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Numerical Off-line Model of Temperature Field of a Continuously Cast Billet
and its Preparation

Numericky off-line model teplotniho pole plynule odlévaného sochoru a jeho
piriprava

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 Klime§, Ph.D.

Brno University of Technology, Faculty of Mechanical Engineering, Energy Ingtitute, Technicka 2896/2, 616 69 Brno,
Czech Republic

The paper is concerned with fundamental analytical and empirical knowledge about the solidification of continu-
ously cast steel billets having a square cross-section. Solidification and cooling of this billet and the heating of the
mould is a very complicated problem of transient heat and mass transfer. The solving of such a problem is impossi-
ble without numerical model of the temperature field, not only of the concasting itself, while it is being processed
through the caster but of the mould as well. An original 3-D numerical off-line model of the temperature field of
a billet has been developer and presented there. The model is based on an explicit finite difference method and it
solves for a solution of the Fourier-Kirchhoff partial differential equation. The latent heat of phase changes is
incorporated into the model by means of the enthalpy method. The preprocessing mainly includes a complicated
definition of boundary conditions, especially in the secondary cooling zone, and the determination of thermo-
physical steel properties as functions of the temperature. The dependence of input data (thermo-physical properties
and boundary conditions) on the temperature in a particular location on the billet makes the problem highly
nonlinear.

Key words: continuously cast billet; temperature field; discretization; initial and boundary conditions; thermo-
physical properties; experimental measurement; simulation; numerical model; off-line and on-line version

Clanek uvadi zakladni analytické a empirické poznatky o procesu tuhnuti ocelového predlitku ctvercového profilu
(sochoru) v zarizeni pro plynulé odlévani oceli (ZPO). Predklada dale zaklad originalniho 3D modelu nestacionar-
niho teplotniho pole plynule litého sochoru a jeho pripravu. Vlastni model je zaloZen na explicitni numerické metode
konecnych diferenci. Resi parcialni diferencialni Fourier-Kirchhoffovu rovnici druhého #adu. Simulace vyvinu
skupenskych tepel fazovych nebo strukturnich p/emén je provedena zavedenim termodynamické funkce entalpie.
Priprava zahrnuje predevsim obtiznou a casové velmi narocnou definici okrajovych podminek 7eSeni a zjisteni
hodnot hlavnich termofyzikalnich vlastnosti odlévanych oceli, které jsou vyrazné zavislé na teploté. Ke stanoveni
termofyzikalnich vlastnosti model vyuZiva finského modelu IDS. Jejich funkeni zavislost i zavislost okrajovych
podminek na teploté povrchu predlitku v daném miste ZPO znamend, Ze numericky model musi 7€Sit silné nelinearni
Ulohu prenosu tepla. Komplikovana je predevsim definice okrajovych podminek v sekundarni chladici zéné. Na
sochorovém ZPO se pouziva velké mnozstvi trysek s riznym nastavenim. Koeficienty prestupu tepla pod tryskami je
proto treba mérit na specialnim laboratornim zasizeni. Posun predlitku je modelovan pohybem trysky podél ocelové
desky simulujici povrch predlitku. Chladici Gcinek trysky se posuzuje podle vyhodnoceného tepelného toku, ktery
tryska odvadi z chlazeného povrchu. Stanovené koeficienty p/estupu tepla pod tryskou skokem narzstaji p7i dosazeni
tzv. Leidenfrostovy povrchové teploty. Predkladany model m& graficky vstup i vystup, automatickou tvorbu
vypoctové site a znazorneni teplotniho pole ve formé izoterem, izoploch konstantni teploty a znazorneni teplotni
historie jakéhokoli bodu pricného rezu sochorem pri jeho prichodu ZPO. Resi teplotni pole ZPO jako celku nebo
jeho vybrané casti.

Kli¢ova slova: plynule lity sochor; teplotni pole; diskretizace; pocatecni a okrajové podminky; termofyzikalni
vlastnosti; experimentalni méreni; simulace; numericky model; off-line a on-line verze

The dynamic model of solidification [1] was created at  Engineering and registered under the name Brno
Brno University of Technology, Faculty of Mechanical  Dynamic Solidification Models (BrDSM) and under the
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EU trademark 015723893. Since 2003 it was success-
fully integrated into the control system of the control
system for continuous casting machine for slabs (CCM)
a the steelworks VITKOVICE STEEL as. [2-5].
During the collaboration on the project of the Ministry
of Industry and Trade of the Czech Republic entitled
"Research, development, and introduction into the
production of a dynamic model of control of technology
for continuous casting of billets' for the steelworks
Ttinecké Zelezarny as., this model was aso
successfully developed for the solution of the unsteady
temperature field of the billet as a square blank it and
was included in the control system for the billet
continuous casting machine No. 2 (CCM2) in Ttinecké
zelezérny, a.s. [6]. Progress during the project solution
pointed to the significant differences between the
modelling of the continuous casting of slabs and billets.
Therefore, a new numerical model, including a new
software product, had to be developed for the hillet
CCM. The team of authors summarises the progress of
the project solution and its main results in three articles
for the Hutnické listy journal.

1. Original temperature model of billet on
the radial continuous casting machine
(CCM)

The presented 3D model of the unsteady temperature
field of continuously cast blank for the billet CCM, with
dimensions of the square profile 150 x 150 mm (Fig. 1),
was first developed for a slab CCM as an off-line
version [2] and then as an on-line in order to enable
work in real time. Thisisits uniqueness, although thisis
a 3D model. Thanks to the universality of the code, it is

Fig.1 Billet caster and basic concepts
Obr.1 Sochorové ZPO a z&kladni pojmy

possible to use it for any billet CCM after modification
and tuning. Numerical model solves the temperature
field of the entire continuously cast blank (from the
molten steel meniscus in the mould to the flame cutting
machine) on a 3D mesh with a number of nodes
exceeding 2.5-10°. Solidification and cooling of the
continuously cast blank during its passage through the
entire CCM is a complex problem of 3D unsteady heat
and mass transfer. We assume from all types of heat
transfer in the moving continuously cast blank, the
decisive one is the conduction described by the Fourier-
Kirchhoff partia differential equation (1) of the second
order, comprising a member of the internal heat source
(development of internal latent heats of phase
transformation, or of structural transformations) and
members describing the thermal flow of the molten steel
running at flow rate w:

ot ox \ odx) oy \ ody) oz 0z

ipc=(w L iw It 1w o)
p X ax y ay z az source ?

D

where p is the density (kg-m®), ¢ is specific heat
capacity (J-kg'-K™), T is temperature (K), 7 istime (s),
k is thermal conductivity (W-m™K™), x, y, z are
Cartesian coordinates (m), w is speed of casting of steel,

(m-s?), Qe IS Volume heat flow from inner source

(latent heats of phase and structural transformations)
(W-m®. An explicit numericd method of finite
differencesis used for solution of the equation (1).

Fig. 2 shows the heat balance of the elementary volume
representing the common node of the mesh (i, j, k).
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Fig.2 Thermal balance diagram of the general nodal point of the network

Obr. 2 Schématepelné bilance obecného uzlu vypocstoveé site

For example, the parameter VX (W-K™) in the x-axis

direction can be written as follows:
Ay Ax
VXijge = kg, VXii1jke = Kioag, (2

where A, is according to Fig. 2 a plane perpendicular to
the direction of the x-axis

The heat fluxes QX and QX1 (W) in the direction of the
x-axisare

)

QXl:VXi—l,j,k (Ti(fl),j,k _Ti$§?k )

QX =VX; 1y (T, -
3

The therma balance of the elementary node of
dimensions Ax, Ay, Az are then described by the
equation (4)

(Qz%; +QzZ;; +QYL +QY; + QX1+ QX )=
AX-Ay-Az-p-C (
At

T T T (4)
T ‘Tifj,)k)

in which the right side expresses heat accumulation
(heat drop) in the node i, j, k for the time step A7 . The
unknown temperature of the general node of the

computational mesh at the next time point (z + A7) is
therefore given by an explicit formula:

Ti?jlim) :TiSjt,k +(QZY%; +QZ; ; +QYL; +
At (5)
Y. +OX1+QX ) =——MM
enrQ x) C-p-AX-Ay- Az

The temperature field of the hillet passing through the
radial CCM with alarge arc radius can be described in a
simplified manner by the Fourier-Kirchhoff equation,
which takes into account only the vector component of
speed w, in the direction of the billet movement through

individual CCM zones. Equation (1) is reduced to this

notation:
ot oX ox ) oy dy ) oz 0z (©)

+p-C 'Wza_T+Qmurw
0z

The equation (6) must describe the temperature field of
the continuoudly cast blank in all its three stages: above
the liquidus temperature (melt), in the interval between
the liquidus and solidus temperatures (so-called mushy
zone) and aso below the solidus temperature (solid
phase). It is therefore appropriate to introduce the
thermodynamic function of the temperature-dependent
specific volumetric enthalpy H, = ¢-p - T (3-m”®) in order
to simulate latent heats of the phase and structural
transformations. These are included in the enthalpy.

Thermal conductivity k, specific heat capacity ¢ and
density p are thermo-physical properties, which are also
functions of temperature. Equation (6) is transformed
into the following notation:

OHy _ 9 (;.9T\ 4 9 (1. 9T\ 4 0y (4 0T OHy
o ox (k 6x) + oy (k ay) + 0z (k 62) tw, 0z )
The heat balance of the elementary node is now given
by the equation (8):
(Qz1,;+Qz, ; +QVL +QY, +QX1+QX )=

AX- Ay - Az ( ) 8

At ’

The heat flow QZ;; must this also include an enthalpy of
the inflow volume of melt per second

QZ; ()

The unknown enthalpy of the node in the next time
point (z+A7) is given by an explicit formula of an
anal ogous equation (5):

H (z+A7) _ H (7)

Vijk Vijk

=VZ; (Ti,(},)k+1 _Ti,(;)k) -Aw,H v(t)

ik



Hutnické listy ¢. 3/2017, ro¢. LXX

Recenzované védecke ¢lanky

ISSN 0018-8069 Peer-reviewed Scientific Papers
HEH) @ (QZ1 ; +QZ; ; +QYL + equation. The principle consists in the division of the
Viik Viik & H body into the so-called control volumes, which can be of
QY. + OX1+ OX) At (10)  gifferent sizes and shapes according to the user's

! AX - Ay - Az requirement concerning the mesh density, and which thus

As it is evident from the equation (10), a new vaue of
enthalpy is calculated in each time step. For calculations
of the members corresponding to the heat flows, it is aso
necessary to know the temperature values of the previous
time step. Therefore, it is necessary for each control
volume and for each time step to convert the enthalpy
value to a temperature. The enthalpy function is not
known as an analytical function, but as a set of tabular
values, 0 regressive determination of temperature is
anumerically chalenging task. The caculation is
performed quickly. Therefore, we chose a method, in
which the enthalpy values were read and interpolated in
the interval of 0.1 °C before the start of the calculation,
i.e. before the stat of casting of the new hedt.
Determination of the temperature for the relevant
enthalpy is then during the calculation performed by
modern search methods [7].

2. Spatial and temporal discretisation,
initial and boundary conditions

For the solution of parabolic differential equations (1),
or (10), different numerical methods are used [2]. For
the solution, the method of control volumes was chosen
as the most efficient way to thoroughly resolve the 3D
system in real geometry with the knowledge of the
already mentioned strong non-linearity of the solved

may affect the accuracy of the solution. After the division
of the domain into the control volumes, a heat baance
equation is compiled for each volume. Namely, the
application of the basic physical energy conservation law
dlows continuous expansion and tuning of the model
with more physical phenomena.

Fig. 3 presents a selection of the coordinate system and
the diagram of the computation mesh [8]. Solution deals
with the symmetrical half of the billet cross-section from
the molten sted level in the mould to the flame
cutting/burning machine (Figs. 1 and 3). The coordinate
system is chosen so that the start is located at half the
width of the billet on a smal radius, x is in the width
direction, y is in the height direction, and z is in the
direction of casting. The advantage of this option is that
all coordinates are positive, which makes it easier to
prepare software processing. In the zone of billet
bending, the rectangular coordinates are transformed into
cylindrical ones, i.e. y is the radius and z is the angle of
rotation of the hillet cross section. The caculation
network is generated automatically. The developed model
supports network densities as shown in Fig. 3. We chose
in the x-axis direction 11 nodes, in the y-axis direction 21
nodes and in the z-axis direction 1861 nodes; the element
sizeis 7.5x 7.5 x 15 mm and the number of nodesin the
network is 573 594. This calculation network allows real-
time operation of the model, i.e. the calculation time is
the same or even shorter than the time of casting.

Fig. 3 Scheme of the network and the definition of the coordinate system

Obr. 3 Schéma vypoctové sité a definice souradného systému

The initial condition for the solution is the temperature
at individual points of the calculation mesh. A suitable
value is the highest possible temperature, i.e. the casting
temperature. An explicit finite difference method is used
to solve the model. It follows from its principle that the
stability of the calculation depends on the size of the
time step. In the model, the method of adaptive change

of the calculation step is implemented, i.e. the user-
specified calculation step is considered as recommended
and the software changes it during the calculation.

The diagram in Fig. 4 shows the distribution of the
boundary conditions to the zone of the mould (primary
cooling zone), the secondary and the tertiary cooling
zone. It is not possible to set different cooling around
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the section in the tubular mould or under the water
nozzles, i.e. not on a small or alarge radius or on both
sides. A number of the support rollers are much smaller
than on the slab CCM and virtually no heat flow escapes
through them. Even for boundary conditions, their

a) Mould
a) Krystalizétor

c) Support rollers
¢) Vodici vélce

Fig. 4

dependence on the continuously cast blank surface
temperature is respected. Therefore, the non-linearity of
the task is even more intensified. The process of billet
cooling in all three cooling zones differs from the
cooling of slabs onthe slab CCM [2, 3, 13].

b) Nozzlesin the secondary cooling
b) Trysky sekundarniho chlazeni

d) Natural convection and radiation
d) Prirozena konvekce aradiace

Diagram of the boundary conditions in different places of abillet caster

Obr. 4  Schéma okrajovych podminek v riznych mistech sochorového ZPO

Due to the fact that the task can be according to Figs. 3
and 4 considered axially symmetrical, it is sufficient to
solve only half of the cross-section, that is why the
definition of the boundary conditions is described by
equations (11a) to (11€). T is the casting temperature,
Tsuface @Nd Tanp a@re the surface temperature of the billet
and the ambient temperature, n is normal line to the
billet surface, ¢ is the Stefan-Boltzmann constant, ¢ is
the emissivity (relative radiance), k is the thermal
conductivity, g is the heat flow and htc is the heat
transfer coefficient (convection).

1. T=T.,s molten steel level (118
2. —kZ—z =0 planeof symmetry (11b)
3. —k Z—Z = htc * (Tsurface — Tamp) 1N the mould (11c)
4. —kz—rTl = htc - (Tsurface — Tamb) + 0 * € * (Tonrface —
Ta.b) in the secondary and tertiary zone (11d)
5. —kg—j1 = q under guiderolls (11¢)

2.1 Tubular mould

The walls of the tubular mould (Fig. 5) are cooled by
one cooling circuit, in which the temperature difference

of the inlet and outlet water and the flow of water are
measured. Control system for mould cooling maintains
aconstant water flow rate specified by the operator.

The issue of boundary conditions in the mould is so
complex that it requires an implementation of
aproprietary model that must be tuned on the basis of
operating data from experimental temperature
measurements in the mould walls by thermocouples and
from the measurement of temperatures under the mould
by pyrometers. It is possible to determine an average
heat flow dissipated from the mould [6]. Its value must
be consequently separated to individual walls along
their height and width.

Method of calculating heat flows on the mould wall

The diagram of the tubular mould and location of the
thermocouples in its wall is shown in Fig.5. Fig. 6
shows an example of the measured temperatures. These
diagrams represent the time interval of one heat for steel
grade TERMEX-1. It is evident from the diagrams that
the measured values cannot be directly used in the
calculation of heat flows, but they must be filtered
(evolutions of the measured temperatures are in the
diagram plotted with athick line).
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Fig.5 Diagram of the tubular mould and position of thermocouples
Obr.5 Schématrubkového krystalizatoru a umisténi termoclankt

Temperature (°C)

Time (s)
Fig. 6 Examples of measured temperatures in the mould wall
Obr. 6 Priklady zmerenych teplot ve sténg krystalizatoru

Fig. 7 shows a simplified diagram of the mould heat
balance and a diagram of wall temperature measurement
using thermocouples [6]. The distance of the measuring
point of the thermocouple & from the mould inner wall
is 3 mm. The heat balance is solved for five sections of
the mould chosen in a way that the thermocouples are
positioned vertically and approximately in their centre.
The basic prerequisite for this solution is that equality of
the heat outputs from the cooling water flow and heat
passage is ensured not only for the whole mould, but
aso for al five calculation sections. The same value of
the heat transfer coefficient on the side of the cooling
water in al sections is assumed for the calculation. It
requires solution of a system of equations.

250

7 Largf;- radius bmal| radius

3+ |13 181 |

1]

180

Temperature (°C)

Time (s)

The value of the heat transfer coefficient htc, on the
mould outside wall (on the side of the cooling water),
chosen for the heat balance caculations, must
correspond, with a certain tolerance, to the calculation
value of this quantity from the wusua criteria
dependences for water flow through the channel of the
annular cross section (mould shell). For example, this
coefficient for the flow rate of 1665I-min™® is
approximately 30,000 W-m?-K™.

The heat transfer is solved for the surfaces of the mould
inner wall, the surface which depends on the height of
the respective section 1 to 5, separately on the big and
small radii of the billets bending and on both its side
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walls. At the section 1, the height depends on the
distance of the liquid metal level from the mould upper
edge hiee. The diagram in Fig. 7 shows evolutions of
the specific heat flows along the mould height on the
big and small radii of the mould during casting of the
sted grade TERMEX-1. It is an example of the
approach presented here of determining the boundary
conditions in the mould from the measured temperatures
in the walls of the tubular insert and from the
temperature difference of the cooling water and its flow.
In this way, over 280 different heats were processed.
The obtained results were correlated with the following
influences: carbon content in the cast steel, contraction
of cast steels, casting speed, electromagnetic stirring in
the mould, type of casting powder, negative strip size,
molten steel level in the mould, etc.
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Fig. 7 Diagram of the heat balance of a mould and of calculated
heat flows
Obr. 7 Schématepelné bilance krystalizétoru a vypoctenych
tepelnych toka

2.2 Determination of heat transfer coefficients in
the secondary and tertiary zones

The boundary conditions in the secondary cooling area
areillustrated in Fig. 8. It is apparent that the boundary
conditions must be defined for three different
characteristic surfaces of the continuously cast blank
according to their position relative to the roll and reach
of the spray nozzle. Cooling by water nozzles has
critical influence. Therefore, a great deal of attention
must be given to the determination of the appropriate
heat transfer coefficient under the nozzle (forced
convection).

Cooling nozzles

Natural convection
and radiation

—
( Roller\

‘i
J

Convection beneath
the nozzles and
radiation

Heat flow
through the roller

Fig. 8
Obr. 8

Diagram of cooling in the secondary zone
Schéma chlazeni v sekundarni z6ng

2.2.1 Heat transfer coefficients under the cooling

nozzles

Commercially used temperature field models describe
the heat transfer coefficients under the nozzles as a
function of the incident amount of water per unit of
area. They are based on a variety of empirical
relationships. We cannot recommend this approach. In
the presented model, the heat transfer coefficients are
obtained by measuring the spray characteristics of all
the nozzles used on the CCM in the so-called hot-plate
model (Fig.9) in the Heat Transfer and Fluid Flow
Laboratory at Brno University of Technology, Faculty
of Mechanical Engineering [9, 10], for asufficient range
of operating pressures of water and sufficient range of
the casting speed.
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Fig. 9 Laboratory device simulating the process of cooling
Obr.9 Laboratorni zaiizeni k simulaci chladiciho procesu

Thermocouple
no. 1

Jet
moving
direction

i

v 330
40
Jet
impact
area

165

Thermocouple
no. 18

-25-12

The plate for the measurement of one nozzle
Deska pti méteni jedné trysky

Deska pti m&teni dvou trysek za sebou

Fig. 10 Diagram of the layout of thermocouples on the model plate
Obr. 10 Schéma rozmisténi termo¢lanka na model ové desce

The sted plate with thermocouples is mounted in the
holder. The plate is dectricaly heated. During the
experiment, a nozzle with a motion mechanism is
inserted under the plate (the heater is at this time
removed). During the experiment, water is pumped into
the nozzle from the reservoir by apump. The water
pressure is measured before entering the nozzle. The
temperature of the water and the temperature inside the
plate are monitored by a computer measurement system.
Examples of the layout of the measuring points on the
plate are shown in Fig. 10. Square dimensions of the
measuring plate are 330X 150 mm, the thickness is
24 mm. Eighteen thermocouples (diameter 1.5 mm, type
K) are built into the plate. The set of thermocouples
measures the temperature at a depth of 2.5 mm (measured
from the cooled surface). The top surface of the plate is
insulated. The bottom of the plate is cooled. The nozzle

The

11

plate for the measurement
of two seria nozzles

The plate for the measurement
of two parallel nozzles
Deska pri meéteni dvou trysek v radé

(or nozzles) are placed on a movable support. Due to the
fact that the casting machine is operated at a large range
of casting speeds, the experiments were performed for
casting speeds of 1.5 and 4.0 m-min™. In this way, more
experiments were performed for each nozzle for different
water flows.

From the heat transfer coefficients, a database of
boundary conditions is constructed, from which the
interpolation model determines the respective heat
transfer coefficient under the nozzle for the desired
temperature of the surface of the continuously cast
blank, the operating pressure of the water and the
desired casting speed. The temperature of the water in
the secondary zone is entered into the model as an
ambient temperature T, Under the nozzles, the ambient
is entered into the model as an ambient temperature
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[11]. This approach represents a unique combination of
experimental measurements in laboratories with a
numerical model for calculating non-linear boundary
conditions under a cooling nozzle.

Due to the fact that control of secondary cooling is
performed by regulation of water flow and not by
regulation of its pressure, the functions water, flow-
water pressure were set for all the nozzles according to
the manufacturer's laboratory model, in order to set for
the experiments the pressure corresponding to the flow
in the zone:

m = pk

where p is water pressure (MPa), m is water flow
(I-min®) and k is nozzle constant.

mZ

P=1z (12)

For each point of the calculation mesh, we know its
temperature and position relative to the nozzles. For
each point on the surface, it is possible to assign a four-
dimensional state space, in which the following
coordinate system is introduced: (htc, p, w, T) where
htc is the heat transfer coefficient (W-m?.K™), p is the
water pressure (MPa), w is the casting speed (m-min™)
and T is the temperature. In this area, the heat transfer
coefficient is a function of the flow, speed, and
temperature, i.e. htc = f (p, w, T). The f function is not
known, only some htc coefficients are known for some
flows, temperatures, and speeds. Therefore, the function
f is replaced with a new function derived from the
known measured values. For the calculation of relations
(12) we have coefficients for the dependence of the flow
and speed.

The cooling effect of the nozzle can be assessed
differently, e.g. according to the maximum value of the
heat transfer coefficient under the nozzle, according to
the average value of the coefficient, etc. However, it
seems to be most appropriate to assess it according to
the value of the heat flow determined from the equation

Heat Flux (IkW)

Flow (I-min™")

Heat Flux (IkW)

(13), which the nozzle dissipates from the cooled
surface:

Q =2: Igmax .Erzzl?lix htcxz : (Twrface _Tamb)‘dx -dz (W) (13)

where:

htc,, —heat transfer coefficient under the nozzle at the

coordinates x and z,
Taurface — Steel surface temperature; it is here considered
to be constant over the whole area,

Tanw —ambient temperature; cooling water tempera-
ture of 20 °C is considered here.
Xmax  — Dillet cross section size 150 mm,

Zmins Zmax, — the interval for which the nozzle experiment
was performed; typical vaue z.,, =260 mm,
Zmax = 200 mm.

In relation to the dependence of heat transfer
coefficients on the continuously cast blank surface
temperature, it is necessary to mention the so-called
Leidenfrost temperature [10]. It is the surface
temperature, at which the character of heat transfer
significantly changes. The continuous steam layer
formed on the surface at high temperatures is disrupted
and the heat transfer coefficients increase by ajump.
Significantly more intense drops of surface temperature
during passage under the cooling nozzle also correspond
to this state.

The resulting heat flows calculated according to the
equation (15) for surface temperatures of 500, 700, 900
and 1100 °C, in dependence on the water flow, are
plotted in Fig. 11. Fig. 12 shows the measured values of
the heat transfer coefficients processed by software of
the temperature model in the form of 3D and 2D
diagrams under the nozzle. These diagrams are plotted
for the surface temperature of 800 °C, for the speed of
2.8 m-min’%, for the water flow of 10 I-min™ and for two
nozzles JATO 4065L.

Flow (I-min™)

Fig. 11 Heat flow with the use of the nozzle 4065L (two serial nozzles) in dependence on the water flow rate and on the surface temperature
Obr. 11 Odvedeny tepelny tok pomoci trysky 4065L (2 trysky v fad&) v zavislosti na pritoku vody a povrchové teploté

12



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

Recenzované védecke ¢lanky
Peer-reviewed Scientific Papers

Heat transfer coefficient

Length
(mm)

Heat transfer coefficient (W-m2K™)

Width (mm)

Length (mm)

Width (mm)

Fig. 12 Heat transfer coefficient for two serial nozzles with the water flow rate of 10 |-min through each nozzle
Obr. 12 Soucinitel prestupu tepla pro 2 trysky v fadé pri pritoku 10 I-min™ kaZdou tryskou

2.2.2 Heat transfer coefficientsin the area of the
rollers

The billet CCM has a small number of support rollers.
Rollersin the pulling and straightening stand have more
significant influence on the heat flows. The heat
dissipated by the rollers in the billet CCM is, therefore,
negligible (it cannot be neglected in the case of the slab
CCM, though). The greater importance of the influence
of rollers is caused by the fact that they separate the
areas, into which the nozzles can spray. The boundary
condition below the roller is therefore used also for
limiting the influence of nozzle action [8].

2.2.3 Heat transfer coefficientsin the tertiary cooling
zone

A heat transfer through natural convection is considered
from those parts of the continuously cast blank surface
that are not cooled by the nozzles or that are not in
contact with theroller. The empirical relation [12, 13] is
used for the heat transfer coefficient htc,y :

htCnat: 084 (Tsurface _Tamb)

(W-mZK™) (14)

2.2.4 Heat transfer by radiation

The entire billet surface, with the exception of areasin
contact with the rollers, is subject to radiation.
Consequently, the reduced heat transfer coefficient from
the radiation must be added to al the heat transfer
coefficients discussed in the previous paragraphs, in
which the relative radiation ¢ is considered to be a
variable, ¢ is the Stefan-Boltzmann constant, Tguface IS
the surface temperature and T, IS the ambient
temperature

2
amb

htcr: &0 (T:"-fme +T ) '(Tsurfaoe _Tamb)' (W'm-z'K-l) (15)
Fig. 13 shows the evolution of the calculated reduced

heat transfer coefficient from radiation in relation to the

13

variable emissivity (blue curve) according to the
equation (15) and for constant relative radiation ¢ = 0.8
(red curve).

£=0,788285+7,0003375-T,, . —
401785714-1078 -T2

surface

(16)

Heat transfer coefficient (W-m2K™)

Surface Temperature (°C)

Fig. 13 Evolution of the reduced heat transfer coefficient from the
rediation
Obr. 13 Pribeh redukovaného soucinitele prestupu tepla od radiace

2.2.5 Total heat transfer coefficient

The total heat transfer coefficient is determined as
asum of two partial heat transfer coefficients - the heat
transfer coefficient of actual heat transfer (natural or
forced convection) and the reduced heat transfer
coefficient from the radiation. Radiation was thus
recalculated to convective heat transfer (to natural
convection). The natural convection coefficient is
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determined according to equation (14), the forced
convection coefficient under the cooling nozzles is
determined by the described laboratory measurements
and the reduced coefficient is determined by the
equation (15) or (16).

The flow rate of the total heat transfer coefficient, for
example, on the billet side wall along the entire CCM, is
shown in Fig. 14 for individual cooling zones from the

Heat transfer coefficient (W-m2K™)

mould (Kr) to the zone IV (Fig. 1). It is aso possible to
evaluate the evolution of the total coefficient on the big
and small radius of the billet bending [8]. The
coefficient is formed by a single component only at the
contact of the billet and the roller. The secondary
cooling nozzles are on the CCM divided into severa
separate control loops, which makes it possible to form
temperature field of the continuously cast blank.

