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[} Projects addressing cc product quality within K1-MET

[ K1-1.4: Sustainable continuous casting process
[ WP 1: CC product surface quality prediction and impact of a decarbonized
process on steel castability.
R WP 2: Smart quality prediction for continuous casting by a hybrid approach
(HYCast).
[ K1-3.4: Hybrid Modelling
[ WP 6: Hybrid Mold - Data evaluations around the continuous casting process.
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3 Projects within K2-MPPE

[ K2- Casting QPS: Advanced Casting Quality Prediction Systems for predicting the
guality of continuous cast slabs and of heavy steel castings.
3 K2-ESP Next: ESP-Next generation green steel.

MAGMA voestalpine

Committed to Casting Excellence ONE STEP AHEAD.
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3 Quality Requirement, examples:

Quality lreg o Stesd
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* Cptimizasen by SOUDYFICATION CONTROL

Flgure 1. Froduct quality requirements relaled 1o the process
stages in continuous casting ')

M. Wolf, Element®f solidificationcontrolin the cc of

billetsandblooms MPT 1983.
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3 Quality Requirement, examples:

R Steel Cleanness

3 Nonmetallic Inclusions (NMI).
3 Entrapment of slags, sands and

lining.

3 Surface Quality

PR PRPRP

Slivers.
Oscillation marks.
Depressions.
Surface cracking.
e .

R Inner Soundness

3
3

Center segregation.

Hot tearing.

HonbinYin, ICASP, 2019
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Flgure 1. Froduct quality requirements relaled 1o the process
stages in continuous casting ')

M. Wolf, Element®f solidificationcontrolin the cc of
billetsandblooms MPT 1983.

PresslingerH., Sllie, et al. 12" ISIVDERSeminar, November 222
2005, Kitakyushu, Japan, 1284
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3 Non-metallic phases/inclusions
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Hydrogen induced cracking in AP Source: 1ISI Study on Clean Steel, 2004
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Simulation Conference 2025 - Vienna Bernhard 9



Quality inthe context of continuouscasting Wi s veq o]

[TIETALLURGIE  UNIVERSITAT
‘ M LEDBEN B

[ K1-1.5: I-Clean: Hybrid modelling of ladle treatment with emphasis on composition of steel and slag,

temperature, and inclusions.

Predeoxidation agents (C) Alloys (C, AEeMn FeCy = Alloying
Alloys (AlFeMn FeCy m Heating
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[ K1-1.5: I-Clean: Hybrid modelling of ladle treatment with emphasis on composition of steel and slag,

temperature, and inclusions.

White box: Mechanistic models.
Heat and mass transfer +
computational thermodynamics in

Grey box:
The best from both worlds

—

Black box: Data-driven approaches
(e.g. regression modeling).

Process data (Composition of steel,

ChemApp (FactSage) ACl eani slag, inclusions and temperature)
Predeoxidation agents (C) Alloys (C, AEeMn FeCy .
Alloys (AIFeMn FeC) = Alloying

m Heating
‘Top slag lDesquhurisatioragents ‘AI m Purging
- - - - Vacuum
— — Oxygen
blowing
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[ K1-1.5: I-Clean: Hybrid modelling of ladle treatment with emphasis on composition of steel and slag,

temperature, and inclusions.

White box: Mechanistic models. Grey box: Black box: Data-driven approaches
y - -
Heat and mass transfer + The best from both worlds (e.g. regression modeling)
computational thermodynamics in Process data (Composition of steel,
ChemApp (FactSage) ACl eani slag, inclusions and temperature)
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Steel Cleanness

R AMacro-inclusionsfi
3 Entrapped slags
[} Lining, Sands
R ACloggingfi

3 Inhomogeneous
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3 Example surface defects: To prevent expensive defects on the
product: Scarfing of slabs according to pre-defined rules related

to process parameters and/or for critical steel grades.

