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(54) A variable section mobile ingot mold for a continuous casting plant

(57) A variable section mobile ingot mold for a con-
tinuous casting plant comprises die molds which can
engage along at least one rectilinear portion, and com-
prises four pulling elements (12, 12', 13, 13', 14, 14"and
15, 15, that support a plurality of wall die elements (16-
19), which are assembled in the shape of a closed ring
and are positioned so as to face each other and to be in
contact side by side in order to form a variable section
continuous cavity that forms a continuous die which
moves forward with the cast molten and liquid metal.
Said four pulling elements and said respective wall die
elements are supported by an upper structure (32) of
said ingot mold that allows said four pulling elements
and the relevant die elements to get closer to each other
along a first axis (X) as well as a linear misalignment
along a second axis (Y), perpendicular to the first axis
(X), that allows said movement towards each other.
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Description

[0001] The present invention is relevant to a variable
section mobile ingot mold for a continuous casting plant.
In the continuous casting process for the production of
billets and ingots it is known that stationary die ele-
ments or chill elements, with correct geometric shapes,
have been used, steel from the ladle and the tundish is
poured into said dies.

[0002] Slight oscillations are present in the direction of
the material flow in order to avoid the steel to stick to the
walls of the ingot mold.

[0003] Inthese plants with a fixed ingot mold there are
low output speeds. Furthermore, the smallest castable
section cannot drop under certain minimum limits so as
to guarantee a correct centring of the incoming metal
liquid casting without going near the walls of the ingot
mold. Apart from these types of stationary plants,
mobile ingot mold plants are also used.

[0004] Inthese mobile plants, the die elements or chill
elements slide together at the same speed of the cast
material which is in the solidification phase. In such a
way any movement between the ingot mold and the
material surface is eliminated.

[0005] In this case the forward movement can be real-
ised through a chain that pulls copper blocks with vari-
ous internal shapes.

[0006] During the pulling and the forward movement
of the copper blocks, the material, as it cools, solidifies
and shrinks. A solidification with shrinkages is deleteri-
ous when it determines a gap between the metal and
the ingot mold that notably decreases the thermal
exchange.

[0007] Instead, the thermal exchange must always be
maximised since, in a minimum amount of time and for
a limited section, the solid outer layer of the metal con-
tainment has to be formed wherein the core of the sec-
tion is still at the liquid state.

[0008] In order to overcome said technical problem,
plants have been set with ingot molds characterised by
die elements or chill elements formed by two halves that
have the possibility of moving closer to each other dur-
ing the forward movement.

[0009] Also this solution has a significant disadvan-
tage since the two halves, by moving closer, determine
a different final geometrical configuration.

[0010] The general purpose of the present invention is
to solve the technical problems listed above relating to
the known art in an extremely simple, economical and
particularly functional way, overcoming all the previously
cited and disclosed disadvantages.

[0011] Another purpose is to reduce to a minimum the
problems related to the thermal exchange between the
concerned parts in contact with each other during the
continuous casting phase in a continuous casting plant
with a mobile ingot mold.

[0012] In view of the above purposes, in accordance
with the present invention, a variable section mobile
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ingot mold for a continuous casting plant has been real-
ised, with its detailed characteristics shown hereinafter
in the attached claims.

[0013] The structural and functional characteristics of
the present invention and its advantages compared to
the known art will be clearer and more evident from the
following description, with reference to the attached
drawings, that show examples of ingot mold embodi-
ments in accordance with the present invention. In the
drawings:

+ Figure 1 is a side view of two structures of a varia-
ble section mobile ingot mold in accordance with
the invention, of a chain type vertical continuous
casting plant;

+ Figure 2 is a schematic top perspective view of the
variable section mobile ingot mold in accordance
with the invention, with a head frame element par-
tially exploded;

+ Figure 3 is an enlarged cross-section that shows
the inner portion of the ingot mold in a working
phase,

+  Figures 4 and 5 are small scale cross-sections, one
corresponding to the upper part and the other cor-
responding to the lower part of a second embodi-
ment of a ingot mold, in accordance with the
invention, in a working phase.

[0014] Figure 1 shows a variable section mobile ingot
mold, in accordance with the invention, which is set in
vertical type continuous casting plant.

[0015] The molten metal outlet pipe 10 is shown in the
figure, for example from a tundish, not shown, wherein
said pipe feeds a variable section mobile ingot mold,
indicated hereinafter by 11, wherein die elements are
provided which can engage with each other at least
along a rectilinear portion.

[0016] The ingot mold 11 comprises four pulling ele-
ments, properly driven, assembled in a swirl or closed
ring shape, each of these pulling elements has, in the
example, the chain couples 12, 12', 13, 13', 14, 14" and
15, 15, as shown in figures 3-5.

[0017] The four opposed chain couples rotate in oppo-
site directions and, at any rate, each chain couples 12,
12', 13, 13', 14, 14" and 15, 15’ carries a plurality of wall
elements or copper sectors 16, 17, 18 and 19 that make
up adie or a chill, since they are opposite, adjacent and
in contact along the sides to form, for instance, a quad-
rilateral.

