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In a method for changing the section of a billet of a continuous casting plant during continuous casting, wherein opposed sides of
the billet are in contact with oppositely positioned roll supports arranged below a continuous casting die, wherein the roll supports
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(57) Abrege(suite)/Abstract(continued):
are comprised of segments having rolls, wherein adjoining ones of the segments of each roll support are connected to one another

by a jointed connection and wherein each segment is configured to be adjustable independent of the other segments with respect
to an angular position relative to the billet, and wherein In an Initial position the segments of the roll supports are adjusted to a
uniform billet section, a thickness reduction can be achieved by advancing sequentially in a direction of continuous casting the
segments toward the billet by moving the jointed connections toward the billet in a controlled sequence of adjusting steps or a
thickness increase can be achieved by moving sequentially in a direction of continuous casting the segments away from the billet

by moving the jointed connections away from the billet in a controlled sequence of adjusting steps.
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ABSTRACT OF THE DISCLOSURE

In a method for changing the section of a billet of a
continuous casting plant during continuous casting, wherein
opposed sides of the billet are in contact with oppositely
positioned roll supports arranged below a continuous casting
die, wherein the roll supports are comprised of segments
having rolls, wherein adjoining ones of the segments of each
roll support are connected to one another by a jointed
connection and wherein each segment is configured to be
adjustable independent of the other segments with respect to
an angular position relative to the billet, and wherein in
an initial position the segments of the roll supports are
adjusted to a uniform billet section, a thickness reduction
can be achieved by advancing sequentially in a direction of
continuous casting the segments toward the billet by moving
the jointed connections toward the billet in a controlled
sequence of adjusting steps or a thickness increase can be
achleved by moving sequentially in a direction of continuous
casting the segments away from the billet by moving the

jointed connections away from the billet in a controlled

sequence of adjusting steps.
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BACKGROUND OF THE ENTJION

l. Field of the Invention

The invention relates to a method for changing the
section of a billet of a continuous casting plant during
continuous casting operation wherein opposed sides of the
billet are in operative contact with oppositely arranged
roll supports positioned below a casting die, wherein the
roll supports are divided into sequentially arranged
segments that support rolls and are connected to one another
by jointed connections, wherein each segment is
independently adjustable with regard to an angle relative to
the billet, and wherein in an initial position the billet
guide to be changed is adjusted to a uniform production
format thickness (section of the billet). The invention also

relates to a device for performing the method.

2. Description of the Related Art

The change of section of a billet in continuous casting
plants during the continuous casting operation is an
absolute requirement for optimizing production. However, in
the past it was necessary to reduce the casting speed for a

period of time for the purpose of thickness (section)
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reduction or thickness (section) increase. This results in

production losses, and the entire course of the production

is at least momentarily thrown off balance. Moreover, in

the currently practiced methods it is only possible to

perftorm a fixedly adjusted, stepped change of section.

The patent document EP 0 450 391 Bl discloses a device
for supporting a metal billet, especially for soft
reduction, in a strip casting plant wherein below the
continuous casting die on both sides of the billet mirror-
symmetrically and oppositely arranged roll supports are
provided whose rclls are in operative contact with the
billet. Each roll support is arranged on a stationary frame
and divided into several roll-supporting segments which are
connected to adjusting devices. The roll-supporting
segments are connected with articulation to one another such
that each segment can be independently adjusted at any
desired angle relative to the billet andqfixed in this
position, wherein the upper adjusting device is used for the
general adjustment of the roll support. This adjusting

device can be a mechanical, a hydraulic or a mechanic-

hydraulic adjusting device.

The patent document DE 43 38 805 C2 discloses a method

and a device for operating a continuous casting plant,
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especially for cast-on of a continuous casting plant for
producing thin slabs for hot strip rolling, with at least
one reduction roll pair arranged downstream of the
continuous casting die. Moveable thin slab guiding elements
are positioned downstream of the reduction roll pair. The
reduction roll pair is adjusted, after a predetermined
length of the hot strip has passed through, to a smalier gap
width which results in squeezing off of the liquid phase.
The hot strip is shaped to a cast-on format having a
thickness which is less than the thickness of the desired
final format. The strip guiding elements, respectively, the
reduction roll pair, are subsequently, preferably
successively, adjusted to the thickness of the final format
as soon as the cast-on format of reduced thickness is
completely positioned within their adjusting area. The
reduction roll pair is pressure-controlled and is positioned
in accordance with the final format after the strip guiding

elements have been advanced.

