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Parametric Study of Continuously Cast Steel Billet 150 x 150 mm
Parametricka studie plynule litého oceloveho sochoru 150 x 150 mm

prof. Ing. Josef Stétina, Ph.D.; prof. Ing. Frantisek Kavi¢ka, CSc.; doc. Ing. Jaroslav Katolicky, Ph.D.;
Ing. Tomas Mauder, Ph.D.; Ing. Lubomir Klimes, Ph.D.
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An application of the numerical model for computer simulations of the temperature field of continuously cast billet
requires systematic experimentation and measurement of operational parameters on a real caster as well as in the
laboratory. The measurement results, especially temperatures, serve not only for the verification of the exactness of
the model, but mainly for optimization of the process procedure: real process — input data — numerical analysis
— optimization — correction of real process. The most important part of the investigation is the measurement of
temperatures in walls of the mould and surface temperatures of the billet in the zones of secondary and tertiary
cooling. It is necessary to process the data before it is used, i.e. it is necessary to find a suitable method of filtering.
The off-line model of the temperature distribution allows for comprehensive parametric studies into the influence of
chemical composition, casting speed, temperature of overheating and cooling conditions in the secondary cooling
on the temperature distribution of the cast billet.

Key words: model tuning; temperature field; experimental measurement; parametric study; chemical composition;
secondary cooling; casting speed; steel overheating; metallurgical length

Aplikace numerického modelu teplotniho pole kontinudlne litého sochoru vyZaduje systematicky experimentalni
vyzkum a méreni provoznich parametriz na redlném ZPO i v laboratosi. Vysledky méreni, predevsim teplot, slouzi
nejen k overeni presnosti modelu, ale piedevSim k zajisteni provazanosti techto krokii: redlny proces — ziskani
vstupnich dat — provedeni numerické analyzy — optimalizace technologickych parametrii — korekce realného
procesu. Stézejni je méieni teplot ve sténé trubkového krystalizatoru pomoci termoclanksz a na povrchu sochoru
v zoné sekundarniho a terciarniho chlazeni pomoci pyrometri. P#i ovéiovani a upresiiovani modelu bylo vhodné
provést experimentalni méreni povrchovych teplot sochoru tésne pod krystalizatorem. Trvalé méreni teplot pomoci
tA pyrometri se ukazalo jako nutné ve dvou z6nach sekundarniho chlazeni a na vybéhu za tazné-rovnaci stolici.
Off-line model teplotniho pole umoZsiuje provedeni i rozsahlych parametrickych studii vlivu chemického sloZeni
oceli, lici rychlosti, rychlosti preh/ati a sekundarniho chlazeni na vysledné teplotni pole sochoru. Vysledky studii
slouzi k overeni spravnosti numerického modelu, koveéreni pouZivanych empirickych vztahs, k nastaveni
technologickych predpisiz pro dané sochorové ZPO i pri priprave komplexni optimalizace vyroby. Ke srovnéni vlivu
riznych vstupnich parametrs je nejvhodnéjsi zvolit grafické vyhodnoceni metalurgické délky, maximalni délky
tekuté faze, narast ztuhlé lici kary, teploty povrchu sochoru v misté rovnani a teploty jeho povrchu tésné pred
vystupem z klece ZPO. Je pripojena Gvodni studie vlivu elektromagnetického michani na teplotni pole sochoru.
Ukazuje se, Ze vliv michani je p7i pouZité hustoté vypoctové sit¢ zanedbatelny.

Kli¢ova slova: ladéni modelu; teplotni pole; experimentdlni méieni; parametricka studie; chemické sloZenti;
sekundarni chlazeni; rychlost liti; prehrati oceli; metalurgicka délka

1. Model tuning and its verification of view because it is not alowed to endanger or to

influence the production. For tuning of the model, it was
The research of thermo-kinetics of solidification and ~ therefore necessary to use quantities that were already
cooling of continuously cast billets requires a systematic ~ Measured by the existing CCM control system.
experimental research on a real continuous casting  The ysually measured quantities are the sted
machine (CCM). Its results were used not only for  temperature in the tundish, the water flow through the
tuning of the numerical model of the temperature field  moyid including its temperature and the billet surface
but also for its verification. Long-term experimental  tamperature measured by pyrometers at different places.
measurement  provided a continuous correction of - por tyning of the model and for verification of the
numerical analysis of the red process. Experimental g bmodel for the mould temperature field it was
investigation in the steelworks would be very costly and  ggvisaple to perform experimental measurement of
they would be complicated from the organization point  grface temperatures just below the mould.

