62

Selected Topics of Contemporary Solid Mechanics

NUMERICAL MODELING OF MACRO SEGREGATION EVOLUTION AND CHANGE OF STRESS
STRAIN STATE IN BILL ET DURING CONTINUOUS CASTING WITH MECHANICAL SOFT
REDUCTION

T.Rec A.Milenin
AGH University of Saence and Technology, Krakéw, Poland

One of the fundanental problems concening continuous casting process (CCP) is
formation of segregation of chemica elements in a crosssedion of billet. It has significant
influence on medhanicd propeties and microgructure of final products. The possbility of
deagease of maaosegregation by deformation of billet in a semi—solid state (Soft Reduction,
SR) was presented in [1]. Paameters of SR process (time and vaue of strain) significantly
influenceratio of segregation together with the parameters of continuouscasting process The
pumpose of this paper is to optimize the parameters of SR usng numericd modding. In recent
publicaions several approades for CCP modding are presented [2-3], however ndther of
them takes into acountdl fador of SR.

The full numericd modd of CPP proceses should condsts of the following
components:

- modd of thehed transfer phenomenonand aystalli zation piocesss;

- modd of thermal stresses evolution;

- modd of influenceof congructive mechanism of the CCM on neta;

- the segregaion evolution nodd [4];

- modd of SR process

- modd of damage

In order to modd crystalizaion process the hea trandfer equaion was used and
modified by the method of effedive spedfic hea. The elasto-plastic theory of plasticity was
used for smulation of mechanicd processes.

In present work threevariants of simulation are consdered: W1 — without SR and W2,
W3 — with SR. Simulation conditions were equivalent to indugria condtions of continue
cesting (300x400mmbloom, St3S sted). SR prescribed before the end of crystali zaion
process for W2 SR started 1103safter beginning of CPP, and W3 — SR started 593s after
beginning of CPP. Intensive cooling in mould follows to fast temperature deaease on the
surface of ingot wha induces beginning of solidificaion process During the first steps of
crystalli zation process the cabon concentration deaeases from 0.14% to 0.053%on the
surfaceof ingotfor ead variant. In succealing stages the carbon concentration increases due
to bakward diffuson phenomenon. The concentration attains maximum value when the last
liquid fradionis crystali zing in theingot Maximum carbonconcentrationin center linebill et
was 0.292% after crystallization process 0.278% for variant W1. The find difference
between the surfaceand the center of ingotwas 0.0575% For W2 variant, deformation caised
displacament some part of carbonto uppe layer of liquid metal and deadeased concentration
of carbon after solidification in center lineingot (center — 0.185% outside surface— 0.136%
difference of concentration — 0.0492%. In W3 variant, deformation was prescribed
condderably ealy then in variant W2 (when in ingd share liquid phase was grate). It caused
on increase of carbon segregation as in variant W2 (center — 0.192%6, surface— 0.137%
difference of concentration— 0.0546%
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Fig. 1. Distribution of strain intengty in the crosssedion in continuouscast bill et, after
finish of solidification piocess &) for W1 vaiant; b) for W2 variant.

The strain intensty in billet during continue casting with SR is deermined. The SR
processessentially influences the distribution of strain intensty. Bending and straightening of
billet cause that maximal values of strain intendty are attained on the ingot surfaces - W1
variant (fig. 18). In the W2 variant strain intendty concentrates in ingotcomers. (fig. 1b). The
results presented in fig. 1 show an essentid influenceof SR on strain distribution. Therefore,
aprope fradure modd of billet during SR is so important and it was developed and added to
the modd of CCP in present paper. The forecast of the brings fradure on ingot surfacewas
based on the theory of fradure described in literature [5 — 6]. In this modd, as a key-
paameter of fradure, the resource of plasticity ¢ isproposd:
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where: & — drain intendty; £ — aiticd strain before fradure metal as a function of paameters
k=0/o, andLode coefficient 1 ; 0 — mean dress o,—yield dress T — temperature.
The function gp(k,,ug,t) was determined in experimental investigations a Gleddle

simulator. The aiticd strain was determined based on experimental tensil e test and SICO test.
For determination of empiricd parameters of function £p(k,,u[,,t) the inverse analysis was

used. For simulation of tests the FORGE3 software was used.
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