[0018] The wall elements or sectors 16-19 made of
copper, or of an equivalent material with a high heat
transmission factor, positioned as previously described,
i.e. opposite to each other and in contact along the
sides, in order to prevent the leakage of the material
while still in a liquid state, form a quadrilateral continu-
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ous cavity that realises a continuous die which moves
forward with the molten metal and the casting liquid
poured therein.

[0019] In the general structure of the ingot mold 11 it
is noted that chains 12, 12, 13, 13', 14, 14’ and 15, 15'
wind on the geared wheels 20 and 21 are positioned at
the ends of an elongated ring configuration.

[0020] In this way, the chain couples carrying the cop-
per sectors 16-19, set to wind on the respective geared
wheels 20 and 21, besides determining the forward
movement of the chains and of the copper sectors,
locate a rectilinear portion of the ingot mold. In this rec-
tilinear portion the four adjacent and opposite sectors
16-19 are engaged to form a continuous quadrilateral
cavity.

[0021] In this area, support plates 22 are provided,
said plates are positioned behind the chain couples and
serve as a containment frame. These support plates 22
are correctly inclined and are kept in position by elastic
elements 23 so as to fit perfectly to the chains that slide
while supporting the copper sectors 16-19.

[0022] Then, a pressure is exerted on the already
solidified material external skin, said pressure causes
an overall section reduction.

[0023] Furthermore, elements suitable to supply cool-
ing water are provided, said element are indicated by
24, the water hits the inclined support plate 22 and the
pulling chains 12, 12', 13, 13', 14, 14’ and 15, 15" and
the copper sectors 16-19. Cooling by water sprayed on
a surface of the copper sectors 16-19 is carried out both
in the casting phase and along the return section of the
chains with the disengaged copper sectors.

[0024] Furthermore, in accordance with the invention,
it has to be noted how the chain couples with the corre-
sponding copper sectors are supported on the upper
part by structures that can move in two perpendicular
directions, allowing the structures to get closer to each
other.

[0025] In fact, shafts 25 and 26 of the geared wheels
20 and 21 are provided, said shafts are pivoted, free to
rotate, on a couple of elongated plates 27 and posi-
tioned on opposite sides of the geared wheels 20 and
21, said shafts connect said geared wheels and keep
them at a fixed predetermined distance.

[0026] The upper support shaft 25 of the upper geared
wheel 20 extends towards the outside in such a way as
to insert itself in the holes 28 of a fork element 29 that
encloses the plates 27 and the upper geared wheel 20.
[0027] In this way, there is an oscillation of the chains
12, 12, 13, 13', 14, 14’ and 15, 15' and of the corre-
sponding copper sectors 16-19 around said upper shaft
25 with respect to the fork 29.

[0028] This fork element 29 is provided in its central
upper portion with an appendix 30 with an attachment
hole 31, obtained in a perpendicular direction to that of
the previously mentioned upper shaft 25.

[0029] The ingot mold, in accordance to the invention,
provides a head frame element 32, with quadrilateral
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shape and support, to which four similar fork elements
are attached and each element supports one of the cou-
ples of chains 12, 12, 13, 13', 14, 14" and 15, 15" with
their corresponding copper sectors 16-19.

[0030] In particular, the drilled appendix 30 of each
fork 29 can be inserted in a 'U-shaped' support 33,
directed downward, and provided with holes 34 on the
walls of the U-shaped support. A pivot (not shown) is
inserted into these holes 31 and 34 of both the appendix
30 and the U-shaped support 33, said pivot allows the
oscillation of the single fork elements 29 with respect to
the head frame element 32.

[0031] Figure 2 shows this head element 32 exploded
and without connecting pivots to the appendixes of the
four underlying fork elements 29 that carry the chains
and the copper sectors.

[0032] This upper structure of the ingot mold allows
the four chain couples and the corresponding copper
sectors to realise a movement towards each other
according to a first axis X, as well as a linear misalign-
ment along a second axis Y, perpendicular to the first
axis X, that allows such a movement.

[0033] Figure 3 shows the cross section of the config-
uration of a variable section ingot mold for a continuous
casting plant wherein the copper sectors 16-19 are
shown, and said sectors are engaged, by using pivots
40, to the intermediate supports 41 that are engaged,
by using pivots 42, to chains 12, 12', 13, 13/, 14, 14'and
15, 15". The rollers 43, being part of the chain, slide and
rotate directly on the corresponding support plate 22,
which is placed behind the chain couple, when given the
function of containment frame. The elastic elements 23,
placed behind the inclined support plates 22, are also
shown, said elements allow an adjustment of the chains
12, 12', 13, 13', 14, 14’ and 15, 15, maintaining them in
a correct working position to exert pressure.

[0034] In this example, the copper sections are per-
fectly flat. Figures 4 and 5 show a different embodiment
of the copper sectors and their actions in two different
sections of the ingot mold.

[0035] In this case, the copper sectors 16-19 present,
at one of their ends, a wedge-shaped protrusion 44 that,
engaging with equivalent shaped sectors, determines a
blunt edge section configuration, of the pseudo octago-
nal type or an octagon with unequal sides.