Length (mm)
Fig. 14 Total heat transfer coefficient on the side wall along the entire caster
Obr. 14 Celkovy soucinitel prestupu tepla na boéni sténé sochoru podél celého stroje

3. Thermo-physical properties of steel

Thermo-physical properties of steels belong among
important parameters entering numerical models that
solve the temperature field of the continuously cast
blank. At application of the mentioned simulation of
development of latent heats of phase and structura
changes by introduction of enthalpy, it follows from the
Fourier-Kirchhoff equation (1) that formation of the
temperature field of the billet passing through the CCM
is directly affected by the following thermo-physica
properties. volume enthalpy, specific heat capacity,
thermal conductivity coefficient and density (specific
density) of steel.

The Finnish solidification model Interdendritic
Solidification Model (IDS) is used to determine the
temperature dependence of these parameters of steel in
the presented simulation of solidification. It is
asimulation tool for solidification of steel comprising
phase changes, which makes it possible to determine the
dependence of the basic thermo-physical properties on
the temperature for the given steel grade with a specific
chemical composition and for the desired parameters of
cooling. The model of solidification IDS is a so-called
gray box, i.e. it combines empirical or semi-empirical
sub-models with physically conceived (fundamental)
sub-models [14].

CCM in real operation cast even hundreds of different
stedl grades, for which it would be difficult to set the
parameters of casting and other related technological
parameters. The chemical composition of steel,

14

according to which the sted is classified into quality
groups (that are further divided into sub-groups),
influences significantly the susceptibility of the given
steel grade to the occurrence of defects, namely crack
formation and phenomena of segregation in the
continuously cast blank. Although the role of individual
chemical elements and of their combinations is not
aways quite unambiguous, it is generally possible to
mention the basic trends of some influences of
elements, especially carbon, on the susceptibility of cast
steels to defects. Depending on the carbon content, the
steel is usualy divided into four groups. The first group
consists of steels with a content of C < 0.08%, the
second group contains steels with a C content from 0.08
to 0.15%, the third group contains steels with a C
content from 0.15 to 0.50%, and the fourth group
contains steelswith a C content > 0.50% [2].

The basic recommended steel composition of steels for
the casting of billets is given in Tab. 1. The table lists
one to two characteristic steels for each of the four
groups. It is supplemented with liquidus and solidus
temperature. The mentioned IDS software was used for
determination of thermo-physical parameters on the
basis of the chemical composition of the steels[15].

The results of the solution of the temperature field of the
billet with dimensions 150 x 150 mm are shown for
the steel grade TERMEX-1 from Group 3. Therefore,
Figs. 15 and 16 show diagrams of the dependence of the
thermo-physical properties on the temperature (thermal
conductivity, specific heat capacity, density, enthalpy),
which are supplemented with the liquidus and solidus
temperature.
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Tab1l Distribution of steel gradesinto groups and sub-groups according to their chemical composition
Tab.1 Rozdéleni oceli do skupin apodskupin podle chemického slozeni

Tk [Tsoo | € [Mn] si [ P | s Jeu]er [ ni | Vv ] i
Sk | Family Steel
(°C) (weight %)
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
B20 1220 1523 | 1477 | 0.100 | 1.025 | 0.075 | 0.010 | 0.010 |0.060| 0.075| 0.075 | 0.015| 0.000
3 A3l 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
[ Steel Termex-1 - point selected by the user when it passes through the
w0l = entire CCM from the molten steel level in the mould
Go| sl ram (coordinate 0) to the flame cutting machine. Typical
EZ08 R B A F7 7m0 L K . .
wl @ o eoo points (points in the corners and in the centre of the
Pl P 7500 square profile) are selected here.
HK' 840 ¥‘44 ;-TADD
E’ 620 _‘E 42 Y 7 300
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Fig. 15 Thermo-physical properties of the TERMEX-1 steel grade
from the group No. 3
Obr. 15 Termofyzikdni vlastnosti oceli TERMEX-1 ze skupiny 3

4. Methods of displaying the calculated
temperature field of the billet

Fig. 16 contains one of the most illustrative views
provided by the presented model. Each curve here
records the temperature history of any cross-sectional

Fig. 16 Temperature history of selected points of the cross section of
the billet 150 x 150 mm (steel TERMEX-1) during its
passage through the caster

Obr. 16 Teplotni historie zvolenych bod pricného fezu sochorem
150 x150 mm (ocel TERMEX-1) pti jeho priichodu ZPO

The red curve, which runs from the start of the
coordinate system and has a scale in the diagram at the
right-hand side, shows the increase of the solidified
strand shell. The width of the horizontal yellow strip
shows the temperature range of solidification for the
steel grade TERMEX-1 (here 1457 - 1515°C). The
width of the vertical yellow zone indicates the distance
between the iso-liquidus and the iso-solidus (the width
of the mushy zone) at its maximum value, as shown also
in Fig.17. The red dashed vertical lines are the
boundaries between the individual cooling zones
dready mentioned above, the blue vertica lines
represent the level of the molten steel in the mould, the
mould lower edge, the end of the arc and the position of
the flame cutting machine. In addition, the surface
experimental temperatures measured by pyrometers on
real CCM (974 °C, 1052 °C and 1065 °C) at the given
locations are expressed numerically below the diagram
in the frame.

Fig. 17 shows evolution of the iso-liquidus (red curve)
and of iso-solidus (blue curve) in the longitudinal axia
section of the billet. Fig. 18 shows isothermal surfaces
in transverse and longitudinal sections of the billet
displayed on the computer monitor connected to the
CCM information system.
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Width (mm)

Lenath (m)

Fig. 17 Evolution of iso-liquidus and iso-solidus in the axial
longitudinal section of the billet 150 x 150 mm (steel
TERMEX-1)

Obr. 17 Pribeh izolikvidy aizosolidy v podélném osovém fezu
sochorem 150 x 150 mm (ocel TERMEX-1)

Fig. 18 Iso-thermal areas of of the billet 150 x 150 mm (steel
TERMEX-1) displayed on the monitor

Obr. 18 Izotermické plochy sochoru 150 x 150 mm (ocel TERMEX-1)
namonitoru

Conclusions

The paper presents a proposal of a complex calculation
apparatus for solving the temperature field of the
continuously cast billets from the automatic generation
of the mesh through the preparation of the thermo-
physical parameters (including the assessment of their
influence on the accuracy of the calculation), through to
the definition of the boundary conditions (including the
assessment of their impact on the calculation accuracy)
and various processing of its results. This proposal was
implemented in cooperation with the steelworks
Ttinecké zelezarny, a.s. as the main solver of the project
of the Ministry of Industry and Trade of Czech
Republic. An overview of the numerical model and
preparation of its use is presented. The most difficult is
the definition of the boundary conditions on al the
surfaces of the system that separate the solved system of
the hillet from the so-called surroundings, or which lie
in the planes of the billet symmetry. For determination
of the heat transfer coefficients under the cooling
nozzles it is necessary to perform an experiment with a
hot plate method. Verification and application of the
numerical model of temperature field assume aso
systematic experimental research and measurement of
operational parameters on real CCM.

16

Acknowledgments

This publication was prepared as a result of solution of the
NETME CENTRE PLUS project (LO1202) with financial
support from the Ministry of Education, Youth and Sports
under the National Sustainability Program I.

Tato publikace vznikla /eSenim projektu NETME CENTRE
PLUS (LO1202) za financni podpory Ministerstva Skolstvi,
mladeze a telovychovy vramci Narodniho programu
udrZitelnosti I.

Literature
[1] Continuous Casting: Brno Dynamic Solidification Models [online],
2016: Brno University of Technology [cit. 2016-10-05]. Available
from: http://www.continuouscasting.info/PRICM-5; In: 5" Pacific
Rim 2004, International Conference on Advanced Materias and
Processing PRICM-5, Beijing, China, 2-5 Nov. 2005, pp. 3831—
3834. Materials Science Forum, Vols. 475479, p. 5.

STETINA, J. et al. Historie tvorby, vyvoje a ovéeni origindniho
numerického modelu teplotniho pole pro proces plynulého
odlévéni bram provozovany ve VITKOVICE STEEL as. [History
of the creation, development, and verification of the origina
numericd model of the temperature field for the process of
continuous casting of slabs, which was developed in VITKOVICE
STEEL as], Hutnické listy, 70 (2017) 1, 4-16. |SSN 0018-8069.

STETINA, J. eta. Zalenéni dynamického modelu BrDSM
teplotniho pole plynule odlévané bramy do fidiciho systému ve
VITKOVICE STEEL as. [Integration of the Dynamic Model
BrDSM of temperature field of the continuously cast slab into the
Control System in VITKOVICE STEEL a.s], Hutnické listy,
70 (2017) 1, 17-34. 1SSN 0018-8069.

DOBROVSKA, J. etd. Origindni numericky model chemické
heterogenity plynule lité ocelové bramy a jeho spojeni s
numerickym modelem teplotniho pole. [Original numerical model
of chemical heterogeneity of the continuously cast steel slab and its
connection to the numerical model of the temperature field],
Hutnické listy, 70 (2017) 1, 35-46. ISSN 0018-8069.

KAVICKA, F. etd. Numerickd a experimentdni anayza
atypického pravalu ocelové bramy v pasmu rovnani pii plynulém
odiévani ve VITKOVICE STEEL as. [Numericad and
experimental analysis of atypical breakout of sted dab in the
draightening zone during continuous cagting in VITKOVICE
STEEL as)], Hutnické listy, 70 (2017) 1, 47-59. ISSN 0018-8069.

KAVICKA, F.,, STETINA, J, SEKANINA, B., STRANSKY, K.
Vyzkum, vyvoj a zavedeni do vyroby dynamického modelu 7izeni
technologie pro plynulé odlévani sochori. (Zavéretna zpréva o
feSeni césti projektu vyzkumu a vyvoje MPO CR &.FI-IM/021)
[Research, development, and implementation into production of a
dynamic model for control of technology for continuous casting of
billets. (Final report on the solution of a part of the research and
development project of the Ministry of Industry and Trade of the
Czech Republic No. FI-IM / 021)], Brno: VUT in Brno, 2007.

STETINA, J. etd. The Numericadl and Experimental
Investigation of a Concasting Process. In ASME/JSME Thermal
Engineering Joint Conference (the Book of Abstracts), Kohala
Coast, Hawaii, USA, March 2003, p. 103.

STETINA, J. Optimalizace parametr: liti sochorz pomoci modelu
teplotniho pole. (Habilitacni préce) [Optimisation of parameters for
the casting of billets using the temperature field model.
(Habilitation thesis)], Ostrava: VSB-TU Ostrava, FMMI, 2008.

HORSKY, J, RAUDENSKY, M. Measurement of Heat Transfer
Characteristics of Secondary Cooling in Continuous Casting. In
14" Conference on Metallurgy and Materials METAL, Ostrava:
Tanger, s.r.o0., 2005, s. 1-8.

RAUDENSKY, M., HORSKY. J. Secondary Cooling in Conti-
nuous Casting and Leidenfrost Temperature. Ironmaking and
Steelmaking, 32 (2005) 2, 15-24. DOI 10.1179/174328105X 15913,
Maney, UK.

(2

(3]

(4

(9]

(€l

(8l

(9

(10



Hutnické listy ¢. 3/2017, ro¢. LXX Recenzované védecké ¢lanky
ISSN 0018-8069 Peer-reviewed Scientific Papers

[11] BAROZZI, S., FONTANA, P. PRAGLIOLA, P. Computer  [14] LOUHENKILPI, S, LAITINEN, E., NIEMINEN, R. Rea-Time

Control and Optimization of Secondary Cooling During Conti- Simulation of Heat Transfer in Continuous Casting.
nuous Casting. Iron and Steel Engineer, 63 (1986) 11, 21-26. Metallurgical Transactions B, 24B, (1993) 4, 685-693.

[12] YAMAUCHI, A., SORIMACHI, K. SAKURAYA, T., FUJII, T.  [15] MIETTINEN, J, LOUHENKILPI; LAINE, J. Solidification
Hesat Transfer between Mold and Strand Through Mold Flux Film Analysis Package IDS. Proceeding of Genera COST 512.
in Continuous Casting of Steel. ISIJ Intl., 33 (1993) 1, 140-147. Workshop on Modeling in Materials Science and Processing,

M.Rappaz and M. Kedro eds., ECSC-EC-EAEC, Brussels,

[13] STETINA, J. Dynamicky model teplotniho pole plynule odlévané
Luxembourg, 1996.

bramy. (Disertacni prace) [Dynamic model of temperature field
of the continuously cast slab. (Dissertation thesis)], Ostrava
VSB-TU Ostrava, 2007.

Proces na nejvyssi arovni — Salzgitter Flachstahl vyvinul novy zpisob
high-tech odlévani

aktiv-online.de 07.03.2017

Lehkd, extrémné pevna, dobre tvéritelnd — to jsou vlastnosti nové vysoce vykonné oceli, zajimavé pro automobilni
astrojirensky pramysl. Mimoradné na ni je, Ze Salzgitter Flachstahl tuto ocel vyrébi inovativnim zpusobem. Ocel
o teploté 1500 °C tece z panve na dopravni pas 12 m dlouhého zatizeni pasového liti, svétové novinky a jadro
nového inovativniho liti oceli. Technologii vyvinuly Salzgitter Flachstahl, SMS a univerzita v Clausthal-Zellerfeld.
Mimotadné na zpasobu je, Ze se v3echno pohybuje horizontéing. Zatimco u obvyklého plynulého liti proudi ocel
formou shora dolii a vytvéti az 50 cm silné piedlitky, je nyni vedena vodorovné na vodou chlazeném dopravnim
pasu. To méjasné vyhody: vznikajici pasy jsou jen 1,5 cm silné. Tavenina se ochlazuje mnohem rychlgji, a tim se
vytvéii jemngjSi struktura s vysokou kvalitou. , Timto zpisobem se mohou vyrédbét vysoce vykonné oceli, které se
konven¢nimi zpisoby viibec nedaji vyrobit," vysvétiuje Dirk Austemann z firmy SMSS, stavitele zatizeni. Pouzivana
ocel mavysoky obsah manganu, jakoz i kiemiku a hliniku.

Povzbuzovaci prostiredky pro unavenou ocel
Wissenschaft-aktuell.de 13.03.2017

Po mnoha letech se mohou ocelové ditiny v mostech, letadlech nebo elektrarnach unavit. Mikrotrhliny se Sifi
anahla zatizeni vedou k lomiim s ¢astecné katastrofdnimi nasledky. Velka stabilita vzrostlych kosti zavedla nyni
mezinarodni skupinu materidlovych védcia k efektivni strategii proti unavujicim se ocelim. Jak informuji tito védci
v ¢asopise ,, Science”, mohla by uméle zkonstruovana, hierarchicky vybudovana nanostruktura propijcit materidlam
vyrazné delSi Zivot. Preneseno na velké mnozZstvi ocelovych dlitin by se tak méla vyrazné zvysit stabilita stavebnich
dgl, zeleznic a jinych ocelovych konstrukci. ,, Zatizeni strukturdnich komponent jsou ¢asto cyklickg,* fika Cemal
Cem Tasan z massachusetského ingtitutu technologii v Cambridgi. Jednotliva zatizeni, zavinéna stridanim teplot
avibracemi, jsou sice podkriticka, ale pokud se mnohotisickrat opakuji, vedou k Unavé materidlu a nakonec k lomu
materidlu. Veédci se pritom nechali inspirovat komplexni mikro- az nanostrukturou vnitini konfigurace kosti.

Vice penéz pro oceléie — ¢étyFi procenta ve dvou stupnich
zeit.de 17.03.2017

Zhruba 72 000 zamgstnanct severonémeckého oceldrského pramysiu by mélo ve dvou stupnich dostat celkem 4 %
vice na mzdéch. Dohodli se na tom zaméstnavatelé a odboréfi z 1G Metall po vice nez desetihodinovém jednani
v Disseldorfu. Ve dnech pied rozhodujicim jednanim vyzvaly odbory k celé sérii varovnych stévek, kterych se
podle odborii zU¢astnilo 13 500 ocel&rti. Zaméstnavatelé nejprve nabizeli jen 1,3 % pro 15 mésict, zatimco odbory
pozadovaly 0 4,5 % vice penéz na obdobi 12 mésici. Kompromis nakonec vypada tak, ze od 1. dubna 2017 dojde
ke zvySeni 0 2,3 % na 13 mésici a od 1. kvétna 2018 o dalSich 1,7 %. Dohoda plati do 31.12.2018, a sice pro
Severni Poryni-Vestfasko, Niedersachsen a Brémy. Pro zaméstnance v Sarsku a vychodnim Némecku jsou vedeny
samostatné rozhovory. Nils Naujok ze strategického poradenského domu PwC konstatuje, Ze zakéazkové knihy
vétSiny podniki jsou plné. Vzhledem ke zvySeni cen mezi 10 a 15 % v uplynulém roce se mohou podniky tésit
ze stoupgjicich marZi. Presto zistava odvétvi i v letoSnim roce pod tlakem.
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Dynamic On-line Model of Temperature Field for Continuous Steel Billet
Casting and its Integration into the Control System of the Caster

Dynamicky on-line model teplotniho pole plynule odlévaného ocelového
sochoru a jeho zaélenéni do Fidiciho systému ZPO

prof. Ing. Josef Stétina, Ph.D.; prof. Ing. Frantiek Kavi¢ka, CSc.; doc. Ing. Jaroslav Katolicky, Ph.D.;
Ing. Tomas Mauder, Ph.D.; Ing. Lubomir Klimes, Ph.D.

Brno University of Technology, Faculty of Mechanical Engineering, Energy Institute, Technicka 2896/2, 616 69 Brno,
Czech Republic

The on-line version of the 3D dynamic model of the transient temperature field of a billet caster is based on its
off-line version. It enables the simulation of the temperature field of the caster in real time. The model receives the
data from the first and second level of control of the caster via an interface program, evaluates the measured data
and carries out a calculation of the temperature field and other aggregated quantities that are sent back to the
information system of the steelworks/plant. It aims to enhance the quality and accuracy of the input data, the mutual
connections between them and the qualitative parameters, including the establishing of their limit values. This
creates a system that not only quickly but also very accurately displays the temperature field of the blank during the
course of the actual process, including all necessary technological data from the caster. The dynamic model was
integrated into the casting control system. This suggests its usefulness for real deployment, the application and
robustness of the used numerical methods and other software parts.

Key words: dynamic solidification model; casting control system; control computer; monitor of an operator;
cooling optimization; statistical data processing

On-line verze 3D dynamického modelu nestacionarniho teplotniho pole sochorového ZPO je zaloZena na jeho
off-line verzi. UmoZiuje simulaci teplotniho pole ZPO v realném case nebo v case kratSim. Mnohonasobné zvyseni
rychlosti vypoctu teplotniho pole sochoru umoZsiuje nejen vyuZiti vykonnéjsiho vypocetniho hardware, ale predevsim
software. V takto kratkém case tak lze sledovat vyvoj teplotniho pole v oblasti krystalizatoru, sekundarniho
i tercidlniho chlazeni a tyto informace vyuzit pro optimalni rizeni ZPO jako celku i jednotlivych jeho klicovych uzli.
Model prijima data z prvni a druhé Grovni rizeni ZPO pres rozhrani, vyhodnocuje naméiena data a provadi vypocet
teplotniho pole a dalSich agregovanych velicin, které jsou odesilany zpet do informacniho systému ocelarny. Cilem
je zvySeni kvality a presnosti vstupnich Gdaji, vzajemnych vazeb mezi nimi a kvalitativnimi parametry, vcetné
stanoveni jejich meznich hodnot. To vytvasi systém, ktery nejen rychle, ale také velmi piesne zobrazuje teplotni pole
sochoru behem daného procesu, véetné vSech potiebnych technologickych dat ze ZPO. Funkénost on-line modelu je
podminéna dostupnosti on-line vstupnich dat, jako jsou lici teplota, rozmer sochoru, chemickeé slozeni lité oceli, lici
rychlost, poloha hladiny v krystalizatoru, teploty ve sténé krystalizatoru, teploty chladici vody v krystalizatoru na
vstupu a vystupu, pritok vody, nastaveni pritoki a tlaku vody v sekundarnim chlazeni, teploty z pyrometri
v sekundarnim chlazeni. Tato data poskytuje modelu teplotniho pole vyvinuty separatni program se standardnim
rozhranim. Rozhrani je naprogramovano dle aktualniho stavu rizeni a je ve zdrojovych textech k dispozici
odbérateli, aby si mohl p/i zméné rizeni interface modifikovat. Dynamicky model byl zaclenen do systému rizeni
ZPO. Svedci to o jeho uzitechosti pro realné nasazeni, o spolehlivosti i robustnosti pouZitych numerickych metod
i dalSich softwarovych ¢dsti.

Klicova slova: dynamicky model tuhnuti; ridici systém ocelarny; 7idici pocitac; operatorska obrazovka;
optimalizace chlazeni; statistické zpracovani dat

Brno University of Technology, Faculty of Mechanical modern development tool and object-oriented language
Engineering collaborated on the solution of the project [1] for programming. The model was therefore
of the Ministry of Industry and Trade of Czech Republic ~ programmed in  Delphi 2007 (Object Pascal
(MIT) with the steelmaking company Trinecké programming language). The Firebird database, a
Zelezarny, a.s. as the principal investigator. During the  modern SQL client/server database, was used for
creation of off-line and on-line versions of the storage of data. We separated the data and the program.
temperature field model, it was inevitable to choose a  All input data, such as the location of the cooling
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nozzles, rollers, experiment parameters, properties of
cast steels, etc., were stored in the SQL database.
Similarly, the results of the simulation were entered into
the SQL database. This solution allowed making
changes without having to intervene in the program
code. This was the only possible way because the
programs in the model were from the outset developed
with a view for their deployment in real-world
operation, where maintenance of the computer will be
ensured by network managers. All changes to data,
configurations, and technology standard operating
procedures (SOP) were made in one database.

The resulting product was developed as a unit of three
independent  programs  BrWatch, BrCaster and
BrCCMEXx that will be discussed in subchapters 1.1
through 1.3. At present, the Brno Dynamic Model of
Solidification, commercially offered by the Brno
University of Technology, is registered under the single
name of Brno Dynamic Solidification Models (BrDSM)
(trademark EU 015723893).

1. Three independent programs for
temperature field system

1.1 BrWatch program

Data acquisition program BrWatch was run on the
DASFOS server and it was programmed in Delphi 2007

(Fig. 1). It loaded the configuration from the local
database Firebird (position 4), it communicated with the
application InTouch (position3) via dlIl, and it
communicated with the central database using
ADO/ODBC (position 6). On the basis of these
communications, it constructed a vector of real numbers
at regular intervals (5 to 10 seconds on request of the
on-line model). The vector was transferred via the
TCP/IP  server using the protocol HTTP/XML
(position 2) to BrCaster (on-line model). It picked the
values calculated by BrWatch program characterizing
the temperature field, i.e. surface temperatures,
metallurgical length, etc., as well as the results of
recommended values for casting rate and water flow
rates for the zones I, 11, 1ll, and IV from BrCaster via
TCP/IP using the HTTP/XML protocol (position 2).

The graphical environment of the data acquisition
program made it possible to quickly check the collected
data and set the parameters of the on-line temperature
model (Fig.2). The system administrator used this
program for influencing the parameters and behaviour
of the on-line model. The thermal model is a numerical
calculation that works with a fixed time step. It always
had to have all the data at every step. Any deficit of the
quantity might have caused numerical instability and
crash of calculation. It was possible to replace the
missing or incorrect quantities by either a previous valid
value or a so-called standard value. The set time step, in
which the calculated data was provided, was 10 s.

Fig. 1 Scheme of the communication between the different parts of the dynamic model
Obr. 1  Schéma komunikace mezi jednotlivymi ¢astmi dynamického modelu
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Fig. 2  Graphical interface of the program BrWatch
Obr. 2 Grafické rozhrani programu BrWatch

1.2 Program BrCaster, on-line model

The on-line model was run on a two-processor PC,
visualization was available in the control room for
continuous casting machine 2 (CCM2). The numerically
demanding multithreaded model solved the following
functions: it read configuration from the Firebird
database, same as BrWatch (Fig.1, position7); it
received the vector of valid input values via TCP/IP
sockets (position 2); it performed calculation of
boundary conditions and thermo-physical parameters; it
calculated the temperature field; it visualized the
temperature field on the computer monitor in the control
room; it calculated the controlled quantities (required
casting speeds, water flows for the zones I, I, 11l and
1V); it saved the calculated temperature field (position
8); it provided the current temperature field data to the
operating information system for all its users (web
server).

The program was based on the off-line version, picked
the data from the first and second levels of the
hierarchically structured CCM control system via the
BrWatch interfacing program, it performed the
calculation of the temperature field and of other
aggregated quantities (Fig. 3) which were sent back to
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the information system of the steel plant. Another goal
of the on-line version was to increase the quality and
accuracy of the input data, of mutual links between
them and of the qualitative parameters, including the
setting of limit values. In this way, a system was created
that displayed not only very quickly but also as
accurately as possible the real temperature field of the
continuously cast billet (CCB) during the process, as
well as all the necessary technological data from the
CCM. One of the great advantages was the fact that the
program had integrated the so-called web server, i.e.
other users of the computer network of the steel plant
could see individual operator screens of the online
model via an ordinary Internet browser (Fig. 4).

Fig. 5 shows screens of the dynamic temperature model.
Most of them are the same as for its off-line version.
Fig. 5a presents basic parameters of casting both in
numerical form and in the form of barographs and
graphs of history. The basic screen of the model is in
Fig. 3, where the metallurgical length is emphasized in
addition to the temperature field. Fig.5b shows the
temperature history of the indicated points of cross-
section during its progress through the entire CCM.
Data from secondary cooling, including the
temperatures measured by a pyrometer and calculated
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temperatures at the same points, are shown in Fig. 5c.
The screen in Fig.5d shows the evolution of
iso-liquidus and iso-solidus in longitudinal axial
sections, and Fig. 5e shows the evolution of surface
temperatures at the place of the built-in pyrometers. The

graph of the local time of solidification (the time, during
which temperature of the given point was within the
interval of solidification) in individual points of the
profile is shown in Fig. 5f. The last screen shows the
heat output volume in the individual zones (Fig. 5g).

Fig. 3  Graphical interface of the on-line program with an example of the temperature field
Obr. 3  Grafické rozhrani on-line programu s ptikladem zobrazeni teplotniho pole

Fig. 4  Example of the results of the on-line model via the information system
Obr. 4 Priklad zobrazeni vysledki on-line modelu pies informacni systém
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a) Basic parameters of the casting
a) Zakladni parametry liti

b) Temperature history along the caster
b) Historie teplot podél ZPO

¢) Data of the secondary cooling
c) Data sekundarniho chlazeni

e) Surface temperatures in the place of built-in pyrometers
e) Povrchové teploty v misté zabudovanych pyrometra

f) Local solidification time
f) Mistni doba tuhnuti

g) Heat flows diverted in the zones
g) Tepelné toky odvedené v zénach

Fig.5 Operator monitor of the dynamic model of the temperature

field

Obr.5 Operatorské obrazovky dynamického modelu teplotniho pole

d) Evolution of iso-liquidus and iso-solidus in the axial longitudinal
sections
d) Prabeh izolikvidy a izosolidy v podélnych osovych tezech
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1.3 Program BrCCMEX, off-line model

The off-line temperature model, which was run on any
industrial PC, had the following options: loading the
configuration and data from the central Firebird
database (position 9); editing Firebird Configuration
Database on the Server (position 9); retrieving data from
an online server, such as trends (position 9); viewing
files (position 10); and it performs calculations

Fig. 6 Basic screen of the off-line model
Obr. 6 Zakladni obrazovka off-line modelu

Users (technologists) had the opportunity to upload the
current live data from the on-line model to their off-line
temperature field model, to make some changes in input
parameters (e.g. to adjust secondary cooling, change the
casting speed, etc.). After performing an off-line
simulation, they found out how the temperature field
would be created under such changed conditions. The
off-line version can be also successfully used in the case
of occurrence of defects on billets. The user has
downloaded calculated thermal fields from the archive

23

of the temperature field.

The off-line model, which was developed first, enables
the user to design even a non-traditional file or
combination of technological interventions for the
optimal formation of the temperature field with the aim
of enhancing the quality of the concasting while
maintaining or even raising the volume of production.
The basic screen MS Windows is shown in Fig. 6.

server and he/she could analyse, with the use of the
off-line model, probable causes of defects and prepare
measures in order to avoid repeating of defects. The
off-line model will in future allow also for download of
quantities from the application server, and it will make
possible to use statistical methods and links between
variables and defects for the search of the cause of
defects in the formation of the original temperature field
of the billet from a problematic heat.
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2. Dynamic model activity

Two independent control loops worked in a dynamic
on-line model. The first served for the setting of
calculation of the temperature field according to the
current state of CCM and operating conditions. This
control loop used temperature values measured by three
(or possibly four) installed pyrometers for calculation of
the control deviation. Location of the pyrometers is
schematically illustrated in Fig. 7 with black dots.