Processlata = | Rules/Grading
% = || || ||
...0 ™ I ﬂ@'@gﬁ
S48
Slab storage Slab scarfing Hot strip mill ltaalz':llgrﬁ f:lﬁ An?;ae"ng Inspection line
Slab caster
Inspection line Scrap yard
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Predictionof internal defects Hottearing
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sI
J llie, S.; Reiter, J.; Fluch, W.; Presslinger, H.; and C. Bernhard: 6th
. European Continuous Casting Conference, Jud2d08, Riccione,
Bernhard, MlInvestigations on hot tearing in a = ’ ltaly, S. Paper 122
continuous slab caster: Numerical modelling T
combined with analysis of plant resulS8CCC 2021.
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3 Tools needed to predict hot tearing: white box, grey box, black box.
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M. Bernhard et al., steel research international (2022), doi:10.1002/srin.202200089
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[} Tools needed to predict hot tearing: white box, grey box, black box.

=
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M. Bernhard et al., steel research international (2022), doi:10.1002/srin.202200089

solidification software for reaime simulation of continuous slab casting, ECCC 2024.
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3 Tools needed to predict hot tearing: white box, grey box, black box.

[ Advantage: Low CPU time, high resolution.

3 Phase transformation kinetics, microstructure

evolution, strain analysis, defect prediction functions.
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D.Y I @M. Bernhard, G. Wieser, M. Taferner, S. llie and C. Bernh@c finite volume
solidification software for reaime simulation of continuous slab casting, ECCC 2024.
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3 Tools needed to predict hot tearing: white box, grey box, black box.
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D.Y I @M. Bernhard, G. Wieser, M. Taferner, S. llie and C. Bernrh&@fdc finite volume M. Seidl, DY | @S\ fiie, C. Bernhardybrid solution for local heat transfer coefficients in a
solidification software for realime simulation of continuous slab casting, ECCC 2024. transient solidification model for continuous castiidHM 2025.
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[} Tools needed to predict hot tearing: white box, grey box, black box.
[} Parametrization by means of measurement.
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D.Y I @M. Bernhard, G. Wieser, M. Taferner, S. llie and C. Bernh@c finite volume
solidification software for reaime simulation of continuous slab casting, ECCC 2024.
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3 Tools needed to predict hot tearing: Maintenance, strain analysis.
Visualization of the Roller Plan 10
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[ Phenomenological quality prediction function
o o
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Bernhard, MInvestigations on hot tearing in a continuous
slab caster: Numerical modelling combined with analysis of
plant results ECCC 2021.
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Bernhard, MInvestigations on hot tearing in a

: . g ; i continuous slab caster: Numerical modelling combine
3 Influencing parameters: Steel composition, cooling table, malntenance. with analyeis of plant resUECOE 2021,
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3 Example surface defects: To prevent expensive defects on the
product: Scarfing of slabs according to pre-defined rules related

to process parameters and/or for critical steel grades.

Procesglata = | Rules/Grading
...0 ™ I ﬂ@'@gﬁ
S48
Slab storage Slab scarfing Hot strip mill ltaalz':llgrﬁ f:lﬁ An?;ae"ng Inspection line
Slab caster
Inspection line Scrap yard
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Surface QualityPrediction
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3 A simple quality prediction function.

crack crack crack
l Cy,Sn,Sb | scale l(Fe, Mn)S-0

AT Epe

AlN, BN, Nb (C,N) g ~dendrites

ductility

|
|
|
|
|
1

1
600 900 1200 Tn
deformation temperature (°C)

Wolf, M.M., Fine Intergranular Surface Crack in Bloom Casting, Trans.

ISIJ, Vol. 24, 1984, 351-358.

Analysis
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temperature
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Torch Cutting
Machine

|
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3 A simple quality prediction function.

Article
Deep Learning to Predict Deterioration Region of Hot Ductility
in High-Mn Steel by Using the Relationship between RA Analysis
Behavior and Time-Temperature-Precipitation
Ji-Yeon Jeong (9, Dae-Geun Hong >+ and Chang-Hee Yim ** E
=
~ 100 -
. @
B E
[ g
St
(=]
g
'g Ly Bending
k>
B 4ol machine position
S Strain
E -
S 201 :
5 e Train data Torch Cutting
£ 8 B Test data _ _ Machine
0 . Straightenin
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Measured for Reduction of Area (%) |

Sang-Hum Kwon, Dae-Geun Hong & Chang-Hee Yim, Prediction of hot ductility
of steels from elemental composition and thermal history by deep neural
networks, Ironmaking & Steelmaking, 47 (2020), 1176-1187, DOI.
10.1080/03019233.2019.1699358
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[} Root causes fine cracks:

