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Mould for continous casting of long or flat products, cooling jacket designed to cooperate

with such a mould and assembly comprising such a mould and such cooling jacket

(57)  The invention concerns a mould for continuous
casting of long or flat products extending along an axis
(z), and comprising an internal and an external surface
delimiting mould thicknesses (e), the internal surface de-
fining amould cavity, characterized in that the thickness

FG 3A

(e, €', €3, e4) of at least one part of the mould (10) varies
depending on measured or simulated temperature gra-
dients of a mould in use.

The invention also concerns a cooling jacket design
to cooperate with such a mould and an assembly com-
prising such a mould and such a cooling jacket.
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Description

[0001] The invention relates to a mould for the contin-
uous casting of long or flat products such as billets or
blooms.

[0002] Moulds for the continuous casting of long prod-
ucts define a continuous sizing passage for the cast metal
which enters it in the molten state via the top of the mould
and leaves it via the bottom of the mould in the form of
a solid shell deriving from the peripheral solidification of
the cast metal on contact with the cold wall of the mould
body and which contains a still-liquid core. Solidification
then continues to its conclusion in the lower part of the
casting machine by means of spray units. These kinds
of moulds are also called "mould tube" and can have a
square, rectangular, circular, or polygonal cross-section.
The tubes can be straight or curved along a so called
"casting radius", and the internal cavity is characterized
by a progressive decrease in dimension in order to follow
the natural shrinkage of steel during solidification proc-
ess.

[0003] Moulds for continuous casting of long products,
particularly billets cast in open stream casting, must with-
stand high temperatures load during casting. In particu-
lar, the top part of the mould is subject to a heat transfer
profile which could be characterized by isotherm at dif-
ferent temperatures. Such conditions, which are also en-
hanced by higher casting speed and oil lubrication, in-
duce high thermal gradients in longitudinal and also in
transversal direction of the mould, with additional high
gradients, and therefore high internal temperature,
across the thickness of mould. Such temperature differ-
ences between different points of the mould, and the high
temperature reached inside the mould, induce thermal
distortion, recrystalization, cracking and detachment of
internal chromium plating. Additionally, especially when
oil is used for lubrication, the high temperature of internal
side of the mould causes partial evaporation of oil, with
defective lubrication and higher oil consumption rate.
Moreover, such uneven mould wall temperature and cor-
responding heat extraction are generating negative ef-
fect on product quality.

[0004] In the past several trials have been made, re-
ducing the mould thickness generally in a uniform way
transversally and longitudinally. In other applications the
mould thickness has been reduced by grooves applied
vertically in the top part of the mould, or eventually along
allthe mould length, with the aim toincrease heat transfer
in that area and reduce mould temperature. Other appli-
cations were applying a differentiate cooling based on
separate circuits for different parts of the mould tube it-
self.

[0005] However, if in one hand the decrease of mould
thickness improves the temperature gradient between
internal and external side of the mould, on the other hand,
this decrease reduces mechanical characteristics of the
mould.

[0006] The object of the invention is to solve the above
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mentioned problems and more specifically to increase
heat transfer, decrease temperature gradients in longi-
tudinal and transversal directions of a mould, as well as
decrease the internal temperature of a mould for contin-
uous casting of long products and at the same time keep-
ing the mechanical characteristics of said mould when
used.

[0007] For this purpose, the subject of the invention
according to a first aspect is a mould for continuous cast-
ing of long or flat products extending along an axis and
comprising an internal and an external surface delimiting
mould thicknesses, the internal surface defining a mould
cavity, characterized in that the thickness of at least
one part of the mould varies depending on measured or
simulated temperature gradients of a mould in use.
[0008] The invention increases heat transfers, de-
creases temperature gradients in longitudinal and trans-
versal direction, and decreases the internal temperature
of the mould, creating the preconditions for a more ho-
mogeneous shell growth.

[0009] Advantageously when the mould has a plurality
of longitudinal elements extending along the axis, said
elements forming a transverse polygonal cross-section
of the mould, a thickness of at least one mould element
contained in a mould transversal cross-section continu-
ously varies between a first and a second value depend-
ing on measured or simulated transversal temperature
gradients of a mould in use.