Fig. 7
Obr. 7 Umisténi pyrometri a mist s cilovymi teplotami

The second control loop was the recommendation of
optimal casting speed and flow rates in the zones I, II,
Il and 1V using the temperature model. Optimisation
criteria can be in general the following ones:

o metallurgical length, which should extend into the

not-bent part,
limitation of reheating between zones,
cooling rate limitation,

limitation of surface temperature at the point of
straightening,

limitation of temperature behind individual zones,

limitation of temperature fluctuations in the

cooling zone.

Location of the pyrometers and places with target temperatures
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Temperatures from the pyrometers were compared with
the calculated temperatures at the same locations and
correction of the heat transfer coefficients in the
respective zones before the pyrometers was performed.
If the difference between the measured and calculated
temperatures and the correction factor was within
acceptable limits (£ 50 °C), the green LED signal lamp
indicated correspondence of the model with the reality
(Fig. 5d). In the event of a major disagreement, the red
light warned that the situation should be analysed.

Due to the fact that the optimal values of these
parameters are unknown, only the following parameters
were selected for this project:

o metallurgical length, which should approach the

specified value,

surface temperatures at four locations (between
zones), marked in Fig.7 with cyan boundary
lines); temperature values must be within the
specified interval.

Fig. 8 shows a diagram of the control operation for one
zone controller (in this case zone II1). Similar control
loops must be implemented for all four zones.
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Temperature
measurement

Control valve

Fig. 8

Obr. 8 Schéma regulace priitoku vody v jedné chladici zéné&

Since the number of cast steel grades was large, we used
their classification in 4 groups [2, 3], for which the
casting conditions should be the same. The database of
conditions for each group contains:

e recommended metallurgical length,

e minimum and maximum temperature at the point 1

(behind zone 1),

minimum and maximum temperature at the point 2
(behind zone 1),

minimum and maximum temperature at the point 3
(beyond zone I11),

minimum and maximum temperature at the point 4
(behind zone 1V).

Determination of these optimal values is a very
challenging and long-term task. Therefore, in the first
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Set
value

Water flow
regulator

Flow
measurement

Scheme of the regulation of the water flow in the one cooling zone

stage of deployment of the on-line model, the actual
achieved values and the metallurgical length for casting
conditions taken from the standard operating procedure
for the respective group were used as initial values.

3. Outline of statistical processing of data
from dynamic on-line model

In addition to graphical results presented here, statistical
methods can also be used for the analysis of data from
the on-line model of the temperature field. For each
melt, the following statistical variables were determined
for all measured and calculated values of the
technological parameters: mean value (arithmetic
mean), minimum value, maximum value, Vvariance,
standard deviation, slope coefficient and coefficient of
acuity.



Recenzované védecké ¢lanky
Peer-reviewed Scientific Papers

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

TERMEX-1

Casting speed (m-min?)

2
I I I

0 40 120

Heat

a) Sorted according to the time
a) Serazeno podle ¢asu

Casting speed (m-min)

TERMEX-1

2
\ ! I ' \ ! I

0 40 80 120

Heat

b) Sorted according to the average casting speed
b) Serazeno podle primérné lici rychlosti

Fig.9 Casting speed in the individual heats, the minimum, maximum and average value
Obr. 9 Lici rychlost u jednotlivych taveb, minimalni, maximalni a primérna hodnota

These statistical variables were evaluated for all 400
data files that are stored by the temperature model in the
database. It was possible to further evaluate these
quantities using graphs for the given period. The graphs
presented here correspond to the six-month operation of
the CCM when a total of 140 heats of TERMEX-1 steel

grade were cast.
1200 —

TERMEX1
I Pyrometer 1
I Calculaiton
Pyrometer 1
Calculation

WDDDW

800 —

Temperature (°C)

600 —

400
| ' \ ' |

0 40 120

Heat

Temperature (°C)

Fig. 9 depicts the casting speed for TERMEX-1 steel
grades. The minimum and maximum casting speeds and
averaged speed are plotted here. Fig. 9a shows the
temperature of individual heats in the order in which
they were cast. Fig. 9b shows the temperatures of heat
ordered according to the average casting speed of these

heats.
1200 —

TERMEX-1

I Pyrometer 2
I Calculaiton

Pyrometer 2
Calculation

0 40 120

Heat

Fig. 10 Surface temperature measured by the pyrometers and calculated in the same places
Obr. 10 Povrchova teplota méfena pyrometry a vypoétena ve stejnych mistech

Fig. 10 shows a similarly structured graph of the
measured surface temperature determined by the
pyrometers 1 and 2. The graph also shows an evolution
of the temperatures calculated at the same points. Figure
10 shows a good match between the measured and
calculated values for the first 20 heats. The calculation
results showed that surface temperature was higher only
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by 5% in comparison to the temperatures measured by
the pyrometer 1. The 5% variance is a very good result
for the operating conditions. After that the nozzles in the
first zone were replaced by a different type which is in
the graphs manifested by an increased 22% difference
between the measured and calculated temperature
values.



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

Recenzované védecké ¢lanky
Peer-reviewed Scientific Papers

. TERMEX-1
$

18 — o
. o »*
£
£ e
= 16— PY ’ *3%
E’ - r e,
s *e o
o
® 14 — *
‘==° "'m:"
2 .
: o I

el . Eee

.
*° | | ' \
24 26 238 3
Casting speed (m-min)
Fig. 11

. TERMEX-1
&
) L J
]
80 —
®
o
. B0 ]
g .
< 7 Ly - % L4
‘E L '. Y ..c *
- 1 - . -
qé_ 40 ‘l .. 3t ..i' .. - o..:\. -f..O
k ¢ 4t & 3% X
» - -
- - -
20 @
¢ ' T ' \ ' |
24 26 28 3

Casting speed (m-mint)

Metallurgical length and the temperature of the overheating depending on the casting speed for steel TERMEX-1

Obr. 11 Metalurgicka délka a teplota piehiati v zavislosti na rychlosti liti pro ocel TERMEX-1

The graphs in Fig. 11 present the value of metallurgical
length and the overheating temperature in dependence
on the casting speed. These parameters from each heat
are expressed by one blue circle, the radius of which
corresponds to the standard deviation. It can be seen
from Fig. 11 that approximately linear dependence
exists between the metallurgical length and the casting
speed, which corresponds to the relevant solidification
constant. Due to the replacement of the nozzle, the
results of heats were divided into two linear
dependencies, which were reflected in the graph by two
fields of the observed cases. A functional dependence
was also expected between the overheating temperature
and the casting speed. This, however, was not
confirmed in real heats, as it is shown in the right graph
in Fig. 11.

The graphs of statistical variables are an example how it
is possible to use the data from the on-line model for an
analysis of the CCM behaviour and for optimisation of
its operation.

Conclusions

A numerical model of a non-stationary temperature field
of a steel billet 150 x 150 mm cast by continuous
casting was developed and tuned in off-line and on-line
versions. Presentation of the results shows how it is
possible to use both versions for optimisation of casting
parameters. The online version was in the steelworks
Trinecké Zelezarny, a.s. incorporated directly into the
CCM control system. The results show significant
differences between the temperature field model of
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continuously cast slabs and billets. In the case of the
casting of billets, the intervals of input parameters are
much wider including a larger number of types of steels.
A particular problem is also the use of conical water
nozzles in the secondary cooling zone where the heat
transfer coefficient under the nozzle is markedly
dependent on the surface temperature of the billet. By
using the model, it is possible to achieve faster and
easier implementation and mastering of new types of
steel (according to immediate customer requirements
with reduced risk of production losses), but mainly to
achieve higher qualitative parameters of steel casting
including stability of their production, i.e. narrowing the
difference between the qualitative properties of
individual heats of the same steel grades and to achieve
a repeatability. Improving the quality means moreover a
reduction of power consumption per ton of final
product. This reduces also the volume of flue gasses for
the production of the final product and it will thus
reduce the ecological exposure of the work
environment.

Acknowledgements

This publication originated from a solution of the NETME
CENTRE PLUS project (LO1202) with financial support from
the Ministry of Education, Youth and Sports under the
National Sustainability Program I.

Tato publikace vznikla 7eSenim projektu NETME CENTRE
PLUS (LO1202) za financni podpory Ministerstva Skolstvi,
mladeze a telovychovy vramci Narodniho programu
udrZitelnosti I.



Recenzované védecke ¢lanky Hutnické listy ¢. 3/2017, ro¢. LXX

Peer-reviewed Scientific Papers ISSN 0018-8069

Literature [6] STETINA, J. Dynamicky model teplotniho pole plynule odlévané

B . ; ; bramy. (Disertacni prace) [Dynamic model of temperature field of

[1] KAVICKA, F., STETINA, J., SEKANINA, B., STRANSKY, K. the continuously cast slab (Dissertation)] Ostrava: VSB-TU
Vyzkum, vyvoj a zavedeni do vyroby dynamického modelu 7izeni Ostrava, 2007.

technologie pro plynulé odlévani sochori. (Zavéreéna zprava [ - .
TP T . S M x 7] BRIMACOMBE, J. K. The Challenge of Quality in Continuous

o feSenf Z4sti projektu vyzkumu a vyvoje MPO CR &. FI-IM/021) Casting Process. Metallurgical and Materials Trans. B, 30B

[Research, development and implementation of dynamic model (1999), 553-566

for control of technology for continuous casting of billets (Final ' ' .

report on solution of part of the research and development project [8] MIETTINEN, J., LOUHENKILIPI, S., LAINE, J. Solidification

of the MIT CR No. FI-IM/021)] Brno: FSI VUT in Brno, 2007. Anallgfshis Packagz IIIIDS- In: Proce?ding of Ger:jeral COST 512
- s . - . Workshop on Modelling in Materials Science and Processing, M.
[2] STETINA, J. et al. Parametricka s_tudle plynule Iltgho ocelového Rappaz and M. Kedro eds, ECSC-EC-EAEC, Brussels,
sochoru 150 x 150 mm [Parametric Study of Continuously Cast
. o Luxembourg, 1996.
Steel Billet 150 x 150 mm]. Hutnické listy, 70 (2017) 3, 29-39.

ISSN 0018-8069. [9] RAUDENSKY, M. HORSKY, J. Secondary Cooling in
. o - . ; Continuous Casting and Leidenfrost Temperature. Ironmaking
[3] STETINA, J. Optimalizace parametrzz liti sochoriz pomoci and Steelmaking, 32 (2005) 2, Maney, UK.

modelu teplotniho pole. (Habilitacni prace) [Optimisation of

parameters fro casting of billets with the use of the temperature [10] THOMAS, B.G, O'MALLEY, R.J, STONE, D.T.

field model (Habilitation work)] Ostrava: V3B-TU Ostrava, Measurement of Temperature, Solidification, and Microstructure

FMMI, 2008. in a Continuous Cast Thin Slab. In Modeling of Casting, Welding

o L L. e, and Advanced Solidification Processes VIII, San Diego, CA,
[4] STETINA, J. et al. Historie tvorby, vyvoje a ovéteni originalniho TMS. 1998.

numerického modelu teplotniho pole pro proces plynulého ]

odlévani bram provozovany ve VITKOVICE STEEL as. [11] HOOLI, P.O. Sttﬁjy of the Mould I_:qu Film b(_etween Mould and
[History of creation, development and verification of the original Steel Shell. In 4" European Continuous Casting Conf. Proc.,1,
numeric model for temperature field for the process of continuous Birmingham, UK, October 14-16, 2002, pp. 379-386.

casting of slabs used in the steelworks]. Hutnické listy, 70 (2017)  [12] OMACHT, D., KUBANEK, Z., HURNIK, A., GLOSSMANN,

1, 4-16. ISSN 0018-8069. P. Méreni povrchovych teplot plynule litého sochoru (Technicka
[5] STETINA, J. etal. Zaclenéni dynamického modelu BrDSM zpréva,_ ZP0O2 - 8. pro_ud) [Measu_rement of surface temleeratures

teplotniho pole plynule odlévané bramy do fidiciho systému ve OfV.COHtInl:I_OUS|y cast billet (Technical report CCM2 — 8" strand)]

VITKOVICE STEEL as. [Implementation of dynamic model Ttinec: Trinecké zelezarny a.s., 2005.

BrDSM of temperature field of the cast slab into the control [13] BERNHARD, CH. Numerical Simulation of Solidification in

system at the steel works VITKOVICE STEEL a.s.] Hutnické Continuous Casting of Rounds. In Continuous Casting of Billets

listy, 70 (2017) 1, 17-34. ISSN 0018-8069. and Modelling of Steelmaking Processes, Tiinec, October 2003.

EU Setieni proti péti zemim kvali ocelovému dumpingu pired ukonéenim

tt.com 16.03.2017

Od léta 2016 beZici vySetiovani Evropské komise proti Srbsku a ¢tyrem dalSim zemim kvali obvinéni, Ze exportuji ocel
do EU za dumpingové ceny, by mélo byt co nevidét uzavieno, vysledky by mély byt predloZeny v kvétnu. Urgity
predbézny vysledek je ale znam jiz ted’. Srbska ocelarna ve Smederevu, pattici od ¢ervence 2016 ¢inskému koncernu
HBIS, svoje exporty oceli do EU od srpna do listopadu 2016 nezvysila. EK provadi Seteni ale také proti Rusku, Iranu,
Brazilii a Ukrajing, poté co si v kvétnu 2016 stéZoval evropsky ocelaisky svaz EUROFER. EUROFER tvrdil, Ze
zminénych pét zemi prodava svoji ocel o minimalné 20 % pod trznimi cenami. Evropskeé Setieni ukazalo, Ze exporty
oceli péti vySetiovanych zemi do EU stouply v pfislusném obdobi o 14 %. Rusko zvysilo export do EU 0 73 %,
Brazilie 0 23 %. Irdn a Ukrajina svoje exporty do EU zredukovaly, u Srbska nedoSlo k Zadné zméng.

ArcelorMittal spirada plany pro Italii

Frankfurter Allgemeine 22.03.2017

ArcelorMittal pocita jeSté minimalné do konce roku 2018 s trvajici robustni ocelaiskou konjunkturou. Frank Schulz,
$éf nejveétsSiho ocelaiského koncernu na svété pro Némecko, poukazuje na dobrou poptavku po oceli od odvétvi, jako je
vyroba automobili, stavebnictvi a strojirenstvi. Spotieba oceli v Némecku by méla letos vzrist 0 1 procento, v pristim
roce predbézné o 1,5 procenta. Na roky 2017 a 2018 se divame s opravdovym optimismem, ekl Schulz v Dusseldorfu.
Takeé ceny se vyrazné zvysily, v praiméru o dobry dvoumistny procentuelni narist. JenZe stouply také ceny Zelezné
rudy a koksovatelného uhli. Samoziejmé zistavaji obavy z obrovskych pirebyte¢nych kapacit. Konsolidaci predpovida
Schulz i pro Evropu. Ze se koncern snaZi ziskat existujici, deficitni a obrovskymi ekologickymi problémy zatiZenou
ocelarnu ILVA v Tarantu, neni pro Schulze zadny protimluv. Rika, Ze by to bylo nové feeni pro Evropu. Schulz je
toho nazoru, Ze v této nejvétsi evropské ocelarné by bylo mozné vyrabét vysoce kvalitni oceli nejen pro Evropu, ale
také pro trhy v severni Africe a v Turecku.
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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.

Brno University of Technology, Faculty of Mechanical Engineering, Energy Ingtitute, Technicka 2896/2, 616 69 Brno,
Czech Republic

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.
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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)
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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



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

Recenzované védecke ¢lanky
Peer-reviewed Scientific Papers

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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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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Casting Technologies of Manufacturing of Metallic Foams and Possibilities of
Their Use as a Heat Exchanger

Slévarenske technologie vyroby kovovych pén a moznosti jejich vyuziti coby
vyméniku tepla

Ing. lvana Kroupovd; Ing. Filip Radkovsky; doc. Ing. Petr Lichy, Ph.D.

VSB — Technical University of Ostrava, Faculty of Metallurgy and Materials Engineering, Department of Metallurgy
and Foundry, 17. listopadu 15/2172, 708 33 Ostrava-Poruba, Czech Republic

Metallic foams are materials with broad applicability in many different areas (e.g. automotive industry, civil
engineering industry, medicine, etc.). These metallic materials have artificially created pores in their structure.
These pores give them specific properties, such as large rigidity at low density, high thermal conductivity, capability
to absorb energy, etc. Since the discovery of porous metallic materials numerous methods of production have been
developed. Porous metallic materials can be made from liquid metal, from powdered metal, metal vapors, or from
metal ions. The aim of the paper is to introduce casting methods for manufacturing of metallic foams with irregular
and regular cell structure. All these manufacturing methods of metallic foams are based on conventional foundry
technologies and materials. The aim of the paper is also to show a possibility of using metallic foam as a heat
exchanger.

Key words: casting; metallic foam; 3D modelling

Kovové pény jsou materidlem s Sirokym uplatnenim v mnoha oborech lidské ¢innosti (naps. automobilovy primysl,
stavebnictvi, medicina, aj.). Tyto materidly obsahuji ve své struktuse umele vytvorené pory. Tyto péry jim pak davaji
mnoho vyjimecnych vlastnosti, jako je naps. vysoka tuhost p7i nizké mérné hmotnosti, vysoka tepelnd vodivost,
schopnost absorpce energie atd. Prvni zminky o kovovych pénach pochéazeji jiz z pocatku 20. stoleti, kdy se tyto
porovité kovové materidly zacaly pouZivat pro strojirenské Ucely. Ve dvacatych letech minulého stoleti se zacaly
vyrabét a komercné vyuZivat peny vyhotovené spékanim kovovych praskii, které se pouzivaly pro vyrobu filtra,
baterii a samomaznych loZisek. Ve francouzském patentu z roku 1925 nalezneme zminky o kovovych penéch
vyrobenych vzpenenim materiélu, o tricet let pozdeji v USA zacind jejich komereni poufZiti. Ale rozsahla vyzkumna a
Vyvojova cinnost zacala aZ v 90. letech a pokracuje dodnes. V soucasné dobé probiha na VSB — Technické univerzite
Ostrava vyzkum zabyvajici se optimalizaci vyroby tohoto unikatniho materidlu slévarenskou cestou. Od objevu
poréznich kovovych materiali bylo vyvinuto mnoho metod jejich vyroby. Porézni kovové materidly mohou byt
vyrobeny z tekutého kovu, kovového prasku, kovovych par ¢i ionizovaného kovu. Cilem tohoto prispévku je
predstavit slévarenské metody vyroby kovovych pén, a to jak pen s pravidelnou, tak i s nepravidelnou busikovou
strukturou. Tyto metody jsou zaloZzeny na konvenchich slévarenskych technologiich a ve slévarnach beine
pouzivanych materialech. Principem nize uvedenych technologii vyroby kovovych pén je infiltrace tekutého kovu do
dutiny formy vyplnéné prekurzory/preformou nebo pouZiti odparitelného modelu. Cilem prispévku je rovnéz ukazat
mozné aplikace odlitkiz kovovych peén s pravidelnou vnit/ni strukturou coby vyméniki tepla — vyuZiti velkého
vnit/niho povrchu téchto slozitych odlitki.

Kli¢ova slova: odlitek; kovova péna, 3D modelovani

Metallic foams are materials, which are ill under metallic foam with divided inner cavity as a heat
development with wide application possibilitiesin many  exchanger. As an instrument of the investigation the
fields of human activities (e.g. automotive industry, method of computer simulation was first chosen, which
civil engineering industry, medicine, etc.). These can compare the metallic foam with classic tube
interesting materials contain artificially created poresin  exchanger [1].

their structure. These pores give them many exceptional
characteristics, such as: high rigidity a low density,
high thermal conductivity, absorption of energy and
others. These materials offer interesting perspectives
due to the combination of properties (Fig. 1). The aim of
this paper is to explore the possibility of manufacturing
of various structures of metallic foams and using cast

The term *‘foam’’ is not aways properly used and shall
therefore need to be defined. According to Fig. 2 which
lists the designations for al possible dispersions of one
phase in a second one (where each phase can be in one
of the three states of matter), foams are uniform
dispersions of a gaseous phase in either a liquid or
asolid. The single gas inclusions are separated from
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each other by portions of the liquid or solid,
respectively. Thus the cells are entirely enclosed by the
liquid or solid and are not interconnected. The term
“foam” in its original sense is reserved for a dispersion
of gas bubbles in a liquid. The morphology of such
foams, however, can be preserved by letting the liquid
solidify, thus obtaining what is called a “solid foam”.
When speaking of “metallic foams’ one generaly
means a solid foam. [1].

Fig.1 Combination of properties of metallic foams
Obr.1 Kombinace vlastnosti kovovych pen
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in a solid
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g smoke
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Dispersions of one phase into a second one. Each phase can
be in one of the three states of matter [1]

Disperze jedné faze ve fézi druhé. Kazda z fazi mize byt

v jednom ze tii skupenstvi [1]

Fig. 2

Obr. 2

1. Possibilities for manufacturing of metallic
foams

Since the discovery of porous metalic materials
numerous methods of production have been developed.
Some technologies are similar to those for polymer
foaming, others are developed with regard to the
characteristic properties of metalic materials, such as
their ability to sintering or the fact that they can be
deposited electrolyticaly [2].
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According to the state, in which the metal is processed,
the manufacturing processes can be divided into four
groups. Porous metallic materials can be made from
[3,4]:

— liquid metal (eg. direct foaming with gas,
blowing agents, powder compact melting,

casting [5], spray forming)

powdered metal (eg. sintering of powders,
fibores or hollow spheres, extrusion of
polymer/metal mixtures, reaction sintering )

metal vapours (vapour deposition)

metal ions (electrochemical deposition)

Porosity may achieve 30% to 93% depending on the
method of production and material used. By changing
the process parameters it is possible to obtain porous
structure with various sizes and shapes of pores and
with different types of arrangement (regular or irregular
- stochastic) [3].

By manipulation of the process parameters, the pore
structure can assume continuous or discontinuous
geometries, a range of pore sizes, pore fractions, and
a controllable shape of the final product. The continuous
pores are connected together and to the surfaces of the
component to allow fluid flow from one side to the
other [6].

Within the production of cast metallic foams, we were
verified by the infiltration of the molten metal into the
mould cavity filled with precursors/preform and an
investment casting process using an evaporable pattern.

2. Experiment - casting technologies of
manufacturing of metallic foams

Casting technologies of metallic foam production
referred to in this paper are based on the use of existing
materials and process procedures, which are commonly
used in foundries. Precise definition and subsequent
implementation of these manufacturing technologies
could enable further expansion of these materials and
using their full application potential.

2.1 Infiltration of molten metal into mould filled
with precursors/preform

Inner pores of metallic foams can be achieved by using
~particles* — precursors or preform, which fill the mould
cavity. These particles, which have given shape and
size, are placed into the mould cavity and the molten
metal is poured over them. Precursors and preform must
meet certain criteria. Particularly, they must be made of
material, which preserves its shape during impact of the
molten metal (sufficient strength, low abrasion,
refractoriness) and they must alow aso good
disintegration after casting.
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Irregular arrangement of inner pores can be achieved by
using precursors. Regular arrangement of the pores may
be achieved by using preforms (special kinds of cores)
of different shapes, which fill the mould cavity.

Principle of the method (using precursors) is shown in
Fig. 3.

Fig. 3 Principle of infiltration of molten metal into mould filled
with precursors, from left: mould, mould cavity filled with
precursors, composite foundry mould, pouring molten metal
into the mould cavity, cast metallic foam after removing
precursors.

Princip infiltrace tekutého kovu do dutiny formy vyplnéné
prekursory, zleva: forma, dutina formy vyplnéna prekursory,
sloZzena forma, odlévani kovu do dutiny formy, odlitek
kovové pény po odstranéni prekursor.

Obr. 3

2.1.1 Irregular cell structure

In the experiment we made castings with irregular cell
structure with use of precursors based on conventional
moulding mixtures (organic types). There were two
types of precursors:

Precursors — Croning process

Core particles were manufactured from a moulding
mixture (or from the rejected cores made by the Croning
process). Final globular shape of core precursors was
achieved by splitting them in to small pieces
(10 — 30 mm) and subsequent tumbling. A mould cavity
was filled with these precursors. Mould was made from
the commonly used green sand (i.e. bentonite bonded
moulding mixture). The disadvantage of these
precursors is their irregular shape (Fig. 4), which is
determined by uneven tumbling of the cullet due to non-
uniform hardening of the default core mixture.
Therefore, new technology of precursors manufacturing
has been proposed — use of moulding mixture bonded
by furan resin. This way of manufacturing of precursors
should ensure the achievement of the same size, shape
and the resulting characteristics of precursors.

10 mm

Fig.4  Precursors— Croning process (irregular shape and size)
Obr. 4 Prekursory —technologie Croning (nepravidelny tvar a
velikost)
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Precursors — Furan moulding mixture

For creating these precursors were used aplastic grille
as a core box. By using this core box we created cubes
with a side of 25 mm. These cubes were then subjected
to tumbling. The proposed technology ensures
production of precursors of the same size, shape and
properties (Fig. 5).

10 mm

—A

Fig.5 Precursors— Furan moulding mixture (regular shape and size)
Obr.5 Prekursory—furanova ST-smés (pravidelny tvar a velikost)

2.1.2 Regular inner structure

Preforms (cores) for manufacturing of metallic foams
with regular inner structure were made with the use of
the polyurethane cold box technology, which is based
on a two-component binder system and constitutes
asuitable method for the production of thus geometri-
caly complex shape preforms. Gradualy produced
cores were subsequently assembled into one unit to
form the preform (Fig. 6), which is the negative of
regular internal cavities of the casting (metallic foam).

Fig.6 Preform (core) composed of five layers of cells
Obr. 6 Preforma (jadro) sloZzena z péti pater

2.2 Use of evaporable pattern

One of the ways to create complex casting of metallic
foam is to use an evaporable pattern (polyurethane,
polystyrene).
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2.2.1 Irregular cell structure

The most common foundry method for manufacture of
metallic foams with open pores is a method with the use
of a disposable evaporable polymeric pattern (Fig. 7)
— polymeric foams (most commonly polyurethane foam
— PU foams).

Fig. 7 The principle of use of a disposable evaporable polymeric
patter, from the left — polymer foam, polymer foam infiltrated
with plaster, removed polymer, infiltrated with metal,
metallic foam in mould, removed mould, final metallic foam
Princip vyuZiti jednorézového odpatitelného modelu, zleva —
polymerni péna, polymerni péna zaitd sadrou, odpareni
polymer, infiltrace tekutého kovu do vzniklé dutiny, kovova
pénave formg, finalni odlitek kovové peny

Obr. 7

One of the key steps in this production process is the
choice and processing of material suitable for
manufacture of a mould — plaster in this case. The
material for the mould manufacture must have in
particular sufficient heat resistance, the mixture must
have good fluidity to be able tofill all the small pores of
the PU foam.

For casting of various aloys (Cu aloys, Al dloys) it is
necessary to define different annealing cycles. For
casting the Cu alloys with higher melting temperature
(higher casting temperature) it is necessary to anneal the
plaster moulds to higher temperatures — to eliminate the
thermal shock during casting, and to increase the melt
fluidity into the complex mould cavity. Annealing
cyclescan beseenin Tab. 1.

Tab.1 Annedling cycles of plaster moulds
Tab.1 Zihaci cykly s&drovych forem

Annealing
cycle Temperature, increase, soak at temperature
number

1 120 °C, 320°C, 800 °C,
8°C-min%; 8h | 10°C-min™; 8h | 20°C:min®; 10h

2 120°C, 550 °C, 1100 °C,
8°C:min’;8h | 10°C-min%;8h | 20°C-min*; 10 h

3 120 °C, 550 °C, 1000 °C,
8°C:min’;8h | 10°C-:min;8h | 20°C-min®; 10 h

The most commonly used is the annealing cycle No. 1
which is suitable for the subsequent casting of Al aloys
(low melting temperature or low casting temperature).

However, for casting of Cu and Fe aloysit is necessary
to increase the annealing temperature, i.e. to heat the
moulds to higher temperatures. Therefore the annealing
cycle No. 2 was recommended. This annealing cycle
proved to be unsuitable — the moulds annealed to such
high temperatures show an impaired collapsibility after
metal casting.

A plaster sample has been subjected to differential
thermal analysis, which found that at the temperatures
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of 1100 °C the CaSO, is disintegrated to CaO and SO3
(degradation of the mould).

After the evaluation of the plaster DTA the annealing
cycle No. 3 was designed. The moulds annealed in such
a way have good collapsibility after casting, but for
casting the Cu and Fe alloys the mould temperature is
too low. Casting of these alloys was accompanied by
metal misruns into the mould cavity due to high
temperature jump. On the contrary the mould prepared
in such away for casting the Al aloysis“overheated”.

