Office de la Proprieté Canadian

Intellectuelle Intellectual Property
du Canada Office

Un organisme An agency of
d'Industrie Canada Industry Canada

CA 2420604 C 2010/01/19

(11)(21) 2 420 604

(12 BREVET CANADIEN
CANADIAN PATENT
13) C

(86) Date de déepot PCT/PCT Filing Date: 2001/07/25

(87) Date publication PCT/PCT Publication Date: 2002/03/07
(45) Date de délivrance/lssue Date: 2010/01/19

(85) Entree phase nationale/National Entry: 2003/02/26

(86) N° demande PCT/PCT Application No.: EP 2001/008574
(87) N° publication PCT/PCT Publication No.: 2002/018077
(30) Priorité/Priority: 2000/08/26 (DE100 42 079.6)

51) Cl.Int./Int.Cl. B22D 7171/72(2006.01)

(72) Inventeurs/Inventors:
RAHMFELD, WERNER, DE;
WETTER, JACOB, DE

(73) Proprietaire/Owner:
SMS SIEMAG AKTIENGESELLSCHAFT, D

(74) Agent: MARKS & CLERK

(54) Titre : INSTALLATION DE COULEE CONTINUE PRESENTANT UNE SECTION DE REDUCTION DOUCE
(54) Title: CONTINUOUS CASTING INSTALLATION COMPRISING A SOFT REDUCTION SECTION

1 ]

7!

(57) Abrégée/Abstract:

The Invention relates to a method and a device for the continuous casting of slabs or ingots, In particular of thin slabs In a
continuous casting installation. Said installation comprises a soft reduction section in a continuous casting guide under the mould.
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(57) Abrege(suite)/Abstract(continued):

The soft reduction section contains pressure rollers and support roller (3, 4), which are continuously restrained in relation to one
another, either individually or as a segment (1), by means of hydraulic cylinders (7, /') and are restrained in a limiting manner by
stops (30). The Installation uses a hard-pressure restraining force In an area of the soft reduction section that has not yet
completely solidified and a soft-pressure restraining force in an area of the soft reduction section that has completely solidified.
Threshold and changeover values for the hard and soft-pressure are defined Iin the segment Is restrained using hard-pressure,
such a way that If the restraining force lies below the threshold or changeover value, and If the restraining force lies above the
threshold or changeover value the segment Is restrained using soft-pressure.
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ABSTRACT

The invention relates to a method and a device for the continuous casting
of slabs or ingots, 1n particular of thin slabs 1n a continuous Cas_ting installation.
Said installation comprises a soft reduction section in a continuous casting
guide under the mould. The soft reduction section contains pressure rollers and
support roller (3, 4), Which are continuously restrained 1n relation to one
another, either individually or as a segment ('1 ), by means of hydraulic cylinders
(7,\7’) and are restrained in a limiting manner by stops (30). The installation
- uses a hard-pressure restraining force 1n an area of the soft reduction section

~'that has not yet complétely solidified and a soft-pressure restraining force 1n an
area 'Qf the soft redi_lction section that has completely solidified. Threshold and
phangeovér vélues for the hard -and soft-pressure are deﬁned in the segment 1s
| reétf;ined using hard-pressure, such a way that if the restraining force hes
bele the threshold or‘changéo’ver value, and if the restraining' forc;e hies above

the threshold or changeover value the segment is restrained using soft-pressure.
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CONTINUOUS CASTING INSTALLATION COMPRISING
A SOFT REDUCTION SECTION

- The mnvention relates to a method of an apparatus for continuous casting of
slabs and ingots, 1n particular, of thin slabs in a continuous casting installation
including a soft reduction section in a strand guide under a mold and having
pressure rollers and support rollers which are continuously restrained relative to
one another, either individually or as a segment by hydraulic cylinders, and are

restrained by stops 1n a limiting manner.

Many presently operating continuous casting installatibns and continuous
casting 1nstallations the operation of which is to begin, in particular, continuous
casting installations for casting thin slabs use an operational technology with soft
reduction. The method and a corresponding apparatus are primarily installed in the
horizontal portion of a strand guide and serve for improving the microstructural

quality and the surface quality of the cast products.