The patent document EP 0 743 116 Al discloses a
vertical casting production line for billets, comprising a
casting die as well as a component group with foot rolls

downstream of the exit of the casting die, moreover a
plurality of guiding units, a correlated vertical roll

segment as well as a driver arrangement in connection with a
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horizontal segment of the casting production line. The

guiding units comprise at least the entire vertical segment
of the casting production line wherein at least a portion of
the rolls of the guiding elements cooperate with adjusting

devices which are controlled by a process data unit in order
to ensure a controllable soft reduction at least in the

second part of the vertical segments.

The patent document DE 196 39 297 Al discloses a method
and a device for high-speed continuous casting plants with a

billet thickness reduction during solidification. 1In the

method and the corresponding device for continuous casting
of billets whose cross-section is reduced during the
solidification, wherein casting is preferably performed with
an oscillating casting die, the billet cross-section is
reduced linearly along a minimal length of the billet guide
directly below the casting die. By means of the subsequent

further billet cross-section reduction along the remaining

billet guide, the so-called soft reduction, up to a point
maximally directly before the final solidification or the
liquid phase tip, a critical deformation of the billet can

be prevented by taking into consideration the casting speed

as well as the steel quality.
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SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a
method as well as a device suitable for performing the
method for format thickness change (change of section) of

the billet of a continuous casting plant during continuous

casting, in which the casting speed for the transitional
process to the change of section is not reduced, i.e.,
constant production and casting conditions are maintained.
The transitional length of the billet during the change a
section 1s to be shortened for the purpose of avoiding
production losses. In all transitional situations of the
change of section an optimal billet support is to be ensured

for reducing break-out risks.

In accordance with the present invention, this is
achieved in that the change of section is carried out in a
controlled sequence of adjusting steps of the segments, in
particular, in that
= a sequential advancement of the sequentially arranged

segments at their jointed connections in the casting

direction is performed for reducing the format
thickness or section, and

= a sequential moving away of the sequentially arranged

segments at their jointed connections in the casting
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direction is performed for increasing the format

thickness or section.

With the disclosed course of the method for a change of
section for continuous casting plants the following is
achieved:

- the casting speed is not reduced for the transition so
that an increase of the production output in comparison

to the prior art as well as constant production and
casting conditions result;

- the transition length of the billet to be produced is
shortened so that production losses are reduced:;

- the thickness or section changes can be performed with
continuously selectable values in a wide adjusting

range as a function of the production program and this

results in a high flexibility of the plant;

- for a reduced material thickness with continuously
reduced wedge shape the roll skirt provides a
sufficient billet support wherein the exit side is
readjusted according to the material thickness, while
for format thickness increase it is achieved that with
increased material thickness as a result of the
increasing wedge shape the roll skirt provides a
sufficient support for the billet and the exit side is

readjusted according to the material thickness.
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In a further embodiment of the method it is suggested
that for a format thickness reduction with constant casting
speed, wherein the solidification point of the billet 9 is,
for example, in the segment n = 3 , the exit side of the
first segment n = 1 is advanced via the jointed connection
with the inlet side of the segment n = 2 by set-point
control in a first adjusting phase, and, after reaching the

target position, i.e., the segment position for the target

format, the exit side of the segment n = 2 is advanced
together with the inlet side of the segment n = 3 in é
second adjusting phase, and in a sequence of identical steps
the adjustments of the segments n = 3, 4 to i to the target

position is carried out.

According to another embodiment of the invention, it is
proposed that for a format thickness increase at constant
casting speed, wherein the liquid phase tip of the billet
1s, for example, located in the segment n = 3, first the
exit side of the segment n = 1 is moved away at the jointed

connection together with the inlet side of the segment n = 2
by set-point control in a first adjusting phase, and, after
reaching the target position, i.e., the segment position for
the target format, the exit side of the segment n = 2

together with the inlet side of the segment n = 3 is moved

away 1n a second adjusting phase, and in a sequence of
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ldentical steps the adjustment of the segments n = 3, 4 to i

to the target position is carried out.

According to a further embodiment of the method of the
invention, it is proposed that the advancing of the segments
1s carried out with constant speed by dynamic position
control, wherein a predetermined force threshold value is

not surpassed.

Moreover, 1t 1is suggested according to the invention to
calculate the adjusting speed of the segments by taking into
consideration the permissible billet elongation limit and
the current casting speed in connection with the current
format adjustment, respectively, according to the resulting
volume flow of the billet. Advantageously, the adjusting
speed 1s calculated via the current casting speed, the
segment length, and the required adjusting stroke according
to the equation

V = Ds/Ls * Vcast
wherein Ds is the format thickness change (change of
section), Ls is the segment length, and Vcast is the current

casting speed.