2.2.2 Regular inner structure

There is a possibility of manufacturing metallic foams
with regular inner structure by using the Lost Foam
Technology. The technology principle consists in
leaving the polystyrene pattern in the mould when the
pattern is evaporated during casting and the resulting
cavity isfilled with the molten metal.

The pattern is most often prepared from expanded
polystyrene (EPS) or polymethyl methaerylate
(PMMA), it can be prepared by cutting, milling and
subsequent gluing of individual parts or by creating
afoaming mould. The pattern formed in such a way is
equipped with a gating system, which can be made from
the same material as the casting pattern. The entire
pattern is treated with a heat resistant coating. Moulding
can be done without the use of binders [7]. One of the
advantages of this technology is the possibility of
manufacture of castings with complex shapes and
without the use of cores.

3. Utilization of metallic foam with regular
inner cells

This part of the paper is devoted to designing an
experiment for the possible testing of samples made of
metallic foams with a regular arrangement of cells as an
internal heat exchanger. Before the production of the
real casting a variant for flow simulation was modeled,
both for the metallic foam and the classical tubular
exchanger. Subsequently both these models were
subjected to comparison and evaluation of results.
A powerful tool for designing an effective and adequate
heat exchanger is a mathematical simulation.
Simulations will be performed in ANSY S CFX software
environment [8, 9].

3.1 Geometry

Figs.8 and 9 show the initial analyzed geometries.
Fig. 8 shows ball cores inside the metallic foam within
two rows. The total number of the balls is 120. The left
side of the figure shows the internal domain of the
flowing medium, the right side shows a domain of the
metallic foam with input intakes for attaching hoses for
entering a medium.
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Fig. 8 Anayzed geometry of the metallic foam
Obr. 8 Zkoumana geometrie kovové p&ny

Fig.9 shows the classic two-row tubular heat
exchanger, which is used in many applications. The
total number of tubes is 12. The inner diameter of the
pipesisequal to the diameter of ballsin a metallic foam.

Fig. 9 Analyzed geometry of the tubular heat exchanger
Obr.9 Zkoumana geometrie trubkového vymeniku tepla

3.2 Mesh

Tube heat exchanger includes a total number of 1.1
million cells. Heat exchanger created with metallic foam
contains a total number of 2.1 million cells. Cell size
was set at 1.5 mm in both cases. The boundary layer at
the surfaces is formed by five cells with a thickness of
one millimeter.

3.3 Boundary conditions

Calculation of both geometries was divided into two
main domains. The first domain was set as a liquid
representing a flowing air. The second domain was set
as a solid body representing the metal exchanger.
Material properties of both domains are summarized in
Tab. 2. The roughness of the wallsis not included in the
calculation [10]. Adiabatic walls were set up on all outer
walls of solid bodies. Boundary conditions of the heat
exchanger are defined on both floors.

Tab.2 Physica properties of used material
Tab. 2 Fyzikdni vlastnosti pouZitého materidlu

below 1E-6. Tab. 2 summarizes the mean values of the
output areas of both heat exchangers.

Tab.3 Average values at the output of heat exchanger
Tab.3 Pramérné hodnoty na vystupu z vymeéniku

Metallic foam Pipe
Temperature — hot side 55.9 62.1
(0
Temperature — cold side 55.5 50.2
Velocity — hot side 0.88 0.89
(ms?)
Velocity — cold side 112 11
Pressure — hot side 4.533E-3 4.548E-3
(Pa)
Pressure — cold side 6.42E-3 7.431E-3

Domain
Ideal Gas Aluminum
Thermal conductivity (W-m-K™?) 0.0261 237
Specific Heat Capacity-cp (kg-JK™) | 1004.4 903
Density by 20 °C (kg-m?®) 1.204 2702
Dynamic viscosity (kg-m™-s) 1.831E-5

3.4. Results

Cdculation of the tube heat exchanger ran
approximately for two hours and the accuracy of the
convergence is given below 1E-6. Calculation of the
metallic foam heat exchanger ran approximately for
2.5 hours and the accuracy of the convergence is given

Figs. 10 and 11 show values of the observed waveforms
dependent on coordinates.

e et 2l fozm - cold side
e Pipe - heat side
Metal foam - heat side

s Pipe - cold side

Velocity (m-s?)

-0.06 -0.04 -0.02 0
Distance on the axis Z (m)

Fig. 10 Velocity profile of the heat exchangers
Obr. 10 Rychlostni profil ve vyménicich tepla

From Fig. 10 it is clear that the heat exchanger of the
metallic foam has a uniform distribution of the velocity
field around the analysis section. Temperature variation
of a conventional tubular heat exchanger has the
maximum velocity in the centre of the region. The
colder side of heat exchangers has a higher rate of air
flow than the hot side.

Fig. 11 shows distribution of the temperature field in
two heat exchangers. The heat exchanger formed from
metallic foam has a constant behavior throughout the
course of the analysis cross section on both sides. In the
plane of symmetry of the heat and cold sides
correspond. The maximum value achieved in a tubular
heat exchanger has reached the value of approx. 70 °C,
with a ball exchanger this value was approx. 55 °C. The
maximum difference between the hot and cold side of
the metallic foam heat exchanger was approx. 1°C,
whereas classica heat exchanger had a maximum
differential value of approx. 27 °C.
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Fig. 11 Heat distribution in heat exchangers
Obr. 11 Distribuce tepla ve vymenicich tepla

-0.06

Figs. 12 and 13 show the color resolution of values
examined in both heat exchangers. Fig. 12 shows the
thermal field on the hot side and Fig. 13 shows the
velocity field of both heat exchangers.

Fig. 12 Heat exchangers—the side of the hot medium flow
Obr. 12 Vymeénik tepla— strana priitoku teplého média

Fig. 13 Velocity field of the heat exchangers
Obr. 13 Rychlostni pole vymeniku tepla

Conclusions

Metallic foams are progressive materials with
continuously expanding use. Mastering of production of
metallic foams with defined structure and properties
using gravity casting into sand or metallic foundry
moulds will contribute to an expansion of the
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assortment produced in foundries by completely new
type of materia, which has unique service properties
thanks to its structure, and which fulfils the current
demanding ecological requirements. Manufacture of
foams with the aid of gravity casting in conventional
foundry moulds is financially advantageous process,
which can be industrially used in foundries without high
investment demands.

The principle of the above-mentioned technologies is
the infiltration of liquid metal into the foundry mould
cavity the use of an evaporative pattern. These
technologies enable production of shaped castings —
metallic foams - with irregular or regular cell structure.
For production of precursorsis moreover possible to use
the material, which would be otherwise wastes —
rejected cores or excess moulding mixture.

One of the possible applications of metallic foam with
such complicated internal cavity is a heat exchanger.
We first made for the purpose of verification of
effectiveness a modeling of casting of the metallic
foams, with variants for simulating the flow of gaseous
media in both the metallic foam and the classic tube
exchanger. Computational analysis showed that the heat
exchangers showed signs of different behavior under the
same boundary conditions. The greatest differences can
be seen in Figs. 10 and 12, when the newly designed
heat exchanger made of the metallic foam exhibits
stable temperature characteristics in the whole
investigated cross section immediately before an outlet
therefrom. Uniform distribution of heat affected overall
heat transfer in the heat exchanger so that the output
temperature was generally lower by 12 °C. The relative
pressure at the outlet of both heat exchangers has
corresponded. In the next step heat exchangers with
different geometries, etc., will be modelled.
Computationally the most efficient heat exchanger will
be subjected to experimental measurements and
compared to the reference model (tubular heat
exchanger).
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Séfové koncerna pozaduji vy3si tempo u digitalizace
www.focus.de 14.03.2017

S& ThyssenKrupp Heinrich Hiesinger pozaduje vice odvahy v Némecku u digitaizace. Prvni polo¢as byl podie
Hiesingera ztracen, ale sdobte kvalifikovanymi zaméstnanci by pramys mohl ve druném pologasu vyhrét, tvrdil
Hiesinger na kolokviu na Technické univerzité Mnichov. Produktivita prodéldva diky digitalizaci ptimo kvantovy
skok. Séf Svycarského technologického koncernu Oerlikon Michael Siss Zaluje: ,V Némecku dnes panuje uréita
biedermeierovska nalada’. Pritom by Primyd 4.0 mohl zastavit nebo dokonce obrdtit stéhovéani pracovnich mist do
Ciny avychodni Evropy.

Uhlik: RoztFisténe sny
Handelsblatt 23.03.2017

Uhlik platil jako nosi¢ nadgje, jak udélat auta leh¢i. Ale ocel a hlinik ho predjely. Je to pravé Sest let, kdy tehdejsi
&f BMW Norbert Reithofer ohlasil revoluci ve stavbé karoserii. ,, Uhlikova vi&kna jsou klicovym materidlem pro
automobilni primysd jedenadvacédtého stoleti,” rekl pii prileZitosti otvirédni nového provozu, ve kterém se tento
material lehkych konstrukci mél ve spolupréaci se specialisty SGL vyrabét. Cerna specidni vidkna mela zmenit
zpusob, jakym se vyvijgi a stavi automobily. Ziidkakdy se vrcholovy manazer tak mylil. Vysoce nadéjné sny se
rychle rozplynuly. Uhlik m& vyhody, to je nesporné zézratnd vlidkna jsou lehéi a tvrdSi nez ocel, doposud
nejvyznamngéjsi materid pro stavbu automobilt. Jenze mai velké nevyhody, aty bohuZel prevaZuji. Z toho divodu
Se masové hasazeni v automobilovém pramyslu nezdatilo. Je nékolikanasobné drazsi nez hlinik nebo ocel, mnohem
hat se obrabi, ¢asto jen ru¢né. A uhlik se téméi neda recyklovat. BMW ziistal jako jediny stavitel aut, ktery ¢erna
vldkna v nezanedbatelném mnozZstvi pouZivA Budoucnost modeli, vyuZivgjicich uhlikova vidkna, je jen
sotaznikem. BMW zcela zietelné podcenilo vyvoj klasickych materidli a musi se uhlikové revoluce ziici. Nebo ji
musi alespoi o celé roky odlozit.

Salzgitter zvySuje dividendu
Borsen-Zeitung 25.03.2017

Je to prévé rok, co v koncernu Salzgitter AG panoval strach o existenci. Evropu zaplavovala levna ocel z Ciny,
prodavana za dumpingoveé ceny, které lezely dokonce pod vyrobnimi néklady. Po zésahu EU a zavedeni importnich
cel se situace pronikavé zmeénila. Koncern jiz pred nékolika tydny ohlasil za rok 2016 zisk kolem 57 mil. €.
Vyhlidky jsou tak dobré, jak uz diouho nebyly. Séf predstavenstva Heinz Jérg Fuhrmann ocekéva, Ze v letoSnim
roce obrat i zisk vyrazné stoupnou, sanacni program skonéil. Firma nyni sazi na rast a inovace a investuje jen
v Salzgitteru a v llsenburgu ttimistné milionové ¢astky do novych zatizeni. Cilem je moci nabidnout vysSi kvality
oceli, napiiklad pro offshore praimysl. S hlavni oblasti svého obchodu (vyroba oceli a trub) se podnik nachazi i pies
Zvy3ené ceny jesté stéle natrzich plnych stresu. Vzhledem k dosazenym vysledkim byla dividenda na akcii zvySena
0 5 centi na 0,30 €. Koncern hodl& za uplynuly rok vyplatit celkem 18 mil. €.
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The company MATERIALOVY A METALURGICKY VYZKUM s.r.0. (Material and Metallurgical Research, Ltd.) deals
with the research project entitled "Technology of Intensive Cooling of Steel Cast into an Ingot Mould." This project is
funded by the programme "Support of Science and Research in the Moravian-Silesian Region 2015." As part of the
project, the technology of intensive cooling of steel cast into moulds has been tested. The project solution was divided
into two parts. Two ingots of the same type were cast, where the cast steel was of the identical chemical composition,
temperature and casting speed. In both cast ingots, the macro-structural and chemical heterogeneity of cast steel was
compared in four zones in one longitudinal axial section and three transverse sections along the height of the ingot.
The evaluated macrostructures in the ingot sections show that the effect of intense cooling of cast ingot has
significantly manifested itself at the bottom of the ingot with the increased zone of coarse-grained, differently oriented
crystals. The analysis of the macro-structure of the cooled and non-cooled ingot further shows that in the bottom part
of the cooled ingot the porosity has increased, and on the contrary, the upper part of the ingot has shown
a significantly reduced porosity. Another finding is that the intense heat transfer during the ingot casting and
solidification has a major effect on reducing the segregation of C, Cr and Mo elements. The calculation of the heat
score shows that approximately 20 % of the heat was removed from the cooled ingot compared to the non-cooled ingot.
The highest increase in heat output was identified at the bottom of the ingot.

Keywords: steel, ingot; steel cooling; ingot casting; chemical homogeneity; macro-structural homogeneity, heat
transfer

Spolecnost MATERIALOVY A METALURGICKY VYZKUM s.r.o0. 7e$i vyzkumny projekt ,,Technologie intenzivniho
chlazeni oceli odlit¢ do kokily* Tento projekt je podpo/en zprogramu ,,Podpora vedy a vyzkumu
v Moravskoslezském kraji 2015 V ramci projektu byla odzkouSena technologie intenzivniho chlazeni oceli odlité do
kokil. ReSeni projektu bylo rozdéleno na 2 ¢asti. Byly odlity dva ingoty stejného typu. Odlita ocel méla v obou p#i-
padech stejné chemické slozeni, stejnou teplotu a rychlost odlévani. U obou ingotii byla porovnana makrostrukturni
a chemick& heterogenita odlité oceli ve ctyiech zonach v podélném osovém 7ezu a trech pri¢nych 7ezech po vysce
ingotu. Hodnocené makrostruktury v ezech ingoti prokazuji, Ze vliv intenzivniho chlazeni odlévaného ingotu se
projevil velmi vyrazné v patni ¢asti ingotu, kde doSlo ke zvétSeni zony hrubych, rizné orientovanych krystalz.
Z provedeného rozboru makrostruktury chlazeného a nechlazeného ingotu dale vyplyvd, Ze ve spodni ¢asti chlaze-
ného ingotu doSlo ke zvétSeni vyskytu porovitosti a haopak v horni ¢asti ingotu doSlo k jejimu vyraznému zmen3eni.
Dale bylo zjiSteno, Ze intenzivni odvod tepla behem odlévani a béhem tuhnuti ingotu ma zasadni vliv na snizeni
odmiSeni prvkiz C, Cr a Mo. Vypocet tepelné bilance prokazal, Ze z chlazeného ingotu bylo odvedeno o cca 20 %

tepla vice nez u nechlazeného ingotu. NejvysSi narist odvedeného tepla byl zjisten ve spodni ¢asti ingotu.
Kli¢ové slova: ocel; ingot; chlazeni oceli; liti ingotu; chemick& homogenita; makrostrukturni homogenita; p/enos tepla

The technology of intensive steel cooling during casting  Intensive Cooling of Steel Cast into an Ingot Mould", that
of ingots was tested as part of the project "Technology of is the subject of the company MATERIALOVY A
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METALURGICKY VYZKUMs.r.o.  (Material  and
Metallurgical Research, Ltd.). The project solution was
divided into two parts. Two ingots of the same type were
cast, where the cast steel was of the identical chemical
composition, and in both instances the temperature and
casting speed conditions were met. In both cast ingots,
the macro-structural and chemical heterogeneity of cast
steel in one longitudinal axial section and three transverse
sections along the height of the ingot was compared. We
compared the heat output through the mould wall and set
the amount of heat transfer from the cooling.

1. Characteristics of pilot experiments

For the experiments, i.e. casting of a reference ingot
(Experiment Part 1) and subsequent comparison with the
ingot that was tested for the intensive cooling technology
(Experiment Part 2), we selected the steel grade CSN
14209 modified with molybdenum. In this publication,
this steel is also referred to as 14209Mo. The required
chemical composition of 14209Mo steel and the chemical
composition of the cast melt from an induction furnace
(hereinafter referred to as IF) into a casting ladle
(hereinafter referred to as CL) are listed in Tab. 1.

Tab.1 Required and target chemical composition of the steel grade 14209Mo

Tab.1 Pozadované a cilové chemické slozeni znacky oceli 14209Mo

Chemical composition (wt. %) T

14209Mo Steel "Cq

C Si Mn | Cr | Mo Cu Ni 3 S Al (0

) Min. | 090 | 035 | 090 | 1.30 | 1.20 1471

Requirement

Max. | 110 | 065 | 1.20 | 165 | 1.30 | 0250 | 030 | 0.027 0.030 0.010 1450

Melt in CL Experiment, Part1 | 1.00 | 044 | 099 | 153 | 1.24 | 0035 | 008 | 0.018 0.009 0.018 1457

Melt in CL Experiment, Part 2 1.01 0.52 1.03 1.55 1.26 0.03 0.12 0.025 0.008 0.021 1458
The experiment progressed as follows. The melt was longitudinal axial sections I, I, 1l and IV. For these

produced in an atmospheric IF. The mass of the melting
was 1750 kg. After melting of the basic charge and
alloying additives, the chemical composition was tested
and element contents were adjusted to a desired range.

After heating to a casting temperature of 1598 °C, the
melt was cast into a CL. By pouring it into the CL the
melt was cooled to 1551 °C. The relatively high casting
temperature, 94 °C above the liquids temperature, was
chosen on the basis of long-term practical experience
with casting these types of steels because the liquid steel
in the low-capacity ladle cools faster. The melt pro-
duced in IF was poured to CL, where the sampling of
the metal for chemical analysis was followed by the
covering of the melt level with slag. The chemical com-
position of the melt (Experiment Part 1) in the ladle is
shown in Table 1. Subsequently, the casting of a melt in
a mould set started within approx. 1 min. The melt was
poured under a protective argon atmosphere from the
bottom into a V2A type-mould set. The casting time of
a body of the ingot was 5.5 min. and the casting time of
the whole ingot 7.2 min. In the Experiment Part 2, the
technology of intensive cooling of cast steel was applied
from the beginning of the mould filling. The weight of
cast ingots was 1690 kg. After solidifying in a mould
after approx. 60 minutes, the two ingots were stripped
and placed in an annealing furnace for soft annealing at
a temperature of 770 °C for 4 hours, followed by slow
cooling in the furnace.

2. Evaluation of achieved results

Evaluation of the Experiment Part 1 was carried out in a
published paper by the authors [1]. The ingots were
transversely to the longitudinal axis cut into four sam-
ples on which the above parameters were examined in

samples, the cast ingot macro-structure was evaluated.
Samples were taken from cross-sections marked as
cross-section A, B and C. In these samples, the chemical
composition from the ingot edge to its centre was de-
termined and its macro-structure also evaluated. The
diagram of the ingot cutting with sampling points and
their marking is shown in Fig. 1.

Fig.1  Removing and marking of metal samples for evaluation in the
longitudinal and transverse direction
Odebrani a znageni vzorkt kovu k hodnoceni jak v podélném,

tak v pti¢ném sméru

Obr. 1

2.1 The macrostructure evaluation

The evaluation of macrostructure was carried out using
an accredited test QI-ISO-LAB4-40-01 "Macrostructure
Testing with Etchings.” The macrostructure of all
examined samples was induced by etching in 10%
HNO;.
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The actual macro-structural evaluation of the Experi- section of the ingot (Fig. 2). In addition, the macro-
ment, Part2, was carried out for each longitudinal structures in cross-sections A, B and C were evaluated,
section | through IV, followed by arranging these which corresponded to the findings obtained in the
macro-structural analyses in sequence according to the longitudinal axis of the ingot. For illustration, these
location of individual sections of the longitudinal axis  cross sections with macrostructure are shown in Fig. 3.

Sample 1V — ingot feeder

S~

Sample C - cross-section through the ingot feeder

Sample 111 — ingot body 2/2

Sample B - cross-section through the ingot body

Sample Il — ingot body 1/2 /

Cooler- Intensive cooling zone

Sample | — ingot bottom Sample A — cross-section through the ingot bottom

Fig. 2 Macrostructure in four zones of the axial longitudinal section Fig. 3  The macrostructure in the cross sections of an ingot
through an ingot Obr. 3 Makrostruktura v pfi¢nych fezech ingotu

Obr. 2 Makrostruktura ve &tyfech zénach osového podélného iezu
ingotu
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In the macrostructure of individual samples, the sizes of
equiaxed and columnar crystals and grains in the central
section, referred to as the zone of "coarse-grained” or
equiaxed crystals, were measured. We also analysed
areas with the highest porosity. The observed sizes of
grains in each zone along the height of the ingot are
shown in Tabs. 2 and 3.

Tab.2 Analysis of the macrostructure in the ingot axis
Tab.2 Analyza makrostruktury v ose ingotu

Equiaxed Columnar Porosity

crystal crystal width in

Sample thickness thickness ¥ axis area

(mm)

1V — ingot feeder 0to5 55 60
Il — ingot body 2/2 5 60 150
Il — ingot body 1/2 5to0 15 75 180
I — ingot bottom 20 70%/110%/ 185" XXX

Note: Y measured in the direction away from the surface
2 measured vertically from the cooling pipe
% measured vertically
4 measured horizontally

Tab. 3 Analysis of the macrostructure in the cross-sections of an ingot
Tab. 3 Analyza makrostruktury v pti¢nych fezech ingotu

the bottom of an ingot to the ingot feeder. This strip
continuously changes into a zone of highly regulated
columnar crystals. The zone of columnar crystals is
most significant in sample | (the ingot bottom). In this
sample, the thickness of columnar crystals ranges from
70 to 185 mm, which can be justified by the intense
cooling of the ingot mould during the crystallization and
solidification process of the ingot. From the bottom
toward the feeder of the ingot, thickness of this layer
decreases in the range of 75 to 55 mm. Both above
noted layers are followed by the area of coarse-grained
and then of finer-grained equiaxed crystals found in the
axial area of the ingot.

Fig. 2 shows the occurrence of numerous, mostly tiny
cavities in the axial area stretching from the ingot feeder
to a depth of approximately 765 mm, while the most
significant porosity has been identified in a/the sample
I (an ingot body 1/2). However, the tiny cavities in the
axial area do not occur in sample | (an ingot bottom)
and only partially occur in sample Il (an ingot body 1/2)
up to a height of about 335 mm, which is related to the
effect on crystallization and solidification of the ingot
due to intense cooling. The above-mentioned
distribution of respective zones was also confirmed on

transverse sections (Fig. 3).

When comparing the macrostructure of a non-cooled

(Fig. 4) and cooled ingot (Fig. 5), the effect of intensive

heat transfer is evident, especially on the shape of

columnar crystals and the porosity, which starts 100 mm
higher in the axial section in the case of the cooled ingot

Equiaxed Columnar Porosity
crystal crystal width
Sample thickness thickness ¥ in axis area
(mm)
Cross-section C 5 60 130
Cross-section B 5 70 160
Cross-section A 15 75 0

compared to the non-cooled one. The measured

Note: Y measured in the direction away from the surface

The evaluation of the macrostructure in Fig. 2 shows
that there is a thin strip of surface equiaxed crystals in
the ingot axis, which is located 20 to 5 mm deep from

Fig. 4  Macrostructure in the ingot axis, Experiment Part 1
Obr. 4 Makrostruktura v ose ingotu, experiment ¢ast 1

dimensions of respective zones along the height of both
ingots are shown in Fig. 6 and 7. The main features of
the macrostructure (porosity and the occurrence of
columnar crystals) of the two ingots are compared in
Fig. 8.

Fig. 5 Macrostructure in the ingot axis, Experiment Part 2
Obr. 5 Makrostruktura v ose ingotu, experiment ¢ast 2
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crystals

Area of columnar
crystals

Area of coarse-grained,
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crystals
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Fig. 6

Obr. 6

Schematic analysis of macrostructure in the ingot axis;
Experiment Part 1

Schématicka analyza makrostruktury v ose ingotu,
experiment ¢ast 1
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Fig. 7 Schematic analysis of macrostructure in the ingot axis;

Obr. 7

Experiment Part 2
Schématicka analyza makrostruktury v ose ingotu,
experiment ¢ast 2
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Fig. 8 Schematic analysis of macrostructure in the ingot axes;

Experiment Part 1 and Part 2
Schématicka analyza makrostruktury v oséach ingoti,
experiment ¢ast 1 a 2

Obr. 8

Macrostructure characteristics; Experiment Part 1:

The zone of equiaxed crystals (the edge of the ingot)
extends to a depth of approx. 10 mm from the edge.

The zone of columnar crystals along the ingot height
ranges from 75 mm (ingot bottom) to 60 mm (upper part
of the ingot body). In the ingot axis, the columnar crystals
extend 80 mm from the bottom into the ingot body.

In the centre of the ingot there is a zone of coarse-
grained or equiaxed crystals with significant porosity,
which is 110 mm wide in the upper part of the ingot,
widens to 160-170 mm towards the centre and decreases
in the bottom down to 70 mm.

Macrostructure characteristics; Experiment Part 2:

The zone of equiaxed crystals (the edge of the ingot)
extends to a depth of 20 mm from the edge near the
bottom, and along the height of the ingot decreases
down to 0 mm under the topping.

The zone of columnar crystals along the ingot height
ranges from 110 mm at the ingot bottom to 55 mm near
the topping. In the ingot axis, the columnar crystals
reach 185 mm from the bottom to the ingot’s body.

In the centre of the ingot there is a zone of coarse-
grained i.e. equiaxed crystals with significant porosity,
which is 110 mm wide in the upper part of the ingot,
expands to 160-170 mm towards the centre and
decreases in the bottom down to 70 mm.

At the centre of the ingot, there is a zone of coarse-
grained i.e. equiaxed crystals with significant porosity
that is 60 mm wide at the top of the ingot, extends to
180 mm at the centre of the ingot and then abruptly
tapers and no longer occurs at the bottom of the ingot.

Also, macrostructure analysis was performed in cross-
sections A, B and C, which corresponded to the findings
obtained from macrostructure analysis in longitudinal
sections of the ingot axis.
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The assessment of the macrostructure of the floor of the
ingots revealed that in both cases, the pores were closed
due to solidification of the ingot body and the topping
zone. This points to an inadequate function of the feeder
to refill the ingot body with molten metal. This finding
resulted in optimization of the shape and size of the
ingot feeder.

2.2 Evaluation of chemical composition

To evaluate the chemical composition, the accredited
test QI-1SO-LAB1-10-09 "Determination of Carbon and
Sulphur Content" using the LECO CS 230 analyser and
also the accredited test QI-ISO-LAB1-10-04 "RTG
Spectrometry Practices” using the ARL ADVANT'X
IntellipowerTM x-ray fluorescence spectrometer were
used. To determine the ingot homogeneity, we only
determined C, Cr and Mo contents.

Metal samples from the centre of the ingot to its edge
were removed from cross-sections A, B and C. In the
axis, the samples were marked No. 1 and then evenly
removed all the way to the edge of the ingot. The
process of change of the element content in the cross-
section as well as the degrees of segregation is
presented in Tab. 4, which describes the contents of
elements both for the Experiment Part 1 and Part 2. For
each element, the first column shows the non-cooled
melt values (Experiment Part 1) and the second column
shows the cooled melt values (Experiment Part 2). The
graphical element contents in cross-sections of the ingot
are shown in Fig. 9 for the carbon, in Fig. 10 for the
chrome and in Fig. 11 for the molybdenum. In Figs. 9 —
11, the values for the Experiment Part 1 are highlighted
with a solid blue line; the values for the Experiment Part
2 are highlighted with red.

