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RADIAL BILLET CASTER
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Qsource heat flow from internal source [W m-3]

2 2 2 )
T
oT _ k 07T 27T 07T +[W a_]+ SOURCE

0t p-clox? oy° oz° Z 5z p-c
Boundary conditions: .
oT "
1St T = Tpour 3rd _k == HTC (Tsurf - mould)
on
oT
2k I — or _
k an O 4th —k on =HTC (Tsurf _Tamb)+ O-g(TsAlerf TaA;nb)

l12@456789101112131415161718




ENTHALPY AS A FUNCTION B—
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This point can change its phase or
structure during the simulated process.
The enthalpy function contains the
e e St R S latent or structural heat of each
mﬂg' """ s N N S N T A T N S AN AN S e change.
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This function must be known for the relevant steel.
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COMPUTING NETWORK .
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S,
A T temperature [K]
(ij+1,k) {Lit1,k) ] H specific volume enthalpy [W.m-]
ks 7 time [s]
c, specific volume heat capacity [J.m3.K1]
p density [kg m-3]
X,Y,Z axis in given direction

QX,QY,QZ heat flow in given direction  [W]
VX,VY,VZ conductivity in given direction [W.K1]
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MATERIAL PROPERTIES — BILLET

[[] | ONIVERSITY

S T E E L [ L= ] OF TECHNOLOGY

IDS software
p(T) [kg.m3] - Density

k (T) [W. m-1. K-l] - Heat Condu CtiVity - Events Solidification Austenite decompos. Inerdendtic conposion »

Run file 1550 900
11500MAX RU Mn Y ] 0.650 1.990 0.940

c(T) D.kg*.K*] - Specific Heat Capacity O e | ! | —rA
e [l " ?
P2-04B s é
\J\ ol | S|
! ‘ | l ‘ / e l-;] 23:3 :::': 13Ii:llLicr.id 0.0% :Amteme 0.0%
et w0 oa || Bidies Ol Sibesime G
e . . Ho
EQC(]% U I Mattensite 0.0%
om0 We use a solidification analysis package
o for steels IDS. IDS calculates
f thermophysical material properties from
S liquid state to room temperature.

400 500 600 700 8O0 900 1000 1100 1200 1300 1400 1500 1600
Temperature [°C]

T ivvidus = 1536 — 8 - wtC — 7,6 - wtSi — 3,9 - wtMn — 33,4 - wtP — 38 - wtS§
—3,7-wtCu — 3,1 -wtNi — 1,3 - wtCr — 3,6 - wtAl

Teotiaus = 1536 — 251 - wt€ — 12,3 - wtSi — 6,8 - wtMn — 123,4 - wtP — 183,9
- wtS — 3,3 - wtNi — 1,4 - wtCr — 3,1 - wtCr — 3,6 - wtAl
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BOUNDARY CONDITIONS

Natural convection -
and radiation

Convection beneath - Q!‘Gi - hfcmj T d . (Tmi T )
the nozzles and ?
radiation htcrol = htcromat + &0 (Trzol + Tazmb) : (Trol + Tamb)
u
Heat flo . _
through the Natural convection htcpge = 0,84 - J (Tsurface = Tamb)
n - roller
Radlatlon hte, = ¢-0- (Tszurface + Ta?mb) ‘ (Tsurface + Tamp)
N € = 0,78828571429 + 0,0003375 - Tsy3pqce — 40,17857143 - 1076 . Tszw,face
Q [W] heat flow htc [W.m=2.K-1] heat transfer coefficient I, d [m] roller dimensions
T [K] temperature € [-] emissivity
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SECONDARY COOLING —

BOUNDARY CONDITION
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RESULT =TEMPERATURE FIELD

| T ZP0OBMNA4

i P11312°C Tavba - 12383; Ocel - COBMN4S; Radina -C10

Rychlost - 1,05 m/min; Pfehfati - 31 °C; Priitoky - 32, 35, 18 |fmin
Metslurgicks déka: 14,857 m; Délka tekute féze: 14,417 m
Teploty mezi z6nami : 1103, 1265, 1274, 1236, 995, 0, 0°C Teplaty po délce stroje

