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(57) Abstract

An improved method for controlling the clamping forces exerted on opposing sidewalls (12, 13) of a casting mold (10) dur-
ing a continuous casting operation, which comprises the steps of presetting the mold (10) for the maximum load to be experi-
enced by the sidewalls (12, 13) of the mold, securing the mold at the presetting, and, through displacement measuring devices (41)
and hydraulic spring mechanisms (23, 24), controlling the forces exerted upon the sidewalls during the continuous casting opera-
tion as a function of the thermodynamic stresses to which the mold is subjected.




FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international
applications under the PCT.

AT Austria . ES Spain MG Madagascar
AU Australia Fi Finland ML Mali

BB Barbados FR France MN Mongolia

BE Belgium GA Gabon MR Mauritania
BF Burkina Faso GB United Kingdom MW Malawi

BG Bulgaria CN Guinea NL Netherlands
BJ) Benin GR Greece NO Norway

BR Brazil HU Hungary - PL Poland

CA Canada IT Italy RO Romania

CF Central African Republic JP Japan sD Sudan

CG Congo : : KP Democratic People’s Republic SE Sweden

CH Switzerland of Kerea SN Sencgal -

Cl Cate d'lvoire KR Republic of Korca SuU*  Soviet Union
c™m Camcroon Li Licchtenstein . D Chad

cs Czechoslovakia LK Sri Lanka TG Togo

DE Germany Ly Luxembourg us United States of America
DK Denmark MC Monaco

+ It is not yet known for which States of the former Soviet Union any designation of the
Soviet Union has effect.




WO 92/02324 PCT/US91/05362

AN IMPROVED METHOD FOR CONTROLLING THE

CLAMPING FORCES EXERTED ON A CONTINUOUS CASTING MOLD

The invention relates to continuous casting molds and,
more specifically, to an improved method for controlling the

5 clamping forces exerted on a casting mold during a continuous
casting operation.

Conventional casting molds comprise two pairs of opposed
sidewalls. The first pair have wide faces, one being fixed
and the other being movable. The second pair of sidewalls

10 have narrow faces, each being movable so as to vary the mold
size. 1In operation, the wide faced pair are clamped against
the narrow faced pair such that a sealed sleeve is formed
therebetween.

However, holding the mold in a clamped position during

15 the casting operation while controlling the heat induced
forces exerted on the mold has long been a difficult task.
Upon the introduction of molten metal into the mold, the mold
expands. Thereafter, the continuous casting operation
experiences continuous expansion (heating) and contraction

20 (cooling) of the mold. Accordingly, to prevent damage to
copper face plates lining the mold sidewalls, breakout
(tearing of the solidified skin) of the slab (casted metal)
produced, and damage to the mold and associated machinery, it

is desirable to maintain the sidewalls clamped securely
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together as a function of the forces to which the mold is

subjected.

Some casting systems provide for manual adjustment of the

clamping mechanism periodically by a worker to maintain a
constant clamping force on the mold. Other systems utilize
electronic sensing equipment to measure and adjust the
clamping force exerted on the mold sidewalls so as to maintain
the mold at a predetermined value for a particular mold size.
This predetermined value (force) is then maintained
essentially constant during the casting operation by a spring
mechanism and mechanical jack which bias the wide faced walls
against the narrow faced walls. A load cell on the mold reads
the force exerted and provides an output signal proportional
thereto. The load cell also senses variations in the
fluidostatic pressure exerted by the mold contents resulting
from changes in production requirements. Thereby, the degree
of clamping force exerted by the wide faced walls on the
narrow faced walls is measured and can be adjusted as a
function of mold width by control of the mechanical jack.
This is done in an attempt ﬁo prevent undue strain on the
frame and support structure of the mold, opening of the mold,
and damage to the molded product.

puring the casting operation, the interior size of the
mold and, hence, the width of the metal slab produced is

varied by changing the distance between the narrow sidewalls.
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However, in addition to accounting for thermal induced
expansion of the mold, the clamping forces on the mold must
also be varied as a function of mold width, i.e., the
fluidostatic pressure exerted by the mold contents on the
sidewalls. |

Consequently, heavy duty clamping mechanisms, such as
mechanical jacks, are required having the capability of
clamping over a broad range of forces. Aside from the expense
of such heavy duty clamping arrangements, less precision is
provided in response to expansion of the casting mold. 1In
addition, because a more complex system of forces must be
offset to maintain the mold in a clamped position, continuous
adjustment of the mold sidewalls is necessary.

Thus, it is an object of the present invention to provide
a precise, reliable, simple and economical method for
controlling the clamping forces exerted on a casting mold
during a continuous casting operation regardless of the mold
size, wherein the forces exerted upon the mold during the
casting operation are a function of the thermodynamic stresses
to which the mold is subjected, such as the speed of the
casting operation, the temperature of the mold contents, the
fluxing powder used, and the nature of the material being
cast.

