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Description
FIELD OF THE INVENTION

[0001] This invention concerns a continuous casting
method with rolls and the relative device, used in the
field of continuous casting to cast steel strips by means
of a pair of counter-rotating rolls.

[0002] To be more exact, the invention concerns a
casting method with rolls with upward extraction where-
in there are shearing means provided associated with
the ends of the rolls and able to define the width and
finish of the edges of the strip in a substantially contin-
uous manner.

BACKGROUND OF THE INVENTION

[0003] In the field of continuous casting of plane prod-
ucts such as strips, the state of the artincludes the tech-
nique of casting with rolls and with upward extraction
wherein a pair of counter-rotating cooled rolls is partly
immersed in a container into which the molten metal is
fed.

[0004] The rolls, rotating in a reciprocally opposite di-
rection, cause a solidified skin to form on their respective
surfaces; these skins join together and form the product
which is extracted upward.

[0005] This casting technique with rolls and upward
extraction has considerable potential in the production
of high quality strips: it makes possible to guarantee high
productivity, limited costs and savings in the labor force
compared with traditional techniques.

[0006] With the product extracted upward it is possi-
ble to obtain higher casting speeds, up to 4 metres per
second and more, since the angle of immersion and
therefore the contact surface between the steel and the
roll can be as much as twice what can be obtained with
a downward extraction of the metal. Moreover, with this
solution it is possible to solve the problem of lateral con-
tainment of the molten steel in proximity or in corre-
spondence with the ends of the rolls.

[0007] All attempts to use sealing means of a me-
chanical or magnetic type in plants with a downward ex-
traction have met with considerable problems, both eco-
nomical and functional-technological, which have often
made impossible to propose such a solution.

[0008] In plants with an upward extraction, the lateral
containment made with magnetic means appears po-
tentially more effective and entails fewer problems and
difficulties, both technological and with regard to the
process.

[0009] However, there has been a manifest need to
find solutions which allow to further improve the efficien-
cy of the process, increasing productivity and the speed
of extraction while maintaining high quality of the cast
product, and optimizing in the whole the functioning and
the plant costs of the whole casting line.

[0010] The present Applicant has devised, tested and
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embodied this invention in the light of this necessity, and
to obtain further advantages as will be shown hereafter.

SUMMARY OF THE INVENTION

[0011] The invention is set forth and characterized in
the respective main claims, while the dependent claims
describe other characteristics of the main embodiment.
[0012] The purpose of the invention is to obtain a con-
tinuous casting method and device with counter-rotating
rolls and upward extraction which on the one hand
solves the problem of lateral containment of the metal
in correspondence with the ends of the rolls, and in
which on the other hand the procedure of the final shap-
ing of the strip is optimized, at least in terms of width
and edge finishing.

[0013] This purpose is obtained with an economical,
functional and simple solution which can be applied sub-
stantially in every type of installation.

[0014] The invention provides to use a substantially
conventional casting device, comprising at least a con-
tainer to contain the molten metal inside which two coun-
ter-rotating rolls, cooled and facing each other, are part-
ly immersed, and define the gap through which the cast
product is extracted.

[0015] Accordingto the invention, the device compris-
es shearing means arranged in cooperation with the pe-
riphery of the rolls, at least a first shearing mean being
associated with one end of the rolls and a second shear-
ing mean being associated with the other end of the
rolls.

[0016] The shearing means are able to section the
strip, partly solidified on the surfaces of the rolls, in cor-
respondence with its edges so as to define the width
thereof. The material sectioned in correspondence with
the edges by the shearing means falls back into the con-
tainer and returns to the molten state, and is therefore
immediately available for the continuation of the casting
process.

[0017] The shearing means, in a preferential embod-
iment, can cooperate directly with the ends of the rolls
and use the ends as a reference and positioning ele-
ment.

[0018] In this case, the width of the strip extracted al-
ways corresponds substantially to the length of the rolls
used.