[0010] Advantageously the thickness varies continu-
ously from the middle of a segment of said mould element
in the direction of one of the internal corners of the mould.
[0011] According to the invention, the thickness of
each mould element varies from the middle of a segment
of each mould element in the direction of an internal cor-
ner of the mould.

[0012] According to another feature of the invention,
in at least one transversal cross section, at least one
portion of a the mould element is symmetrical with re-
spect to a plan passing by the central segment of said
transversal mould element and being perpendicular to
said transversal mould element.

[0013] Advantageously the variation of the thickness
extends only on a portion of the height of the mould.
[0014] Furthermore, the variationis anincrease. Inone
embodiment of the invention, the maximal thicknesses
are equal.

[0015] According to another feature of the invention, a
thickness of at least a longitudinal element of the mould
contained in a longitudinal cross-section of the mould,
varies depending on measured or simulated temperature
gradients of a mould in use.

[0016] Advantageouly, the variation is function of lon-
gitudinal temperature gradients measured or simulated
on a mould in use.

[0017] Advantageouly, the thickness contained in a
longitudinal cross-section of each longitudinal element
increases, at least on a portion of the mould, from a point
of minimum thickness in both directions defined by the
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longitudinal axis. Advantageouly, the point of minimum
thicknessis located depending on the location of the point
of maximum longitudinal temperature previously meas-
ured on said other mould in use or previously determined
by simulation.

[0018] According to a second aspect, the subject of
the invention is a cooling jacket designed to cooperate
with a mould as above defined, the cooling jacket com-
prising a body defining a plurality of cooling ducts for
guiding a cooling agent along external surfaces of the
mould, the cooling jacket being designed to receive and
at least partially longitudinally surround said mould, a
thickness of the cooling jacket varies depending on
measured or simulated temperatures gradients of a
mould in use.

[0019] Advantageouly, the thickness of the cooling
jacket at a predefined height of the cooling jacket is in-
versely proportional to the thickness of the mould at the
same height.

[0020] According to another aspect, the subject of the
invention is an assembly comprising a mould as above
defined and a cooling jacket as above defined.

[0021] Due to this particular design of the external part
of the mould and of the water cooling channels, higher
stability and improved centring of the mould itself is
achieved, preventing uneven cooling effects due to pos-
sible mould misalignment inside the cooling jacket.
[0022] The invention will be clearly understood and
other aspects and advantages will be more clearly ap-
parent in light of the following description given by way
of embodiments with reference to the appended draw-
ings, in which:

- figure 1 shows measured or simulated longitudinal
temperature isotherms of a mould in use,

- figure 2 is a view of internal and external tempera-
tures profiles of a mould in use according figure 1
conditions,

- figures 3A, 3B and 3C show schematic longitudinal
and transversal cross-sections of a mould according
to the invention.

- figures 4A, 4B, 4C, 4D show schematic longitudinal
and transversal cross sections of a cooling jacket
according to the invention.

- figures 5A 5B 5C show schematic longitudinal and
transversal cross sections of the assembly of a
mould and of a cooling jacket according to the inven-
tion.

[0023] Ithas to be noted that on the drawings the view
are not at the same scale.

[0024] When metal in liquid form is poured into a
mould, the top part of this mould is subject to a heat trans-
fer profile which could be characterized by isotherm at
different temperatures. Figure 1 is a graphic giving the
isotherms measured or simulated along the longitudinal
direction and the longitudinal thickness of a mould for
continuous casting of long products in use, the liquid met-
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al entering the mould being at a temperature comprises
between approximately 1450°C and 1600°C, depending
on the chemical composition of the cast product and on
the casting mode, section and speed. The mould repre-
sented in the figures is 900mm long, has a thickness of
13mm and has a squared cross section.

