického Vyzkumného Centra (RMTVC), VSB — TU Ostrava. Navrhnuty
a verifikovany elasto-plasticky numericky model v RMTVC VSB - TU Ostrava dava moznost
k lokalizacii vzniku trhlin iniciovanych medzi teplotou likvidu a teplotou solidu v désledku
Smykovych napéti, pdsobiacich po€as fazovej premeny materialu.

Navrhnuty a verifikovany termicky model dava moznost aj k lokalizacii miest vzniku
termickych trhlin, iniciovanych pod teplotou solidu. Vzhladom k pohybu solidifikacného
frontu smerom do vnutra odliatku zarodky trhlin pri nedostato¢nej relaxacii materialu mézu
dalej postupovat do vnutra odliatku o dava usmernenie k celkovym upravam technolégie
sekundarneho chladenia.

Boli navrhnuté optimalizované prechody teplotnych poli medzi jednotlivymi ustalenymi
prevadzkovymi rezimami, ktoré riadiaci systém s numerickym senzorom v rezime
rozloZzeného sledovania garantuje pre zabezpec€enie pozadovaného stupnia relaxacie
materialu v procese plynulého odlievania kontiodliatkov. Pritom syntéza riadenia v
priestorovej zavislosti sa rieSi ako extremalna uloha aproximacie a v Casovej zavislosti sa
vyuziva Kalmanov filter pri ohrani€enom prediktivnom riadeni s numerickym modelom
procesu ochladzovania. Systém riadenia s rozloZzenymi parametrami bol upraveny pre
meranie teplotnych poli kontiodliatkov pomocou dvojfarebnych pyrometrov umiestnenych vo
vybranych bodoch sekundarnej zény chladenia pri zachovani rozlozeného charakteru
riadenych teplotnych poli s cielom zjednodu$enia implementacie algoritmov riadenia.
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Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

Within the project ,Development of software support utilizing physical simulation for
optimization of continuous casting processes as distributed parameter systems for
Zeleziarne Podbrezova, a. s.“ the software tools OPTlexpert and OPTlcontrol were
elaborated to optimize the continuous casting processes as distributed parameter systems.
For the numerical modeling of continuous casting process a virtual software environment
ProCAST from ESI Group Paris was utilized. The control and optimization tasks were solved
by the software blocks of DPS Blockset for Simulink - third-party software product of The
MathWorks, Inc. The DPS Blockset for Simulink is being elaborated at principal
investigator’s institute in cooperation with The MathWorks within the CONNECTIONS
program. Software tools OPTlexpert and OPTlcontrol for the second year are being
successfully utilized in the Research and Development Centre of Zeleziarne Podbrezova, a.
s. — steel mills - in the optimization continuous casting processes for Zeleziarne
Podbrezova, a. s. A special attention was paid to a production of the main cast section
205R40 on the continuous casting machine in Zeleziarne Podbrezova, a. s. listed in the
category of boiler steel grades, namely 10CrMo09-10. In some cases the levels of measured
defects in the hot rolling process were about 20% of the total batch consisting of continuous
casting blocks. Using the proposed software tool a complex numerical analysis and
optimization of production process was carried out. The results of numerical analyses were
verified in Plastometric laboratory of Regionalni Materialové Technologické Vyzkumné
Centrum (RMTVC), VSB — TU Ostrava. The proposed and verified elasto-plastic numerical
model in RMTVC VSB — TU Ostrava gives possibilities to localize thermally induced cracks
between liq. and solidus temperatures caused by shear stresses, acting during the
material’'s phase changes.The proposed and validated thermal model gives options for
localization of thermally induced cracks, initiated under the material’s solidus temperature.
Regarding to the movement of solidification front to the center of the casting a crack may
initiate and continue further into the center of the casting domain. Accordingly a secondary
cooling program can be adjusted. The temperature field transitions were designed and
optimized in-between individual operating modes, tracked by the control system with the
numerical sensor, working in the distributed parameter mode, to guarantee the least
possible thermally induced stress loads during the casting. The control synthesis in the
spatial domain is solved as an extremal approximation problem while in the temporal
domain a Kalman filter is used in frame of constrained model predictive control with the
numerical model of the cooling process. The distributed parameter control loop was
optimized for two color pyrometers in the selected locations of secondary cooling zone while
ensuring the distributed nature of temperature fields with the objective of control algorithms
implementation.
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