The above and other objects of the present invention are

realized in a specific, illustrative method for controlling
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the clamping forces exerted on opposing sidewalls of a casting
mold during a continuous casting operation, which comprises
the steps of presetting the mold so as to accommodate the
maximum load to be experienced by the sidewalls of the mold,
securing the mold at the presetting, and controlling the
forces exerted upon the sidewalls during the continuous
casting operation as a function of the thermodynamic stresses
to which the mold is subjected.

The above and other features and advantages of the
present invention are realized in a specific, illustrative
embodiment thereof, presented hereinbelow in conjunction with
the accompanying drawing, in which:

FIG. 1 is a plan view of a continuous casting mold in
accordance with the present invention;

FIG. 2 is a section taken along 2-2 of FIG. 1;

FIG. 3 is a graph schematically illustrating the
relationship of the sidewall expansion of the mold to the
thermodynamic stresses experienced during the casting
operation;

FIG. 4 is a representative diagram of the clamping
mechanism and dimensional variation of the mold of FIG. 1; and

FIG. 5 is a section taken along 5-5 of FIG. 1.

The present invention sets forth a method for controlling
the clamping forces exerted on opposing sidewalls of a casting

mold during a continuous casting operation. The method

-
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comprises the steps of presetting the mold so as to
accommodate the maximum load to be experienced by the
sidewalls of the mold, securing the mold at the presetting,
and controlling the forces exerted upon the sidewalls during
the continuous casting operation as a function of the
thermodynamic stresses to which the mold is subjected.

Referring now to the drawings and, more particularly to
FIG. 1, there is shown a continuous casting mold assembly 10
in accordance with one aspect of the present invention. Mold
assembly 10 has a pair of parallel disposed wide sidewalls 12,
13 and a pair of parallel narrow sidewalls 14, 15. The narrow
sidewalls are disposed between and perpendicular to the wide
sidewalls so as to form a three-dimensional rectangular sleeve
16 open at both ends 17, 18 (shown in FIG. 2). The wide
sidewalls comprise fixed or stationary sidewall 13 and movable
sidewall 12 for clamping and releasing the narrow sidewalls.
In operation, the mold is oriented vertically such that one of
the sleeve ends faces upward.

A clamping mechanism 20 is utilized for clamping the
narrow sidewalls and the wide sidewalls together. The
clamping mechanism comprises two pairs of cylinder housings
21, 22, each containing a Bellville spring 23 and an
associated hydraulic system 24 for displacing the spring. The
housings are mounted adjacent to each end of the movable wide

sidewall so as to operatively bias the wide sidewalls against
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the narrow sidewalls. The narrow sidewalls, in turn, are
supported against the stationary wide sidewalls. 1In this
manner, the narrow sidewalls and the wide sidewalls are
clamped together.

The first pair of cylinder housings 21 are positioned on
the left side of the movable wide sidewall at its upper and
lower ends 25 and 26, respectively, as shown generally in
FIGS. 1 and 5. The second pair of cylinder housings 22 are
positioned adjacent to the right side of the movable wide
sidewall, also at its upper and lower ends. In this
configuration, the springs uniformly maintain the mold in a
clamped position.

The mold is sized by varying the length of the mold
interior, i.e., moving the spaced apart narrow sidewalls to a
selected distance from one another. This is accomplished by
activating drive mechanisms 31, 32 which effect movement of
the narrow sidewalls the selected distance along the length of
the wide sidewalls. The mold size is varied to accommodate
the desired slab production requirements.

Size variation may be done both prior to and during the
casting operation. This is accomplished by first relieving
the clamping forces exerted by the clamping mechanisms on the
mold sidewalls; Specifically, hydraulic fluid in the cylinder
housings hydraulically compresses the Bellville springs and

moves the cylinder housing toward a shim 27, as shown in FIGS.

-
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4 and 5. A gap 28 between shim 27 and a stop nut 29 dictates
the range of permissible movement of the springs. This gap is
adjusted and set by the stop nut prior to installation. As
the sidewalls expand, the gap narrows, the hydraulic force
being applied against the Bellville springs. The narrowed gap
reflects the corresponding reduction in the clamping forces
exerted on the sidewalls. Next, the drive mechanisms are
activated so as to move the narrow sidewalls to a selected
distance from one another. Finally, the hydraulic pressure
exerted against each Bellville spring is increased so as to
reimpose the clamping forces on the narrow sidewalls and
reform the rectangular sleeve.