[0025] Figure 2 is a view of internal and external tem-
peratures profiles of a mould in use according to figure
1 conditions. In other words, figure 2 gives temperatures,
measured or simulated, along the internal and the exter-
nal faces of a mould in use in figure 1 conditions. The
temperatures T°out are the temperatures of the external
face of the mould and the temperatures T°in are the tem-
peratures of the internal face of the mould. These two
curves give the difference of temperature across the
thickness of the mould for a given altitude of the known
mould. For example, the difference of temperature be-
tween an internal and an external point of the known
mould situated at 200mm from the top of the known mould
is about 100°C. As above mentioned, this difference
causes cracking of the mould and other problems.
[0026] The aims of the invention are to minimize the
differences of temperature between two points of the
mould. In other words, to have more uniform temperature
distribution of the mould and at the same time increase
heat extraction and decrease internal mould wall tem-
perature.

[0027] In this purpose an object of the invention is a
mould for continuous casting of long products comprising
an internal and an external surface delimiting a thickness
of the mould, the internal surfaces defining a mould cav-
ity. The main feature of the invention is that the thickness
of at least one portion of the mould varies depending on
measured or simulated temperature gradients of another
mould in use. The other mould may be a known mould
having known features.

[0028] Figure 3A, is alongitudinal cross-sectional view
of one embodiment of a mould 10 according to the in-
vention and figures 3B and 3C are transversal cross-
sectional views of figure 3A at two different heights or
altitudes of said mould 10. For a better understanding
figures 3B and 3C are provided with an orthogonal two
dimensional coordinate system defined by two orthogo-
nal half straight line x and y. The mould 10 comprises an
external longitudinal surface 12 and an internal longitu-
dinal surface 14 and can be made of copper or of an alloy
including cooper. This kind of mould is also called a mould
tube. Furthermore, the mould 10 comprises a plurality of
longitudinal elements 16 to 16C extending along an axis
z. The elements 16 to 16C may have a plate shape.
[0029] In this particular embodiment and as can be
seen on figure 3B and 3C, the mould 10 has a transverse
polygonal cross-section and comprises a plurality of in-
ternal corners A, B C, D and a plurality of external corners
AE F,B,B", C", C,6C" D" D,D"and A". Inthe trans-
versal cross-section of the mould 10 of figure 3B, the
mould element 16 is delimited by two consecutive internal
corners A and B and by four consecutive external corners
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A’, B, E, F. The vertical thickness e of said transversal
mould element 16, which is the projection of the thickness
e onthe vertical axis y, continuously varies from one point
of said element 16 of the mould 10 between afirst vertical
thickness e and a second thickness e2. For this partic-
ular mould element 16 the first thickness e7 of the ele-
ment 16 is the vertical distance between point A and point
E and the second thickness e2 of the element 16 is the
vertical distance between point A and point A’. Of course
the thickness of each of the tree other mould elements
16A to 16C respectively delimited by the corners
BB’B"C"C’C, CC’C"D™ D"D’D and DD’D"A"A’A are also
varied as above mentioned for the thickness e but in the
corresponding horizontal or vertical direction.

[0030] The figure 3C is a cross-sectional view of figure
3A at another height or altitude of mould 10. In this view,
the transversal cross-section of the mould 10 has a dif-
ferent shape.

[0031] Inthe transversal cross-section of the mould 10
of figure 3C, a closed transversal element 18 of the mould
10is delimited by two consecutive internal corners G and
J and by four consecutive external corners G’, K, L, J’.
The horizontal thickness €’ of said transversal mould el-
ement 18, which is the projection of the thickness e’ on
the axis horizontal x, continuously varies from one point
of said mould element 18 between a first horizontal thick-
ness e1’ and a second thickness horizontal e2’. For this
particular mould element 18 the first thickness e1’ is the
horizontal distance between point L and point J and the
second thickness is the horizontal distance between
point J and point J'. Of course the thickness of each the
tree other closed transversal mould element 18A to 18C
in this cross-section of the mould 10 respectively delim-
ited by the corners GG’G"H™ H’'H, HH’H"I'l"l and 1I'1"J"J’J
is also varied as above mentioned for the thickness €’
but in the corresponding horizontal or vertical direction.
[0032] Furthermore, in the embodiment of figures 3
each transversal mould element is symmetrical with re-
spect to a plan passing by the central segment of said
transversal mould face and being perpendicular to said
transversal mould face. In other words the thickness (e
or €') as above defined, of a mould face has the same
value for two points situated at the same distance with
respect to and in both side of the central segment of said
mould face.