[0019] In another solution, the shearing means are lo-
cated above and in an inner position with respect to the
ends of the rolls, and have at their lower part a shaped
conformation able to cooperate with the curved cavity
defined by the coupled faces of the rolls. In this case,
the strip extracted can have a desired width, less than
the length of the casting rolls.

[0020] In another embodiment again, the shearing
means can translate along the rolls, parallel to their axis,
in order to define on each occasion the width of the strip
to be cast.

[0021] The shearing means can be of any suitable
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type.

[0022] In a preferential embodiment, the shearing
means are of the type able to define a cutting edge which
already has the finished characteristics required to the
finished product.

[0023] In this embodiment therefore, it is possible to
eliminate, or at least reduce, further trimming and/or fin-
ishing operations and the relative equipment, down-
stream of the continuous casting machine.

[0024] A preferential but non-restrictive embodiment
provides substantially fixed shearing blades, arranged
orthogonal or inclined with respect to the axis of extrac-
tion of the cast strip. Another embodiment provides to
use rotary shearing blades.

[0025] Further alternative embodiments which can be
used in the field of the invention provide laser systems,
oxygen lance cutting systems or other systems; one or
other of the shearing systems is adopted according to
the type of steel to be sheared, the productivity required
and the level of finishing desired.

[0026] The shearing means are associated with cool-
ing systems so as to prevent overheating thereof, due
to the continuous contact with the steel solidifying on the
surfaces of the rolls.

[0027] In one embodiment of the invention, the end
walls of the rolls comprise, or cooperate with, means
able to prevent the partly solidified steel from sticking to
said walls, making then difficult for the shearing means
to remove the steel.

[0028] In a first embodiment, said means consist of
lubricating products which are applied on the walls and
prevent the steel from sticking thereto.

[0029] In another embodiment, said means consist of
pneumatic elements able to blow inert gas through ori-
fices in the walls; the jets of inert gas prevent the solid-
ified metal from sticking to the walls and encourage the
metal to fall and be subsequently removed by the shear-
ing means.

[0030] In a further embodiment, said means consist
of elements able to generate high frequency vibrations
in said lateral walls. In another embodiment, said means
consist of elements able to heat and re-melt the solidi-
fied steel stuck to the lateral walls.

[0031] In yet another embodiment, said means con-
sist of coils able to generate a repulsive magnetic field
on the liquid steel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] These and other characteristics of the inven-
tion will be clear from the following description of the
preferred form of embodiment, given as a non-restrictive
example with reference to the attached drawings where-
in:

Fig. 1 shows schematically a line to pro-
duce strips and/or sheets adopt-
ing a continuous casting device
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with rolls according to the inven-
tion;

Fig. 2a is a schematic transverse section
of the continuous casting device
according to the invention;

Fig. 2b is a schematic view from above of

Fig. 2a;

show two different embodiments
of the device in Fig. 2a;

shows a variant of Figs. 3a, 3b;
shows a longitudinal section of a
detail of the casting device in Fig.
2a;

show different embodiments of
the detail in Fig. 4;

shows schematically a section
from A to A of Fig. 2b.

Figs. 3a and 3b

Fig. 3c
Fig. 4

Figs. 5a and 5b

Fig. 6

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0033] InFig. 1thereference number 38 denotes gen-
erally a line to produce strip 13 obtained starting from a
continuous casting device with rolls, denoted by the ref-
erence number 10.

[0034] The device 10 comprises a pair of counter-ro-
tating rolls 11, arranged with their respective axes 111
parallel and in an adjacent position to define a gap 12
through which the strip 13 to be produced is extracted
upward.

[0035] The distance between the axes 111 of the rolls
11 can be adjusted so as to define the desired thickness
of the strip 13 produced by the device 10.

[0036] The preferential, though not restrictive, value
of the thickness of the strip 13 emerging from the device
10 is between 0.5 and 10 mm.

[0037] Downstream of the device 10 there is an as-
sembly of rolls 14, used for extraction and possibly
straightening purposes, through which the strip 13 is
progressively taken to a horizontal position to be then
sent to the rolling line.