29



Recenzované védecké ¢lanky
Peer-reviewed Scientific Papers

Hutnické listy ¢. 3/2017, ro¢. LXX
ISSN 0018-8069

1.1 Experimental measurement for model
verification

On the basis of the analysis and spatial possibilities of
the CCM2 in the steelworks Tiinecké zelezarny [1] and
with regard to the possibility of placing the measuring
device in the process plant, the following measuring
points were chosen (Fig. 1):

@) measuring point No. 1 —3 (under the mould — zone
I1.LA), Fig. 2

b) measuring point No. 4 (zone I11.A), Fig. 3

¢) measuring point No.5 (at the outlet, behind the
drawing-straightening stand), Fig. 4

All the measuring points are on the hillet eighth utmost
strand as it is shown in Fig. 4. Dimensions in the
diagrams of the measuring points or of the plane of the
nozzles in the right part of Figs. 2 to 4 represent the
distances from the lower edge of the mould.

Fig.1 Diagram of layout of the nozzlesin the radial part of the caster and their assignment to the zones
Obr.1 Schémaumisténi trysek na oblouku stroje ajgjich pritazeni do zén

Fig.2 Diagram of thelayout of the pyrometersin the zoneIl. A (pyrometers Nos. 1 —3)

Obr.2  Schémaumisténi pyrometrii v I1. A z6né (pyrometr ¢. 1 —3)
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Fig. 3 Diagram of location of the pyrometers below the SEMS (pyrometer No. 4)

OQOutside of strand .~

L

3882.6 (plane of nozzles No.24)

|4044.2 (plane of nozzles No. 25)

Obr. 3 Schémaumisténi pyrometru za el ektromagnetickym michacem (pyrometr ¢. 4)

Fig. 4 Diagram of location of the pyrometer at the end of the caster (pyrometer No. 5)

Obr. 4  Schémaumisténi pyrometru na vybehu (pyrometr ¢. 5)

The measured values were classified according to heats
and other technological data were assigned to them such
as. casting speed, water flow rate, etc. (Fig. 5). It was
necessary to use the filtration of the measured
pyrometers [2, 3]. During processing of measurement
results, the filtration with the use of recursive median
filter proved to be the most appropriate. The diagram in
Fig. 6 shows the evolution of the measured data from
pyrometers filtered by the median recursive filter with
thefilter order r = 5.

yi = median {y;_y, . ¥i—1,Xi), Xit1) - Xipr} 1)
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Temperature (°C)

Time (min)

Fig. 6 Measured surface temperature for the heat of the steel grade
TERMEX-1, processing by means of median recursive filter
Mé&rené povrchové teploty pro tavbu oceli TERMEX-1,

zpracovani medidnovym rekurzivnim filtrem

Obr. 6

Temperature measurements showed a great asymmetry
between the surface temperatures at small and big
radiuses at the point of bending of the casting strand. As
stated in the article [4], the CCM hillet is symmetrical
aong the circumference of the profile. The
measurements, however, show that functional symmetry
is not reflected here. According to Fig. 6, the difference
between surface temperatures in the first measurement
point exceeds 200°C. The main reason for this
asymmetry is the varying intensity of heat removal from
the small and big radiuses in the mould. The surface of
the continuously cast blank has therefore a different
surface temperature after leaving the mould. Due to the
fact that effect of the Leidenfrost temperature [5] is
applied, there will be more pronounced asymmetry of
surface temperatures on the small and big radiuses. This
problem could be solved with the use of other nozzlesin
zones |. and IlI. A, which would have different
dependences of the heat transfer coefficient on the
surface temperature.

1.2 Continuous measurement of surface
temperatures

On the basis of the experience with measurements
described in paragraph 1.1, three pyrometers were
permanently installed on the CCM, including their
integration into the operational information system. The
results of the measured temperatures were continuously
available for the CCM operator and they were
simultaneously used as input parameters for the on-line
model of the temperature field.