[0036] Figure 4 is obtained at the upper portion of the
ingot mold, where the metal is still in a liquid state and
has still a significant overall dimension in the casting
cavity.

[0037] Figure 5 is obtained at the lower portion of the
ingot mold, in accordance with the invention, wherein
the metal has at last a good solidified skin.

[0038] Both positions are similar to the one schema-
tised in figure 1 and they show that the section of the
metal in figure 5 is smaller than the section previously
shown in figure 4, because of the presence of the partic-
ular type of couple chains support with the correspond-
ing copper sectors. In fact, providing the upper support
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structures that can move in two perpendicular direc-
tions, allows the movement towards each other of the
opposite and of the adjacent sectors.

[0039] Further, in this case, the blunt edge configura-
tion section, of the pseudo octagonal type, significantly
reduces the problems related to the sharp edges, as
previously shown in the example with flat copper sec-
tors. This is how a continuous variable section cavity is
realised, which is defined inside the four opposite, adja-
cent and joined sectors, into which the metal is cast
directly from the tundish.

[0040] The constant reduction of the cross-section of
the metal that moves forward between the copper sec-
tors during the solidification phase determines some
sort of rolling of the skin with the core still being in a lig-
uid state. In fact, the skin is subjected to the action of
the copper sectors that move closer to each other to
decrease the quadrilateral section, by moving in relation
to the skin with a limited mutual sliding between the con-
tact surfaces. Therefore, the section of the metal com-
ing out from the ingot mold has smaller dimensions than
the dimensions of the entrance section.

[0041] In the rectilinear portion of the ingot mold, the
presence of the rollers, placed so as to interact on the
support plate surfaces, positioned behind the chain cou-
ples and serving as a containment frame, realise a fur-
ther rear guide, in collaboration with the other elastic
elements which adjust the thrust.

[0042] It is natural and evident that there can be differ-
ent dispositions and shapes of the sectors and of the
chains, as well as of the related elements, without
thereby departing from the principles of novelty of the
inventive idea.

[0043] This is how the purpose mentioned at the
beginning of the description is attained.

[0044] Naturally, the embodiments can be different
from those shown, as a non limiting example, in the
drawings, the same goes for the engagement elements
suitable to generate the interaction between the various
elements. The invention is protected by the boundaries
defined in the attached claims.

Claims

1. A mobile ingot mold for a continuous casting plant,
said ingot mold comprises die molds which can
engage along at least one rectilinear portion, char-
acterised by comprising four pulling elements (12,
12, 13, 13, 14, 14’ and 15, 15'), which support a
plurality of wall die elements (16-19), which are
assembled in the shape of a closed ring and are
positioned so as to face each other and to be in
contact side by side in order to form a variable sec-
tion continuous cavity that forms a continuous die
which moves forward with the cast molten and lig-
uid metal, wherein said four pulling elements and
said respective wall die elements are supported by
an upper structure (32) of said ingot mold that
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allows said four pulling elements and the relevant
die elements to get closer to each other along a first
axis (X) as well as a linear misalignment along a
second axis (Y), perpendicular to the first axis (X),
that allows said movement towards each other.

A mobile ingot mold as claimed in claim 1, charac-
terised in that each of said four pulling elements
comprises a couple of chains (12, 12/, 13, 13, 14,
14" and 15' 15"), wherein opposite chains rotate in
opposite directions, each couple of chains carries
said plurality of die elements (16-19) that form a
continuous quadrilateral cavity, and said two chain
couples (12, 12', 13, 13', 14, 14 and 15' 15") are set
to wind on the geared wheels (20, 21), wherebe-
tween said rectilinear portion is formed.

A mobile ingot mold as claimed in claim 2, charac-
terised in that said die elements (16-19), carried by
said chain couples to form said continuous quadri-
lateral cavity in said rectilinear portion, are provided
with rear support plates (22) and elements suitable
to supply cooling water (24), elastic thrust elements
are engaged (23) to said support plates (22), for
reducing the section.

A mobile ingot mold as claimed in claim 3, charac-
terised in that said support plates (22) can be
inclined together with said upper structure (32) of
said ingot mold.

A mobile ingot mold as claimed in claim 1, charac-
terised in that said die elements are formed by cop-
per sectors (16-19).

A mobile ingot mold as claimed in claim 1, charac-
terised in that said die elements are made of a
material with a high heat transmission factor (16-
19).

A mobile ingot mold as claimed in claim 1, charac-
terised in that said die elements (16-19) are flat.

A mobile ingot mold as claimed in claim 1, charac-
terised in that said die elements (16-19) are flat and
are provided at one of their ends with a wedge-
shaped protrusion 44, in such a way that, by engag-
ing with equivalent die elements, said protrusions
form a section having blunt edges with an octago-
nal shape.

A mobile ingot mold as claimed in claim 1, charac-
terised in that said upper structure (32) of said ingot
mold comprises a head frame whereto four support
fork elements (29) are attached through the pivot
arrangement (25, 27, 28) of each pulling element,
said fork element carries a drilled appendix (30, 31)
pivoted (33, 34) to said upper structure (32).
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