[0038] In this case, the rolling line comprises a crop-
ping shears 15 which can also be used as an emergency
shears, a descaling assembly 16, between 1 and 3 fin-
ishing stands 17, a cooling assembly 18, a flying shears
19 and a carousel coiler 20.

[0039] The continuous casting device 10 consists of
a container 21 suitable to contain the molten metal 22,
inside which the metal is poured through a measuring
tundish 23 fed by a ladle 24. The ladle 24 is associated
with conventional handling and discharge means 25
mounted on a turret 26.

[0040] The container 21 advantageously has a bot-
tom and lateral walls made of and/or at least partly lined
with refractory material.

[0041] The container 21 is associated with a sealing
cover 36 which defines a substantially closed environ-
ment inside which an inert atmosphere is created which
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prevents any possible phenomenon of oxidation of the
molten or partly solidified metal.

[0042] The cover 36 can cover the rolls 11 totally or
only partly, as in Fig. 3b.

[0043] The molten metal 22 can consist of any type of
steel, iron, alloys or other suitable metal, and the feed
from the tundish 23 may be governed by appropriate
means able to ensure that a substantially constant level
is maintained in the container 21. The loading zone of
the metal 22 can be separated from the zone of the con-
tainer 21 beneath the rolls 11 by dividing walls, so that
the unloading of the molten metal 22 does not generate
any turbulence in correspondence with the meniscus.
[0044] In the embodiment shown in Figs. 2a and 2b,
in cooperation with the ends of the rolls 11, there are
shearing means 27, one for each side on the length of
the rolls 11, the function of which is to section that part
of the forming strip 13 which exceeds the length of the
rolls 11.

[0045] In other words, in the device 10 it is provided
that the two semi-skins are formed freely on the surface
of the relative rolls 11 without being confined laterally
until, in correspondence with the line of contact, or kiss-
ing point, 30, they form the strip 13 due to reciprocal
sticking, which is then extracted upward.

[0046] Before being discharged from the rolls 11, just
above the line of contact 30, the strip 13 is subjected to
sectioning by the shearing means 27, which act on the
edges of the strip 13 in correspondence with the ends
of the rolls 11.

[0047] Said sectioning action may take place in a
zone below the highest point of the circular surface of
the rolls 11, or above said highest point (Fig. 3c).
[0048] The shearing means 27 are able to remove lat-
eral parts 37 of solidified metal which exceed the length
oftherolls 11. The lateral parts 37, thrust by the pressing
action exerted in correspondence with the kissing point,
are separated from the central body of the strip 13 and
fall back into the container 21 (Fig. 6), melt again and
mix with the molten metal 22 contained in said container
21.

[0049] The shearing means 27 therefore carry out two
functions simultaneously and continuously: they define
the width of the strip 13 extracted and contain it laterally.
[0050] By means of an appropriate configuration and
management, the shearing means 27 can have a further
function, which is to finish the edges; this obviates the
need of appropriate subsequent processing upstream
or downstream of the finishing stands 17, and therefore
the relative equipment does not need to be installed, and
the waste deriving from said trimming operations carried
out downstream is eliminated.

[0051] These functions are performed continuously
without interfering with the continuous process of cast-
ing and extraction, which can thus ensure very high pro-
ductivity, up to 2 Mton per year, and extremely high cast-
ing speeds, up to 4 metres per second and more.
[0052] In the embodiment shown in Figs. 2a and 2b,
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the shearing means 27 consist of fixed blades 28 with
their respective cutting edge 29 substantially orthogonal
to the edge of the strip 13 emerging from the rolls 11. In
the variant shown in Fig. 3a, the shearing means 27 con-
sist of fixed blades 128 with their cutting edge 129 in-
clined with respect to the edge of the strip 13.

[0053] Inthe othervariant shown in Fig. 3b, the shear-
ing means 27 consist of a pair of circular rotary blades
228 associated with an axial drive shaft, while in the fur-
ther variant shown in Fig. 3c, the shearing means 27
consist of two pairs of rotary blades 228 arranged above
the rolls 11.