The following positions were chosen for the permanent
installation of pyrometers on the CCM2 on the side wall
of the utmost eighth strand:

e zone llA, between the 4™ and 5™ nozzle from the top,
i.e. 1.145 m below the mould lower edge (Fig. 1),
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e zonelllA, between the 4™ and 5" nozzle from the top,
i.e. 3.685 m below the mould lower edge,

e outlet (behind the drawing-straightening stand), i.e.
16.7 m below the mould lower edge.

Fig. 7, for example, presents photographs of installation
of the pyrometers in real operation during casting,
namely (a) in the zones I11.A and b) in the outlet. Fig. 8
shows the position of those three pyrometers
permanently installed on the CCM — they are marked
with black dots.

a) Pyrometer in the zone I11.A during the casting
a) Pyrometr v z6n¢ 111.A behem liti

b) Pyrometer at the end of the caster during the casting
b) Pyrometr ve vyb&hu beéhem liti

Fig. 7 Permanently installed pyrometers
Obr. 7 Fyzické zobrazeni trvale umisténych pyrometrt
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Fig.8 Diagram of locations of the measuring pyrometers (black
points)
Obr. 8 Schéma umisténi m&ficich mist pyrometri (Serné tecky)

The majority 180 measured quantities on the billet CCM
from the control levels | and Il entered the software of
the temperature model and was stored in the database.
The user of the temperature model can select and plot
from these measured and also calculated and stored
quantities. Due to the very large number of these
quantities, we strived to select the principal ones, which
include more influences.

For this purpose, a diagram was created comprising the
casting speed, temperature of superheating, metallurgi-
cal length and surface temperatures calculated by the
model, and measured by the pyrometers at the same
locations (Fig.9). When comparing the measured
temperatures with the calculated ones, the average
temperature of the four points closest to the location of
the pyrometer was considered as the calculated value.

It was also necessary to monitor the heat dissipated by
the mould. It was possible to verify the correct function
of the mould model by the average billet surface
temperature along its entire circumference at the lower
edge of the mould.

The water flows in the individual zones had to be
correlated with the surface temperatures behind the
respective zone at the point without the nozzles
(Fig. 10). Five temperature values were recorded in the
database at characteristic cross-sectional points that
were identical with the points in the diagram of the
temperature history in Fig.16 in [4]. For display
purposes, in one case we chose the average temperature
of al five points, i.e. it included also the corners. In
another case, we chose the average temperature from
only three temperatures in the centre of the sides, since
the effect of cooler corners might have overshadowed
the impact of cooling by the nozzle.

In the secondary cooling circuits, it was desirable to
monitor not only the flow but aso the water pressure.
Water flow and water pressure are functions of the
nozzle constant k [4]. Therefore, Fig.11l shows the
change of this parameter as an example of the
monitored magnitude, which could indicate the state of
the nozzles in the cooling circuit.
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Metallurgical length (m)
Casting speed (m-min-)

Temperature (°C)
Temperature of overheating (°C)

Length (m)
Fig.9 Basic casting parameters and measured surface temperatures
from the database of the model for the steel grade TERMEX-1
Z&Kladni parametry liti a méifené povrchové teploty z databaze
teplotniho modelu pro ocel znatky TERMEX-1

Obr. 9
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Fig. 10 Water flow rates in the secondary cooling circuits and
calculated temperatures behind the zones from the database
of the temperature model for the steel grade TERMEX-1

Obr. 10 Pratoky vody v okruzich sekundarniho chlazeni a vypoctené
teploty za zénami z databéze teplotniho modelu pro ocel
znatky TERMEX-1
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Fig. 11 Evolution of the nozzle constant and calculated temperatures
behind zones from the database of the model for the steel
grade TERMEX-1

Obr. 11 Prabéh zmény konstanty trysky a vypoétenych teplot za

zonami z databaze teplotniho modelu pro ocel znatky
TERMEX-1

2. Parametric studies

Parametric studies of the influence of individua input
technological parameters and properties on the resulting
temperature field are the basic possibility of using the
off-line version of the temperature field model. The
scope of studies is made possible by parallelisation of
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the code, which allowed shortening of the calculation
time. With the large number of calculations that were
performed, the effect of the time step on the calculation
stability was monitored and its adaptation was
continuously tuned. The results of these parametric
studies can be used for validation of the used empirical
relations, for proposing the technological standard
operating procedures (SOP) for the CCM, for acomplex
optimisation and for set-up of adynamic model.