Tab. 4 Chemical composition of the samples in cros-section A, B and C of the ingot - the first measurement
Tab. 4 Chemické slozZeni vzorkii odebranych po prafezu ingotu v fezech A, B a C — prvni méteni

Element content (wt. %) Segregation coefficient (1)
SB:;FE:LT Detsiiog:a- C splinters Cr Mo C/Co Cr/Cr Mo/Mo
Non-cooled |Cooled|Non-cooled|Cooled |Non-cooled|Cooled|Non-cooled|Cooled|Non-cooled|Cooled |Non-cooled | Cooled
Al 0.95 1.01 1.52 1.54 1.25 1.30 0.95 1.00 0.99 0.99 1.01 1.03
A2 0.98 1.01 1.52 1.54 1.27 1.29 0.98 1.00 0.99 0.99 1.02 1.02
blontst]c())r; A3 0.99 1.01 1.53 1.54 1.28 1.29 0.99 1.00 1.00 0.99 1.03 1.02
A4 1.03 1.02 154 1.55 1.28 1.30 1.03 1.01 1.01 1.00 1.03 1.03
A5 1.03 1.03 1.55 1.56 1.30 131 1.03 1.02 1.01 1.01 1.05 1.04
Bl 0.97 0.97 1.50 1.50 1.23 1.22 0.97 0.96 0.98 0.97 0.99 0.97
B2 1.00 0.99 151 1.52 1.24 1.26 1.00 0.98 0.99 0.98 1.00 1.00
Lnogd(;} B3 1.02 1.01 1.54 1.55 1.28 1.29 1.02 1.00 1.01 1.00 1.03 1.02
B4 1.03 1.04 1.55 1.55 1.29 1.30 1.03 1.03 1.01 1.00 1.04 1.03
B5 1.03 1.02 1.55 1.56 1.29 131 1.03 1.01 1.01 1.01 1.04 1.04
C1 1.01 1.01 151 1.54 1.22 1.30 1.01 1.00 0.99 0.99 0.98 1.03
Under C2 1.01 1.03 1.52 1.55 1.26 1.32 1.01 1.02 0.99 1.00 1.02 1.05
ingot C3 1.02 1.04 1.55 1.56 1.30 1.33 1.02 1.03 1.01 1.01 1.05 1.06
topping ca 101 |104| 155 | 156 | 128 |131| 101 |103| 101 | 101 | 103 | 104
C5 0.99 1.01 1.55 1.56 1.29 131 0.99 1.00 1.01 1.01 1.04 1.04
Melt in CL 1.00 1.01 1.53 1.55 1.24 1.26

2.2.1 Evaluation of chemical composition,
Experimental Part 1

Tab. 4 and Figs. 9 — 11 show that the element contents
tend to be decreasing in the axis part of the ingot, and
vice versa, towards the edge of the ingot are increasing.
They also show that C and Cr have a negative
segregation at the bottom in the ingot axis, which
changes into a positive one toward the edge of the ingot.
A similar trend, though smaller, applies to C and Cr in
the body of the ingot. Under the ingot feeder, Cr in the
axial part of the ingot has a negative segregation, which
toward the edge changes into a positive one. In contrast,
C shows a predominantly positive segregation across
the entire cross-section under the feeder. Mo has a
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positive segregation at the bottom of the ingot across the
entire cross-section. In contrast, in the body of the ingot
and under the feeder of the ingot, Mo shows a negative
segregation in the axial part, which changes into the
positive toward the edge.

2.2.2 Evaluation of chemical composition,
Experimental Part 2

Tab. 4 and Figs. 9 - 11 show that the C, Cr and Mo
element contents are lower in the ingot body (section B)
and in the ingot bottom (section A), and their content
increases toward the ingot edge. The same trend of
increase in the content of elements from the centre
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toward the edge of the ingot is also apparent in the
section below the ingot topping. In terms of segregation,
there is a positive C and Mo segregation across the
entire cross-section, both at the bottom of the ingot as
well as in the section under the topping and the negative
segregation in case of Cr in the central part, which
transitions in a positive segregation in the edge part of
the ingot. In a central section of the body of the ingot,
there is a negative segregation of C, Cr and Mo that
switches toward the edge of the ingot in the positive
one. The figures show that the greatest differences in the
element contents in the body of the ingot can be found
between the central and the edge part of the ingot, with
this applying for C and Cr, as well as for Mo.

a) Section C - under the ingot feeder
a) 7ez C — pod hlavou ingotu

b) Section B — ingot body
b) rez B — t¢élo ingotu

c) Section A — bottom part of ingot
c) ez A — pata ingotu
Fig. 9  Course of the content of carbon in cross-sections of the ingot
(A-bottom, B-body, C-under the topping)

Obr.9 Prabéh obsahu uhliku v pfiénych fezech ingotu, A-pata,

B-t&lo, C-pod hlavovym néstavcem
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2.2.3 Comparison of results of the chemical
composition of Experiment Part 1 and
Experiment Part 2

Comparison of the non-cooled and cooled ingot shows
that the evaluated C, Cr and Mo elements at the bottom
have very little negative segregation due to the intense
heat transfer from the melt when the ingot is solidified.
A smaller difference in segregation has been observed
in the centre along the ingot height. On the contrary, in
the section under the topping, the segregation of C and,
in particular, of Cr and Mo is lower for the cooled ingot
than for the non-cooled.

a) Section C - under the ingot feeder
a) 7ez C — pod hlavou ingotu

b) Section B — ingot body
b) rez B —t¢élo ingotu

c) Section A — bottom part of ingot
c) 7ez A — pata ingotu

Fig. 10 Course of the content of chromium in cross-sections of the
ingot (A-bottom, B-body, C-under the topping)

Obr. 10 Prabeéh obsahu chromu v pfi¢nych fezech ingotu, A-pata,
B-t&lo, C-pod hlavovym nastavcem
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a) Section C — under the ingot feeder
a) rez C — pod hlavou ingotu

b) Section B - the ingot body
b) 7ez B —t¢lo ingotu

c) Section A — bottom part of the ingot
c) 7ez A — pata ingotu

Fig. 11 Course of the content of molybdenum in cross-sections of the
ingot (A-bottom, B-body, C-under the topping)

Obr. 11 Prabeh obsahu molybdenu v pii¢nych fezech ingotu, A-pata,
B-t&lo, a C-pod hlavovym nastavcem

2.3 Evaluation of the thermal score of an ingot
mould

For both parts of the experiment, i.e. in the case of non-
cooled and cooled ingots, the thermal score of the

mould-ingot system was determined. The heat
transferred from the mould surface, the heat
accumulated in a mould wall and feeder was

determined; the heat transferred by the cooling medium
was calculated, and finally the enthalpy of the ingot was
determined.

To obtain the conditions necessary to determine the heat
score items, the ingot mould was equipped with sensors
and measuring apparatus that recorded the measured
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quantities with a period of one second. The jacketed
thermocouples were placed in the wall of the mould as
shown in Fig.12. At three vertical levels, pairs of
thermocouples were installed; each time with one
measuring joint placed in a borehole at a distance of
5 mm from the inner surface of the mould and with the
other mechanically fixed on the outer surface. The first
index indicating the measured temperatures in the
Figure means the order of a vertical level of the sensors,
starting from the casting plate, the second "i" index
indicates the sensor at the inner surface, the "e" index
indicates the sensor on the outer surface.

1100
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Fig. 12 Placement of thermocouples in the wall of the mould
Obr. 12 Umisténi termoc¢lanka ve sténé kokily

The progress of temperatures measured in the ingot
mould wall are in the case of non-cooled ingot plotted
graphically in Fig. 13; the measured temperatures in the
case of cooled ingot are shown in Fig. 14. The similarity
of temperature curves at the horizontal levels no. 2 and
no. 3 and simultaneously, the dissimilarity of curves at
level no. 1 (especially the dissimilarity of t_1i curves)
shows that the influence of additional cooling is
significant especially in the lower part of an ingot
mould, or an ingot itself.
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Fig. 13 Temperatures measured in the wall of non-cooled mould
Obr. 13 Teploty méfené ve sténé nechlazené kokily

In the case of a cooled mould, the flow rate and
temperatures of the cooling media, i.e. air and water,
were measured. Air-cooling took 30 seconds, after that
cooling water was applied. Flow rates were determined
by volume method and re-calculated to mass flows of
0.34 kg-s™ of air and 0.94 kg-s”of water. Temperatures
of the cooling media were measured by sensors located
on the outer surface of the inlet and outlet piping. The
pipe sections near the sensors were thermally insulated
against their surroundings. The measured values were
corrected to eliminate the influence of the heat capacity
of the pipe wall and the transport delay of the medium.

The heat score of ingot can be written in the following
equation:

AH steel — Qcool +Qamb + Qacc + Qoth (J) (1)

where AHgee (J) is the heat loss of the enthalpy of the
steel, Qg (J) is the heat transferred by the cooling
medium, Qump, (J) is the heat transferred to the
surrounding by the convection and the radiation, Qs (J)
is the heat accumulated in the wall of the mould and in
the feeder, and Q. (J) are other less important heat
items that have been neglected in the calculation, such
as accumulated heat in ingot hinges, heat removed from
the steel in the inlet system, heat transferred by leading
it to the casting plate.

The heat transferred by the cooling medium was
determined by continuous integration of the heat flow
Pl from the beginning of the filling of the mould. The
heat flowing to the cooling medium was calculated as
follows:

I:)cool = Qm ’ (houl - hin) (W) (2)

where Qn (kg-s?) is the mass flow of the cooling
medium, hi, and hey (J-kg™) are the specific enthalpy of
the cooling medium at the inlet and outlet of the cooler
at temperatures of the cooling medium t;, and ty, (°C).
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Fig. 14 Temperatures measured in the wall of cooled mould
Obr. 14 Teploty méfené ve sténé chlazené kokily

The specific enthalpies were calculated using the
temperature-dependent regression functions according
to physical tables [2].

The heat transferred to the surroundings through the
ingot mould wall could be determined in the case of
stationary process from the density of heat flow in the
wall using temperatures measured by thermocouples
in the wall. In the given case, however, it was a non-
stationary process with significant heat accumulation
in the mould wall, and therefore this method could not
be used. Heat transferred to the surroundings was
calculated from the measured surface temperatures
of the mould using physical laws of free convection and
radiation. The =zonal method was used in the
calculations, where the mould was divided into three
sections along its height, and the fourth section was
formed by a topping.

In each measured moment, values of the Grashof and
Prandtl criteria were determined and the Nusselt
criterion and subsequently the heat transfer coefficient
and the convection heat flow [3] were calculated using
the free convection curve equation. The heat flow
through radiation was calculated using the theory of
radiation between the body and the surrounding surfaces
for the emissivity of the mould surface 0.8 and the
ambient temperature of 20 °C. The heat transferred from
the surface of the mould into the surroundings was then
obtained by integrating the total heat flow through
convection and radiation from the start of casting.

The heat accumulated in the mould wall and in the
topping was calculated from the increase of enthalpy in
the mould with a topping from the start of casting up to
current time:

Qacc =My (hm - hm,o) (‘])

where my, (kg) is the weight of an ingot mould with
a feeder, hy, and hpo (3-kg™) are the specific enthalpies

3)
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of the ingot mould with the feeder at that moment and at
the start of casting determined for the average mould
wall temperatures at that moment t,, (°C) and at the
beginning of casting tno (°C). Average wall
temperatures in individual mould sections and in the
feeder were interpolated from the measured
temperatures both along the mould height and in the
radial direction using the theoretical temperature profile
in the wall, which was replaced by a cylindrical wall
of equivalent cross-section for this purpose. Thermo-
physical parameters of cast steel and ingot (specific

Fig. 15 Items of thermal score of non-cooled ingot
Obr. 15 Polozky tepelné bilance nechlazeného ingotu

The time progress of individual heat score items
according to equation (1) and the total enthalpy ingot

Fig. 17 Items of thermal score of non-cooled ingot and enthalpy of
ingot
Obr. 17 Polozky tepelné bilance nechlazeného ingotu a entalpie ingotu

The final values of the heat score items after 60 minutes
from the start of casting, supplemented with ingot
enthalpy items, specific enthalpy and mean ingot
temperatures are summarized in Tab.5. Average
temperature, or specific enthalpy of the ingot
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enthalpy, density) were determined using temperature-
dependent CompuTherm software.

In the charts shown in Figs. 15 and 16, the heights
of each colour-coded area in each moment represent the
heat accumulated in the wall of the mould Q.. (J),
the heat transferred to the surroundings Q.mp (J), and the
heat transferred through a cooling medium Qo (J), as
afunction of time. The total height of all areas
approximately represents the loss of the ingot’s enthalpy
while neglecting the heat of other Q¢ heat items.

Fig. 16 Items of thermal score of cooled ingot
Obr. 16 Polozky tepelné bilance chlazeného ingotu

curve (marked as H_steel) are shown in Fig. 17 for a
non-cooled ingot, and Fig. 18 for a cooled ingot.

Fig. 18 Items of thermal score of cooled ingot and enthalpy
of ingot
Obr. 18 Polozky tepelné bilance chlazeného ingotu a entalpie ingotu

corresponds to the average proportion of the solid phase
f for the entire ingot. Since the ingot temperature is not
homogeneous, the value 100 % does not necessarily
mean that the steel is solid throughout the entire ingot
volume.
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Tab.5 Items of thermal score of a cooled mould, and enthalpy and
temperature in an ingot after 60 min. of solidification
Tab.5 Polozky tepelné bilance chlazené kokily, entalpie a teplota

ingotu po 60 min. tuhnuti

Quantit Designation [Non-cooled| Cooled
y ingot ingot

Heat removed by cooling Qceoot (MJ) 0 151

Heat accumulated in Qace (MJ) 494 493

mould

Heat transferred to Qamr (MJ) 141 128

surroundings

Loss of enthalpy of ingot AHgeer (MJ) 635 772

Resulting enthalpy of Hsteet (MJ)

ingot 1658 1521

Resulting specific 1

enthalpy of ingot oc (kI-kg") 981 900

Resulting average tsteer (°C) 1342 1243

temperature of ingot

Resulting average o

proportion of solid phase fs (%) 86 100

Comparison of the heat scores of both the non-cooled
and the cooled ingot means that approx. 20% more heat
was transferred from the cooled ingot than from the
non-cooled ingot within the same period of time, i.e.
772 MJ from the cooled ingot versus 635 MJ from the
non-cooled ingot.

The heat accumulated in a mould wall and in a feeder
was approximately of the same size in both cases,
making up for the largest amount of heat transferred
from the solidifying steel; for a non-cooled ingot it was
78 % (i.e. 494 MJ from a total of 635 MJ), for a cooled
ingot it was 64 % (i.e. 493 MJ from a total of 772 MJ).
The heat transferred to the surroundings from the
surface of the mould by convection and radiation
amounted to 22 % of the heat transferred from the steel
in the case of non-cooled ingot (i.e. 141 MJ from a total
of 635 MJ) and 16 % in the case of cooled ingot (i.e.
128 MJ from a total of 772 MJ).

The heat transferred to the cooling medium from the
cooled ingot represented approximately 20 % from the
heat removed the ingot, i.e. 151 MJ from a total of
772 MJ. This was due to a direct contact of the cooler
with the solidifying steel. The thermal resistance in the
ingot material increases linearly with the distance through
which the heat is transported to the cooler, therefore
additional cooling predominantly affects the bottom part
of the ingot, as also visible from the progress of
temperatures measured in the wall of the mould.

Conclusions

The macro-structural characteristics and the analysis of
chemical heterogeneity of a 14209Mo steel ingot cast
into a V2A mould set as well as the calculations of the
thermal scores were carried out.

The evaluation results of macrostructure in ingot
sections show that the effect of intensive cooling of the
cast ingot manifested itself greatly in the bottom of the
ingot, where the zone of columnar crystals increased.
The evaluation of the macrostructure also shows that in
the cooled ingot compared to the non-cooled one,
aporous area was increased in the ingot’s lower part
while this area in the ingot’s upper part was
significantly reduced. This may be due to an insufficient
feeder function due to the intense cooling of the lower
part of ingot.

Comparison of the chemical composition in ingot
sections along its height and cross-section shows that
the intense heat removal during casting and
solidification of the ingot has a major effect on reducing
the segregation of C, Cr and Mo elements.

Comparison of the calculated heat scores showed that in
a given period of time approximately 20% of more heat
was removed from a cooled ingot than from a non-
cooled ingot. The highest increase in heat removal was
detected at the bottom of the ingot.

The developed technology is protected by Czech
patent No. 306 775.
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Na miru st¥izené bramy

Westdeutsche Allgemeine

14.03.2017

Nabizet vice nez ocel je cilem Thyssen-Krupp Steel. Nabidka ocelarského koncernu je dnes rozsitena o dalsi sluzbu,
umoznénou novou adjustézi, ktera byla uvedena do provozu v Beeckerwerthu. Mohou tam byt zpracovavany bramy
podle individudlnich ptani zakaznik. Bramy mohou byt prifezdvany piesné podle piéni zdkaznika na Sesti tzv.
»stolech®, autorem i stavitelem tohoto zaiizeni je Thyssen-Krupp Mill Services & Systems. V budoucnu zde ma byt

zpracovavano az 150 000 tun bram.
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Hodnoceni povrchu desek krystalizatoru s vyuZzitim znalostniho systému

Evaluation of Surface of the Mould Plates with the Use of the Knowledge
System

Ing. Vladislav St’astny; doc. Ing. Ji¥i David, Ph.D.

VSB — Technicka univerzita Ostrava, Fakulta metalurgie a materialové inZenyrstvi, katedra automatizace a pocitacové
techniky v metalurgii 17. listopadu 15/2172, 708 33 Ostrava-Poruba, Ceska republika

Krystalizator je nejvice naméhanou ¢dsti zasizeni plynulého odlévani. Opotiebeni desek krystalizatoru je zpiisobeno
mechanickymi a chemickymi procesy. Kombinaci riznych druh:i opotrebeni vznikaji doliky, prohlubeniny a ryhy v
materialu desek krystalizatoru. Prispévek se zabyva jednim z moznych dostupnych zpssobd identifikace a hodnoceni
povrchovych vad krystalizatoru. V prispévku je popsano navriené a sestavené ruchi merici zasizeni pro povrchové
vady desek krystalizatoru s laserovym snimacem optoNCDT 1401-50 s presnosti statického méreni + 0,02 mm.
Soucasné s mericim zarizenim byl navrhnut a realizovan expertni systém hodnoceni povrchovych vad vyuZivajici fuzzy
mnoZinové teorie. Hlavnim cilem je posouzeni miry opotiebeni desek krystalizatoru s maximalni eliminaci chyby
méreni v disledku lidského faktoru, ktery pat/i k nejvice rizikovym faktoriim pri tomto hodnoceni. Soucasné je cilem
maximalizace vyuZiti potencialu desek krystalizatoru, tzn. odliti maximéalniho poctu taveb bez nutnosti renovace desek
s respektovanim hranice bezpecnosti a kvality produkce.

Kli¢ova slova: desky krystalizatoru, expertni systémy, kontinualni odlévani, laserové meridlo, povrchové vady
materiélu.

The increasing complexity of production equipment and increasing demands to productivity and production quality
involve the need for high reliability of equipment and efficient control of maintenance actions with usage of the
systems ensuring reliability and maintenance control. Maintenance control systems providing the necessary support
for planning and controlling all the actions interconnected with maintenance of equipment from its installation till
start of preventative or operative servicing. Benefits ensuing from introduction of these systems can be found in
improvement of decision making processes, when the system considerably simplifies creation of the information
base for planning the maintenance actions and evaluation of economical indexes. The mould is one of the most
stressed parts of the continuous steel casting machine. Weariness of the mould surfaces depends on a combination
of mechanical and chemical processes. Pits, hollows and scratches occur as a result of combination of various types
of abrasion affecting the mould surface. The paper deals with one of the available ways of identification and
evaluation of the surface defects. The paper describes the proposed and set up of the handheld measuring device for
evaluation of surface defects based on laser sensor NCDT 1401-50 with measurement accuracy of + 0.02 mm.
Handheld laser measurement device ZMPV-01 with visualization of the measured data and with communication
interface for PC can fully replace currently used less accurate measurement methods, eliminate human factor and it
can provide precise results even on shiny mould surfaces. Realized model ZMPV-01 presented is in figure 2.
“ZMPV-01" with documentation is used at the steel plant of the ArcelorMittal company in order to verify its
operational effectiveness and real usability. An expert system for evaluation of surface defects was also developed
and realized. Its principle is based on fuzzy theory. The main goal is to assess the level of weariness of the mould
plates with maximum elimination of errors caused by human factor, which is the most risky factor of these types of
evaluations. The quality of human decisions is influenced for example by their actual psychic state and their level of
knowledge. In order to eliminate these faults and to simplify human decision, the process based on the so called
expert systems was developed, which among others uses the experiences gained from operational process. The
secondary goal was the maximization of the safety level and production quality.

Key words: mould plates, expert systems, continuous casting, laser system, surface material defects

Mezi hlavni cile automatizace zahrnujeme nejen zefek- momentalnim psychickym stavem a mnoZstvim jeho
tivnéni procesi, ale také maximalni eliminaci ¢lovéka  znalosti souc¢asné se zkuSenostmi. Z divodu eliminace
jako nejvice rizikového faktoru systému fizeni. Clovék  chyb a usnadnéni rozhodovaciho procesu ¢lovéka se na
jako soucast fizeni je ovlivnén mnohymi faktory. Kva-  podkladé ziskanych zkuSenosti vyvijeji expertni
lita rozhodovani c¢loveéka je ovlivnéna napiiklad  systémy.
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Expertni systémy se pouzivaji ve vSech odvétvich.
Zvlast vysoky pfinos maji pii nemoznosti stanovit
piesnd vstupni data pro numericky vypocet, napiiklad
pii kontinudlnim odlévani [1].

Plynulé odlévani oceli je jednim z pilitd hutniho
pramyslu soucasnosti. Pti plynulém odlévani je mnoho
rizikovych faktora od vysokych licich rychlosti az po
vysoké teploty spojené s timto vyrobnim procesem
[8, 11]. Z pohledu chlazeni tekuté oceli pti kontinualnim
liti je nejvice zatéZovan krystalizator. V prostoru krys-
talizatoru dochazi na deskach k vysokému odvodu tepla
z tekuté oceli, a tim k jejimu povrchovému tuhnuti. Pro
vyrobu desek krystalizatoru se pouziva méd’ s legujicimi
piisadami. Z divodu vysokého povrchového opotiebeni
v prabéhu kontinudlniho liti, se desky vyrabégji i ve
varianté s povrchovou Upravou zndzornénou na obr. 1

12].

Obr.1 Pouzita deska krystalizatoru
Fig.1  Used mould plate

Opottebeni desek krystalizatoru je kombinaci mecha-
nickych a chemickych procest. Desky krystalizatoru
jsou namahany naptiklad abrazi, erozi, korozi, kavitaci
atd. Abrazivni opotiebeni zptasobuje opticky nejvyraz-
ngjsi poruSeni povrchové vrstvy desek krystalizatoru
a projevuje se formou ryh. Kombinaci raznych druht
opotiebeni vznikaji doliky, prohlubeniny a ryhy v mate-
ridlu desek krystalizatoru [2]. V projektu FR-T11/319
byla feSena problematika hodnoceni a identifikace povr-
chovych vad diagnostikovanych desek krystalizatoru
pro profilové predlitky ¢tvercového nebo obdélnikového
tvaru s vyuZitim laserového métidla pro méteni hloubky
povrchovych vad a s vyuZitim expertniho fuzzy systému
pro bezchybné vyhodnoceni vad. Eliminace chyby lid-
ského faktoru pii méreni hloubky povrchovych vad
a nasledné spravné vyhodnoceni vad je nutné pro objek-
tivni posouzeni miry opotiebeni desek krystalizatoru
amuze vést kzvydeni efektivnosti vyuZiti desek
krystalizatoru, a tedy k prodlouzeni jejich Zivotnosti
a oddaleni renovace. Pro posouzeni vad bylo vyuZzito
.Katalogu vad desek krystalizatoru* vytvoieného
vramci feSeni vySe uvedeného projektu pro firmu
ArcelorMittal Ostrava a.s., ktery byl zékladem pro
navrZzenou metodiku vyhodnocovani pomoci expertniho
fuzzy systému.
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1. Ruéni méreni

Z davodu vyrazeni poSkozenych desek krystalizatoru pri
planovanych opravach zaméstnanec poveéieny a pou-
&eny provadi na demontovanych deskach krystalizatoru
ruéni méfeni. Kazdé méreni je jiz ovlivnéno chybou
lidského faktoru. Bylo navrzeno a sestaveno ru¢ni me-
Fici zafizeni pro povrchové vady desek krystalizatoru
s laserovym snimacem optoNCDT 1401-50 s piesnosti
statického méfeni £ 0,02 mm [3]. Vyhodnocovaci feté-
zec laserového snimace pracuje s opera¢nim zesilova-
¢em LM 358.

Obr. 2 Laserovy ruéni metici piistroj
Fig. 2 Laser hand-held measurement instrument

Ru¢ni laserové meéfidlo ZMPV-01 s vizualizaci méie-
nych dat a komunikaénim portem pro PC plIné nahrazuje
soucasné nepiesné metody méfeni, eliminuje lidsky
chybovy faktor a dosahuje piesnych vysledku i na lesk-
lych plochach desek krystalizatoru. Realizovany model
ZMPV-01 na obr. 2 s dokumentaci byl predan do firmy
ArcelorMittal Ostrava a.s. kprovoznimu testovani
a vyuziti.

2. Expertni fuzzy systém

Namétena data charakterizujici poSkozeni desek krysta-
lizatoru jsou nasledné& vkladana do vytvotreného expert-
niho systému [4, 8], jehoZ jedna z obrazovek je znazor-
néna na obr. 3. Zpisob hodnoceni miry opottebeni
desek krystalizatoru pro expertni fuzzy systém vychézi
z metodiky posouzeni vad zavedené v ,Katalogu vad
desek krystalizatoru“. Oproti pavodné navrzené verzi
expertniho systému pro hodnoceni miry opotiebeni
soucasnd verze expertniho systému byla zpresnéna
vyuzitim vzdalenosti hloubky poSkozeni od sméru liti
ve dvou mistech nejvétSiho poSkozeni se zohlednénim
sklonu povrchové Gpravy vzhledem k poSkozeni desky
krystalizatoru.
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Obr. 3 Fuzzy mnoZziny - rozdéleni
Fig. 3  Fuzzy sets - distribution

Navrzeny expertni systém vychazi z architektury dia-
gnostického expertniho systému [5, 7]. Po zadani name-
fenych hodnot do expertniho systému tedy—expertni
systém na podkladé znalostni databdze provadi rozho-
dovaci ¢innost o stupni hodnoceni desek krystalizatoru,
jak ukazuje obr. 4.

Obr. 4 Vyhodnoceni expertniho systému
Fig. 4 Evaluation by an expert system

Metodika navrZzena pro expertni systém piné nahrazuje
specialistu nutného pro ohodnoceni poSkozeni desek
krystalizatoru. Expertni systém eliminuje moznou chybu
lidského faktoru pfi ohodnoceni povrchového poskozeni
a timto zptasobem zvySuje efektivitu vyuZiti desek
krystalizatoru [6, 10], a tedy i prodluzuje faktickou
Zivotnost desek krystalizatoru nebo zamezuje nedmysl-
nému podhodnoceni poSkozeni povrchu. Tim je zabra-
néno snizeni kvality povrchu piedlitkd kontinuélniho
liti.

Zavér

Navrzeny a realizovany model laserového ruéniho mé-
fidla ZMPV-01 s vizualizaci méfenych dat a komuni-
kaénim portem pro PC plné nahrazuje souéasné
nepresné metody méieni, eliminuje lidsky chybovy
faktor a dosahuje presnych vysledka i na lesklych plo-
chach desek krystalizatoru. Realizovany model ZMPV-
01 je nyni pouZivan v provoznim testovacim reZzimu ve
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firmé ArcelorMittal Ostrava a.s. Uplatnéni metod umélé
inteligence pro hodnoceni a podporu ftizeni Zivotnosti
desek krystalizatoru je v souladu s dneSnim koncepénim
piistupem Industry 4.0 sméfujici k plné automatizaci
jednotlivych dil¢ich procesa. | vtomto ptipadé jsou
vysledky prace podkladem pro vyvoj automatického
laserového skenovaciho zatizeni s vlastnim vyhodnoco-
vacim systémem, jehoz cilem je vyuZziti lidské obsluhy
pouze pro potieby nezbytné manipulace.
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Zpravy z HZ, a.s.