[} Surface depressions
[} Oscillation marks
[} Coarse austenite grains

3 Residuals, tramp elements

Deep oscillation
marks and surface

Finer
grain
structure

‘,

/30mm

HonbinYin, ICASP, 201

A

Cracki
A 18 mm
& e ~ >1
R W Very fine grain
SR
NG structure
o
> 23
2000 ym

Very large austenite grains
5

Slab narrow face

B o |

depressions

Melford, D.A., J. Iron Steel Inst. 204 (1966); Salter, W. J. M. j. Iron Steel Inst. 204 (1966)

Longitudinal off-corner

depression ( Gutterfi )

with transverse cracks

Network cracks in
deep OM (billet)
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[ Phenomenological quality criteria (quality indices)

Qlggg = maxr,, . <T<Te, [5(Tsor) —f5(T)) (1)

Analysis
Qlgtr = maxq,, <11, (f5(Tzst) —f5(T)) (2) ° :
. 3
(ﬂ{(TSOL) _fy(TFER—))r if Tsor< Teer- < Tzst g :
Qlaus = UCT(TSOL} _fy{TZST)}J if Tggr- > Tzst j
. B £l
0, if  Trer- < Tsor 2
(3) :

Bendin
Qlspk 4 str+ aus = Qlsur + Qlstr + Qlays (4) I

Qlsor = f (xi(Tsor). f(Mn,Fe)S), where i ={S, P, B} (5)

Qlpuc(To, T1) = f (y;(To) — y:(T7)), wherei

Torch Cutting
— {(Mn, Fe)S, AIN, BN, (C,N)Nb, ...} (6) | | oh but
Qu ., QL ., QL QI Straightening
_ max(QL) © max(Ql) & max(Ql;) ~ """ max(QlL,) |
Qlcumurative = 0 (7) |

JuliusNorreng Seppd.ouhenkilpj Ville Valtteri Visuri TuomasAlatarvas
AgneBogdanoffandTimoFabritius Assessing the Effects of Steel Composition on Surface
Cracks in Continuous Casting with Solidification Simulations and Phenomenological
Quiality Criteria for Quality Prediction Applications, steel research 2022.
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[ Phenomenological quality criteria (quality indices)

I Qlggg = maxr,, . <T<Te, [5(Tsor) —f5(T)) (1) I

Qlgrr = maxy, <11, (f5(Tzst) —fs(T)) (2)

(fy(Tsor) = fy(Teer-)), if Tsor< Trer- < Tzst
Qlaus = § F,(Tsor) = fy(Tzst)),  if Teer > Tzst

0? if TFER— < TSOL

Qlspk 4 str+ aus = Qlsur + Qlstr + Qlays (4)
Qlsor = f (xi(Tsor), f(Mn,Fe)S). where i = {S. P, B} ()

Qlpuc(To, T1) = f (y;(To) — y:(T7)), wherei
— {(Mn, Fe)S, AIN, BN, (C,N)Nb, ...} (6)

Q Q1 Qr Q1
max(Ql) T max(0n) T ma(@n) T max(Qny)

n

Q[CUMUI_ATIVE —

(7)

JuliusNorreng Seppd.ouhenkilpj Ville Valtteri Visuri TuomasAlatarvas
AgneBogdanoffandTimoFabritius Assessing the Effects of Steel Composition on Surface
Cracks in Continuous Casting with Solidification Simulations and Phenomenological
Quiality Criteria for Quality Prediction Applications, steel research 2022.
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[} Parametrization: DTA-measurements

Range | = left of C," y—5 ; Fe - C -1 wt.-%Si Range Il = between C,” and C;’
||||r§ :
wl®] 1550
£ oo
i nm; Y
§ uuu; 1500 !
nuz; 0 I
001 @ ]
IJUG; T\r—~ﬁ+v ﬂ- .
1360 130 1400 1420 1440 3 1450 [ 150 i
) E i i
Range | = left of C," melting E i !
| =1 I 1
:H:i TL|qu|d E 1400 : :
J.r.i 'ﬂ_.l : i
o | I
= |
g 19 5 1350 I |
a |ci I 1
| |
i, |
Taui 1300 TT T T T r
" Sod — 0 005 ol 015 02 025 030
1440 1860 1480 1500 1520 1540
Temperature, 'C Carbon Content, wt.-% Tomperature, °C