A soft reduction effect 1s achieved by a reduction of a strand thickness in the
region of its solidification with a molten core up to the tip of a liquid crater. The
region, 1n which the soft reduction significantly affects the strand inner quality lies
in the solidification range at FS: .3 through .8 according to a longitudinal position

on the solidification path. The soft reduction, which consists in reduction of the
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thickness in small steps in the above-mentioned region, prevents to a substantial

extent segregation 1n the meit.

In order to achieve the soft reduction 1n a defined operational region at
different operation conditions, which can be caused, e.g., by changes in the casting
speed, or by stoppages, the zone, in which the strand thickness 1s reduced, should
be changeable along the longitudinal position of the strand. To this end, a position

controlled power cylinder 1s used 1n the support segments.

In order to effect a predetermined reduction of the thickness of a running
strand, the support rollers are conically adjusted to a position favorable for soft
reduction by determining the position of the crater and by determining, by
calculations or by measurements, the change 1n the pressure applied to the pressure
rollers by the strand. This method is practically completely developed and is
designated as a dynamic soft reduction that, however, because of the used technical

means, 1s connected with high costs.

The document WO-A-98/50 185 discloses a method of and an apparatus for
producing steel slabs in a continuous casting machine with a dynamic soft
reduction. The cast strand leaves the mold with a liquid melt enclosed by strand
shell and flows through a downstream strand guide, with the gate with of guide

rollers, which are supported in the stands, being continuously adjustable by
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adjustment elements connected with lower and upper frames. The dynamic soft

reduction 1s effected by the following steps:

a) The gate width is so changed by oscillation about a given centerline of
the gate width that the dynamic influences on the guide rollers are comparatively

small,

b) the amplitude of the gate width oscillation 1s adjusted by an amount that

would cause no plastic deformation of the strand shell,
c) the actual gate width is obtained,

d) simultaneously the adjusting force of the adjusting elements and the

amplitude of the adjusting force are determined, and

e) with an increased amplitude of the adjusting force, the gate width 1s
adjusted to a predetermined value and/or is pressure-controlled by an adjusting

element.

An object of the invention, proceeding from the above-mentioned state of
the art, 1s a method and an apparatus for casting slabs or ingots, in particular,

thin slabs, which is recited in the preamble of claim 1 and which would rnaké

NY1 5329798v]
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possible a highly effective soft reduction with reduced costs of the technical

means and with a high quality of the results.

In order to achigve the above-mentioned object, according to the
vention, hard-pressure restraining force is used in an area of the soft reduction
section that has not yet completely solidified, and a soft-pressure restraining
force 1s used in an area of the soft reduction section that has completely
solidified, with a threshold or changeover value for the hard-pressure and the
soft-pressure being defined and with a restraining 'force being below the
~threshold or changeover vaiue, restraining of the segment is. effected by usiﬁg
the hard-pressure, and above the threshold or changeover value, restraining of

the segment 1s effected by using the soft pressure.

The inventive process is based on the knowledge obtained from a
practical operation that a completely solidified section of a strand, m .case it
reaches the region of the soft reduction; shbuld not be deformed as, otherwise5
the support or pressure rollers, or their bearings, or the segment frame would be
damaged, 1n particular when the sort reduction re gion is formed of several

conically adjustable segments. Such a case can exist when the casting speed is

NY1 5326792v}
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changed and/or when the operation 1s interrupted. In such a case, the
restraining force for the soft reduction must be able to change from the hard-
pressure to the soft-pressure, amounting advantageously to 40% of the hard

pressure 1n run-out section of the strand.

According to the invention, this changeover from the hard-pressure to the
soft-pressure and, vice versa, if needed, takes place automatically as a result of
determination of a pressure increase pulse produced 1n the power cylinder upon
entrance of noﬁ-deformable; completely solidified strand 1n the conically

adjusted segment.

According to one embodiment of the method, it is contemplated that at a
running cast ‘operation with the hard-pressure in the soft reduction -section,ppén
reaching an upper threshold or changeover value of the restraining force, a
changeover to the soft-pressure take place and, vice versa, at a running cast
operation with the soft pressure 1n the soft reduction.section,- upon reaching a
lower threshold or changeover value for the restraining force, a changeover to

_ the hard-pressure takes place.

NY] 5326792vi
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According to a further development of the inventive method, upon entry
of a non-deformable, completely solidified strand section in a conically
adjusted, for a hard pressure, segment, a changeover from a hard pressure to a
soft pressure takes place, based on a resulting pressure increase pulse in the

power cylinder.