Due to the fact that the result of the calculation was a
3D temperature field, it was necessary to analyse the
influence of input parameters to which it is possible to
clearly define and compare the final output parameters
or to choose a graphical comparison of the output
parameter. The maximum metallurgical length, the
maximum length of the liquid phase and the surface

temperatures after the individual cooling zones were
found to be the most suitable for such comparison. We
present here only the results for steel grade TERMEX-1.
The cooling of the mould was performed according to
the technological standard operating procedures and the
measured values, the inlet temperature of cooling water
was always considered to be 20°C, as well as the
ambient temperature (air) 20 °C.

2.1 Study of influence of chemical composition on
the temperature field

The basic recommended composition of steel for the
casting of billetsis given in tab. 1. The table lists one or
two characteristic steels for each of the four groups. The
list is supplemented with the liquidus and solidus
temperature.

Tab1l Sorting of steel gradesinto groups and subgroups according to their chemical composition

Tab.1 Rozdéleni oceli do skupin a podskupin podle chemického slozeni

_ Tue | T | C [ Mn ] si | P [ s Jau o [ ni [ v ] T
Group| Family |Steel grade :
(°C) (Mass ratio %)
C15 P2-04B 1531 1489 | 0.020 | 0.300 | 0.040 | 0.010 | 0.010 |0.065| 0.050 | 0.040 | 0.000 | 0.000
2 B20 1220 1523 | 1477 | 0100 | 1.025 | 0.075 | 0.010 | 0.010 |0.060| 0.075 | 0.075 | 0.015 | 0.000
5 A31 |TERMEX-1| 1515 | 1457 | 0.180 | 0.725| 0.200 | 0.020 | 0.020 |0.200 | 0.075 | 0.075 | 0.000 | 0.000
D50 C45EKL 1491 1402 | 0.460 | 0.650 | 0.300 | 0.015 | 0.015 |0.100| 0.200 | 0.200 | 0.000 | 0.000
4 B73 C82DPC 1466 1342 | 0.840 | 0.700 | 0.200 | 0.008 | 0.007 |0.125| 0.085 | 0.100 | 0.000 | 0.000

The previous article [4] discussed the thermo-physical
properties of the five selected steels from table 1 with
significantly different chemical composition. To make the
effect of the chemical composition of steel, especidly of
adifferent carbon content, on the temperature field of the
billet more evident, the other casting parameters were
chosen equally, i.e. the casting speed of 2.8 m-min™ and
the temperature of overheating of 30 °C.

Strand length (m)

a) cooling process according to the technological specification
a) chlazeni dle technol ogického predpisu

Fig. 12 compares the length of the liquid phase
determined by the numerica model with the
metallurgical length of the steel billet from the table 1 if
the following is used at CCM2: a) cooling according to
the applicable technological standard operating
procedure for each steel and b) identical cooling for all
steel grades.

Strand length (m)

b) identical cooling
b) stejné chlazeni

Fig. 12 Comparison of the length of the liquid phase and the metallurgical length for various steel grades
Obr. 12 Porovnani délky tekuté faze a metalurgické délky pro rizné znacky oceli

Fig. 13 illustrates the effect of carbon content of steels
from table 1 on the metallurgical length: a) at cooling
according to the technologica standard operating
procedure, b) at identical cooling. In practice, adifferent
cooling mode or different cooling curve is selected for

each group of steels according to the currently used
technological standard operating procedure. The
purpose of this comparison was to find out whether the
cooling curves used for an individual group of steels are
optimal.
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Metallurgical length
Liquid point

Mould temperature
Temperature |.
Temperature LA
Temperature Il.B
Temperature lllL.A
Temperature lllB
Temperature IV.