Prior to installation, the mold is preloaded to a
selected design clamping force for clamping the narrow and
wide sidewalls together. Specifically, the mold is preset to
a condition which corresponds to the maximum relative
condition of sidewall expansion that the casting operation
will experience with the particular mold used and the selected
operating conditions. As best seen in FIG. 5, the lower
cylinders are suitably adapted and set to withstand a greater
clamping force than the upper cylinders so as to compensate
for the relative difference in fluidostatic loading between
the upper end (lower fluidostatic depth) and the lower end
(higher fluidostatic depth) of the mold. Once the cylinders

have been preloaded at this design force, the sidewalls are
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secured in place by lock nut 33 to prevent opening of the
mold, as shown in FIGS. 4 and 5. This configuration
facilitates the control of sidewall expansion primarily as a
function of thermodynamic stresses.

Sidewall expansion generally results from both
fiﬁidostatic loading of the mold (the volume of mold contents)
and ﬁhe thermodynamic stresses exerted on the mold. However,
because the mold is preset for the maximum possible
fluidostatic load, the volume of mold contents (the mold size)
is not a factor to be accounted for in clamping the mold. As
a result, the clamping forces required are greatly reduced,
simplifying and economizing operation and slab production.
Thereby, damage to the molded product, the mold, and its
associated machinery is prevented.

At the start of the continuous casting process, a
castable fluid 34 such as molten metal or the like, as shown
in FIG. 2, is continuously introduced into the upper end 17 of
the rectangular sleeve at a rate or line speed of, for
example, 60 in./min. This is accomplished using a tundish 36
and a shroud 38. The shroud is mounted to the bottom of the
tundish and extends downwardly therefrom. The tundish is
suspended over the castable fluid such that the shroud is
ijmmersed in the molten metal. Molten metal is then

continuously fed from the tundish through the shroud and into

the mold.

o

»
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Each sidewall of the mold is lined by a material
effective in heat removal, such as copper plates 37. The
copper plates extend from end to end of the respective
interior sidewall faces to provide efficient heat removal
(cooling of the mold) and to effect formation of the slab of
material being cast, e.g., steel. As molten metal 34 flows
into rectangular sleeve 16, the copper plates expand.

Thereby, stresses are exerted upon both the mold sidewalls and
the clamping mechanism, as best seen in FIG. 4.
Simultaneously, a solidified skin or shell begins to form
along the sidewall boundary of the molten metal, the thickness
of the skin increasing in proportion to the distance travelled
by the metal down through the sleeve.

After a solidified shell has been formed along the
perimeter of the material being cast, the slab produced exits
the mold through the bottom of rectangular sleeve 16, the mold
being transported by foot rollers 19, as shown in FIG. 2.

As shown generally in FIGS. 1, 4 and 5, a displacement
measuring device 41, for example, an LVDT (linear variable -
differential transformer), is provided on the clamping
mechanism to detect and measure the relative change in
displacement of the mold sidewalls as compared to the preset
secured position. Upon sidewall expansion, the LVDT senses
the corresponding increased hydraulic pressure against the

Bellville springs. Thereby, the springs contract and the
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clamping forces are relieved an increment necessary to
maintain the sidewalls in a clamped position without damage to
the copper plates or breakout of the mold.

As the level of the mold contents is lowered, copper
plates 37 contract in size. Upon contraction, the LVDT senses
the corresponding decrease in hydraulic pressure on the
Bellville springs, thereby the increasing clamping forces so
as to prevent opening of the mold. By controlling the
clamping forces exerted on the mold during the casting
operation, formation of finns on the casted product is
prevented. Such control also prevents the exertion of undue
stress on the sidewalls of the mold at the start of the
casting process due to the initial heat transferred from the
mold contents.

Non-steady state casting conditions characteristic of
continuous casting operations, i.e., during changes in the
speed of operation and replacement of the tundish and shroud
assembly, cause variation in the temperature of the mold. The
temperature change, in turn, causes a change in the
thermodynamic stresses exerted upon the sidewalls and results
in either their expansion or contraction. Therefore, the
clamping forces required by the upper and lower cylinders are
changed to maintain the mold clamped together.

As shown in FIG. 3, expansion of the mold sidewalls is a

function of the thermodynamic stresses on the mold. During
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the continuous casting process, as the thermodynamic stresses
of the casting system increase, the copper plates expand to an
even greater degree. Conversely, as the thermodynamic
stresses decrease, the plates contract. The spring and LVDT
configuration then controls the clamping force on the mold by
providing continuous hydraulic adjustment of the Bellville
springs, so as to maintain the mold in a clamped and closed
position.

It has been found that thermoexpansion of the mold
sidewalls is at a maximum in the region along the upper end of
the casting mold (at the meniscus of the molten metal). This
is because the temperature at the meniscus level is at a
maximum for the mold. The temperature gradient then gradually
tapers off with increasing mold depth, thus defining a
negatively sloped curve which represents the temperature
(cooling) gradient of the mold. Accordingly, the cylinder
housings at the mold upper end are adapted to compensate for
the differing magnitudes of expansion experienced at the
particular meniscus levels or depths of molten metal. The
housings at the lower end of the mold, in turn, experience
less thermoexpansion due to the cooling gradient of the mold.