[0033] In another embodiment not shown on the fig-
ures, the thickness e varies continuously from the middle
of a segment AB, BC, CD or DA of one mould element
16 in the direction of one of the internal corners A, B, C
or D of the mould.

[0034] Moreover, the variation of the transversal thick-
nesses of a mould can be limited to the top portion of this
mould, the other part of the mould having a constant
transversal thickness. For example, the variation of the
transversal thickness of a mould can extends longitudi-
nally only between the first 300 and 400 mm of the mould
height.

[0035] Furthermore, in the embodiment of figure 3B
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and 3C wherein the mould 10 has a general squared
transversal cross-section, the thicknesses in the areas
of the corners are equal. In other words, the distances
AA’, BB’, CC’, DD’ are equal to each others and the dis-
tances GG,’HH’, II’, JJ’ are also equal to each others. In
other words, the maximal horizontal and vertical thick-
nesses of the mould 10 contained in a transversal cross-
section of the mould at a given height or altitude of the
mould may have the same value.

[0036] Moreover, the variation above mentioned is an
increase and e2 is greater than e1 whereas e2’ is greater
than e?’.

[0037] Moreover, in the case of a rectangular cross-
section mould it may happen that the thicknesses con-
tained in a transversal cross-section of the mould at a
given height or altitude of the mould are the same only
for the two opposite elements, while the maximal thick-
nesses in the area of the corners, as above defined have
the same value.

[0038] The principle of varying the thickness of amould
also applies in the longitudinal direction of the mould 10
according to the invention. Figure 3A is a longitudinal
cross-section of the mould 10. Each mould 10 element
16A and 16C comprise respectively longitudinal surfaces
20 and 22 each one having a respective thickness e3
and e4. As above mentioned the variation of the thick-
ness e3 and e4 is function of a longitudinal temperature
gradient previously measured on another mould in use
or is function of a simulated longitudinal temperature gra-
dient of a mould as presented in figures 1 and 2. More
precisely, the longitudinal thicknesses e3 and e4 of each
longitudinal element 16A,16C increases, at least on a
portion of the mould, from a point of minimum thickness
in both directions defined by a longitudinal axis z. More
precisely, in the embodiment of figure 3A while moving
vertically from the top point P1 of the mould 10, the thick-
nesses e3 and e4 progressively decrease up to the point
P where the thickness is minimum. Then, the thicknesses
e3and e4 increase up to the point P2. After the point P2
the thicknesses e3 and e4 are constant. As way of ex-
ample the distance between point P1 and P can be com-
prises between 300 and 400mm for a mould having a
height of 900mm. The thickness of the element 16B and
16C in a longitudinal cross section of the mould varies
also as above mentioned.

[0039] This variation of thicknesses €3 and e4 allows
a more uniform temperature distribution in the mould 10
and at the same time increases heat extraction and de-
creases internal mould wall temperature.

[0040] The point P of minimum thickness of the mould
10 is placed approximately between 50 to 100mm from
the point of maximum longitudinal temperature previous-
ly measured on said other mould in use or previously
determined by simulation. This point and the curves of
figure 1 and 2 are obtained by experimental measure-
ment based on thermocouples or other measuring sys-
tems installed on known moulds in order to find the real
temperature profile, or are calculated with proper simu-
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lation programs.

[0041] In order to obtain the mould according to the
present invention, mould having the same geometrical
features than the known mould used to determine the
curves of figures 1 and to 2 is machined until the shapes
as above mentioned described and shown on the figures
are obtained.

[0042] Moulds for continuous casting of long products
are cooled during casting process by mean of a cooling
agent, flowing trough an external guided channel sur-
rounding the mould, in order to avoid problems with me-
chanical distortion and to additionally improve the heat
extraction, increase water turbulence and helping in cen-
tring the mould inside the water jacket. Another aspect
of the invention is then a cooling jacket designed to re-
ceive and at least partially longitudinally surround mould
10.