Further developments of the method propose that the

adjusting process is monitored, for example, by the current



CA 02314011 2000-07-17

cylinder pressures of hydraulic adjusting devices and, when
a threshold value is surpassed, the method switches from

position control to force control and, after reaching the

target position, switches back to position control.

Finally, it is suggested that the respective adjusting
speeds of the exit side and the inlet side of adjoining
segments are inevitably synchronous due to the jointed
connection of the exit side of the segment with the inlet

side of the adjoining segment.

In a device for format thickness change of the billet
of a continuous casting plant, wherein opposed sides of the
billet are in operative contact with oppositely arranged
roll supports below the casting die, wherein the roll
supports are divided into sequentially arranged segments
that support rolls and are connected to one another by
jointed connections, and wherein each segment is

independently adjustable with regard to an angle relative to

the billet, the adjusting devices are advantageously
provided with means for position or force control.
Expediently, the segments are in cooperative connection with
controlled and direction-reversing hydraulic cylinders in
the area of thelr jointed connections between the exit side

and the inlet side.
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In one aspect, the invention provides a method for changing

the section of a billet of a continuous casting plant during

-

continuous casting, whereln opposed sides of the billet are in
contact with oppositely positioned roll supports arranged below a
continuous casting die, wherein the roll supports are comprised of
segments having rolls, wherein adjoining ones of the segments of
each roll support are connected to one another by a jointed
connection and wherein each segment is configured to be adjustable
independent of the other segments with respect to an angular
position relative to the billet, and wherein i1n an i1nitial
position the segments of the roll supports are adjusted to a
uniform billet section; the method comprising the steps of:
advancing sequentially 1n a direction of continuous casting the
segments toward the billet by moving the jointed connections

toward the billet 1in a controlled sequence of adjusting steps for

reducing the section of the billet; or moving sequentially in a

direction of continuous casting the segments away from the billet
by moving the jointed connections away from the billet 1n a
controlled sequence of adjusting steps for increasing the section

of the billet, wherein, for changing the section of the billet

with a constant casting speed and with the solidification point of

the billet having passed the first and second segments, an exit

side of the first segment and an i1nlet side of the second segment

1n the casting direction are advanced 1n a first one of the
adjusting steps toward or moved away from the billet by moving the

first and second segments at the jointed connection connecting the

first and second segments toward or away from the billet by set-
point control, and after the first and second segments have
reached a target position, an exit side of the second segment and
an inlet side of the third segment 1in the casting direction are
advanced 1in a second one of the adjusting steps toward or moved

away from the billet by moving the second and third segments at

9a
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the jointed connection connecting the second and third segments

toward or away from the billet, and after the second and third
segments have reached a target position, 1n further ones of the

adjusting steps the third and further segments are advanced toward

or moved away from the billet sequentially 1n the same manner
until all segments have reached the target position, wherein the
segments are adjusted at a constant adjusting speed with dynamic
position control to a predetermined force threshold value, further

comprising the step of calculating an adjusting speed of the

segments for advancing or moving away the segments based on
permissible billet elongation limit, the current casting speed,
the current section adjustment, and the resulting volume flow of
the billet, wherein, when a predetermined force threshold value 1is
surpassed, force control 1s applied i1nstead of position control
and wherein, when the target position has been reached, the
position control 1s applied again.

In another aspect, the i1nvention provides a method of format
thickness change of the cast strip (9) of a continuous casting
plant 1n continuous casting operation (9), wherein the strip below
a mould (10) 1s disposed at both sides 1n operative connection
with mutually opposite roller supports (8, 8'), which are dis-
tributed i1n a sequence of roller-supporting segments (n = 1 to 1)
coupled to one another by means of joint connection (5-7) and each
segment 1s settable individually at an angle to the cast strip (9)
and wherein 1n a starting position the entire strip guide to be
changed is set to a uniform production format thickness,
characterised in that the format thickness change 1s undertaken in
a regulated sequence of adjusting steps of the segments (n = 1 to
1) (a) in the case of a format thickness reduction by sequential
closing up in casting direction of the segments (n = 1 to i),
which follow one another in a row, at the joint connections (5-7)

—

thereof and (b) 1in the case of a format thickness increase by

9b
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sequentilial extending out in casting direction of the segments
(n = 1 to 1), which follow one another in a row, at the joint

connections (5-7) thereof.

Q¢
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BRIEF DESCRIPTIC

In the drawing:-

Fig. 1 shows the sequence of adjusting steps of the
method according to the invention, illustrated in sequential

phases, for format thickness reduction; and

Fig. 2 shows the sequence of adjusting steps of the
method according to the invention, illustrated in sequential

phases, for format thickness increase.