PeterPresoly DanielKavi¢ Christian Bernhard, Susanne Hahn, SdligiuClassification of
peritectic steels by experimental methods, computational thermodynamics and plant data:
An Overview, ESTAD 2023
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[} Parametrization: DTA-measurements

Range | = left of C," y—5

2 005

?ow Y
Q i
gI.II.IJi
0025
I.II.II;
IJUGE T\r—fﬁw
1380 150 AL . ] 1440 1460
Range | = left of C," melting
1'"5 Tquou
,..7!.5
f o
: |
g 15| &
g |
10
uui
00| Tsoid
W 10 1480 150 150 1540

Temperatura, 'C

°C

Temperature,

1550

1500 —

1450

1400 —

1350 <

1300

i Fe - C—1wt.-%Si
:
. |
0 IJIll}S U.‘IIO EI ‘II5 0 50 Ui’é 0.30

Carbon Content, wt.-%

PeterPresoly DanielKavi¢ Christian Bernhard, Susanne Hahn, SdligiuClassification of
peritectic steels by experimental methods, computational thermodynamics and plant data:

An Overview, ESTAD 2023
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[} Parametrization

TVC mean value, %

45

- DTA-measurements

T

(R X

2
.\"'.
3

3

..m

2.

0.25

Carbon content, wt.-%

PeterPresoly DanielKavic Christian Bernhard, Susanne Hahn, SdligiuClassification of

peritectic steels by experimental methods, computational thermodynamics and plant data:

An Overview, ESTAD 2023
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R Online quality prediction: DynaPhase and SQ! (. PRIMETALS

TECHMNOLOGIES

Process Model Suite Real Plant

High dynamics for flexible production of
demanding high quality products

Metallurgy & material

. DynaGap Soft
- Reduction 3D
Dynacs

Apply dynamic soft
Calculate the 3D reduction just before
thermal strand

: the final point of

“EI'HE{E&%% | profile online solidification
now the stee

properties according

to the actual

composition

LIQuiD

L

Smart Segment / Pinch Roll
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3 Online quality prediction: DynaPhase and SQI

[ Calculate Qls for every 1m of strand length
Strain 3 Feed condensed Qls (not full characteristic) to Quality
| - Expert/TPQC for long-term storage.
3 QI _GBS per segment (slightly different process

Analysis

lemperature

conditions)
T-range of straightening
1 end (Tempsimu) start
m= Slow cooling
(. m of --- fast cooling
deformation

Qlapc
. === slow cooling
—start of austenite  _._ g5t cooling

decomposition

reduced

T ey At ¥ M

Temperature (°C)

Quality Index
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3 Online quality prediction: DynaPhase and SQI

_ [ Calculate Qls for every 1m of strand length
Analysis

i

Strain 3 Feed condensed Qls (not full characteristics) to Quality

lemperature

Expert/TPQC for long-term storage.
3 QI _GBS per segment (only slightly different process

conditions).
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R The IMC-B-test (") PRIMETALS
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Casting (VIM or IF) or Quenching
Re-heating possible

R. Krobath and C. Bernhard, Experimental Quantification of Critical Parameters for Prediction of Surface
Crack Formation in Continuous Casting. Steel Research International 76 (2020).
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[ The IMC-B-test (") PRIMETALS
T T ﬂ
EE E E OOO000| Doooooo|
£l 1 i |loooooo| |locooooo]|
& —
Controlled cooling (Ar, Air, H,O)
oooooo|
[I | =
000000 |

Casting (VIM or IF) or Quenching
Re-heating possible

R. Krobath and C. Bernhard, Experimental Quantification of Critical Parameters for Prediction of Surface
Crack Formation in Continuous Casting. Steel Research International 76 (2020).
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Controlled cooling (Ar, Air, H,O)

R. Krobath and C. Bernhard, Experimental Quantification of Critical Parameters for Prediction of Surface
Crack Formation in Continuous Casting. Steel Research International 76 (2020).