[0043] Figure 4Ais alongitudinal cross-sectional view
of a cooling jacket according to the invention and figures
4B to 4D are transversal cross-sectional views of figure
4A at different height or altitude of the cooling jacket.
[0044] The cooling jacket 30 for a mould as previously
defined comprises internal 32 and external faces 34 de-
limiting two longitudinal cross-sectional cooling jacket
faces 36 and 38. The cooling jacket 30 defines a plurality
of cooling ducts 36 for guiding a cooling agent along ex-
ternal surfaces of a mould according to the present in-
vention. The cooling ducts extend at least on a portion
of the height of the cooled jacket 30. The cooling jacket
30 is designed to receive and at least partially longitudi-
nally surround said mould 10 and has a complementary
form with respect to the mould. In particular, as can be
seen on figure 4A, the thicknesses i and i" of the cooling
jacket varies along the height of the cooling jacket 30.
[0045] In the embodiment shown on the figures, the
cooling jacket 30 has squared cross-sectional shape
comprising a plurality of portions 30A to 30 D. The thick-
nesses i, and i’ of the cooling jacket 30 delimited by in-
ternal 32 and external faces 34 at a predefined height of
the cooling jacket 30 are inversely proportional to the
thickness e3 or e4 of a cross sectional longitudinal face
20 or 22 of the mould at the same height of the cooling
jacket 30.

[0046] As can be seen on the figures 4A to 4D the
thicknesses i and i’ increase in the top part of the water
jacket 30 up to a maximum value and then diminish up
to a minimum value and remain constant in the last part
of the water jacket 30.

[0047] Figure 5Ais a longitudinal cross-sectional view
of an assembly comprising a cooling jacket 30 and a
mould 10’ according to the invention and figures 5B and
5C are transversal cross-section of figure 5A at different
heights or altitudes of the cooling jacket.

[0048] The cooling jacket 30 has a longitudinal profile
and a transversal profile which follows the different thick-
nesses €3’ and e4’ of the external faces(s) of the mould
10’ and then has also thicknesses i and i’ which depend,
at least on a portion of the cooling jacket 30, on a tem-
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perature gradient previously measured on another mould
in use or on a previously simulated temperature gradient
of a mould in use.

[0049] Moreover, in order to keep the total thickness
of the assembly 40 at a constant value, at given height
of the cooling jacket 30, the more the thicknesses €3’
and e4’ of the mould 10’ are high the less thicknesses i
and i’ of the cooling jacket are important.

[0050] Besides, the cooling jacket 30 comprises to
parts which that can be assembled around the mould 10,
the assembly being made in a factory.

[0051] Moreover the casting mould above described
may also be curved extending along a curved radius and
may have different length and/or thickness, depending
on the cast product size and chemical composition and
depending on the required productivity.

[0052] The particular design of the assembly mould/
cooling jacket prevents mould deformation, and grant
higher casting speed, longer mould life and better product
quality due to a more uniform heat extraction not only
along the mould perimeter but also in longitudinal direc-
tion.

[0053] The uniformity of cooling in billet perimeter al-
lows a more uniform shell growth, preventing possible
shape deformations due to differentiate cooling and re-
sulting thermal tensions, while the extension of the mould
decreased thickness in the longitudinal direction will in-
crease the heat extraction capability of the mould itself,
granting a faster shell growth with related possibility of
increased casting speed and productivity.

[0054] All of these advantages give a benefit in term
of reduction of machine costs, i.e. more productivity with
the same number of strands or reduced number of
strands with same productivity. Moreover it is also pos-
sible to install the invention on existing machines ex-
changing old systems with a mould and a mould cooling
jacket according to the invention.

Claims

1. Mould for continuous casting of long or flat products,
said mould extending along an axis (z) and compris-
ing an internal and an external surface delimiting
mould thicknesses (e, €', €3, e4), the internal surface
defining a mould cavity, characterized in that the
thickness (e, €’, €3, e4) of at least one part of the
mould (10) varies depending on measured or simu-
lated temperature gradients of a mould in use.