10
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DESCRIPTION OF THE PRE

Fig. 1 shows the individual method steps of the method

according to the invention for a format thickness reduction
of the billet 9 of a continuous casting plant in continuous
casting operation. Below the casting die 10 the billet 9 is
in operative contact on both opposite sides with mirror-
symmetrically arranged roll supports 8, 8' which are divided
into sequentially arranged roll-supporting segments 1
through 4 connected to one another by jointed connections 5
through 7. Each segment 1 through 4 is adjustable
independently with respect to its angled position relative
to the billet 9. 1In an initial position the entire billet
guide comprised of the roll supports is adjusted to a
uniform production format thickness as illustrated in the
initial position (to the left in Fig. 1). The format
thickness change (change of section) is performed in a
controlled sequence of adjusting steps of the segments 1
through 4. The format thickness reduction is carried out by
sequentially advancing the sequentially arranged segments 1
through 4 in the casting direction; this is illustrated by
the phases 1 through 4 of Fig. 1. Beginning with the exit
side of the segment 1 the jointed connection 5, together
with 1inlet side of segment 2, is advanced by set-point

control.

11
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After reaching the target position, i.e., the segment
position for the target section, the exit side of the
segment 2 and the inlet side of the segment 3 are advanced
in a second adjusting step, and in a sequence of identical
steps the adjustment of the segments 3 and 4 is performed

according to the illustrated phases 3 and 4. For this

purpose, force-applying means 11 act on the jointed
connection 5 in the direction of reducing the billet 9,
followed in the phase 2 by the action of the adjusting
device 12 in the direction of reducing the billet cross-
section, and further sequentially in phase 3 and phase 4 by
the action of the adjusting devices 13 and 14 until a
continuous overall reduced format thickness is reached

according to the final state of phase 4.

Based on the 1llustration of the course of the method
for a format thickness reduction illustrated in Fig. 1, in
the initial position present before the phase 1 the entire
billet guide (roll supports) 1s adjusted to a production
thickness X during the casting operation. The casting speed
is constant; the liquid phase tip (solidification point) is

within the segment 3.

For starting the thickness reduction according to phase

l, as has been mentioned before, the exit side of the

12



CA 02314011 2000-07-17

segment 1 and the inlet side of the segment 2 are advanced
with constant speed by dynamic position control by means of
set-point control. A predetermined force threshold value is
not surpassed. The advancing speed is calculated taking
into consideration the permissible billet elongation limit
and the current casting speed in connection with the current
format adjustment, respectively, according to the thus

resulting volume flow of the billet.

The adjusting speed to be maintained is calculated
based on the current casting speed, the segment length, and
the required adjusting stroke according to the equation

V = Ds/Ls * Vcast
wherein Ds is the format thickness change, Ls is the segment

length, and Vcast i1s the current casting speed.

An effective force monitoring action, computable, for
example, via the current cylinder pressures of a hydraulic
adjusting device, monitors the adjusting process. Should
the force surpass a calculated threshold value or limit, the
method switches from position control to force control.
After reaching the target position, the method switches back

to position control.

With the described course of the method, it is achieved

13
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that with reduced material thickness of the wedge shape

passing through the roll skirt provides a sufficient support

of the billet 9 and that the exit side is re-adjusted

according to the material thickness.

The liquid phase present within the segment 1, 2 and
optionally 3 is not interrupted by the process. Proper
support for the billet is provided in all phases by

switching from position control to force control.

In the following, the format thickness increase
according to the representation of the method steps in Fig.

2 Wwill be described.

First, in the initial position before the phase 1 the
entire billet guide is adjusted to production thickness X in
the casting operation. The casting speed is constant, the
liquid phase tip (solidification point) is positioned in the

segment 3. The thickness increase is started in phase 1.

As soon as the target format of the exit side of the

segment 1 and of the inlet side of the segment 2 at the end
of the phase 1 has been reached, the exit side of the

segment 2 1s moved away, i.e., the gap is widened (phase 2).

14
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The adjusting speed is calculated based on the current
casting speed, the segment length, and the required
adjusting stroke in the same way as disclosed in connection

with the format thickness reduction.

An effective force monitoring action, calculated by
means of the current cylinder pressures of hydraulic

adjusting devices, permanently controls the adjusting

process.

Should the force of the calculated threshold value or
limit be surpassed, the method switches from position
control to force control. After reaching the target

position, the method switches back to position control.