The power cylinders are primarily subjected to a soft reduction pressure,
a so-called hard-pressure, with each displacement of the piston resulting in a
pressure change.‘ A pressure sensor on the cylinder provides for the usé of the
pressure increase in the cylindef for switching to a soft-pressure. For |
practically effecting thus, a Shut—off_ valve 1s partially open by a relief valve so
- that a segment 1n the hydrauhc switching 'circuit can give way, 1.e., the segment
inlet width changes so that the completely solidified strand section can pass

through the segment at the soft-pressure.

According to a further embodiment of the inventive method, upon
switching of a segment to an operation condition with a soft-pressure for a
completely solidified strand section in the segment, a pressure inquiry is

initiated wherein 1n short, cyclic, time intervals, changeover from the soft

NY1 5326792v)
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pressure to the hard pressure and vice versa takes place, and 1t 1s checked
whether the pressures remain unchanged or whether they are above or below a
respective threshold or changéover value and, dependent on a pressure test an a
adjustment to the hard pressure or the soft-pressure takes place. These
measures prevent a further opening of the segment by a ferrostatic pressure of

the melt.

According to a still further embodiment of the inventive method, all
segments 1n the soft reduction region and the segments behind them up to '
machine énd are subjected to a cyclic pressure inquiry. Thereby, a uniform

quality of a cast product is insured.

. According to a preferred embodiment of the method, in particular in a
hérizontal portion of a continuous Casting installation, a strand section, in which
soft reduction conditions are true for an opergtion state of the casting operaﬁon '
énd fdr used steél fypés, 1s determined. Then, in the determined strand éupport
section, all support segments are individually adjusted with a necessary cdnjcity.
in such a way that a running-through strand retains a necessary for the soft

reduction, deformation.

NY1 5326792v]
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To this end, the hydraulically adjustable support segments are
individually adjusted, with respect to a thickness predetermined by a
mechanical stop, to a given amount of soft reduction. The mechanical stops
prevent the support rollers from approaching to close to each other and thereby

any damage of the support structure.

An apparatus for continuous casting of slabs and ingots, in particular, of
thin slabs 1n a continuous casting installation including a soft reduction section
in a strand guide under a mold and having pressure rollers and support roller
which are continuously restrained relative to one another, either individually or
as a segment by hydraulic cylinders, and are restrained by stops in a limiting
inanner, includes a segment with support and pressure rollers adapted to a
strand, driven with an adjustable speed, and arranged in a segment frame With
frame upper paﬁ and frame lower part, and a-hydraulic cylinder. According to
~ the invention, a hydraulic circuit includes a pressure sensor and a pressure
~ changeover valve operated by it, a shut-off valve arranged 1n its switching
circuit, a control valve and a relief valve, a. pipe-break preventing means
including a pressure relief valve with a check valvé. ‘The apparatus serves to

provide a hard-pressure restraining force within the not yet completely

7
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solidified region of the soft reduction section or a soft-pressure restraining force

within the completely sohidified region of the soft reduction section and for
switching from the hard pressure to the soft-pressure and vice versa. The
restraining force 1s uniformly led into the pressure and support rollers from the

hydraulic cylinder through the frame upper part and the frame lower part.

In one aspect, the invention provides a method of continuous casting of
slabs and ingots of thin slabs in a continuous casting installation including a soft
reduction section in a strand guide under a mold and having pressure rollers and
support rollers which are continuously restrained relative to one another, either
individually or as a segment by hydraulic cylinders, and are restrained by stops in
a limiting manner, the method comprising the steps of:

using a hard-pressure restraining force in an area of the soft reduction section of
the strand guide in which the strand has not completely solidified, and using a
soft-pressure restraining force in an area of the soft reduction section of the strand
guide in which the strand has completely solidified;

defining a pressure changeover value at which restraining with the hard-pressure
restraining force is switched to restraining with the soft-pressure retaining force
and vice versa; and

applying the soft pressure restraining force when the pressure is above the
changeover value, and applying the hard-pressure retaining force when the
pressure is below the changeover value.