Hutni vyroba v CR a SR

W

Meziroéni porovnani mési¢nich a postupnych hutnich vyrob roku 2017 a 2016

Vyroba *) vyroba | Index [ Vyroba| Index [ Vyroba | Index
brezen duben |leden-duben brezen duben leden- duben
2017 2017 2017 2016 | 2017/16 | 2016 |2017/16| 2016 |2017/16
tis. t tis. t % tis. t % tis. t %
KOKS
CELKEM 300,55 282,54 114892 || 264,69 | 113,55 | 260,67 | 108,39 | 997,07 | 115,23
ztoho (HZ) CR 160,39 150,92 613,55 || 129,54 | 123,82 || 129,51 | 116,53 || 474,66 | 129,26
(HZ) SR 140,16 131,62 535,36 || 135,15 | 103,71 | 131,16 | 100,35 | 522,40 | 102,48
AGLOMERAT
CELKEM 814,40 79449 | 319323 | 815,13 99,91 || 797,50 | 99,62 |[3171,67 | 100,68
ztoho CR 497,80 463,09 1907,93 || 511,83 97,26 || 523,20 | 88,51 [[2002,87 | 95,26
SR 316,60 331,40 128530 || 303,30 | 104,39 | 274,30 | 120,82 |1168,80 | 109,97
SUROVE ZELEZO
CELKEM 671,61 656,39 | 269084 | 708,91 94,74 || 655,97 | 100,06 (261582 | 102,87
ztoho CR 347,19 309,42 1329,98 || 361,41 96,06 || 342,89 | 90,24 [[1372,72 | 96,89
SR 324,42 346,97 1360,86 || 347,49 93,36 || 313,08 | 110,82 (|1243,10 | 109,47
SUROVA OCEL
CELKEM 849,05 796,59 | 3317,84 | 883,04 96,15 || 839,00 | 94,95 (3269,80 | 101,47
ztoho CR 446,89 396,49 1690,12 || 467,59 95,57 || 440,49 | 90,01 [[1752,78 | 96,42
SR 402,15 400,10 1627,72 || 415,45 96,80 || 398,50 | 100,40 |[1517,02 | 107,30
KONTISLITKY
CELKEM 810,31 766,15 | 318475 | 842,65 96,16 || 803,22 | 95738 [3121,52 | 102,03
ztoho CR 408,76 366,65 1559,43 || 427,94 95,52 || 405,45 | 90,43 |[1607,46 | 97,01
SR 401,55 399,50 162532 || 414,71 96,83 || 397,77 | 100,43 |1514,06 | 107,35
BLOKOVNY
CELKEM 56,18 56,02 223,71 55,70 | 100,86 | 55,29 | 101,32 | 210,92 | 106,07
ztoho CR 56,18 56,02 223,71 55,70 | 100,86 || 55,29 | 101,32 || 210,92 | 106,07
SR 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
VALCOVANY MATERIAL
CELKEM 824,67 785,81 | 3186,78 | 839,28 98,26 || 815,54 | 96,35 [[3091,45 | 103,08
ztoho CR 450,13 412,48 172432 || 469,73 95,83 || 449,06 | 91,85 [[1733,07 | 99,50
SR 374,54 373,33 146246 || 369,55 | 101,35 | 366,48 | 101,87 |1358,38 | 107,66
TRUBKY
CELKEM 62,67 60,19 226,96 57,48 | 109,03 || 64,86 | 92,81 | 23513 | 96,53
ztoho CR 40,42 38,96 144,14 39,04 | 10352 || 4564 | 8538 || 161,88 | 89,04
SR 22,26 21,23 82,82 18,44 | 120,69 | 19,22 | 110,44 73,25 | 113,06
TAZENA, LOUPANA, BROUSENA OCEL
CELKEM=(HZ)CR| 22,79 | 1860 | 8257 | 2152 | 10590 [ 20,71 | 89,80 | 8501 | 97,13
STUDENA PASKA KLASICKA
CELKEM = (HZ) CR| 1,48 | 1,26 | 542 | 123 | 12065 | 1,25 | 10064 | 482 | 112,40

POZNAMKA:

Zpracoval:

*) Za posledni mésic jsou Udaje predbé&zné.
Hutnictvi Zeleza, a.s. - Ing. Ludvik Vala
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Hutni vyroba v CR a SR

Meziroéni porovnani mésiénich a postupnych hutnich vyrob roku 2017 a 2016

Vyroba *) Vyroba | Index [ Vyroba| Index | Vyroba | Index
duben kvéten |leden- kvéten duben kvéten leden- kvéten
2017 2017 2017 2016 | 2017/16 | 2016 |2017/16| 2016 |2017/16
tis. t tis. t % tis. t % tis. t %
KOKS
CELKEM 282,54 294,41 144332 || 260,67 | 108,39 || 274,88 | 107,10 [1271,95 |113,47
ztoho (HZ) CR 150,92 156,04 769,59 || 129,51 | 116,53 || 134,60 | 11593 || 609,26 |126,32
(HZ) SR 131,62 138,37 673,73 || 131,16 | 100,35 || 140,29 | 98,63 | 662,69 |101,67
AGLOMERAT
CELKEM 794,49 692,35 388558 || 797,50 | 99,62 | 889,44 | 77,84 [4061,11 | 9568
ztoho CR 463,09 391,75 229968 || 523,20 | 8851 [ 556,14 | 70,44 [[2559,01 | 89,87
SR 331,40 300,60 158590 || 274,30 | 120,82 [[ 333,30 | 90,19 [1502,10 |10558
SUROVE ZELEZO
CELKEM 656,39 642,04 3332,88 | 65597 | 100,06 | 718,43 | 89,37 [[3334,25 | 99,96
ztoho CR 309,42 282,82 1612,80 || 342,80 | 90,24 [ 374,73 | 7547 |[1747,46 | 92,29
SR 346,97 359,22 1720,08 || 313,08 | 110,82 |/ 343,70 | 104,52 |1586,79 |108,40
SUROVA OCEL
CELKEM 796,59 800,76 411860 || 839,00 | 9495 [ 892,28 | 89,74 |[4162,08 | 9896
ztoho CR 396,49 365,86 205598 | 440,49 | 90,01 | 484,64 | 7549 [[2237,42 | 91,89
SR 400,10 434,90 2062,62 || 398,550 | 100,40 | 407,64 | 106,69 [1924,66 |107,17
KONTISLITKY
CELKEM 766,15 768,75 395350 || 803,22 | 9538 | 854,02 | 90,02 397553 | 99,45
ztoho CR 366,65 334,45 189388 || 40545 | 90,43 [ 447,11 | 74,80 |[205456 | 92,18
SR 399,50 434,30 2059,62 || 397,77 | 100,43 | 406,91 | 106,73 |[1 920,97 |107,22
BLOKOVNY
CELKEM 56,02 55,26 278,97 | 5529 | 101,32 || 5354 | 10322 | 264,46 |10549
ztoho CR 56,02 55,26 278,97 | 5529 | 101,32 || 5354 | 103,22 | 264,46 |10549
SR 0,00 0,00 0,00 0,00 000 || 000 | 000 0,00 | 0,00
VALCOVANY MATERIAL
CELKEM 785,81 778,33 396511 || 81554 | 96,36 | 843,85 | 92,24 [3935,30 |100,76
ztoho CR 412,48 387,74 211206 || 449,06 | 91,85 | 487,29 | 7957 [[2220,37 | 95,12
SR 373,33 390,60 1853,05 || 366,48 | 101,87 |[ 356,56 | 109,55 ||1714,93 |108,05
TRUBKY
CELKEM 60,19 60,51 287,48 | 64,86 | 9281 || 63,93 | 94,65 | 299,07 | 96,12
ztoho CR 38,96 39,47 18361 | 4564 | 8538 | 4297 | 9185 | 204,85 | 89,63
SR 21,23 21,05 103,86 || 1922 | 110,44 || 20,96 | 100,39 94,22 110,24
TAZENA, LOUPANA, BROUSENA OCEL
CELKEM=(HZ)CR| 1860 | 1969 | 10226 | 2071 | 89,80 | 19,33 [ 101,84 | 104,35 | 98,00
STUDENA PASKA KLASICKA
CELKEM = (HZ) CR] 1,26 | 157 | 69 | 125 | 10064 | 133 [11820 | 6,15 [113,65

POZNAMKA:

Zpracoval:

*) Za posledni mésic jsou Udaje predbé&zné.
Hutnictvi Zeleza, a.s. - Ing. Ludvik Vala
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Z hospodarskeé ¢innosti
podniki, instituci
a resitelskych pracovist’

Realizace nové vyrobni linky pro valcovani a tvarovani lista parabolickych
pruzin

Building of New Production Line for Taper Rolling and Forming of Leaves
for Parabolic Springs

Tomas Grulich

HZP a.s., Dolni 3137/100, 796 01 Prostgjov, Ceska republika

Prsi vysloveni slova pruZina si vetSina z nds predstavi drat nebo strunu, navinutou do tvaru Sroubovice, slouzici
k akumulaci energie ¢i tlumeni vibraci ve vSemoznych zarizenich. V nekterych aplikacich dokonce takové pruziny pini
ve spojeni s vhodnou povrchovou Upravou estetickou funkci. Za hranici této predstavy ale existuji konstrukce pruzin,
plnici rizné specifické funkce. Timto typem je pravé parabolicka pruzZina, uzivana nejcastéji v systémech vypruzeni
silni¢nich i kolejovych vozidel. Vyroba téchto pruzin zavisi z velké casti na schopnosti vyrobce co nejpresnéji natvaro-
vat listy tak, aby kopirovaly tvar idealni matematické paraboly a soucasné je bylo mozno na podvozek tvarove uchytit.
Proces, navrzeny spolecnosti HZP a.s., to umoZsiuje provadet velmi efektivné jak z pohledu spotieby lidské préce, tak
z pohledu energetické narocnosti. Spolecnost v soucasné dobé implementuje tento proces a buduje pro néj novou
automatickou vyrobni linku.

Kli¢ova slova: parabolickd pruzina; valcovani; staceni ok

Speaking about springs, most of the people will imagine helically coiled piece of wire, which accumulates energy or
absorbs vibration in different kinds of machines. Some of the springs in connection with convenient surface
treatment make also visual appearance more attractive. Behind this general imagination, many specific designs
of spring exist. Parabolic spring is such specific example. It is widely used in suspension systems of vehicles for
roads as well as for railways. Production of parabolic springs is connected with ability of the producer to form
leaves of the spring to precise shape of parabolic curve and subsequently adjust the design in a way it is possible to
fit on chassis. Process, which company HZP a.s. has developed, allows to make it in extremely effective way in term
of productivity as well as energy consumption. The company is now implementing this process and builds new
production line.

Key words: prabolic spring; taper rolling; eye rolling

V loniském roce spoleénost oslavila 65 let od zahajeni
vyroby pruzin. Od poc¢atku byla spole¢nost zamétena na
vyrobu listovych pruzin pro Siroké spektrum odbérateli
z oblasti automobilniho a Zelezni¢niho pramyslu. Auto-
mobilky a vyrobci kolejovych pruzin vyuZivaji listove
pruziny ve svych podvozcich ke kompenzaci vibraci,
vznikajicich jizdou. Na rozdil od Sroubovych pruzin
umoziuji ty listové navic efektivné pienaSet sily
a momenty v piicnych smérech. Nezanedbatelnou vlast-
nosti je téZ tlumeni, které diky treni jednotlivych lista
mezi sebou pohlcuje ¢ast mechanické energie.
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Parabolické provedeni listovych pruzin povaZzujeme za
dosud nejzasadngjsi inovaci v oblasti listovych pruzin,
v HZP as. byla prvni vélcovaci stolice uvedena do
provozu v 70. letech minulého stoleti. V sou¢asné dobé
¢ini parabolické pruziny cca 80 % celkové produkce
listovych pruzin.

Dlouhodobym podnikatelskym cilem, ktery se HZP a.s.
daii napliovat, je dodavat parabolické pruziny vyspé-
lym vyrobcim nakladnich automobilia a kolejovych
vozidel. Investice do nové vyrobni linky na valcovani
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a tvarovani listt umozni efektivné vyrdbét nové typy
parabolickych pruzin s inovovanymi vlastnostmi.

1. Parabolické pruziny

Konstrukce klasickych listovych pruzin spociva v sepnuti
nékolika lista konstantni tloustky do svazku, ktery potom
v praxi funguje jako pruzny nosnik, zatizeny uprostied
a podepieny v koncich. Cim vétsi pocet listd je pouzity,
tim 1épe se napéti rozklada po délce listu.

Zékladnim znakem parabolickych pruzin je, Ze kazdy
list je vélcovan do tvaru nosniku konstantni pevnosti,
jehoz idedlnim matematickym vyjadienim je kiivka
parabola. Listy se dotykaji pouze v koncich, napéti
v celé délce listu je konstantni (obr. 1).

Zakladnim motivem k vyvinuti parabolické pruziny je
vyrazna Uspora hmotnosti a moZnost vyrazné lepSiho
zpracovani povrchu pruziny, které je zakladnim piedpo-
kladem pro dosaZeni vysoké Zivotnosti.

Obr.1 Typické rozloZeni ohybového napéti v parabolické pruzing

Zakladnim poZadavkem na pruziny je schopnost dlou-
hodobé pienaset vysoka zatizeni beze zmény vychoziho
tvaru. Za timto Ucelem jsou vyrabény ze stiedné lego-
vanych oceli na bazi Cr-V, piip. Cr-Mo-V. Tyto oceli
jsou tepelné zpracovdvany na pevnost typicky
Rm > 1400 MPa smezi kluzu Rp0,2 > 1150 MPa.
Existuji i aplikace, u které je pevnost vyrazné vyssi.

2. Vyroba parabolickych pruZin

Zékladni vyrobni postup spociva ve vélcovani parabo-
lického tvaru za tepla, nasledném tvarovani konct za
tepla, zuSlechténi, povrchové Gpravé a montazi.

Pti klasickém zpracovani jsou jednotlivé tvarovaci ope-
race provadény na samostatnych linkach se samostat-
nymi ohievy. Piiklad existujici linky ukazuje Obr. 2.
Vyhodou tohoto postupu je univerzalnost, nevyhodou
ale nizkd produktivita, horSi energetickd naroénost
a kvalita povrchu spojena s opakovanymi ohievy.

Obr. 2 Existujici samostatna linka staceni ok
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3. Nova vyrobni linka pro valcovani a
tvarovani listd

Rozhodnuti HZP a.s. investovat do nové vyrobni linky

souvisi s pottebou rozsitit vyrobni kapacity pro inovo-
vané typy pruzin a nové zakazniky.

Technicka koncepce linky minimalizuje spottebu lidské
prace na logistiku, sefizovani a nezbytnou kontrolu,
manualni prace operatora je odstranéna. Spotieba ener-
gii na ohiev je rovnéz minimalizovana.

Téchto efektu je dosazeno spojenim diive samostatnych
linek s vlastnimi ohtevy, obsluhou a vstupné/vystupnimi
Ulozisti do jedné Stihlé linky s robotickou manipulaci
tak, aby chladnuti mezi jednotlivymi operacemi bylo
minimalni stejné jako potieba dohievu. Prakticky je
pouzit vychozi ohiev v plynové krokové peci a
1 indukéni dohiev pied operaci staceni.

Manipulace je feSena 7 pramyslovymi roboty, cela linka
je obsluhovéna 1 operatorem.

Novym prvkem je kalibrace ok, kterd umozni snizit
potiebu nasledného obrabéni na piesné rozméry.
Schéma linky je znazornéno na obr. 3.

Celkové investice do linky je ve vySi 111 mil. K¢, linka
bude zprovoznéna v poloving roku 2018 ve vyrobnim
zavode spole¢nosti v Prostéjove.

Obr. 3 Schématicky layout nové linky

4, Zavér

Clanek popisuje procesni inovaci v oblasti vyroby para-
bolickych pruzin ve spole¢nosti HZP a.s. Vyuzitim
vysokého stupné automatizace a vhodnym prostorovym
usporddanim stroja bude vybudovéna Stihla vyrobni
linka. Proti existujicimu teSeni bude vyrazné produktiv-
néjsi, aspornéjsi z pohledu energii a umozni vyrobu
naro¢néjSich pruzin.

Literatura

[1] Interni podklady a nabidky dodavateld.
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Transformace Hutnictvi Zeleza na Ocelaiskou unii

Praha, 6. ¢ervna 2017 — Svaz Hutnictvi Zeleza, ktery vznikl pted 25 lety s cilem zastupovat zajmy ¢éeskych
a slovenskych ocelaren, proSel vyznamnou organizaéni a personalni zménou a transformoval se
od 1. ¢ervna 2017 do nove vzniklé Oceléaiské unie. Cilem promény je 1épe hajit zajmy podnika a reagovat
na aktualni vyzvy, jako je dovoz oceli z Ciny a dalSich zemi za dumpingové ceny, nebo obrana pied
ptilisSnou regulaci v souvislosti s reformou emisnich povolenek v EU. Novym statutarnim feditelem byl
zvolen Jan Rafaj.

Ocelarny, které dnes zaméstnavaji v Cesku piimo 16 tisic lidi a umoZiuji existenci dalSich desitek tisic pracovnich
mist, maji novou organizaci hajici jejich zajmy. Podniky se v poslednich letech namisto zvySovani konkurence-
schopnosti, vylepSovani ekologického fungovani vyroby a vyvoje stale ¢astéji utkdvaji s politickou regulaci a nefe-
rovymi obchodnimi praktikami. ,,Proto jsme se rozhodli transformovat Hutnictvi Zeleza, které nas zastupovalo
25 let, a prichdzime s novou organizaci, kterou jsme pojmenovali Oceléiska unie,” ¥ikd k davodiam promény Jan
Czudek, piedseda spravni rady Ocelaiské unie a generalni feditel Tfineckych zelezaren.

Ocelaiska unie bude schopnym partnerem nejen narodnim institucim, ale bude intenzivngji spolupracovat
a artikulovat ceské zajmy i v ramci EU. ,Stéle vice se o prostredi, v némz fungujeme, rozhoduje na nadnarodni
Urovni. Proto akcionafi zvolili nové vedeni, které se v mezindrodnim prostredi uz pohybuje,” ikd nové zvoleny
statutarni reditel Ocelai'ské unie Jan Rafaj a mistopiedseda predstavenstva ArcelorMittal Ostrava.

Dosavadni vedeni odvedlo velky kus prace
a provedlo hutnické firmy obdobim privatizaci
a restrukturalizaci, asistovalo ¢eskym podnikam
ve chvilich, kdy pottebovaly obhdjit svou konku-
renceschopnost v globalnim méfitku, a také
obdobim vyznamnych investic do technologii a
ekologizace vyroby za sou¢asného tlaku promén-
livych cen surovin, energii a rostouci regulace.

»Ceka nas velky kus préce, jejiz vysledek bude
zasadni pro udrZzeni primarni vyroby oceli
v Cesku a Evropé obecn&. Vyznamnou oporou
pro nés bude, pokud se budeme moci spolehnout
na pevnou pozici naSich narodnich ministerstev
a politiki, kteri budou hajit pramysl pied neféro-
vymi praktikami tietich zemi,” dodava na zaver

Jan Rafaj.
lustracni foto: archiv

Daniel Urban, ocelarskaunie.cz

Rust produkce oceli tahl export, pokles cen znamenal pro ocelare snizeni trzeb
054 %

Ceny ocelovych vyrobka v roce 2016 klesly o 7,9 %. Propad zpasobeny nadprodukci nejen v Evropé,
ale predevsim ve tietich zemich znamenal pro ¢eské ocelarny pokles trzeb o 5,4 % na 79,5 mld. K¢.
Diky naruastu objemu vyroby se podatilo nepatrné navysit zisk pted zdanénim na 2,7 mld. K&. Firmy se
potykaly s politickymi problémy véetné rizika ukonéeni antidumpingovych cel na dovoz oceli z Ciny
nebo nové podoby obchodovani s emisnimi povolenkami po roce 2021.

Ceské hutni firmy maji za sebou narogny rok 2016. Nesl se ve znameni rizika uznéni trzniho statusu Ciny, novych
antidumpingovych ftizeni a vyjednavani o podobé¢ systému obchodovéani s povolenkami v letech 2021-2030. ,,Roz-
hodovéni v EU na politické Grovni, které zasadné ovliviuji fungovani a budoucnost hutnich podnika v Cesku bohu-
Zel zabraly velkou ¢ast naSeho Gsili v roce 2016, ekl Jan Czudek, generdlni ieditel a predseda predstavenstva
Tiineckych Zelezaren.

Objem vyroby ¢eskych hutnich podnikt se vroce 2016 zvysil: vyroba surového Zeleza stoupla o 3,3% na
4,17 mil. tun a vyroba surové oceli se zvysila 0 0,8 % na 5,31 mil. tun. VVyroba valcovaného materialu meziro¢né
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vzrostla 0 6,5 % na 5,21 mld. tun a k mirnému poklesu o 4,7 % na 553,5 tisice tun doSlo u ocelovych trubek vlivem
snizené zahraniéni poptavky.

P¥ehled objemi vyroby hutni produkce (tis. tun)

Vyrobek 2015 2016 Zména
Surové Zelezo 4031 4165 33%
Surova ocel 5262 5306 0,8 %
Vélcovany material 4894 5210 6,5 %
Ocelové trubky 581 554 -4,7%
Ostatni vyrobky 1094 1130 33%

Ekonomickeé vysledky podnikt sdruzenych v Oceléaiské unii zaznamenaly meziroéni pokles trzeb 0 4,5 mld. K¢ na
79,5 mld. Kg. Zisk pted zdanénim vzrostl o 27 mil. K¢ na 2,7 mld. Kg&. ,,.Za udrzeni zisku pied zdanénim vdé&cime
optimalizaci naklada a také narastu exportu o 7,9 %. Ceské ocelaiské firmy v roce 2016 vyvezly pres 5 mil. tun
oceli,“ ¥ikd Ashok Patil, generdini teditel a piedseda predstavenstva ArcelorMittal Ostrava. Naprostad vétSina
vyvozu, celkem 92 %, sméfovala do zemi EU (Némecko, Polsko, Slovensko, Italie, Mad’arsko nebo Rakousko).

Meziroéné se globalni produkce surové oceli po poklesu v roce 2015 zvySila v roce 2016 0 0,9 % na 1,63 mld. tun.
Na tomto vyvoji se nejvice podilela Cina s 808 mil. tun (+1,2 %) a dal3i asijské zem&. Ve druhé poloving roku 2016
doSlo k néarastu cen vstupnich surovin pro hutni pramysl, coz se vyznamnéji promitne do vysledka roku 2017.
Celkoveé za rok 2016 doslo k rastu cen energetického uhli (+14,5 %) a vyznamnému rastu ceny Zelezné rudy, ktera
zdrazila ze 40 USD na zacatku roku 2016 aZz na 79 USD v prosinci 2016. Naopak z pohledu celého roku zlevnil
napiiklad Srot (-9 %), jehoz podil ve vyrob¢ se dlouhodobé pohybuje kolem 40 %.

Politické otazky vyroby oceli

Velkym tématem uplynulého roku byl boj proti udéleni statusu trzni ekonomiky Cing, které by zasadng oslabilo
ochranu EU pied dumpingem subvencované oceli. Cesti ocelati se zapojili do celoevropské kampané spojujici poli-
tiky, podniky i odbory z ocelatstvi, ale i z jinych odvétvi. Evropsky primysl zatim nachazi zastani v Evropském
parlamentu, a to i diky préaci ¢eskych europoslanct, ale bohuZel nikoliv u fady narodnich vlad.

Cina se kvili rozhodnuti EU neudglit ji status trzni ekonomiky obrétila se stiznosti na WTO. Spor bude trvat mini-
malné rok, a tak i nadale bude na stran& evropskych firem pretrvavat nejistota souvisejici s G¢innou obranou proti
neférovym praktikam ¢inskych firem a vlady.

Problém dumpingu se ale netyké jen Ciny. Odhadovana nadkapacita ve svété je 400 — 500 mil. tun oceli. Mnohé
stity se proto cilené a dlouhodobé snazi o podporu domaciho pramyslu. iran naptiklad oznamil plan navysit
vyrobni kapacity z 28 na 55 mil. tun oceli ro¢né. VIady téchto zemi uméle chrani své trhy pred dovozem ze tietich
zemi a vyznamné narodni podniky podporuji pomoci levnych Gveérd ¢i laxnich environmentélnich ptedpisi. Pro
ceské a evropské ocelaiské firmy je velmi obtizné v takovém prostiedi konkurovat. ,,Import oceli z téchto zemi
ovliviiuje ceské ocelare, byt nepfimo. Ocel se diky naSi vnitrozemské poloze sice nedostavé na tuzemsky trh, ale
vytladuje nade produkty z trhti v EU i jinde,“ ¥ika k dovozu oceli za dotované ceny Dmitrij Séuka, predseda predsta-
venstva Vitkovice Steel.

Dalsi obrovskou hrozbou je probihajici revize evropského systému obchodovani semisnimi povolenkami
(EU ETS). Pokud revize dopadne tak, Ze ¢eské ocelaiské firmy budou nuceny dokupovat kolem roku 2030 az 40 %
povolenek na volném trhu, stoupnou mistni vyrobni ndklady nad Gnosnou miru. Vysledkem revize EU ETS tak
muze byt Gnik uhliku, tedy situace, kdy se pramyslova vyroba piesune do zemi tietiho svéta, které na tunu vyrobené
oceli vypousti az o 50 % vice CO, neZ evropské firmy. Bohuzel sou¢asny stav vyjednavani v Radé neni pro ocelare
piiznivy, i ptes snahu Evropského parlamentu Spatny navrh vylepsit.

Ceské ocelarny investovaly do svych vyrobnich provozi od roku 1993 pres 100 mld. K¢ z vlastnich prostredki:
60 mld. do modernizace vyroby a 40 mld. do ekologickych opatteni. Pravé diky dlouhodobym investicim do ekolo-
gizace dosahly podniky vyznamnych Gspécha. Emise tuhych zneciStujicich latek sniZzily za toto obdobi o0 94 %, SO,
0 72,8 %, oxida dusiku o 68 %. Pti vyrobé 1 tuny oceli vyprodukuji az o 50 % CO, méné&, nez podniky mimo
Evropu.
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Cesti ocelati se snazi prosadit:

e snizeni aukéniho podilu povolenek az o 5%, aby bylo mozné bezplatné pridélovani pro odvétvi pramyslu
ohroZend Unikem uhliku,

¢ ochranu nejohrozengjSich odvétvi pred Skodlivym dopadem aplikace mezisektorového korekéniho faktoru,
e uznani ekologiénosti opé&tovného pouzivani odpadnich plynt pro vyrobu elektiiny v podobé& bezplatnych
povolenek.

Vize ocela¥stvi v CR do budoucna

S ohledem na proménu prostiedi a nové vyzvy se ¢lenové asociace rozhodli, Zze oborové sdruzeni Hutnictvi Zeleza
projde k poloviné roku 2017 transformaci. Na prvni pohled je viditelnd zména nédzvu na Ocelaiska unie a zcela nové
logo asociace. ,,Dosavadni posddka asociace pod vedenim Jaroslava Raaba odvedla velky kus prace a aktivné
a erudované pomahala prosazovat spolecné zajmy vSech ¢lent. Nyni sice dochazi k nutné genera¢ni vymeéng, ale
i nadale bude naSe asociace hajit zajmy oceléta jak v Ceské republice, tak na padé evropskych instituci,” ¥ika novy
statutarni reditel Ocelaiske unie Jan Rafaj.

Aby mohlo ocelaistvi v Cesku nadale fungovat, musi se vyporadat s nékolika vyzvami. ,,Firmy museji prizptisobit
své kapacity poptévce a soustredit se na vyrobu nejprogresivnéjsimi technologiemi. K tomu ale potiebujeme jistotu
ve vécech, jako jsou ceny energii nebo budouci podoba systému obchodovani se sklenikovymi plyny. Mame chut
asilu konkurovat vyrobcim oceli z celého svéta, ale potiebujeme ktomu rovné podminky. Ocel je 100%
a donekonec¢na recyklovatelny material, ¢imz je v porovnani s ostatnimi materidly unikatni. Spolu se zasadnim sni-
Zenim vlivu na Zivotni prostiedi takto miaZe ocelaistvi zaujimat vyznamné misto v pramyslové vyrobé v CR a EU
v 21. stoleti,” dodava na zavér Jan Czudek.

Cisla za rok 2016 Ocelafska unie
e Podil Srotu ve vyrobé oceli — 40 % Oceléiskd unie sdruzuje celkem 15
ocelérskych firem. Klicovymi ¢leny
jsou Tiinecké zelezarny, ArcelorMittal
Ostrava a Vitkovice Steel. S celkovymi
trzbami ve vySi 80 mld. korun a téméf

e  Od roku 1993 oceléiské podniky investovaly z vlastnich
zdrojua 100 mld. K¢&. 60 miliard do modernizace vyroby
a 40 miliard do projekta na ochranu Zivotniho prostiedi.

e Pocet pracovniki v ocelaiskych podnicich — 15 550 16 tisici zaméstnanci jde o vyznamnou

e Pramérny plat v ocelarnach — 31 500 Ké&/meésic odvétvovou asociaci s hlavnim téZistém

eV EU v ocelasstvi pracuje 350 000 pracovniki a nepiimo je vyrobnich aktivit v Moravskoslezském
navéazano 1,5 mil. pracovnich mist kraji.

e Rocné vyprodukuji ocelarny v EU 170 mil. tun vyrobki

e Odhadovana nadkapacita celosvétové — 400 mil. tun oceli Daniel Urban

Budoucnost oceli v Evropé se jmenuje inovace
Borsen-Zeitung 25.03.2017

Wolfgang Eder: ,,Evropa ma u oceli jeSté naskok. Neméla by ho ale davat v3anc a riskovat jeho ztratu diky piehnanym
povinnostem pii ochrané klimatu“. Ma vyroba oceli v Evropé a v Némecku budoucnost? Tato otazka je kladena stéle
Castéji, alesponn v nadpisech v hospodarskych médiich, krizové scénare, vyvolané globalnimi i evropskymi
piebytecnymi kapacitami, dumping z Ciny a realité vzdéalené piedstavy o ochrané klimatu. Co ale v této souvislosti
az piilis casto pada pod stal, je fakt, Ze ocel sama o sobé neni Zadnym problémovym piikladem, nybrz ma dokonce i po
staletich vyvoje stale neuvéritelné velky vyvojovy potencidl. Jeste stale disponuje Evropa dobrymi piedpoklady.
Od zagatku industrializace je kontinent na Spicce, pokud jde o technologii a inovace. AZ do devadesatych let minulého
stoleti byl naskok jesté vyrazny, nejen vzhledem K rozvijejicim se trham, ale i viéi jinym etablovanym pramyslovym
regionim. Tento naskok se ovSem v poslednich 15 letech vyrazné snizil, protoze trvale menSi profitabilita mnoha
vyrobct oceli v Evropé neptipousti vétsi investice. Duivody tohoto vyvoje lezi jak v podnikatelské, tak také v politické
oblasti. Jedna véc je jista: budoucnost Uspésného ocelarského priimyslu v Evropé nelezi ve vyrobé masovych vyrobka,
nybrz jen v soustiedéni se na vyrobky v technologicky vyzyvavych oblastech.
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Ze 71vota skol

@ TECHNICKA UNIVERZITA V KOSICIACH

Zmena nazvu Hutnickej fakulty na Fakulta materialov, metalurgie a recyklacie

Hutnicka fakulta Technickej univerzity v KoSiciach (HF TUKE) je jednou zo zakladajucich fakult sucasnej
Technickej univerzity v KoSiciach, pri¢om tohto roku oslavuje spolu s univerzitou 65. vyrocie svojho zaloZenia. Jej
vznik v roku 1952 bol podmieneny vtedajSimi poZiadavkami doby a priemyslu a stvisel hlavne s industrializaciou
Slovenska. Pocas svojej 65. rocnej historie UspeSne vychovala velké mnoZstvo odbornikov, ktori sa vyborne
etablovali v tazkom priemysle celého Ceskoslovenska.