— 1200

— 1000

(— 800

Metallurgical length (m)
Temperature (°C)

— 600

04 06
Carbon content (%)

a) cooling process according to the technological specification
a) chlazeni dle technol ogického predpisu
Fig.
Fig

13 Influence of the chemical composition on final parameters
. 13 Vliv chemického slozeni navysedné parametry

2.2 Influence of the casting speed and superheating

of steel

The casting speed is one of the basic technological
parameters of continuous casting. For the steel grade
TERMEX-1 presented here, the operating speed range
between 2.00 and 4.00 mmin' was considered. The
water flow through the secondary cooling was increased
linearly with the casting speed according to the
technological standard operating procedure. The other
input parameters, especially the overheating of 30 °C,
were again left constant. It is not necessary to

Temperature (°C)
Solid shell (mm)

Length (m)

a) 2.0 m-min*

Metallurgical length (m)
Temperature (°C)

Carbon content (%)

b) identical cooling
b) stejné chlazeni

investigate the effect of higher casting speed because
the metallurgical length would exceed the length of the
CCM. On the other hand, lower casting speeds are used
only for a short time, e.g. in the event of a risk of
breakout.

For comparison, in Fig. 14 we chose the temperature
history of the same cross-sectional points along the
length of the CCM in combination with a diagram of the
growth of the solidified strand shell for the lowest and
highest casting speed of 200 and 4.00 m-min™,
respectively.

Temperature (°C)
Solid shell (mm)

Length (m)

b) 4.0 m:min*

Fig.14 Temperature history of selected pointsin the billet cross- section during its passage through the caster and growth of the strand shell for

two casting speeds

Obr. 14 Teplotni historie zvolenych bodi pii¢ného fezu sochorem pii jeho prichodu ZPO anarist lici kary pro dvé rychlosti liti

From the diagrams in Fig. 14 and from the summary
diagramin Fig. 15, an approximate linear dependence of
the metallurgical length and of the length of the liquid
phase on the casting speed is evident. The break occurs
at the speed of 3.5 m-min™ when the secondary cooling
was aready insufficient. The speed in the range from 3
to 3.5 m-min™ appeared to be optimal a the adjusted
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secondary cooling. The speed used in the range of 2.8 to
3 m-min"*was unnecessarily low.

The casting temperature must always be higher than the
liquidus temperature to ensure, with a sufficient reserve,
a transport of the liquid steel from the tundish through
the casting nozzle to the CCM so that pouring of the
melt from the tundish through a submerged entry nozzle
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is perfectly secured. From the operational point of view,
it was, therefore, desirable that the casting speed with
the decreasing overheating temperature would increase.
Fig. 16 shows how the overheating above the liquidus
temperature affected the metalurgica length. With
adecreasing overheating temperature, the metallurgical
length is shortened, allowing for a higher casting speed.
This finding was consistent with the need to ensure

TERMEX-1
Metallurgical length
Liquid point
Mould temperature
Temperature |
Temperature LA
Temperature |.B
Temperature lILA
Temperature lIL.B
Temperature V.

— 1200

24 —

~—

20 —

— 1000

I
@
2

3
Temperature (°C)

Metallurgical length (m)

— 600

2. 3.2
Casting speed (m-min™)

Fig. 15 Influence of the casting speed on selected parameters; steel
grade TERMEX-1, temperature of overheating 30 °C

Obr. 15 Vliv lici rychlosti na vybrané parametry, ocel TERMEX-1,
prehréti 30 °C
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2.3 Influence of secondary cooling

Setting the secondary cooling and its optimisation is
acomplex problem. The paper, therefore, studies only
the effect of the secondary cooling on the temperature
field for casting of the steel grade TERMEX-1 at the
casting speed of 2.8 m-min™ and overheating of 30 °C.

The real operation uses the so-called cooling curves, for
example, according to Fig. 17. The diagrams describe
the dependence of the required flow rates (I-min™) on
the desired casting speed (m-min™), each for a certain
cooling intensity characterised by consumption of
cooling water per 1 kg of the cast steel. These cooling
curves were compiled for the particular CCM2 for the
cooling zones | to IV (Fig. 1). The point is that in rea
operation, only four cooling zones were for simplicity
set (regulated): I, I1, 111 and IV. The water distribution
between the zones I1.A and I1.B and between the zones
[11.A and 111.B [6] was fixed and could not be changed
during casting.

