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(37) ABSTRACT

Twin roll casters for casting thin steel strip comprise cooled
casting rolls mounted on carriers. One roll 1s fixed and the
other 1s moveable laterally and biased toward the other roll by
carrier drive units acting on the moveable roll carriers. A
casting pool of molten steel 1s supported on the rolls which are
rotated to produce a solidified steel strip delivered down-
wardly from the nip therebetween. A gap 1s regulated between
the rolls such that unsolidified molten metal passes through
the nip between the solidified shells of the forming strip and
solidifies below the nip. The carrier drive units are eflective to
apply to the biased roll substantially intermediate biasing
forces such that the roll separation force at the casting rolls 1s
regulated to a value between 2 and 4.5 Newtons per millime-

fer.
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METHOD AND APPARATUS FOR CASTING
THIN CAST STRIP

[0001] This application 1s a divisional of U.S. patent appli-
cation Ser. No. 11/463,399, which was filed on Aug. 9, 2006,
which 1s incorporated herein by reference in 1ts entirety.

BACKGROUND AND SUMMARY

[0002] In the continuous casting method of manufacturing
steel, molten metal 1s cast directly into thin strip by a casting
machine apparatus, the shape of the strip 1s determined by the
mold of the casting machine apparatus. The strip may be
turther subjected to cooling and processing upon exit from the
casting rolls.

[0003] In the twin roll caster, molten metal 1s itroduced
between a pair of counter-rotated laterally positioned casting,
rolls which are internally cooled so that metal shells solidify
on the moving casting roll surfaces, and are brought together
at the nip between the casting rolls to produce a thin cast strip
product, delivered downwardly from the nip between the
casting rolls. The term “nip” 1s used herein to refer to the
general region at which the casting rolls are closest together.
The molten metal may be poured from a ladle through a metal
delivery system comprised of a tundish 1n a core nozzle
located above the mip, to form a casting pool of molten metal
supported on the casting surfaces of the rolls above the nip
and extending along the length of the nip. This casting pool 1s
usually confined between refractory side plates or dams held
in slhiding engagement with the end surfaces of the casting
rolls so as to restrain the two ends of the casting pool.
[0004] Thesetting up of an adjustment of the casting rolls 1n
a twin roll caster 1s a significant feature. The casting roll must
be accurately set to fully define an appropnate separation of
the casting rolls at the nip, generally of the order of a few
millimeters or less. There must be some device for allowing at
least one of the casting rolls to move outwardly against the
biasing force to accommodate fluctuations in strip thickness,
particularly during start-up.

[0005] Usually, one of the casting rolls 1s rotatably mounted
in a fixed journal, and the other roll is rotatably mounted on
supports that can move against the action of biasing force to
enable the rolls to move laterally to accommodate tluctua-
tions 1n casting roll separation and strip thickness. The bias-
ing force may be supplied by helical compression springs, or
alternatively, by a pair of cylindrical pressure fluid units. A
strip caster with spring biasing of the lateral movement of the
casting rolls 1s disclosed in U.S. Pat. No. 6,167,943 to Fish et

al.

[0006] Previously, we have proposed that the biasing force
be substantially the same or slightly more than that required to
balance the ferrostatic pressure of the casting pool and the
mechanical friction involved in the moving of the casting rolls
biasing toward each other such that a substantially constant
gap 1s maintained between the rolls at the nips suificient to
provide separation between the solidified shells at the nip.
This has been described in U.S. Pat. Nos. 6,536,506 and
6,988,530 1ssued on Mar. 235, 2003 and Jan. 24, 2006, respec-
tively. In this prior casting roll method, the roll separation
force 1s between O and 1.235 kN biasing force on each chock at
the end of each casting roll. Or stated another way, a roll
separation force 1s produced that 1s between about 0 to 1.85
N/mm across the casting roll surface. We now have found,
surprisingly, that a slightly larger roll separation force 1s more
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clfective, particularly in controlling the quality of the strip 1n
connection with the invention described in application Ser.

No. 11/467,652, and 1n allowing strip thickness to be further
reduced during a casting campaign, 11 desired.

[0007] It has also been proposed to have a roll separation
force at the casting rolls between 5 and 150 N/mm. See U.S.
2005/0205233, Sep. 22, 2005, and US 2005/0211412, Sep.
29, 2005. This roll separation force 1s not believed to allow for
the type of control to provide quality thin cast strip as the
present invention facilitates.

[0008] A method of casting metal strip 1s disclosed that
COmMprises:
[0009] assembling a pair of cooled casting rolls having a

nip between them and confining closures adjacent the ends of
the nip;
[0010] 1ntroducing metal between the pair of casting rolls

to form a casting pool between the rolls with the closures
coniining the pool adjacent the ends with the mip;

[0011] rotating the rolls such that shells of metal solidity
from the casting pool to form on the casting rolls and are
brought together at the nip to form a solidified strip delivered
downwardly from the nip;

[0012] applying a force to at least one of the pair of casting
rolls such that a roll separation force at the casting rolls 1s
regulated to a value between 2 and 4.5 Newtons per millime-
ter; and

[0013] {forming a thin metal strip delivered downwardly
from the nip of the casting rolls.