Po politickych a ekonomickych zmenach a vznikom samostatnej Slovenskej republiky, zmenou a vznikom novej
legislativy sa situdcia v Eurdpskej Unii a teda i na Slovensku dramaticky zmenila. Filozofia mohutného centralne
riadeného tazkého priemyslu sa zmenila do koncepcie diverzifikovanej vyroby a spracovania Specializovanych
materidlov. Tento dej je postupny a aj zasiahol oblast’ vysokého Skolstva a teda aj Hutnicku fakultu. Tato v snahe
podchytit’ vyvin a poZiadavky doby postupne rozsirila svoje portfélio aktivit a zacala ponikat’ viacero rozli¢nych
moderne koncipovanych pedagogickych a vedeckovyskumnych aktivit, aj odliSnych od p6vodného hutnickeho
zamerania. Toto vyUstilo do organizacnej zmeny s platnostou od 1.2.2016, vysledkom ktorej bola transformécia
povodnych 6smych Kkatedier do troch Gstavov, Ustavu metalurgie, Ustavu materialov a Ustavu recyklacnych
technolégii, ktori aj reprezentuju gré aktivit fakulty.

Cely proces vyvrcholil legislativnym procesom, ktorého vysledkom je od 1. jala 2017 zmena p6vodného nazvu
Hutnickej fakulty do nového nazvu

Fakulta materialov, metalurgie a recykléacie (FMMR)

Najmé pojem “recyklacia” premietnuty do ndzvu fakulty znamenéa vyznamny posuv

hlavne s ohl'adom na stratégiu Eurépskej Unie v oblasti kritickych surovin, kritickych

kovov a potreby recyklacie. Toto je vyvrcholenim vyznamnych aktivit fakulty,

reprezentovanych Ustavom recyklagnych technolégii v oblasti materiélovej recyklacie odpadov, pedagogickych
aktivit, domacej a medzinarodnej spoluprace, vedecko vyskumnych aktivit, publikac¢nej aktivity a rieSenim
domacich a eurdpskych vedeckych projektov. Pojem “recyklacia” sa momentalne nevyskytuje v Ziadnom nézve
fakulty v Europskej Unii.

Zmena nazvu fakulty sa premietne postupne aj do zmeny jej kontaktnych adries, web stranok a podobne, o ¢om vas
budeme v&as informovat’ v snahe udrzat’ kontinuitu naSej sii¢asnej a pripadne budtcej spoluprace.

Prof. Ing. Toma$ Havlik, DrSc., dékan Fakulty materialov, metalurgie a recyklacie
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International Studnets” Day of Metallurgy 11. — 13. kvétna 2017 — ISDM 2017

Rakouské meésto Leoben je historicky spjato se silnou tradici v hutnickém pramyslu a Montanuniversitat Leoben,
jejiz koreny sahaji az do roku 1840, je tak nezbytnou soucati sou¢asného montanniho vzdélavani, proto jiz po paté
hostilo studenty metalurgie a piibuznych obort na

mezinarodni studentské konferenci ISDM 2017. Vice jak

200 (castnikd z TU Freiberg, FH Wels, TU Berlin,

RWTH Aachen, Silesian University of Technology,

Czestochowa University of Technology, TU Gratz,

Univesitat Duisburg — Essen a TU v KoSiciach se

zU¢astnilo této studentské konference.

24. roénik opét nabidl prednasky mladych veédci, ktefi
prezentovali vysledky své védecké préce, diskusi nad
vysledky, zajimavé dotazy pedagogu, ¢i starSich kolegi.
Soucasti byla také posterova sekce, kterd byla zajimava
svou soutéZzi o nejlepSi poster. V pribéhu celé
konference mohli studenti navstivit propagacni stanky
celkem 20 firem, které nabizeli studentim praxe, nebo
praci pravé v jejich podniku. | zde neSlo si nevSimnout
obecného nedostatku kvalifikovanych a vzdélanych

odbornikd v metalurgiickych i materialovych oborech. Foto: Michal Hvézda

Fakulta metalurgie a materidlového inZenyrstvi vyslala na tuto akci pocetnou skupinu studenti. Dvé studentky
Bc. Petra SkiiSovska a Ing. Tatdna Radkovska uspély v soutézi Posterové sekce, jejich postery zaujaly natolik, Ze
v soutézi obsadily 2. a 3. misto. Fotografie, stejné jako video z prabé&hu akce naleznete na facebookovych strankach
Fakulty metalurgie a materialového inzenyrstvi - #fmmiostrava.

—doc. Ing. Adéla Machackova, Ph.D. —
prodékan pro vnéjsi vztahy

Kvizy ze slévarenstvi obohatily program Festivalu v ulicich v Ostravé

Festival v ulicich, doprovodny program Colours of Ostrava, ktery uz posedmé oZivil
centrum Ostravy hudbou, divadlem, workshopy, stanky a programem pro rodiny, se
letos uskutecnil jiz ve dnech 30.6. a 1.7.2017. Program se odehraval nejen na
Masarykové namésti, Cerné louce, v piilehlych ulicich a na biehu feky Ostravice, ale
poprvé také na Slezskoostravském hradé. A pravé zde byl také stanek
VSB — Technické univerzity Ostrava, jedno z populariza¢nich stanovist’ zabezpegila
i Fakulta metalurgie a materidlového inZenyrstvi, katedra metalurgie a slévarenstvi,
jejiz studenti spolu s pracovniky katedry piipravili pro hosty festivalu program
v podobé slévarenskych kvizii a
odlitkového pexesa. V ramci stanku
byla rovnéz prezentovana samotna
katedra, fakulta a moZnosti studia
v oborech zajistovanych katedrou
metalurgie a slévarenstvi. Program stanku byl urcen pro Sirokou
verejnost. Do naucné-popularizacnich aktivit se zapojila tada
navstévnikt bez rozdilu veéku.

—Ing. Ivana Kroupova —
katedra metalurgie a slévarenstvi
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Vystavy, veletrhy, konference

Mezinarodni konference NanoOstrava jiz po paté

Mezindrodni konference NanoOstrava se letos vkvétnu konala jiz po pété
v prostorach Nové auly VSB-Technické univerzity Ostrava. Hlavnim organizatorem
konference bylo Centrum Nanotechnologii VSB-TUO spolu s Ustavem geoniky
AV CR v Ostravé. Konferenci v Gtery 23.5.2017 zahéjil feditel Centra nanotechnologii
prof. Ing. Jaromir PiStora, CSc.,

prorektor pro studium, povéieny

zastupovanim rektora, prof. Ing. Petr

Noskievi¢, CSc., prorektor pro védu a

vyzkum prof. Ing. Petr Praus, Ph.D.,

prodékanka pro védu a zahrani¢ni

vztahy UJEP, dlouholeta feditelka

Centra nanotechnologii prof. RNDr.

Pavla Capkova, DrSc. a nastupujici

teditel UG Ing. Josef Foldyna, CSc.

Z celkového poctu 140 Gcastniki

byla tietina ze zahrani¢i a to nejen

z okolnich evropskych stata, ale i

z Austrélie, Indie, Malajsie, Turecka

a Ruska. V Sesti odbornych sekcich

rokovali odbornici na téma nanostrukturované materidly, terahertzové a fotovoltaické nanotechnologie,
nanotechnologie pro medicinu a farmacii, bioinspirované materialy a nanomaterialy. V téchto sekcich vystoupili
excelentni védci se zvanymi piednaSkami jako prof. Mahler z Qeensland university v Australii a nebo prof. Akbulut
ze Sakarya University v Turecku. Nemalé zastoupeni mladych védca a studentd z ¥ad Gc¢astniki konference dostava
V leto$nim roéniku prvni tii mista obsadili K. Cabanova, M. Mahmud a V. HoliSova, kteti byli odménéni penézitou
cenou.

Konferenci doprovazel bohaty program v podobé poznavaciho vyletu do Ostravského planetaria a na konferencnim
spolecenském vecirku zpfijemnila atmosféru cimbalovd muzika Lipka. Konferenéni védecké usili bude zdroceno
v podobé konferenc¢nich ¢lanka, které budou letos publikovany ve tiech odbornych zahraniénich ¢asopisech Journal
of Nanoscience and Nanotechnology, Photonics and Nanostructures a Materials Today: Proceedings.

_js_

27. roénik mezinarodni védecké konference IRON AND STEELMAKING
se uskute¢ni zacatkem rijna v Beskydech

Ve dnech 4.-6. fijna 2017 se v hotelu DUO na Horni Bec¢vé

uskute¢ni jiz 27. ro¢nik mezinarodni védecké konference IRON AND

STEELMAKING, jejimz poradatelem je letos VSB — Technicka univerzita Ostrava, Fakulta metalurgie a
materidlového inZenyrstvi, katedra metalurgie a slévarenstvi. Hlavnim partnerem konference jsou Tiinecké
Zelezarny, a. s, mezi partnery patii také spole¢nost OCELOT a ¢asopis Hutnicke listy.

Na konferenci vystoupi predni odbornici z oboru metalurgie a jejich pfednasky budou tematicky zamérené na tyto
oblasti: e Teoretické zadkonitosti metalurgickych procesi. e Technologie vyroby a zpracovani surového Zeleza.
e Technologie vyroby a zpracovani oceli. e VVyroba a rafinace kovt. e Ekologické aspekty vyroby surového Zeleza
a oceli. « Modelovani metalurgickych pochodi.

Registraci Ize provést na webovych strankach http://konference.fmmi.vsb.cz/iasm2017
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Hutnictvi ve svété

Ocelaisky pramysl: Na pokraji obchodni
valky

USA a Evropska unie ucinily dalSi krok ve sméru
k obchodni vélce. Jako odpovéd’ na vyhrizku amerického
ministerstva obchodu zavést trestnd cla proti dvéma
némeckym ocelarskym firmam (Salzgitter a Dillinger
Hutte), zkouma nyni Evropskd komise, zda by mohla
zavést vlastni ochranna cla proti americkym vyrobcim
oceli. ,,Musi to byt ovSem pozadovano od nékterého
postizeného evropského ocelarského podniku,” fika jeden
vysoce postaveny ¢len vedeni EU. Poté by takové
protiopatieni mohlo byt rychle (béhem nékolika mésici)
schvéleno Evropskou komisi. To by se mohlo stat
nezavisle na event. Zalobé, podané u WTO, ktera by se
mohla tdhnout po dobu nékolika let. Prezident WV Stahl
Hans Jirgen Kerkhoff protestuje proti naiceni
ministerstva obchodu USA, ¢lenské podniky napadaji
americké  ocelate  dumpingovymi  cenami.  Rika:
»,Némeckeé ocelaiské podniky agituji na svétovych trzich
0 trzné& hospodarskych pravidlech, a Ameri¢ané nemohou
¢éstecné nasi kvalitu vabec vyrabét”. Vini Americany, Ze
se nedrzi pravidel WTO pro posuzovani dumpingu
avaruje pred protekcionismem USA. Zagind to
u pravidel, kterymi je americkym podnikiim nafizovano,
napiiklad u projekta plynovodt pouZivat jen polotovary,
vyrobené v USA.

Zaédina se nedostavat oceli

Radost a Zalost lezi v ocelaiském odvétvi ¢asto blizko
sebe. JesSté pred nékolika malo mésici se vyrobci oceli
kvali piilivu oceli z Ciny a padu cen vidéli kratce pred
propasti. Nyni se situace naprosto otocila. Alespon
némecké huté pracuji s vytizenim pres 90 % na hranici
svych moznosti, navic EU svymi antidumpingovymi
opatienimi dovozy oceli z D&lného vychodu omezila,
atim se postarala o zvy3eni cen. Zotaveni oceléaiského
pramyslu vhani ovSem do problémt jiné odvétvi:
zpracovatelské. ,Vyvoj cen oceli Zene do likviditnich
problémid prvni subdodavatele,” varuje naptiklad
pramyslovy svaz tvareni plecht (IBU). ,Situace je
dramaticka,” podtrhuje jednatel IBU Benhard Jacobs
v rozhovoru s novinami ,,Die Welt“. Ohrozuje to mimo
jiné velké vyrobce automobilid. DalSi problém vznika
u ploché oceli, piesnéji feceno u Sirokych pésq,
valcovanych za tepla, u niz v uplynulych nékolika
meésicich stoupla cena o témer 75 %. Na spotovém trhu
stoji dnes za tepla vélcované plechy kolem 570 € za
tunu, to je 0 240 € vic, nez pred rokem. Ceny zde piikie
stoupaji od listopadu 2016 na nejvysSi hodnotu za
poslednich 6 let. ZatiZzeni pro mnohé subdodavatele jde
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tak do miliont. Kupuje-li dnes podnik napiiklad
7000 tun za tepla valcovanych plecht, leZi vicenaklady
u 1,8 mil. €. Pro stiedostavovské podniky je to drama-
ticky mnoho. Cenové skoky zvySuji pozadavky na
likviditu a pretézuji Gvérové limity. Vysledkem jsou
insolvence. Postizeno je zatim kolem 500 firem, které
dodévaji tvarené dily zoceli predevSim vyrobcim
automobili a systémovym dodavatelam, ale také
elektrotechnickému pramyslu, strojirenstvi a vyrobctim
lékaiské techniky, pracek, lednicek, zdmku a kovani.

Vyroba oceli se zvysila

Vyroba surové oceli v Némecku v breznu vzrostla
oproti breznu 2016 o 1,9% na 3,9 mil. tun. Vyroba
oceli v prvnim ¢tvrtleti 2017 je o téméi 2 % vySSi nez
pied rokem. Konjunktura v mnozstvi vyrobené oceli tak
pokracuje ve svém mirném zotavovacim kurzu, ktery
byl ptedznamenan vyvojem v mnozstvi zakazek v minu-
lém roce. Konstatuje to Hospodaiské sdruzeni Ocel
(WV Stahl) z Disseldorfu, které zastupuje 99 %
vyrobcu surové oceli v Némecku a k tomu fadu dalSich

evropskych  producentd. K ocelaiskému  pramyslu
v Némecku patii zhruba 70 podnikd 590 000
zamgstnanci.

ArcelorMittal investuje 80 miliona K¢ do
vyroby pruzinove oceli

CIA News informuji, Ze ArcelorMittal planuje
investovat do rekonstrukce laZek pro fizené chlazeni ve
stiedni valcovné. Kontrakt za 80 mil. K& byl zadan
dcetinou  spolecnosti  ArcelorMittal ~ Engineering
Products v Ostravé. Rekonstrukce zajisti lepsi vlastnosti
pruzinové oceli pro automobilni pramysl a nakladni
dopravu. Ostravskd ocelarna vyvinula tento produkt
s vysokou pridanou hodnotou vroce 2016. Zahajeni
vyroby si vyZadalo celkovou investici pies 210 mil. Kg.

Trump dostava ocelaiské odvétvi pod tlak

V ocelarském sporu s USA varovala spolkova vlada
a odvétvovy svaz v Némecku vladu ve Washingtonu
pied izolovanim trhu. ,,Znalecké posudky nejsou Zadné
zakony nebo opatieni, ale ukazuji smér k protekcio-
nistickym tendencim, které my rozhodn& nemizeme
privitat, sdélila spolkovd ministryné hospodaistvi
Brigitte Zypries. President Trump ohlasil piedtim dalsi
obrannd opatteni k ochrané doméciho ocelarského
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pramyslu. Nechd totiz proveéfit, zda dovozy v tomto
sektoru neohrozuji narodni bezpe¢nost. Jaké opatieni ze
strany USA ztéchto prohldSeni vyplynou, bude
spolkovd vlada ostrazité sledovat, oznédmila dale
ministryné. Bude problém konzultovat s ministrem
obchodu USA Wilburem Rossem. Pramysl v Némecku
se obava, Ze by mohlo trh v EU zaplavit jesSté vice oceli.
»,Pokud by administrativa v USA opravdu Siroce
izolovala doméci trh, bylo by to spojeno s masivnimi
zménami obchodu smérem do otevieného trhu EU.
Protekcionismus neni Zadné fteSeni pro strukturdlni
problémy na svétovém trhu, nybrz by mohl jen dale
prispét k tomu, aby se deformace v mezinarodni sout&Zi
jeste vice prohloubily,” prohlasil prezident WV Stahl
Hans Jirgen Kerkho.

Trh s uslechtilou oceli opét roste

Odveétvi uslechtilych oceli hledi do budoucna vétSinové
optimisticky. To vyplyva z bilance Dna uslechtilych
oceli 2017, na které se sjelo zhruba 150 Ucastnika.
Podle Wolfganga Lippa, analytika Steel Market
Intelligence  GmbH, pogitd se v Evropé tento rok
srastem 2 %, coz odpovidd prirastku vyroby kolem
115 000 tun. Dulezity faktor vidi Lipp v antidumpin-
govych clech, uvalenych v roce 2015 na dovoz uslechti-
Iych oceli z Ciny. Urgité riziko pro vyvoj trhu vidi Lipp
v politickém klimatu. Mohou se totiZz vyrazné zostfit
restrikce pro globalni obchod napi. v USA a Velké
Britanii. Velkd pozornost musi byt vénovana technolo-
gickym zménam v automobilnim pramyslu, piedevsim
piechodu na elektromobily a nejnovéji i vSeobecnym
Ustupem od dieselovych motoru.

Inovace oceli uréuji budoucnost

Na 21.vyrocnim  jedndni  deniku  Handelsblatt
,Ocelatrsky trh 2017 v Gnoru v Disseldorfu byly kromé
témat a diskusnich okruhii k aktualni strukturalni
a politickohospodaiské situaci ocelaiského priamyslu
predstaveny také inovativni feSeni s oceli. PfednaSkovy
blok prezentoval aktualni projekty a inovace tykajici se
vysoce vykonného materialu ocel. Némecko disponuje
jedinecénou vyzkumnou siti, zabyvajici se oceli, ktera
zahrnuje univerzitni, mimouniverzitni a pramyslovy
vyvoj a vyzkum. Vyzkumna sit’ ocelaiského vyzkumu
saha od dobyvani rudy az k uzitnému produktu a zapo-
jeny jsou vSechny c¢lanky ftetézce tvorby hodnot.
Vyzkumné agenda ma tii téziste: technologie k omezo-
vani a vyuzivani CO,, optimalizace procesnich fetézci
(strategie nulovych chyb, pramysl 4.0) a ptidana hod-
nota diky pouzivani oceli. V Evropé se dnes vyrabi
kolem 2500 normovanych oceli. Kazdy rok je cca 150
oceli v jejich vlastnostech vylepSeno a nové vyvinuto.
Vykonnost oceli se dobte ukazuje na téchto &tyrech
piikladech: a) karoserie z vysokopevnych oceli zachy-
cuji v prabéhu nékolika milisekund vyraznou pohybo-
vou energii a optimalné chrani cestujici ve vozidle.
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Strukturni prvky z inovativnich oceli maji az o030 %
vySSi schopnost prijimat energii a to pfi snizené
deformaci, b) pisty pro dieselové motory osobnich aut
z vysokopevnych zuSlechténych oceli maji diky vyssi
mechanické a tepelné zatiZitelnosti az 030 % mensi
konstrukéni vySku nez hlinikové pisty. Ocelové pisty
poskytuji podstatny piispévek k plnéni stale naroc-
négjSich predpisi  k emisim CO,, c) potravinaiské
plechovky jsou vyrabény z ultratenkého bilého plechu
o tloust'ce 0,13 mm. Pfi stejném plnicim mnoZstvi je tak
plechovka o polovinu tenéi a tézka. Recykla¢ni kvota je
$90 % nejvétSi na svété, d) oba wvnitini podvozky
Airbusu A380 vydrzi diky pouziti vysokopevnych
zuSlechténych oceli zat¢z 520tun pii pristani. To
odpovida vaze 400 aut VW Golf.

Podnikova rada Tata je proti fuzi
s ocelaiskou divizi Thyssenkrupp

Zaméstnanci Tata Steel mobilizuji proti mozné fuzi
s ocelarskou divizi Thyssenkrupp. Ve vcera zverejné-
ném sdéleni celopodnikové rady Tata Steel Nederland
stoji, Ze rada je toho minéni, Ze ,tato fuze ignoruje
zajmy zaméstnanci“. Rada mluvi o podstatnych nésled-
cich pro zaméstnance a obtizné spolupréci vzhledem
k obrovskym kulturnim rozdilam v obou podnicich.

IG Metall se boji 0 4050 pracovnich mist
u Thyssenkrupp

Thyssenkrupp piedstavil na zasedani zavodnich rad
prvni cile a limity planované piestavby ocelaiskeé divize.
Podle ddaji managementu nepokryva divize jiz celé
roky kapitalové nédklady a musi byt proto restruktu-
ralizovana. Séf divize Andreas Goss stanovil pro
oceléaiskou divizi do roku 2020 vykonnostni rozdil ve
vysi 1,6 mld. €., 500 mil. euro ma byt v pristich tiech
letech uSetreno. Kromé toho méa byt sniZzen pocet
zaméstnanci a maji byt odstavena néktera zaiizeni
u hrubych plechi. Séf piedstavenstva Thyssenkrupp
Heinrich Hiesinger zdaraznil v minulosti jiZz nékolikrat
nutnost piestavby a konsolidace. ,,Jiz roky nevydé-
lavame na naSe naklady. A to i piesto, ze Steel Europe
patéi ke dvéma nejrentabilngjSim vyrobcam oceli
v Evropé. Usporné programy nam davaji jen moznost
vydechnuti,” prohlasil Hiesinger na valné hromadé.
Provozni, surovinové a dopravni néklady se daji stlacit
jen t&zko. Jinak je tomu u personalnich nakladd, které
tvoii zhruba étvrtinu celkovych nakladia. Ty by mély
brzy stoupnout, protoZze v nejdialezitéjSim zavodé
v Duisburgu se bude piechazet z 31hodinového tydne
zpét na 35hodinovy. Koncern chce ale personalni
néklady sniZit o vice nez 200 mil. euro, coZ je o vice nez
10%. Podnikovd rada se obava odbourani tisict
pracovnich mist a dale i UpIné uzavieni nékterych
provozt a lokalit. S témito zaméry vyslovila nesouhlas.
Jako o ohroZenych provozech ¢&i zéavodech se mluvi
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ovélcovné v Bochumi a provozech v Kreuztalu
a Gelsenkirchenu. Diskutuje se také o Hittenwerke
Krupp-Mannesmann (HKM), které patii spole¢né
koncernim ThyssenKrupp, Salzgitter a Vallourec. Od
roku 2016 se jedna o flzi s Tata Steel. Joint Venture
50:50 by byl ieSenim, konec jednani se ale zda byt
v nedohlednu. V disledku faze by vznikl druhy nejvétsi
vyrobce oceli v Evropé za ArcelorMIttal s 50 000
zamgstnanci a obratem 20 mld. €. Podil na trhu s lukra-
tivni oceli pro automobilovy pramysl by tvofil ¢tvrtinu.

Zelezarny Kosice jsou nyni v &inskych
rukou

Je to nyni jiZz podruhé, co je evropska ocelarna, pattici
difve US Steel, odkoupena ¢&inskym ocelarskym
koncernem. Podle Radia O1 Morgenjournal prevzala
vychodoslovenské Zelezarny Kosice ¢inskd He Steel.
Pred témeér presné jednim rokem prevzala ¢inskd Hebei
Iron and Steel Group (HBIS) srbskou ocelarnu
Smederevo poté, co ji Srbsko od US Steel odkoupilo
zpatky. Par mésict po pievzeti se ocelarna stala druhym
nejvétsim exportérem zemé. Zelezarny Kosice jsou se
svymi 14 000 zaméstnanci jeden z nejvétSich podnika
Slovenska. Zda Citiané dali témto spolupracovnikam
garance zaméstnanosti, neni znamo. RovnéZ kupni cena
neni znama, spekuluje se o 1,4 mld. € V kazdém
piipad¢ se slovenska vlada pfi jednanich velmi snazila
udrZet a zvysit v podniku vliv statu. Cinsky investor by
nemél ocelarnu vyuzivat jako zakladnu pro odbyt v Cing
vyrobenych ocelatskych vyrobki. Zelezarny byly pied
17 lety koupeny koncernem US Steel, neptinesly vSak
Ameri¢anam velky Gspéch. Jen diky velkym subvencim
odvratila vlada prodej huti v roce 2013. Situaci ma nyni
zachranit He Steel, druhy nejvétsi vyrobce oceli v Cing
s 33 000 zaméstnanci.

Schoeller Werk vyrabi p¥imé roury o délce
36 m

Chladici systém je centralni soucasti elektrarny. Horka
para, ktera je nutna pro vyrobu proudu, musi byt za
turbinou ochlazena a nésledné znovu privedena do
systému. Se stoupajicim vykonem elektraren se zvétSuje
také sekundarni okruh kchlazeni systtmu a tam
pouzivané roury jsou delSi. Ty musi soucasné odolavat
zvySenym poZzadavkim, protoZe jsou vystaveny silnym
zatézim vysokych teplot a tlaku a kazdy defekt muze
vést ke Skodam na zdravi, Zivotnimu prostiedi a vécnym
Skodam. ,,Vétsi efektivita a vetSi vykonnost pii maxi-
malni bezpec¢nosti. Tato deviza plati v energetickém
odvétvi jiz dlouho. My snaSimi cennymi feSenimi
problému trub podporujeme naSe zakazniky pii optima-
lizaci funkéni bezpeénosti  jejich elektraren,”  fika
Markus Zimmermann, $éf tymu u Schoeller Werk.
Podle specifikace zakaznika maji roury primér od 15 do
25,4 mm a silu stény od 0,8 do 2,11 mm. Pro jejich
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vyrobu se pouziva Siroka paleta austenitickych a feri-
tickych oceli. Ty jsou nejen obzvlast korozivzdorné.
Ale také odolné proti vysokym teplotam.

Elektromobilita s podvozkem z lehké
konstrukce

Elektromobilita ziskava soustavné na vyznamu. Pfitom
hraje jednu z rozhodujicich roli redukce hmotnosti dila
vozidla, kterd vede k vysSi efektiviteé a ochrané zdroja.
Zde nabizi lehké konstrukce swvyuzitim oceli razna
feSeni. Specialista koncernu Thyssenkrupp Precision
Steel v Hohenlimburgu nyni pomoci superlehké trub-
kové konstrukce vyvinul novy konstrukeni dil pro
podvozek elektromobilu. Pouzita je vysokopevna ocel
HBS 800. MenSim nasazenim materialu u této optima-
lizované komponenty podvozku dochazi k Uspore
hmotnosti o vice nez 34 %, tzn., ze dil je o tietinu leh¢i.
DalSi vyhodou inovativni konstrukce je kratSi doba
vyroby a podstatné mensi prostiih. DalSi soucasti nové
koncepce vozidla jsou také moderni trubkové stabili-
zatory z mangan-borové oceli, kde inovativni feSeni
vede k Gspoie hmotnosti aZ 45 %.