A comparison of the different characteristics of the
calculated billet temperature for different cooling curves
of 71-kg™* and of 20 1-kg™ is shown in Fig. 18.

Metallurgical length (m)

36

timely a pouring of the tundish. The calculations
showed that the influence of overheating on the surface
temperatures of the billet was much smaller than that of
the slab CCM on the surface temperature of the dlab [5].
It was necessary to make this parametric study for steels
from all four groups because, for example, the influence
of superheating on steels with a wide solidification
interval may be different.

Temperature (°C)

10 20 30 40

Casting speed (m-min’*)

50 60

Fig. 16 Influence of the temperature of overheating, the steel grade
TERMEX-1, the casting speed 2.8 m-min™

Obr. 16 Vliv teploty piehréti, ocel TERMEX-1, rychlost 2,8 m-min™

From the resultant temperature fields for individual
cooling curves, a summary diagram in Fig. 19 was
compiled in the range of the values from 7 to 20 I-kg™.
This basic set of graphical dependencies served the user
for an assessment which of the cooling curves was
optimal for the cast sted. The cooling curves were
ordered according to the amount of water in all zones.

Water flow(l-min™)

o 1 2

Casting speed (m-min™)
Fig. 17 Example of the cooling curves 15 |kg*
Obr. 17 Priklad chladicich kiivek 15 1-kg™
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a) The cooling curve of 9 I-kg'* b) The cooling curve of 20 I-kg™
a) Chladici kiivka 9 I-kg™ b) Chladici kiivka 20 I-kg™

Fig. 18 Temperature history of selected points of the billet cross section during its passage through the caster and growth of the strand shell for
two cooling curves
Obr. 18 Teplotni historie zvolenych bodti pricného fezu sochorem pii jeho prichodu ZPO anérast lici kiry pro dvé chladici kiivky

casting temperatures is used from a high casting
temperature to atemperature well below the solidus
temperature after passing through the entire CCM. From
the material and physico-chemical points of view, the
evolution of the process is co-determined by a wide
spectre of material and thermo-kinetic characteristics of
the continuously cast steel, electrical and magnetic
quantities that apply to the given steel composition.
Also, evolution of the process of casting is influenced
by awide spectre of parameters of the CCM desigh and
functional parameters, parameters of the CCM,
construction and working parameters of electromagnetic
gtirring, as well as the parameters of their mutual
arrangement and synchronization. Previous papers [7 to
10] show that the exact mathematica modelling of
electromagnetic mixing in the CCM is still very difficult
to solve. In principle, however, the possibility exists
using the theory of physical similarity [1, 11, 12] of
qualitative to semi-quantitative assessment of the
mutual causality of material, thermo-kinetic, electro-

Metallurgical length (m)
Temperature (°C)

Cooling curve

Fig. 19 Evolution of selected calculated parameters in dependence on

the cooling curve magnetic and hydraulic quantities, including their
Obr. 19 Prilbth vybranych vypoctenych parametrii v zévislosti na  interaction between the liquid and solid phases. The
chladici krivee presented and discussed model of the temperature field

presented in the paper and its use for optimising the
o casting parameters, particularly the casting speed and
3. Electro-magnetic stirring secondary cooling, works with arelatively rough
computational mesh so that calculations can run in rea
The CCM for casting of steel billets uses rotary stators  time. Therefore, it is not possible to model the flow of
of electro-magnetic stirring systems (Fig. 20). The liquid steel caused by electro-magnetic stirring in the
velocity of movement of the molten steel, which is  mould. In order to encompass the influence of electro-
caused by electro-magnetic stirring, ranges from 0.1 to  magnetic stirring on the formation of the temperature
1.0 m-s™. Electro-magnetic stirring applied to the CCM  field, we chose the following procedure. From the
is inherently a very complex magneto-hydraulic business data of the company CONCAST [13] that
process, moreover combined with the processes of supplied the CCM, we obtained a diagram of the
crystallisation and solidification of the continuously cast  maximum flow speed along the mould height for two
steel. The complexity of the whole steel casting process  different excitation currents (50 and 200 A) for the
is further amplified by the fact that a large range of  electro-magnetic stirrer according to Fig. 20.
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MEMS