In one aspect, the invention provides an apparatus for continuous casting of

slabs and ingots in a continuous casting installation including a soft reduction

3
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section in a strand guide under a mold and having pressure rollers and support
rollers which are continuously restrained relative to one another, either
individually or as a segment by hydraulic cylinders, with a change of the
restraining pressure and are restrained by stops in a limiting manner, the apparatus
comprising;:

a hydraulic circuit including a pressure sensor for determining pressure in the
hydraulic circuit;

a pressure changeover valve controlled by the pressure sensor;

a shut-off valve;

a control valve for controlling flow to the hydraulic cylinders;

a relief valve for controlling the shut-off valve; and

a pressure relief valve cooperating with the shut-off valve for providing a hard
pressure restraining force within one of a region of the soft reduction section in
which the strand has not yet completely solidified, and a region of the soft
reduction section in which the strand has completely solidified, and for switching

from the hard pressure to the soft pressure and vice versa.
Further particularities, features, and advantages of the invention will
become apparent from the following description of an embodiment of the

1invention shown schematically in the drawing. The drawings show:

Fig.1  asection of a support segment for a cast strand,
together with an associated circuit diagram for

effecting the method according to the invention;

8a
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Fig. 2 a support segment in an open position for running
1n of a strand with a partially liquid core 1n the

region of the tip of the crater.

Fig. 1 shows a section of a support segment 1 for a strand 2, e.g., of a thin

slab cast 1n a continuous casting installation. The support segment 1s located

8b
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within a soft reduction section of a strand guide and has pressure rollers 3 and
support rollers 4 which are continuously restrained relative to one another,

either individually or, 1n the case considered here, as a segment, with a

hydraulic cylinder 7.

The numeral 30 designates a mechanical stop which defines a
predetermined thickness and against which a segment lower part 6 can be
individually adjusted relative a segment upper part 5 to an amount of soft

reduction by pulling the piston rod of the cylinder 7.

In the soft reduction section, the thickness of the cast thin slab is reduced
in small steps in ordér to prevent segregation within the strand and in order to
improve the surféce quality. The soft reduction section includes at.least large
elongate regions of the strand with molten core tip to the tip of the liquid crater.
" In order to adapt the adjustment of the support segments to a respective
changing position of the crater tip, which is changed"as a result of different

operational conditions, a special hydraulic circuit is provided.

As shown 1n the circuit diagram of Fig. 1, the working pressure of the

“hydraulic circuit 1s tapped above and beneath the piston of the hydraulic

NY1 5326792v)
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cylinder 7 and 1s evaluated by a pressure sensor 10. The pressure sensor 10 on
the cylinder 7 provides for use of the pressure increase in the cylinder, e.g., for
switching from hard-pressure to soft-pressure. To this end, the pressure sensor

10 1s connected with a pressure changeover valve 11 by signal lines.

The power cylinder 7 1s subjected to the action of, primarily, the soft
reduction pressure, 1.€., to the action of hard-pressure, and 1s connected, by a
shut-off valve 12, e.g., a pipe-break.valve or a pilot-controlled check valve,
“with a pressure relief valve 15 in such a way that each displacement of the
piston results in a pressure change which, as it has already been mentioned
above, 1n Case of a pressure increase in the cylinder, 1s used for switching to a .

soft pressure.

In case of soft pressure, on the other hand, the shut-off valve 12 is open
by a relief valve 14, and the segment can gi_vé 1n, 1.e., the segment inlet width
can be changed, whereby the solidified strand 2 can pass through the segment 1

under soft pressure.

When at another point 1n time, a non-solidified strand region with a fluid

 crater reaches the segment 1, the segment 1 1s subjected to an action of soft

10
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pressure and gives further in under the action of the ferrostatic pressure of the
strand 2, opening even more, which 1s not acceptable and which causes a

reduction 1n quality of the cast strand.

In order to prevent a further opening of the segment 1 under the
ferrostatic pressure of the non-solidified strand 2, a pressure Inquiry in initiated
1n the hydraulic circuit, at which in short time intervals with time pulses, the

control valve 13 1s switched, by the pressure sensor 10, from soft pressure to hard

pressure, and the check valve 12 is closed.

Finally, 1t 1s checked whether the hard-pressure remains constant, i.e.,
whether 1t remains under the changeover valve or exceeds it. If the pressure is
below the changeover value, it means that the strand 2 has not yet completely

solidified and a hard pressure is needed for festraining the segment.

When, however, the pressure exceeds the changeover value, it means that
the Stranc_i 2 has completely solidified, and the segment restrain should be

effected with soft pressure.