2. Mould according to claim 1 having a plurality of lon-
gitudinal elements (16, 16A, 16B, 16C) extending
along the axis (z), said elements forming a trans-
verse polygonal cross-section of the mould charac-
terized in that a thickness (e, €’) of at least one
mould element contained in a mould transversal
cross-section continuously varies between a first
(e1, e’1) and a second value (e2, e'2) depending on
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measured or simulated transversal temperature gra-
dients of a mould in use.

Mould according to claim 2 characterized in that
the thickness (e,€’) varies continuously from the mid-
dle of a segment (AB,BC,CD,DA) of said mould el-
ement (16) in the direction of one of the internal cor-
ners (A,B,C,D) of the mould.

Mould according to one of the claims 2 to 4 charac-
terized in that the thickness of each mould element
(16,16A, 16B, 16C) varies from the middle of a seg-
ment of each mould element (16,16A,16B,16C) in
the direction of an internal corner (A,B,C,D,G,H,I,J)
of the mould (10).

Mould according to the previous claim character-
ized in that at least one mould element (16, 16A,
16B, 16C,18,18A18B18C) is symmetrical with re-
spect to a plan passing by the central segment of
said transversal mould element (16, 16A, 16B, 16C)
and being perpendicular to said transversal mould
element.

Mould according to one of claims 2 to 5 character-
ized in that the variation of the thickness (e) extend
only on a portion of the height (h) of the mould (10).

Mould according anyone of the previous claims
characterized in that the variation is an increase.

Mould according to the previous claim character-
ized in that the maximal thicknesses (e2, €2’) are
equal.

Mould according to anyone of the previous claims
characterized in that a thickness (€3, e4) of at least
a longitudinal element (16A, 16C) of the mould con-
tained in a longitudinal cross-section of the mould
(10) varies depending on a measured or simulated
temperature gradients of a mould in use.

Mould according to the previous claim character-
ized in that the variation of the thickness (€3, e4) is
function of a longitudinal temperature gradient
measured or simulated on a mould in use.

Mould according anyone of claims 9 or 10 charac-
terized in that the thickness (e3, e4) contained in a
longitudinal cross-section of each longitudinal ele-
ment (16, 16A, 16B, 16C, 18, 18A, 18B, 18C) in-
creases, at least on a portion of the mould (10), from
a point (P) of minimum thickness in both directions
defined by the longitudinal axis (z).

Mould according to the previous claim character-
ized in that the point (P) of minimum thickness is
located depending on the location of the point of max-
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13.

14.

15.

10

imum longitudinal temperature previously measured
on said other mould in use or previously determined
by simulation.

Cooling jacket (30) designed to cooperate with a
mould (10) according to one of the previous claims,
the cooling jacket comprising a body defining a plu-
rality of cooling ducts (6) for guiding a cooling agent
along external surfaces (12) of the mould (10) the
cooling jacket (30) being designed to receive and at
least partially longitudinally surround said mould
characterized in that, a thickness (i, i’) of the cooling
jacket (36,38) varies depending on measured or sim-
ulated temperatures gradients of a mould in use.

Cooling jacket according to claim 13 characterized
in that the thickness (i, i) of the cooling jacket (30)
at a predefined height of the cooling jacket (30) is
inversely proportional to the thickness (e3,e4) of the
mould (10) at the same height.

Assembly comprising a mould according to anyone
of the claims 1 to 11 and a cooling jacket according
to anyone of the claims 12 to 14.
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The Search Division considers that the present European patent application does not comply with the
requirements of unity of invention and relates to several inventions or groups of inventions, namely:

1. claims: 1-8, 13-15

Continuous casting mold with mould element having a varying
thickness in a transverse cross-section, water-jacket for
this mould and assembly of such a mould and a water-jacket

2. claims: 9-15

Continuous casting mould with mould element having a varying
thickness in a longitudinal cross-section, water-jacket for
this mould and assembly of such a mould and a water-jacket.
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