— | =200 A

— | = 50 A

Casting speed (m-s*)

T i I I i I |
4nn ANN 1000
Mould length (mm)

Fig. 20 Diagram of the mould with location of the electro-magnetic stirrer and its parameters
Obr. 20 Schéma krystalizatoru veetné umisténi el ektromagnetického michace ajeho parametra

In the resultant algorithm implemented into the
temperature field model, the curves of casting speeds in
dependence on the mould height (Fig. 20) were stored in
the database, and for other values of the excitation
current the maximum speed values were interpolated or
extrapolated. From obtained maximum tangential speed,
the components of speed w, and w, were calculated for
each mesh elements having all nodes of the network
above the liquidus temperature. Then the Fourier-
Kirchhoff equation with al three components of the
speed rychlosti wy, w, and w, was solved [5].

Temperature (°C)

Transverse dimension (mm)

a) The current of 0 A
a) Proud 0 A

Fig. 21 shows a comparison of the temperature profile
in the axial section at the depth of 600 mm below the
top edge of the mould with switched-off stirring (current
0 A) and with switched-on stirring (200 A). It can be
seen from the figures that the influence of stirring on the
temperature field calculated on this mesh is negligible
and that the greatest difference is caused by the
equalisation of the heat flow dissipated through the
mould wall of the small and big radiuses.

Temperature (°C)

Transverse dimension (mm)

b) The current of 200 A
b) Proud 200 A

Fig. 21 Comparison of the temperature field for various values of the electric current for the stirrer at a distance of 600 mm under the mould

upper edge

Obr. 21 Porovnéni teplotniho pole pro rizné proudy michate ve vzdalenosti 600 mm pod horni hranou krystalizatoru

Conclusions

Research of thermo-kinetics of solidification and
cooling of continuously cast billets requires a systematic
experimental measurement on a real CCM. lIts results
will be used not only for tuning of the numerical model
of the temperature field but also for assessment of the
accuracy of this model. Experimental measurement also
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provides a continuous correction of the real process
based on its numerical andysis. The main measured
variables are the temperatures in the mould walls, the
surface temperature of the continuously cast blank at the
outlet from the mould, in the cooling zones of the
secondary cooling and at the casting strand outlet. The
off-line version of the model of the temperature field
alowed to assess the influence of the chemica
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Pramysl: ocel neni v Bruselu dostate¢né hodnocena
Westdeutsche Allgemeine 17.03.2017

Ptinos oceli k odvétvi recyklace neni EU dostatecné hodnocena, kritizuje Hospodérské sdruZeni Ocel (WV Stahl)
Sty smérnice, projednavané Evropskym parlamentem. Prezident WV Stahl Hans Jirgen Kerkhoff #ik& ,,Mély by
byt vytvoreny stimuly pro odvétvi recyklace a nemély by byt vytvaieny nové piekazky riznymi seznamy opatieni
snavrhy novych dani a davek”. Ocel mize byt recyklovana stdle dokola a je tak paréddnim piikladem pro funkéni
recyklaéni hospodarstvi. Jako velice neuspokojivou kritizuje WV Stahl také skutecnost, Ze ma byt ¢lenskym stataim
znovu piidan navic ¢as k dosaZzeni zadanych predlioh, jakoZ i ¢asovy prostor pro stanoveni urcitych kritérii.
»Nepotiebujeme Evropu dvou rychlosti v ekologické palitice, tim se odvétvi recyklace v EU nepomuze,* kritizuje
prezident odvétvového svazul.

Ocelari na vychodé dostanou od dubna vic penéz
unternehmen-heute.de 21.03.2017

Po ocelatich na severozapadé dostane pridano i 8000 zameéstnanci ocel diského odvétvi i ve vychodnim Némecku.
Zaméstnavatelé a |G Metall se shodli na tom, Ze zaméstnanci dostanou od dubna ptidano o 2,3 %. Od kvétna 2018
pak o dalSich 1,7 %. Dohoda tarifnich partneri pro vychodni Némecko pievzala vSechny podstatné ¢ésti dohody,
ktera byla podepsana minuly tyden pro 72 000 zaméstnancii na severozapadé Némecka.
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