[0054] The shearing means 27 can be of the vibrating
type, in order to encourage the sectioning operation.
Moreover, the shearing means 27 are associated with
appropriate cooling systems, for example with circulat-
ing water, jets of air or other types, which prevent them
from overheating caused by their prolonged contact with
the metal being extracted.

[0055] According to other variants which are not
shown here, the shearing means 27 comprise laser de-
vices, or oxygen lance cutting devices, or other systems.
[0056] In the embodiments shown in Figs. 3a and 3b,
the shearing means 27 are arranged resting on the ends
of the rolls 11, which thus perform a reference function,
and the width of the strip 13 extracted is substantially
equal to the length of the rolls 11.

[0057] According to a variant which is not shown here,
the shearing means 27 cooperate from above and in
contact with the surface of the rolls 11, so as to ensure
in any case the hydraulic seal of the molten metal 22;
moreover, they can slide axially along the rolls 11 so as
to define on each occasion a desired width of the strip
13 to be extracted.

[0058] According to other variants which are not
shown here, the shearing means 27 can be associated
with sharpening devices which intervene periodically to
restore the cutting edge after a certain period of use.
[0059] To preventthe partly solidified metal from stick-
ing to the lateral walls 33 defined by the ends of the rolls
11, and therefore to obviate the problem of removing it
with the shearing means 27, the casting device 10 com-
prises anti-sticking means associated with the lateral
walls 33.

[0060] In the embodiment shown in Fig. 4, the anti-
sticking means consist of a high-frequency mechanical
transducer 31 installed inside each roll 11 in a compart-
ment 32 made adjacent to the end of the roll 11.
[0061] The function of the mechanical transducer 31,
which in this case is represented by a spring with a rel-
ative oscillator element, is to keep the walls 33 vibrating,
preventing the solidified metal from sticking thereto and
so facilitating the subsequent shearing operation.
[0062] The transducer 31 can be of any conventional
type, for example piezoelectric, magnetostrictive, or any
other type suitable for the purpose.

[0063] Accordingtothe embodimentshownin Fig. 5a,
the anti-sticking means comprise electromagnetic de-
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vices 34 installed in said compartment 32 adjacent to
the wall 33 and able to generate a repulsive magnetic
field on the liquid metal which prevents the solidified
metal from sticking to the sides of the wall 33 and causes
it to re-melt.

[0064] Inthe further embodiment shown in Fig. 5b, the
anti-sticking means consist of a pneumatic system 35
arranged inside said compartment 32 and able to deliver
an inert gas through a plurality of holes or slits, not
shown here, made in the wall 33 and/or in the curved
wall of the compartment 32.

[0065] The inert gas substantially prevents the solid-
ified metal from coming into contact with and sticking to
the wall 33 immersed in the liquid bath 22.

[0066] It is obvious that modifications and additions
can be made to this invention, but these shall remain
within the field and scope thereof.

Claims

1. Continuous casting method with rolls for plane
products such as strips (13), wherein counter-rotat-
ing rolls (11) are partly immersed in a container (21)
containing molten metal (22), said rolls (11) being
arranged parallel and adjacent to define a gap (12)
through which the strip (13) to be produced is ex-
tracted upward, said strip (13) being formed by the
union of two semi-skins which are formed on the
respective surfaces of said rolls (11) and are joined
together in correspondence with a line of contact
(30), the method being characterized in that it pro-
vides that shearing means (27), arranged substan-
tially in cooperation with the periphery of said rolls
(11), act on the sides of said strip (13) to define at
least the width of said strip (13) extracted from said
rolls (11).

2. Method as in Claim 1, characterized in that it pro-
vides to position two of said shearing means (27)
arranged separated on the length of the respective
rolls (11) and with the respective cutting edges (28)
arranged in a position of cooperation with said line
of contact (30) of said two semi-skins.

3. Method as in Claim 1, characterized in that it pro-
vides to position said shearing means (27) in con-
tact with the respective ends of said rolls (11) to sec-
tion the lateral parts (37) of the strip (13) which ex-
ceed the length of said rolls (11).