L1
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Fig. 2 showé a segment 1 in a position for running of the strand 2, with
strand shells 2' not yet closed with a core 8 of liquid melt, in. The segment
frames include the segment frame-upper part 5 and the segment frame-lower
part 6 which are clamped to gether with a relatively 1;1rge force against th e
action of the ferrostatic pressure of the strand shells 2" and the liquid molter
core 8. The segment 1 1s equipped with pressure guide rollers 3 and 4 whach

are 'partially provided with drives, as 1s known.

The hydraulic cylinder 7' 1s subjected to the action of the soft pressure,
and the hyd:aulic cylinder 7 is subjected to the action of the hard-pressure, in

accordance with the present invention.

12
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. A method of continuous casting of slabs and ingots of thin slabs in a continuous
casting installation including a soft reduction section in a strand guide under a mold and
having pressure rollers and support rollers which are continuously restrained relative to
one another, either individually or as a segment by hydraulic cylinders, and are restrained
by stops 1n a limiting manner, the method comprising the steps of:

using a hard-pressure restraining force in an area of the soft reduction section of the
strand guide 1n which the strand has not completely solidified, and using a soft-pressure
restraining force in an area of the soft reduction section of the strand guide in which the
strand has completely solidified;

detining a pressure changeover value at which restraining with the hard-pressure
restraining force is switched to restraining with the soft-pressure retaining force and vice
versa; and

applying the soft pressure restraining force when the pressure is above the changeover
value, and applying the hard-pressure retaining force when the pressure is below the

changeover value.

2. A method according to claim 1, comprising the steps of changing the hard-
pressure restraining force to the soft-pressure restraining force when an upper threshold
of the restraining force is reached, and changing the soft-pressure restraining force to the

hard-pressure restraining force when a lower threshold of the restraining force is reached.

3. A method according to claim 1, comprising the step of changing the hard-pressure
restraining force to the low-pressure restraining force upon entry of a non-deformable,
completely solidified strand section 1n a conically adjusted, for a hard pressure, segment,

in response to a resulting pressure increase pulse in the power cylinder.

4, A method according to any one of claims 1 to 3, comprising the steps of
initiating, after switching of a segment to an operational conditional with a soft-pressure
for a completely solidified strand section, in case of a following feeding of a non-

completely solidified strand section in the segment, a pressure inquiry wherein in short,

13
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cyclic, time intervals, a changeover from the soft-pressure to the hard-pressure and vice
versa takes place; checking whether the pressures remain unchanged or whether they are
above or below a respective changeover value; and, dependent on a pressure test,

effecting adjustment to the hard pressure or the soft pressure.

5. A method according to claim 4, comprising the step of subjecting to the pressure
inquiry all of segments in the soft reduction regions and of all of the segments up to a

casting machine end.

6. A method according to any one of claims 1 to 5, comprising the step of
determining, in a horizontal portion of the continuous casting installation, a strand section
in which soft reduction conditions are true for an operational state of the casting

operation and for used steel types.

7. A method according to claim 6, comprising the step of individually adjusting,
with a necessary conicity, all support segments in a determined strand section support in
such a way that a running-through strand retains a deformation necessary for soft

reduction.

8. A method according to any one of claims 1 to 7, comprising the step of
individually adjusting the hydraulically adjustable support segments with respect to a
thickness predetermined by a mechanical stop, to a redetermined amount of soft

reduction.

9. A method according to any one of claims 1 to 8, comprising the step of adjusting

the soft pressure about between 30% and 50% of the hard pressure.

10. A method according to claim 9, wherein the soft pressure adjusting step includes

adjusting the soft pressure to 40% of the hard pressure.

1.  An apparatus tor continuous casting of slabs and ingots in a continuous casting
installation including a soft reduction section in a strand guide under a mold and having

pressure rollers and support rollers which are continuously restrained relative to one

14
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another, either individually or as a segment by hydraulic cylinders, with a change of the
restraining pressure and are restrained by stops in a limiting manner, the apparatus
comprising:

a hydraulic circuit including a pressure sensor for determining pressure in the hydraulic
circuit;

a pressure changeover valve controlled by the pressure sensor;

a shut-off valve;

a control valve for controlling flow to the hydraulic cylinders;

a relief valve for controlling the shut-off valve; and

a pressure relief valve cooperating with the shut-off valve for providing a hard pressure
restraining force within one of a region of the soft reduction section in which the strand
has not yet completely solidified, and a region of the soft reduction section in which the
strand has completely solidified, and for switching from the hard pressure to the soft

pressure and vice versa.

15
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