Salzgitter plati trestna cla USA

V antidumpingovém procesu USA proti evropskému
ocelarskému podniku potvrdil druhy nejvétsi némecky
vyrobce oceli Salzgitter placeni trestného cla. ,,0d
30. bfezna to nabylo pravni Ucinnosti a naS vyrobek
hruby plech je od té doby zatizen trestnym clem ve vysi
22,9 %, tekl mluvéi koncernu Salzgitter. Cla nebyla
uvalena se zpétnou platnosti. Koncern rozhodné odmitl
proti nému smérované vytky, jeho obrat v obchodu
s USA ¢ini zruba 6 % z celkového obratu.

Rozlouéeni Audi s autem z hliniku

Zné pokrok jen jeden smér? Na spirdle se muZete
pohybovat stejné smérem nahoru i dolt. To se domni-
vali inZenyti z Audi, kdyZ nadchnuti zapalenym techni-
kem Ferdinandem Piechem, kdyZ vyvinuli v roce 1994
pro druhou generaci velké limuziny A8 prvni velko-
sériové vyrabénou celohlinikovou karoserii. PouZzitim
tohoto lehkého kovu sniZili hrubou vahu hrubé karoserie
na pouhych 249 kg. Leh¢i auta, tak pravila nadgje,
potiebuji jen mensi motor a ne tak silné brzdy a tlumice.
Snovym A8, které bude predstaveno na IAA ve
Frankfurtu nad Mohanem, probéhne rozlouceni s ¢isté
hlinikovym A8, které bylo mezitim kopirovano mnoha
vyrobci. Dnes bude zraznych druhd hliniku jiZz jen
58 % hrubé Kkaroserie, jakoZ i dveie, kryt motoru a kryt
zavazadlového prostoru. Nové kouzelné slavko zni:
»Smiseny zpusob konstrukce*. Zvlastni roli pti tom hraji
za tepla tvaiené oceli, ty tvofi jadro piedni kostry
prostoru pro cestujici, které chrani jezdce a spolujezdce
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pied narazem. ,,Postavime-li pevnost do relace s hmot-
nosti, lezi za tepla tvarena ocel dnes pied hlinikem®,
vysvétluje Bernd Mlekusch, $éf centra pro lehké
konstrukce v Audi.

Novy online-shop by mél dat odbytu
Severstalu k¥idla

S novou webovou strankou bude néakup oceléaiskych
vyrobki tak jednoduchy jako staZzeni e-knihy nebo
nakup novych bot. To v kaZzdém ptipadé slibuje podnik,
patiici ruskému miliardaii Alexeji MordaSevovi. Prvni
testy v listopadu 2016 byly ziejm& tak U(spé&sSné, Ze
Severstal chce jiz vroce 2018 prodavat 3,5 mil. tun
oceli online, tretinu celkového odbytu zroku 2016.
Ackoliv je internetovy prodej ocelaiskych vyrobku stale
oblibengjsi, piedevdim v Cing a v Indii, je vétSina
online-shopti provozovana obchodniky a ne vyrobci.
Severstal chce zpocatku nabizet online jen standardni
vyrobky, potom ale krok za krokem i specialni vyrobky.

Cinské hospoda¥stvi silné roste

Pokud vetime vladé v Pekingu, roste ¢inské hospo-
daistvi s fenomenalni stabilitou. Vykon ekonomiky
stoupnul v prvnim &tvrtleti béziciho roku ve srovnani se
stejnym obdobim ptedchéazejiciho roku o 6,9 %. Podle
oficidlnich ¢isel kolisaly hodnoty rastu v uplynulych
jedenécti ¢tvrtletich v Gzkém rozmezi od 7,2 do 6,8 %.
Ekonomové vyjadiili v minulosti domnénku, Ze ¢inska
Giedni statistika v letech, kdy hospodarstvi skutec¢né
silné expandovalo, uméle vykony sniZovala. To Pekingu
umoZnuje, Ze v ¢asech, kdy skute¢nost neni tak dobra,
statistiku upravit, aniZz by to zpochybnilo nebezpe¢né
cely obraz. Nova dobra ¢tvrtletni data z Ciny jsou
ovsem podlozena dalSimi dobrymi konjunkturnimi
hlaSenimi. Pro ¢inské hospodéarstvi velmi dulezity trh
s nemovitostmi sice roste méné razantné, ale poiad jesté
s dvoumistnymi procentnimi hodnotami. Také pied
nékolika dny zvetejnény silny rast exportu podporuje
dojem prosperity. Prodeje motorovych vozidel se
v prvnim &tvrtleti zvysSily o 7 % oproti stejnému obdobi
minulého roku, i kdyZz Peking znovu snizil danové
vyhody pro kupce. Vzestup ¢inského hospodaistvi
zacatkem letoSniho roku, ktery je o 0,2 % vy3si nez
v piedchéazejicim obdobi, muze ale byt vysledkem
statnich subvenci.

Trump stavi importy oceli na zkuSebni
stojan

Prezident USA Donald Trump necha pirezkoumat, zda
importy oceli napt. z Ciny a Némecka nenaruduji narodni
bezpecénostni zajmy. ,,Ocel je rozhodujici jak pro naSe
hospodérstvi, tak také pro naSe vojsko,“ tekl Trump ve
Washingtonu po podpisu memoranda, kterym je
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ministerstvo obchodu povéfeno prezkoumanim importt
oceli. Pfitom se musi ministerstvo obchodu domlouvat
s Pentagonem. ,,Dumping se stal v této zemi obrovskym
problémem,* stézuje si Trump. ,,Do USA jsou importo-
vana obrovskd mnozstvi oceli a tato mnozstvi neSkodi jen
nasi zemi, ale také nasSim podni-kim*. USA si ,,nemohou
dovolit” byt zavislé na jinych zemich, varoval president.
Trump soucasné zdutraznil, Ze se nejedna o opatieni proti
Cing. ,,To neméa s Cinou nic spole¢ného, dumping je spise
celosvétovy problém*“. Ministr obchodu USA Wilbur
Ross, ktery diive pracoval pro koncern ArcelorMittal,
fekl pfed novindri, Ze ve hie je piezZiti americkych
vyrobct oceli. Jen v prvnich dvou meésicich letodniho
roku stouply dovozy oceli do USA o0 19,6 % a tvori dnes
¢tvrtinu oceli na trhu USA. Ameristi vyrobci jsou pritom
vytiZeni jen ze 71 %.

Suroviny tlaéi kurzy dold

Politika ma finanéni trhy i nadale pevné v rukou: poté,
co britskd premiérka Mayova piekvapivé oznamila ve
Velké Britanii nové volby, spadl burzovni index FTSE
100 o 1,7%. Sestupnému trendu se nevyhnuly ani
némecké akcie. Nejvétsim porazenym byl ocelarsky
koncern Thyssenkrupp, ktery ztratil 2,5 %. Tuto ztratu
pomohl vytvorit pad ceny Zelezné rudy v Cing, ktery
¢inil 6,5 %. Poptavku po Zelezné rudé dusil prebytek
nabidky oceli. Cena oceli klesla na burze v Sanghaji
03,7%. Vyvoj, kterému neunikla ani konkurence
Thyssenkrupp v Némecku — Salzgitter, ztratil vice jak
2,5 %, ArcelorMittal Sel dokonce 05 %. Od poloviny
biezna ztratily tyto tfi koncerny jiz 9-21% na
burzovni hodnoté. Podobné se nedafilo i dalnim
koncernim (Glencore, Rio Tinto). Optimisticky hledi
ale investori na Turecko. Po svém vitézstvi v referendu
si Erdogan upevnil svoji pozici a burza reagovala proti
evropskému kurzu smérem vzhuru. Podle nazoru
Commerzbank bude mit ale zotaveni turecké meény
a burzovnich cen jen kratké trvani.

Izolace & la Trump

V duchu Trumpova hesla ,,America first* slibil ministr
financi USA Steve Mnuchin, Ze bude branit prava
Spojenych stata a jmenoval jako piiklad rozhodny postup
proti dumpingu u oceli. Proti intervencim vlady USA se
ale musi pripravit i jin odvétvi. Ze to vlada mysli vazng,
o0 tom podniky nepochybuji: jak se Handelsblatt dozvedél
z podnikatelskych ~ kruhti, vyzvala vldda pravniky
jednotlivych firem, aby Zadaly zavedeni omezeni dovozu.
Mezi nimi zejména zéstupce ocelarského, hlinikarského
asolarniho odvétvi. Opatieni se maji smérovat zejména
proti Cing, mohou ale postihnout také importéry z jinych
zemi. VIada mini podle dostupnych informaci zavést tzv.
»oafeguards”. Tato ochrannd opatieni umoZnuji podle
pravidel WTO kréatkodobé omezit import ptislusnych
vyrobka dovoznimi kvétami nebo dovoznimi cly, a sice
nezavisle na tom, odkud tyto vyrobky pochazeji. Jinak
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nez pii jinych antidumpingovych opatfenich zde vlada
nemusi dokazovat neférové praktiky zahraniénich
dovozci. Koneéné rozhodnuti je na prezidentovi USA.
U koncernu Thyssenkrupp i druhého nejvétsiho vyrobce
oceli v Némecku Salzgitter jiz o téchto planech nepiimo
slySeli. ProtoZze se jednd o drakonické opatieni,
piedpoklada WTO od roku 1994 pro Safeguard prisna
opatieni. Aby se dostalo predpisim, musi podniky
a Ufady USA prokazat, Ze doméci pramysl v dasledku
kratkodobého a nepiedpokladdaného zvy3eni importu
utrpél t&zké Skody. VIada piitom predpoklada, Ze ji
podniky dodaji piesvédéivé dikazy. Trump neni prvni
americky prezident, ktery by chtél zavést takova opatieni.
Zkousel to i George W. Bush vroce 2001, kdy chtél
u nekterych ocelérskych vyrobka zvysit cla az o 30 %.
Obchodni partnefi stim ale nebyli srozuméni a podali
Zalobu u WTO a vyhrali. Je zde ale jeden problém: mezi
zavedenim opatieni a rozsudkem WTO ubéhne pomérné
dlouha doba, vtomto obdobi opatieni Safeguard plati.
V roce 2001 ¢inila tato doba dva roky. Kromé toho neni
jasné, zda by Trump takovy rozsudek vibec akceptoval.
V Bruselu a v Berliné panuji velké obavy, Ze Washington
mezinarodni systém pravidel pohibi.

Ugitech: kapacity v zajistovani kvality
zvyseny o0 50 %

Je jedno, zda se jedna o brzdové systémy, vstiikovaci
trysky nebo tlakové senzory v airbagu — u téchto vyrobki
z oceli pro bezpecnostni konstrukéni prvky plati v auto-
mobilnim pramyslu princip nulovych chyb. Aby se
splnila stoupajici poptavka na bezvadnou uslechtilou
ocel, investoval Ugitech kolem 2 mil.€ do nového
ultrazvukového zkuSebniho zatizeni. Tim dcefiny podnik
Svycarského koncernu Schmolz+Bickenbach vyrazné
navysil své kapacity v oboru zajistovani kvality. Dnes
Ugitech, jako vyznamny dodavatel soucéstek z uslechtilé
oceli pro automobilni pramysl, provéiuje roéné kolem
35000 tun ocelovych ty¢i na vnittni a povrchové vady
a prispiva tak vyznamné ke zvySovani kvality automo-
bilnich soucastek.

Dillinger HUtte ma milionovou ztratu

Dillinger Hiitte vykazala i ptres dobré vytizeni v uply-
nulém roce pred zdanénim a Groky ztratu 80 mil. €.
V roce 2015 vykézala firma jeSté v bilanci maly zisk
10 mil. €. Podnik sice v roce 2016 zvysil odbyt valco-
ven v Dillingenu a Dunkerque z 1,86 mil. na 1,88 mil.
tun, obrat ale klesl z 1,84 mld. na 1,76 mld. €. Jako
davody firma uvadi celkové Spatnou situaci v odvétvi.
Aby se firma udrZzela i pres trvajici krizi v oblasti
hrubych plechu fit, vyhlésila restrukturaliza¢ni program
,Dillinger 2020“. Néaklady pijdou dold, predpoklada se
snizeni po¢tu zaméstnanci o 400. V roce 2020 by méla
hut zaméstnavat jiz jen 4700 lidi. Nepajde ale 0 masove
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provozni propousténi, spiSe o neobsazovani uvolnénych
mist a propousténi do dichodu.

Velkozakéazka pro firmu Europipe
z Mihlheimu

Spoleény podnik firem Salzgitter Mannesmann
Grobblech (MGB) a Milheim Pipecoatings si mohly
zapsat do zakazkovych knih znovu objemny obchod:
provozovatel déalkovych vedeni Gascade si objednal
u Europipe 635 000 tun velkych trub pro plynovod
z némeckého Baltu do Ceské republiky. Plynovod pajde
z Lubminu u Greifswaldu, kde Usti baltsky plynovod
z Ruska, ptes Meklenbursko, Braniborsko a Sasko do
Ceské republiky. Na Gzemi vychodniho Némecka se
bude stavét celkem 485 km plynovodu. Polovinu
hrubého plechu doda Europipe jako vedouci svétova
znacka a druhou polovinu dodd Dillinger Hitte.
O povrstveni trub o praméru 56 coult se postara
Milheim Pipecoatings. Zakazka posune odbouravani
pracovnich mist u Europipe jesté hloubgji do Supliku.

Nové vzk¥iseni British Steel

Noveé zaloZena ocelarska skupina British Steel disponuje
historicky vyznamnym jménem. Vedena je manazerem
Rolandem Junckem, sidlicim v Curychu, ktery se zapii-
séhl, Ze ve strukturélné slabém severu Anglie vytvori
nové pracovni prilezitosti. Pro novou British Steel hraje
dulezitou roli evropsky vnitini trh. Denng jezdi dva viaky
mezi sidlem firmy v Scunthorpe se 4200 zaméstnanci do
francouzské pobocky v Hayange, kde 400 zaméstnanct
vyrabi z ocelovych bloki z Anglie Zelezni¢ni koleje
prevazné pro francouzské drahy SCNF. Kromé¢ velkych
ocelovych nosnikd pro budovy tvoii pravé kolejnice
hlavni  produkt  British  Steel. Zi
konkurentem firmy v obchodu s kolejnicemi je rakousky
ocelarsky koncern VoestAlpine. Oba zavody (Scunthorpe
i Hayange) ziskala British Steel od Tata Steel jako vysoce
ztratové provozy. Ztrata v uplynulych letech dosahovala
ro¢né 80 mil. liber. Novy majitel vSak doufa, Ze jiZ v roce
2017 piejde firma do cernych ¢isel.

Vyvinuta ocel s podobnymi vlastnostmi,
jako maji kosti

Mezinarodni tym védci v Max-Planck institutu pro
vyzkum Zeleza v Disseldorfu (MPIE) vyvinul novou
ocel, inspirovanou vlastnostmi lidskych kosti. Tato ocel,
legovana manganem, niklem a hlinikem vykazuje
mimofadné vysokou odolnost proti Gnavé a zastavuje
v oceli rozSifovani Gnavovych trhlin jiz velmi brzy na
mikro - a nanodrovni.
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5. ¢ast: Specialni technologie

Kromé zakladnich technologii vyroby a tvaieni kovi zvladli davni hutnici i fadu specialnich technologii. Jednou
z nich bylo zpracovani polymetalickych rud, které se vyskytuji pomérné &asto. Casté jsou napiiklad rudy
obsahujici olovo a stfibro. Po jejich redukci se ziska roztavena slitina olova a stfibra. Po dlouhd staleti méli lidé
zajem pouze o stribro. Na taveninu proto dmychali vzduch, olovo prednostné zoxidovalo, protoZze ma vétsi afinitu
ke kysliku nez stfibro, preSlo do strusky na povrchu a po opakovanych takovychto krocich nakonec zbylo jen
roztavené surové stiibro. Tento postup se pouzival aZz do novovéku a tfadi se k pyrometalurgickym technologiim.
U starych huti se proto nachazely haldy strusky s vysokym obsahem olova a piipadné i dalSich kovi. V pozdéjsi
dobg, kdy jiz byl o olovo zjem, se zacaly zpracovavat i staré strusky. Zpracovani polymetalickych rud mél ziejmé
na mysli prorok Ezechiel, kdyz napsal: "Lidsky synu, dam izraelsky se mi stal struskou, vSichni jsou pouha méd’
a cin, Zelezo a olovo uvniti tavici pece, stali se struskou po tavbé stifbra ... Jako se shromazd'uje stribro a méd’,
Zelezo, olovo a cin dovniti tavici pece a kolem ni se rozdmychava ohen k tavbé, tak vas shromazdim ve svém hnévu
a rozhoiéeni, vloZzim do pece a roztavim.” (Ez 22,18 a 20)

Jiz ve staroveéku bylo zvladnuto tazeni dratu, oviem jen z neZeleznych kovd,
piedevsim stifbra, zlata a slitin médi. Kov se tahl se pies provrtané kameny.
peclivé odstranéni okuji a dobré mazani pravlaka z tvrdokovi, bylo zvladnuto
az vmoderni dobé. Draty na draténé koSile bojovnikt [1] (obr. 1) se ve
stiedovéku vyrabeély kovéaiskym prodluZzovanim na kovadlinach. Ziskéavaly se
tak kousky dréata v délkach 20 az 30 cm a tyto vykovky se svafovaly v ohni.

O kaleni oceli pise jiz Homér ve své Odysseji (800 let pt. Kr.). |1 vBibli je

zminka o kaleni nastroji v 1. knize Saulove, coz by dokonce odpovidalo r. 1040

pf. Kr., avSak nastroje zté doby nemaji jest¢ typickou zakalnou strukturu.

Struktura oceli totiz jasné nedokazuje, zda predmét byl zakalen. Nejstarsi

nastroje byly zakalené bud’ jen na povrchu, nebo viibec ne. Snad byla dosazena

jen nizka teplota ohievu nebo tento vyraz tehdy oznacoval jiny postup, mozna

ostieni. Archeologické nélezy svéd¢i o tom, Ze kaleni, které dava oceli

Obr. 1 Bojova dréténa kosile spletena ~ Martenzitickou nebo bainitickou strukturu, se zacalo praktikovat v Recku

z 20 tis. Zeleznych krouzki; nélez v 5.stol pi. Kr. Podle nékterych autord ho vSak vynalezli Skythové a staii

v bazing Vimase, ostrov Fyn, Rekové od nich postup prevzali. Skytové, kteii byli ve vojenském i obchodnim

Dénsko, 2. - 3. stol. [1] (archiv red.) X . . > wr iy Y . P .

vztahu sReky voblasti severniho Cernomoti jiz v predhelénském obdobi

(dokladd to Hérodotos ve svych Déjinach — Histories apodeixis a ionské
keramické vykopavky), ovladali totiz vysoce
rozvinuté technologie hutnictvi drahych kovia
iZeleza a wvyrobkd znich [2]. Bohaté
archeologické zdroje v hradisti Kamenskoje
dokladaji u Skytd v oboru hutnictvi Zeleza
pouzivani kovéarského svaiovani, cementace
nebo tepelného zpracovani za Ucelem dosazeni

jemnozrnné perlitické struktury.

Ve stejné dobé nebo snad diive bylo kaleni
zavedeno i v Indii. V Indii byla zvladnuta
vyroba vysokych sloupti a jinych objemnych
predmétt kovanim. Nejzndméjsi z nich je
sloup v Delhi (obr. 2,3). M& vySku 7,3m
(nad zemi 6,5m) a hmotnost 6,5t. Byl
vykovan ziejmé mezi roky 375 a 415. Udava
se, ze ho kovalo 120 kovatu. Postup kovani a
manipulace pii kovani zistavaji neobjasnény. Obr. 2 Ocelovy sloup v Delhi Obr. 3 Napis na detailu sloupu v Delhi
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V Indii pted pfichodem Evropant neznali vodni kolo, femeslnici v§e provadéli ruéné. Dalsi podobné sloupy jsou
v Kapurhale a ve Dharu. Druhy z nich je dokonce 15 m vysoky a ma primér 200 mm. Vsechny tyto sloupy stoji pod
§irym nebem a nevykazuji stopy koroze. Na jejich povrchu je vidét, ze byly vyrobeny kovaiskym svarfovanim slitkd
0 hmotnosti asi 20 — 25 kg. Odolnost proti korozi se vysvétluje zvySenym obsahem fosforu.

Pii vyrobé malych zvoneckl ¢i Sperkti se pouzivala dal$i specidlni technologie, a to odlévani s vyuzitim
vytavitelného voskového modelu. Podle [3] pouzivali tuto technologii pfi vyrobé Sperk jiz Sumerové
v Mezopotamii. Podle archeologickych vykopavek z hradist¢ Kamenskoje na Dnépru [1] ji ovladali i tamni
femeslnici pfed rozvinutim hutnictvi v Evropé. Technologii voskového modelu pouzivali také Aztekové a Inkové
v dobé objeveni Ameriky.

Velké zvony se zacaly odlévat az ve sttedovéku. Odlévaly se ze zvonoviny,
coz je bronz obsahujici 78 % médi a 22 % cinu. V minulosti se tyto zvony
odlévaly na stavenisti kostela. Tehdy byla rozsifena povéra, ze ptidavek zlata
a stiibra zlepSuje zvuk zvonu. Lidé proto hazeli Sperky do otvoru v peci.
Ty vsak cilené padaly do jamky pod peci, nikoliv do tavené 1azné a byly
vitanym materidlnim pfinosem huté. Pokud se provede chemicka analyza
takto odlitého historického zvonu, zddné drahé kovy se v ném nenajdou.
Podobnych technologickych myti kolovalo v historii mnoho.

Mnohé povéry se vazaly na operaci kaleni. Naptiklad se udavalo, ze n€které
nastroje je tfeba kalit v panenské moci. Zde je tfeba pfipomenout, ze pii
kaleni se musi dosahnout uréita rychlost ochlazovani, aby vznikla zakalna
struktura. Pfi vy$§im obsahu legur (v historii se pozivala jedina legura, a to
uhlik), tedy pii vy$Sim obsahu uhliku, stac¢i niz$i rychlost ochlazovani.
Naopak, pti vysoké rychlosti ochlazovani je u vykovki s vysokym obsahem
uhliku a vyssi tloustkou nebezpeci vzniku trhlin pfi kaleni. Mensi rychlost
ochlazovani se dosahuje ve slané vodé, moci nebo oleji. Jind metoda se
pouZ{Vala a stale Jveste pouZiva pi kaleni ]apongkych samurajskych meci Obr. 4 Jilov izolace na epeli mece
zvanych katana. Pred kalenim se na povrch mece nanesla vrstva kasicky, pripraveného pro kaleni ostf, které je
jejimz zakladem byl kaolin nebo jil pojeny napf. vodnim sklem. Tato ponechano bez izolace; ukazka
ochranna vrstva se nanaSela na hibet a stény v souvislé vrstvé. Ostii z predvadeni technologie na VSB-TU
ziistavalo v pasmu o pozadované §iice obnazené jak pro plisobeni teploty OStfratva’ 20?17

ohfevu, tak pro zrychleny odvod tepla pifi kaleni. Na povrchu vznikl (foto red.)

charakteristicky opticky reliéf. Jest¢ i dnes$ni kovaii na svych predvadécich
akcich kovou tyto mece podle ptivodni technologie. Na obr. 4 je mec
ptipraveny pro kaleni ostfi, obr. 5 ukazuje vlastni kaleni.

Plinius starsi ( r. 79 pii evakuaci obyvatelstva Pompeji pfed erupci
Vesuvu) ve svém dile Historia naturalis (r. 77) uvadi, Ze slitina electrum
tvofena tfemi dily zlata a jednim dilem stiibra, kterd se pouzivala na
vyrobu pohdri, ma zvlastni vlastnost: ,, Octne-li se v pohdru vyrobeném
z élektra jed, objevi se na kovu oblouky jako na nebeské duze a ozve se

praskani ohné.” Tuto povéru, vymyslenou patrné néjakym zlatnikem za
ucelem zlepseni odbytu, ptevzala od Plinia

Star§iho fada antickych autorti. Ve starych dobach se jim bézné véfilo.
Mnohé z nich jest¢ dnes nalezneme ve zcela vazné minénych publikacich. Obr. 5 Viastni kaleni japonského mede;

V Bibli vsak je nenalezneme a kdyz se zde nachéazeji mnohé narazky na ukézka z predvadéni technologie na VSB-TU
praci hutnikti a kovart, pak v téchto nardzkach nejsou vécné chyby. Ostrava, 2017 (foto red.)
Vysvétleni je jednoduché: vyrobu kovovych ozdob a bohosluzebnych

predmétll pro chram provadéli piimo kn&Zi. Slo o predméty uréené pro Bozi diim. KnéZi tedy byli obeznameni
s hutnimi technikami. Obdobné v pravoslavné cirkvi nemize psat ikony (ikony se nemaluji, ale pisi) bézny malif
(v historii fazeny mezi obycejné femeslniky), ale jen mnich ¢i Cloveék, ktery je dokonale sezndmeny s danym
odvétvim religionistiky.

Ing. Ladislav Jilek, CSc.
Ing. Jan Pocta, CSc.
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NABIDKA DOKTORSKEHO STUDIA
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Jdi za svym cilem...

Fakulta metalurgie a materialového inZenyrstvi VSB - TU Ostrava nabizi uchaze¢im s ukonéenym
navazujicim magisterskym vzdélanim studium ve studijnich programech doktorského studia:

METALURGIE

Doktorsky studijni program Metalurgie zahrnuje tfi studijni obory:
Metalurgicka technologie, Chemicka metalurgie a Tepelna techni-
ka a paliva v priimyslu. Pokryva tedy celou $ifku problematiky vy-
roby a zpracovani tekutych a pevnych materialli na bazi Zeleza a
nezeleznych kovi, chemickych aspektt procest pfipravy kovovych
materiall a jejich teoretickych zakonitosti a rovnéz fyzikalni pod-
staty procesu souvisejicich se sdilenim tepelné energie a pramys-
lovymi palivy véetné ekologickych aspekti metalurgické vyroby.
Studijni program Metalurgie vychovava Spickové odborniky, ktefi
se budou schopni uplatnit ve védeckeé, vyzkumng, vyvojové i vy-
robni sfére ve vysoce odbornych i vedoucich funkcich.

MATERIALOVE VEDY A INZENYRSTVi

Program vychovava vysoce erudované odborniky Sirokého interdi-
sciplinarniho zaméreni se Sirokym pfirodovédnym zakladem. Je
koncipovan na hlubokém poznani struktury klasickych i special-
nich materiald, jejich uzitnych vlastnosti, vztahl mezi strukturou i
vlastnostmi i mechanizml jejich degradace. RovnéZ zahrnuje
oblast hodnoceni mechanickych vlastnosti, diagnostiku chemické
konstituce i struktury materiall, véetné diagnostiky materialo-
vych vad. Seznamuje s modernimi metodami vyroby technickych
materiall a jejich recyklaci.

PROCESNI INZENYRSTVi

Studijni obor je zaméFen na védeckou a samostatnou tviréi €in-
nost v oblasti disciplin chemického a procesniho inzenyrstvi zahr-
nujicich jak teoretickou praci, tak praci experimentalni s vyuZitim
pokrocilych vyzkumnych technik. Absolventi doktorského studij-
niho programu naleznou uplatnéni ve vyrobnich podnicich che-
mického, potravinafského i farmaceutického primyslu a v oblasti
ochrany zZivotniho prostredi, dale jako védecti, vyvojovi nebo pe-
dagogicti pracovnici na vysokych Skolach, ve vyzkumnych Gsta-
vech avyzkumnych institucich a ve statni spravé.

RIZENi PROMYSLOVYCH SYSTEMU

Studijni program vychazi ze systémového, integralniho pojeti fize-
ni prumyslovych aktivit a procest v podminkach trzni ekonomiky.
Jako vyvazené propojeni znalosti prumyslové podnikatelské eko-
nomiky, teorie a metodologie primyslového managementu se zna-
lostmi technickymi a technologickymi, je studijni program orien-
tovan zejména na vyrobni systémy ve sféfe metalurgické, chemic-
ké a strojirenské, avSak zasahuje i do oblasti nevyrobni sféry.

#fmmiostrava

ZAUJALY VAS DOKTORSKE STUDIJNi PROGRAMY NA FMMI?

S podrobnou charakteristikou jednotlivych studijnich programt a oborl se miZete seznamit na webu www.fmmi.vsb.cz.
Absolventi doktorského studia FMMI se uplatni v materialovych, metalurgickych, chemickych a ekonomickych oborech,
ale také ve védecko-vyzkumnych organizacich i organizacich statni spravy.

PRIHLASKU KE STUDIU lze podat elektronickou formou prostfednictvim formulafi dostupnych
na www.fmmi.vsb.cz nebo pisemné na adresu studijniho oddélent:
FMMI, VSB-TUOQ, 17. listopadu 15, 708 33 Ostrava-Poruba.

17. listopadu 15/2172, 708 33 Ostrava - Poruba, +420 597 325 552, monika.barcova@vsb.cz

www.fmmivsb.cz

Facebook, Instagram: fmmiostrava
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