The thermodynamic stresses include the speed of the
casting operation (line speed), the temperature of the mold
contents, the fluxing powder used, and the nature of the

material being cast. In particular, as the line speed
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increases, the temperature of the casting system increases
causing the temperature gradient for the mold to shift upward
and the slope of the gradient to flatten. Consequently, it is ’
necessary to adjust the clamping forces exerted by the upper
and lower cylinders. Similarly, if a grade of steel is used
which has a relatively higher (or lower) melting point
(iiquidous), the necessary operating temperature and the
nature of the material being cast vary the thermodynamic
stresses exerted upon the mold. Last, the fluxing powder used
to prevent bonding between the copper plates and the material
being cast causes variation in the operating temperature and,
hence, the temperature gradient of the mold.

Referring again to FIGS. 1 and 2, each wide faced
sidewall has a chamber or water box 42 on the face opposite to
that mounting the copper plate for storing a cooling fluid
such as water or the like. Each water box is located adjacent
to one of the wide sidewalls and is supported by a
corresponding shelf 51 or 52. During the continuous casting
process, water is intro-duced into each water box through
inlet pipes 43, 44. Inlet pipes 43, 44 are connected to the
lower end 45 of the water box and outlet pipes 46, 47 are
connected to the upper end 48 of the box for transporting
water to ahd from the box, respectively. R

As the water passes through the chamber, it effects

cooling of the mold. Upon entering the chamber, the water
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continuously absorbs heat from the molten metal. The heat
then exits the system through the water flowing from the water
box. The intro-duction of water into the box, in turn, cools
the mold and aids in solidifying the casted product. 1In
effect, the pipe and water box system serves as a continuous
heat exchanger.

Alternatively, or concurrently with the present
embodiment, shelves 51, 52 (shown in FIG. 2) cantilever the
foot rollers and support corresponding sidewalls of the mold,
the maximum fluidostatic pressure moment acting proximate to

the shelves.

The above-described arrangement and methodology is merely
illustrative of the principles of the present invention.
Numerous modifications and adaptions thereof will be readily
apparent to those skilled in the art without departing from
the spirit and scope of the present invention. For example,
although the present invention has been described as being
adapted for casting metal products and the like, it is
understood that any material could be cast giving
consideration to the purpose for which this invention is
intended. 1In addition, while a rectangular, variable width
mold has been described for operation in a vertical
orientation, it is also understood that any suitably oriented
or configured mold could be utilized consistent with the

principles set forth herein.
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WHAT IS CLATIMED IS:
1. A method for controlling the clamping forces exerted

on opposing sidewalls of a casting mold during a continuous
casting operation, which comprises the steps of presetting the
mold so as to accommodate the maximum load to be experienced
by the sidewalls of the mold, securing the mold at the
presetting, and controlling the forces exerted upon the
sidewalls during the continuous casting operation as a

function of thermodynamic stresses to which the mold is

subjected.

2. The method set forth in claim 1 wherein the
thermodynamic stresses include the line speed of the

continuous casting operation.

3. The method set forth in claim 1 wherein the
thermodynamic stresses include the temperature of the mold

contents.

4. The method set forth in claim 1 wherein the
thermodynamic stresses include the fluxing powder used during

the continuous casting operation.

o
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5. The method set forth in claim 1 wherein the

thermodynamic stresses include the nature of the material

being cast.

6. The method set forth in claim 1 wherein the maximum
load includes the maximum pressure load to be exerted by the

mold contents.

7. The method set forth in claim 1 wherein the maximum
load includes the forces exerted due to expansion of the

sidewalls.

8. The method set forth in claim 1 wherein controlling
the forces exerted upon the sidewalls includes the step of

determining the clamping force on the sidewalls.

9. The method set forth in claim 1 wherein controlling
the forces exerted upon the sidewalls includes the step of
varying the clamping forces on the sidewalls so as to

compensate for changes in the thermodynamic stresses.

10. The method set forth in claim 1 wherein securing the
mold at the presetting includes the step of locking the

sidewalls at the presetting.
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11. 2 method for controlling the clamping forces exerted
on opposing sidewalls of a casting mold during a continuous
casting operation, which comprises the steps of presetting the
mold so as to accommodate the maximum load to be experienced
by the sidewalls of the mold, locking the mold at the
presetting, determining the clamping force exerted on the
sidewalls during the continuous casting operation as a
function of thermodynamic stresses exerted upon the mold, and
varying the clamping forces exerted on the sidewalls so as to

compensate for changes in the thermodynamic stresses.
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