=8 e . ez

ram 1800

P2 1083 °C

Kenec oblouku
ML = 14,857 m

o

F—1P NP =P =nP—SF—nP=nP—NF -0 =

|

o 1528.0 1433.3 14112 544.6

1

i P11245°C Tauba - 5745; Ocel - C47MNTD; Rodina - C45
Rychlost - 1,00 m/min; PrehFati - 43 °C; Pritoky - 28, 32, 16 lfmin n
Metalurgicka délka: 14,351 m; Délka tekuté faze: &,570m -
Teploty mezi zdnami : 915, 1186, 1225, 1189, 951, 0, 0°C 2

ZP47MN70O |

P21038 °C

Konec oblouku o |
ML = 14,351 m -
«ll/
/
all

A-A (0.700m) B-B (1.049m) C-C (3.110m) D-D (6.230m) E-E (12.000m) F-F (16.000m) R i~ s
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THE EFFECT OF THE SECONDARY
COOLING

Sekundarni chlazeni

o)
UNIVERSITY
OF TECHNOK

Lici rychlost ————»
Ocel —» B
Teplota v mezipanvi ——¥ Ridici
Chlazeni krystalizdtoru ———»

|
I
|
1
1|
Pozadované P
. [ *r—-—-—-—-=-==-
povrchové teploty Zadané hodnoty pritoku pro g _ _ I
Jednotlivé okruhy . I | ]
» I
Regultor : : (.
="~ pratoku < | .
Nastaveni sekundamiho chlazeni - dynamicks regulscs pritokir | [ e B | | I
| vody | :
P1 1089 °C V11071 °C I. 270.1 l/min | ? : f d
! I
o o f v |
P2 1043 °C V2 1032 °C II. 193.1 I/min I } Regulator | : :
P3 1105 °C [l V3 1086 °C . 76.4 /min ! ~——| pritoku | ---- - - -J
|
P4 1000 °C [l V4 1000 °C IV. 34.1 I/min : vody : :
[ 4 ! ;o
Regulaéni g [ Regulator [
o MéFeni | ¥ e g 4
ventil ok I : prutoku |
P | | vody I
| I
! i !
Regulatni . !
g . Méfeni ' I I
ventil Stok : |
prutoku [
|
|
Regulaéni T
g ; Méfeni :
ventil .
prutoku I

s
o~
O MéFeni

teploty

l123456789101112®1415161



CLASSIC CONTROLLER VS.
MODEL PREDICTIVE CONTROL

—— Actual casting speed — Effective casting speed: circuit 2
—— Effective casting speed: circuit | —— Effective casting speed: circuit 3
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Casting speed [m/min]
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MODEL-BASED PREDICTIVE
CONTROL SYSTEM

Casting speed,
cooling conditions
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MODEL-BASED PREDICTIVE CONTROL SYSTEM

I 1

Casting machine
in operation

A

Temperature field prediction

Effective casting ¢ ¢ # ¢
speed module : : . ;
Cooling Cooling Cooling Cooling
strategy strategy strategy strategy
scenario #1 scenario #2 scenario #3 scenario #N
Cooling strategies
generation
Y
Cooling strategies
evaluation

Predicted temperature fields in time t +At
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GPGPU COMPUTING ) st

i |
GPGPU = computing on graphics processing units GPU ARG
* huge computing performance

e scientific and technical computing

e for massively parallelizable problems

 Hundreds or even thousands of computing units concurrently running

code SN - CPUTIME | GPUTIME | SPEED-UP
GRID

1,000,000 0.60 s 15 min 53 s 24.1 s

[\
()
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100 — —
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|

Computing performance in GHops

o
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CONCLUSION R st

e This paper introduces a 3D numerical model of the temperature
field for concasting of steel in the form of in-house

 The model includes the main thermodynamic transfer phenomena
during the solidification of concasting.

 Another objective is to apply the model for monitoring these
phenomena in real time.

 New computational resources ie GPGPU brings new control
capabilities the process of casting

 Model Predictive Control - MPC - use experience as effective casting
speed and effective superheat
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