4. Method as in Claim 1, characterized in that it pro-
vides to position said shearing means (27) above
and in an inner position with respect to said ends of
the rolls (11) so as to define a width of the strip (13)
which is less than the length of said rolls (11).

5. Method as in Claim 4, characterized in that it pro-
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10.

1.

12

13.

14.

vides to translate said shearing means (27) along
the rolls with the purpose of defining a variable width
of the strip (13).

Method as in Claim 1, characterized in that it pro-
vides to use shearing means (27) of the type able
to define a cutting edge of the strip (13) which al-
ready has the finishing characteristics required to
the finished product.

Method as in Claim 1, characterized in that it pro-
vides to use fixed shearing means (27) of the me-
chanical type.

Method as in Claim 1, characterized in that it pro-
vides to use rotary shearing means (27) of the me-
chanical type.

Method as in Claim 7 or 8, characterized in that it
provides to use shearing means (27) of the vibrating
type.

Method as in Claim 1, characterized in that it pro-
vides to use shearing means (27) of the laser type.

Method as in Claim 1, characterized in that it pro-
vides to use anti-sticking means (31, 34, 35) ar-
ranged in cooperation with the ends of said rolls (11)
and able to prevent the metal from sticking to the
walls (33) of said rolls (11) to facilitate the subse-
quent shearing operation.

Continuous casting device with rolls for plane prod-
ucts such as strips (13), comprising counter-rotat-
ing rolls (11) partly immersed in a container (21)
containing molten metal (22), said rolls (11) being
arranged parallel and adjacent to define a gap (12)
through which the strip (13) to be produced is ex-
tracted upward, said strip (13) being formed by the
union of two semi-skins which are formed on the
respective surfaces of said rolls (11) and are joined
together in correspondence with a line of contact
(30), the device being characterized in that it com-
prises shearing means (27) arranged in coopera-
tion with the periphery of said rolls (11) and able to
perform a sectioning action on said strip (13) to de-
fine at least the width of said strip (13) extracted
from said rolls (11).

Device as in Claim 12, characterized in that said
shearing means (27) have a cutting edge positioned
at least partly between said line of contact (30) of
the semi-skins and the highest end of said rolls (11).

Device as in Claim 13, characterized in that said
cutting edge (29) is arranged substantially orthog-
onal to the front edge of the strip (13) emerging from
said rolls (11).
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Device as in Claim 13, characterized in that said
cutting edge (129) is arranged inclined with respect
to the front edge of the strip (13) emerging from said
rolls (11).

Device as in Claim 13, characterized in that said
cutting edge is curved.

Device as in Claim 12, characterized in that said
shearing means (27) are of the laser type.

Device as in Claim 12, characterized in that said
shearing means (27) are of the oxygen lance type.

Device as in Claim 12, characterized in that said
shearing means (27) are arranged resting on the
ends of the respective rolls (11) which perform a ref-
erence function for said means (27).

Device as in Claim 12, characterized in that said
shearing means (27) are able to slide along the rolls
(11) parallel to their longitudinal axis and have at
their lower part a shaped conformation able to co-
operate with the curved cavity defined by the sur-
faces of the adjacent rolls (11).

Device asin Claim 12, characterized in that it com-
prises anti-sticking means arranged in cooperation
with the ends of the rolls (11) and able to prevent
the metal from sticking to said ends.

Device as in Claim 21, characterized in that said
anti-sticking means are arranged, inside respective
rolls (11), in a compartment (32) made in proximity
with said ends.

Device as in Claim 22, characterized in that said
anti-sticking means comprise a high frequency me-
chanical transducer (31).

Device as in Claim 22, characterized in that said
anti-sticking means comprise means (34) to gener-
ate high frequency or pulsing electromagnetic
waves which act on said ends of said rolls (11), gen-
erating a repulsive action for the metal and causing
said metal to re-melt.

Device as in Claim 22, characterized in that said
anti-sticking means comprise pneumatic means
(35) able to deliver jets of inert gas through holes
on said ends of said rolls (11), the jets of gas pre-
venting the solidified metal from coming into contact
with and sticking to said ends in order to facilitate
the subsequent shearing operation.
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