With the described course of the method, it is achieved
that the roll skirt provides a sufficient support action for
the billet 9 for increased material thickness with
continuously increasing wedge shape and that the exit side

is accordingly re-adjusted to the material thickness.

Subsequently, the 1inlet side of the segment 3 is moved
away simultaneously with the exit side of the segment 2 at
the same adjusting speed, as 1llustrated in phase 2 of Fig.

2, for widening the gap. The monitoring function is carried

15
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out in analogy to that of the exit side of segment 2.

As soon as the target format of the inlet side of the
segment 3 has been reached, the exit side of the segment 3
and the inlet side of the segment 4 (phase 3) are moved away

from the billet (gap is widened). The calculation of the
casting speed and the monitoring action are carried out as

disclosed above.

As soon as the target format of the inlet side of
segment 4 has been reached, the exit side of segment 4
(phase 4) 1s moved away from the billet. The calculation for

the monitoring action is carried out as disclosed above.

While specific embodiments of the invention have been
shown and described in detail to illustrate the inventive
principles, it will be understood that the invention may be

embodied otherwise without departing from such principles.

16 .
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What 1s claimed 1is:

1. A method for changing the section of a billet o:

s

N

a

contlnuous casting plant during continuous casting, wherein

#

opposed sides of the billet are in contact with oppositely

positioned roll supports arranged below a continuous casting

die, wherein the roll supports are comprised of segments having

rolls, wherein adjoining ones of the segments of each roll

support are connected to one another by a jolnted connection and

wherein each segment is configured to be adjustable i1independent

of the other segments with respect to an angular position

relative to the billet, and whereln 1n an 1initial position the

ﬁ

segments of the roll supports are adjusted to a uniform billet

section; the method comprising the steps of:

g—

advancing sequentially 1n a direction of continuous

casting the segments toward the billet by moving the jointed

connections toward the billlet 1n a controlled sequence of

adjusting steps for reducing the section of the billet; or

o

moving sequentially 1n a direction of continuous casting

the segments away from the billet by moving the jointed

B

connections away from the blllet 1n a controlled sequence o:

adjusting steps for increasing the section of the billet,

wherein, for changing the section of the billet with a constant

casting speed and with the solidification point of the billet

having passed the first and second segments, an exlit side of the

R—

first segment and an inlet side of the second segment 1in the

casting direction are advanced in a first one of the adjusting

steps toward or moved away from the billet by moving the first

and second segments at the jointed connection connecting the

first and second segments toward or away from the billet by set-

point control, and after the first and second segments have

17
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reached a target posiltion, an exit side of the second segment
and an inlet side of the third segment in the casting direction
are advanced 1n a second one of the adjusting steps toward or

moved away from the billlet by moving the second and third

segments at the jointed connection connecting the second and
third segments toward or away from the billet, and after the
second and third segments have reached a target position, in
further ones of the adjusting steps the third and further

segments are advanced toward or moved away from the billet

sequentially 1n the same manner until all segments have reached
the target position, wherein the segments are adjusted at a
constant adjusting speed with dynamic position control to a
predetermined force threshold value, further comprising the step
of calculating an adjusting speed of the segments for advancing

or moving away the segments based on permissible billet

elongation limit, the current casting speed, the current section

adjustment, and the resulting volume flow of the billet,

wherein, when a predetermined force threshold value 1s

surpassed, force control 1s applied instead of position control
and whereiln, when the target position has been reached, the

position control 1s applied again.

2 . The method according to claim 1, wherelin the adjusting
speed 1s calculated, based on the current casting speed, the
segment length, and the required adjusting stroke of the

segments, by the equation

V = Ds/Ls * Vcast

wherein Ds is the section change, Ls 1s the segment length, and

Vcast is the current casting speed, wherein the adjusting steps

are carried out by hydraulic adjusting devices, further

13
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r—

comprising the step of monitoring the adjusting steps via

current cylinder pressure of the hydraulic adjusting devices.

19



a.)

CA 02314011 2008-02-22

Initial Position



b. )

CA 02314011 2008-02-22

FI6.2

i

[l

== I56600000000000 000 SOC00000000 00000 GOGEEGE -

12

Phase - L

Phase 3

—L M
-ﬂ“- m WV o WAV W Y . N NS \7 ¢ .
| QCOOOOO00O0) OO0 OO0 OO
"*Vv'f?"" Y'Y V¥V YV V \ Y M M WX M ¥ X M X

W 0.0,00,004]0.660000.0]00]0.6.0.0.0.0.0.0.0.06(0.0,6.0.0,0.0.00.00

v
3

@

Inityal Position






	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - abstract drawing

