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a) Castability issues due to clogging & poor flow control?

(%) SWERIM
b) Surface defects from cast product to plate?
_‘sidenor
¢) Internal quality issues (e.g. segregation, macro-porosities, internal cracks?
RI{A : . . . . .
d) Problems derived from testing and/or implementing new casting technologies?
i’!’éfﬁiﬁé‘”g e) Issues with challenging/new steels (e.g. High Si, Peritectics, etc.)
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¥  Multi-scale & Multi-phenomena Yoz
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Typical modelling applications in CC




¥ Thermodynamic models

Typical applications include:

QswERIM = Determination of thermo-physical properties for simulations
$sidenor = Phase Evolution during solidification
( » Slag-metal reactions
RI)A

= Formation of inclusions, intermetallics, carbides, nitrides, etc...
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» |nputs for micro-mesoscale models
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= Design of steels
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- Alloying elements included: Fe, C, Si, Mn, P, S, Cr, Mo, Ni, Nb, Ti, V, B, Al, Ca, Cu, N, Ce, Mg, O, H.
;o (note: not all elements in all modules)
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- Phases: a-ferrite, A-ferrite, eutectic ferrite, austenite, cementite, pearlite, bainite, a-martensite (bct
structure), e-martensite (hcp structure)

BFI * Inclusions/precipitates: Stoichiometric binaries: AIN, BN, B,O,(l), CaO, CaS, CO(g), H,(g), MgO, N,(qg), A”
SiO,, TiB,, TiO,, Ti,O,,VO; stoichiometric ternaries: Fe, Al,C, FeMo,B,, FeNbB, Fe,Mo0,0,, Fe,Nb,QO,,
Ti,CS; semistoichiometric ternaries: (Mn,Fe)S, (Mn,Cr)S, (C,N)Nb, (C,N)Ti, (C,N)V, (Cr,Fe),B, (Ni,Fe);B, Aalto University
(Nb,Fe)O,, (Fe,X),B (X=Cr,Mn,Ni,V), (Fe,X);0, (X=Al,Cr,Mo,V), (Fe X),0; (X=Al,Cr,V), (Fe,X), 4,70 Srsien:

(X=Cr,Mn,V), Ce,0s3,..




¥ Example 2: Slag-metal reactions

Factsage

Reaction interface

Four-Phase Intersection Points with Siag-hq .
WA WEB) WC) T(C) Si O
025828 054115 020058 151288
053748 0.12647 033605 146535
042414 055347 002239 1436 41
024802 051256 023943 142374
037880 0.52450 0.09604 135063
039702 05052/ 009771 134219
026278 0.00902 0.72820 1254 49
017191 0.34981 047827 115085
‘ ,d 9 033325 0.14396 052280 115085
10. 028120 0.21887 049893 115085
SI enor 11 018313 0.33487 048200 115084
12. 018985 0.35002 046012 113583
13. 018493 037029 044478 112635
14. 041021 023067 0.35912 112531
15. 033547 0.23246 043207 112531
16 032609 0.22375 045016 111379
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Van Ende and Jung, IS1J International, Vol. 54 (2014), No. 3, pp. 489-495




¥ Example 3: Design of new steels
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» Calculating stable and meta-stable heterogeneous phase equilibrium
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¥ Computational Fluid Dynamics (CFD)
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Typical applications include:

Design, test and optimization of Flow Control devices

Analysis of flow pattern in the mould (with or without external fields such as Electro-
magnetics)

Mixing (e.g. steel grade changes, residence time)
Optimization of casting conditions

Heat transfer & Solidification
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¥ Example 1: SEN performance vs width
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Models built included: argon injection praxis,
immersion depth, powder performance and
mould oscillation to obtain optimal lubrication in

5 It/min
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¥ Finite Element Methods (FEM)

Typical applications include:

SR = Mould design
$ sidenor = Analysis of Stress-Strains in the shell and mould (e.g. residual stresses)
RI(R = Prediction of failure (more recently cracking)
’ .

= Heat transfer and solidification
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» Flow dynamics
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Figure 11. Pressure field and Yamanaka et al. criterion after bending Ce m eF
Bellet et al. Proc. MCWASP XII, 12th Int. Conf. on Modeling of Casting, Welding and Advanced CENTRE DE MISE EN FORME
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Solidification Processes, Vancouver & Alaska, June 7-13
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The principle of MSR (mechanical soft-reduction) is to modify
the centerline segregation by adapting the interdendritic flow
through a mechanical deformation of the dendritic skeleton in

(%) SWERIM _
the mushy zone (controlling the MSR factor ).
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Wu M., Domitner J., Ludwig A., MMTB, 2012.
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Surface bulging induced interdendritic flow is a dominant factor
for centerline positive segregation
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¥ Example 3: Crack Initiation in FEM

2 depth:0.2~1.0mm
—
Oscillation mark width:3~12mm
) 55mm R 3D Crack growth estimation in LS-DYNA: effective plastic strain
Bending Bending
moment moment
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Toishi, Miki & Kikuchi, SIJ International, Vol. 59 (2019), No.5, pp. 865-871 https://www.youtube.com/watch?v=LBKs_P-dadk
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¥ Micro and Meso scale modelling

Typical applications include:

(®) SWERIM
= Predicition of solidification structures (PDAS,SDAS, grain size, etc.)
‘sidenor
RI{R = Formation of inclusions, intermetallics, carbides, nitrides, etc...
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Inputs for solidification models in FEM or CFD
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Design of steels



W Q2) Which modelling technique are you more familiar with?

a) Computational Fluid Dynamics (CFD)

(%) SWERIM
b) Finite Element Methods (FEM)
‘sidenor
c¢) Thermodynamic models
{
RIyR d) Micro-Meso scale modelling
a{; ool e) None
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¥ Caveat emptor

Hardware
Before pressing any button !1!...
(®) SWERIM It i : 4 Super
IS necessary to define the outreach, needs and . Computer
expected outcomes from the analysis, since CFD 2 (HPC)
$sidenor often demands significant resources (e.g. hardware, 3 .
| software and man power). 2
5
RI’FI. Some general questions must be answered: g'
O

- Why is the simulation required?

5{% rocesis
- What are the problem boundaries, size and
geometrical constraints?

Bl

- What is the possible behaviour?
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Cost/complexity
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¥ The future?
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Thanks for the attention!

Stay informed
http.//valcra.eu/

https.//www.linkedin.com/company/european-
continuous-casting-network

VALCRA linkedin group
(linkedin.com/groups/13794289/)

ommission
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