l

=

3-Point Bending

Simulation Conference 2025 - Vienna

Bernhard

41




Experimentastraining partner: IMGB-test

2 . o« METALLURGY - MATERIALS p *
CLEANNESS & CASTING —«@a

m

MONTAN
[TETALLURGIE  UNIVERSITAT
M LEOBEN W

3 Influence of Nb(C,N): IMC-B prvides traing data sets for SQI

Quality indicess 0.17% C soft cooling

max 6.3% strain

20
C, wt.% Si, wt% Mn, wt% Al, wt.% N, ppm
: 80021"2 Nb
16 4 0.16-0.18 0.35-0.45 1.40-1.60 | 0.025-0.045 30-80
12 4
20 mm no cracks 1-5crackﬁ 5< cracks |l crack cluster !BT(?MQ
6 | in segment | “! in segment| ®in segment ®in segment = | AXIS
700°C 750°C 800°C 850°C 900°C 950°C 1000°C 1050°C 1100°C
8 I TT] i 'T T (T RRERR T [T ) [
! ‘ i I I 1 1 ‘ ,
i 1 I I il 1 TR B BT
| it s "'I S A 1 1
4 ¢ . . - - - _
* e +0.03 % Nb +I ﬂ% f]
- - . [1[]] ‘ [ 1] I |
0 T T T T T T T T T T # T ¥_ t 1 1 T T}
700 750 800 850 900 950 1000 T T e I
[T i . I I . ‘ i |
Temperature [°C] [T s 1] ! I i I T T i
S. Hahn, Raltseis S.llie, J. Six, GetechaunerP.Presoly R.Krobathand C.
Bernhard, Defect monitoring tool for CC strands. Virtual 9th International
Conference oModelingand Simulation of Metallurgical Processes in Steelmaking
(Steelsim, Vienna, Austria (2021).
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. ARef erenced Chemical compos

£ Medlt_Jm carbon steel (type Q355) | c = Vi A N
3 Bending temperature 900 AC, bending by 6.2 %. i A - p—- <0.008

20 mm D no cracks 1 to 5 cracks 5< cracks high number of cracks

— in the segment in the segment in the segment  network cracks / crack cluster Cu Lol

+0.15 wt.-% Cu
_ + 0.15 wt.-% Cu + 0.01 wt.-% Sn

O Medium Carbon +0.01 wt.-% Sn +0.25 wt.-% Ni

O |

C_G N

c \&E

o

- O

g S —

> 2w Sn Lal

c

O I

O

25um
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. AfRef erenced Chemical compos
5 Medium carbon steel (type Q355) c o w A \
3 Bending temperature 900 AC, bending by 6.2 %. i g e g Jp—

20 mm D no cracks 1 to 5 cracks 5< cracks high number of cracks

— in the segment in the segment M in the segment  network cracks / crack cluster

+0.15 wt.-% Cu
+ 0.15 wt.-% Cu + 0.01 wt.-% Sn

O Medium Carbon +0.01 wt.-% Sn +0.25 wt.-% Ni

O |

© —~

5 2

= O

c O

: I

c

O I

O

Thin slab casting
(900 AC)
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3 Medium carbon steel (type Q355)
R Bending temperature 900 AC, bending by 6.2 %.

NfnReferenceo

C Si
0.17 0.40

20 mm D

I

no cracks D
in the segment

1 to 5 cracks 5< cracks

in the segment in the segment

high number of cracks
network cracks / crack cluster

+ 0.15wt.-% Cu

+ 0.15wt.-% Cu
+ 0.01 wt.-% Sn

Mn
1.50

Chemical
Al
0.030

compos
N
< 0.008

8 Medium Carbon +0.01 wt.-% Sn +0.25 wt.-% Ni
|
5 i)
5 <
- O
c O
<)
[o] o o
— 0 0 —_ 0
g - Lérit_gA) U Lérit<1/0 L L&rit_3A) -
O
Thin slab casting
(900 AC)
[o] o
— — 0
— u:rit_ 5 % — Ll u:rit_ 2.5 % —
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Main challenges: Temperature, scale, depth of
defects, ¢é .

[} Electromagnetic systems.

3 Optical systems: Example laser (SAPOTECH)

3 Ultrasonics.

ooooo

B | Defects found! '{ '

(A4S 7 ~.l{, Select tool

M122018 1851
B2

4122m8 e
L.,

4122018 10

s

4122019 1102
L STy

SLAB-427' 4122018 1058
20

SLAB-4013 W112018 656

LL L L

Reverse list

SapotechReveal CAST, available from:
https://www.sapotech.fi/solutions/reveaktast/

Reveal CAST 1.13.23 af ion {®2019 Sapotach Oy
. -~ - g
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