[0014] We have found that the gauge vanations in cast strip
can be alleviated by having a roll separation force that is
higher than that required to balance the ferrostatic pool pres-
sure and to overcome the mechanical friction ivolved in
moving the rolls. In particular, a roll separation force in the
range of between 2 and 4.5 Newtons per millimeter 1s par-
ticularly effective in controlling the quality of the strip in
connection with the invention described in application Ser.
No. 11/467,652. Such a range of roll separation forces also
allows the thickness of the cast strip to be further reduced
during a casting campaign by further grinding in the shoul-
ders of the side dams and reducing the gap.

[0015] In atleast one aspect, an embodiment of the present
invention combines the features of applying a constant cast-
ing roll separation force and establishing a roll gap that 1s
allowed to vary and that will enable molten metal to be passed
through the nip to further reduce strip defects. Embodiments
ol the present invention may also allow for roll eccentricity
compensation.

[0016] According to an embodiment of the present mnven-
tion, there 1s provided a method of casting metal strip includ-
ing imtroducing molten metal between a pair of cooled casting
rolls forming a nip between them to form a casting pool of
molten metal supported on the rolls, confining the pool at the
ends of the mip by pool confining closures and rotating the
rolls such that the shells of metal solidify from the casting
pool onto the casting rolls and are brought close together at
the nip to produce a solidified strip delivered downwardly
from the nip. The casting rolls are biased bodily toward each
other, in at least some embodiments, under a varying gap
between them at the nip. The gap 1s such as to maintain
separation between the solidified shells at the nip so that
molten metal passes 1n the space between them through the
nip and 1s, at least 1n part, subsequently solidified between the
solidified shells within the strip below the nip.




US 2009/0090480 Al

[0017] The molten metal may be molten steel and the
method may produce solidified steel strip at a casting speed of
at least 30 meters/minute. The casting speed may be at least
60 meters/minute. The separation space between the solidi-
fied shells at the nip may be 1n the range of 0 to 50 microns or
more, 1n accordance with various embodiments of the present
ivention.

[0018] The biasing force 1s somewhat higher than the mini-
mum force required to balance the ferrostatic pressure of the
casting pool and to overcome the mechanical Iriction
involved 1n moving the biased roll. For 500 mm diameter rolls
being 1350 mm wide, and a 175 mm pool, putting aside
mechanical friction which should be kept small, the ferro-
static force of the molten casting pool will be about 0.75 kN.
In accordance with an embodiment of the present invention,
the roll separation force, which 1s the net force exerted on the
strip, 1s regulated to a range of about 2 to 4.5 Newtons per
millimeter.

[0019] Atleastone casting roll may be mounted on a pair of
moveable roll supports or carriers moveable to provide the
bodily movement of at least one of the casting rolls relative to
the other casting roll, and the biasing force may be applied to
the roll supports by a pair of biasing units (carrier drive units
or mechanisms). Each biasing unit may include a thrust gen-
crator acting between a thrust transmission structure con-
nected to the respective roll support, and a thrust reaction
structure generating (exerting) a thrust on the roll support
dependent on the spacing between the thrust reaction struc-
ture and the thrust transmission structure. The thrust genera-
tor may comprise a compression spring or pressure tluid
cylinder unit, in accordance with an embodiment of the
present invention.

[0020] These and other advantages and novel features of
the present invention, as well as details of an illustrated
embodiment thereof, will be more fully understood from the
tollowing description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 1s a vertical cross section through a strip
caster constructed in accordance with an embodiment of the
present invention;

[0022] FIG. 21s an enlargement of part of F1G. 1 illustrating
particular components of the caster;

[0023] FIG. 3 1s a longitudinal cross section through par-
ticular parts of the caster, in accordance with an embodiment
of the present 1nvention;

[0024] FIG. 4 1s an elevation view of the caster:;

[0025] FIGS. 5-7 show the caster in varying conditions
during casting and during removal of the roll module from the
caster;

[0026] FIG. 81s a vertical cross-section through a roll bias-
ing unit incorporating a roll biasing spring;
[0027] FIG.91saschematic representation of various coms-

ponents of the caster, in accordance with an embodiment of
the present invention;

[0028] FIG.101saflowchart of an embodiment of a method
of casting thin cast strip, in accordance with various aspects of
the present invention;

[0029] FIG.111sacross-section of a cast steel strip made as
described herein, 1n accordance with an embodiment of the
present invention; and
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[0030] FIG. 12 15 a cross-section of a cast steel strip of the
prior art illustrated for purposes of comparison.

DETAILED DESCRIPTION OF THE DRAWINGS

[0031] The 1llustrated caster comprises a main machine
frame 11 which stands up from the factory floor (not shown)
and supports a casting roll module 1n the form of a cassette 13
which can be moved 1nto an operative position 1n the caster as
a unit but can readily be removed when the rolls are to be
replaced. Cassette 13 carries a pair of parallel cooled casting,
rolls 16 having a nip 16A between them, to which molten
metal 1s supplied by a metal supply system during a casting
operation from a ladle (not shown) via a tundish 17, distribu-
tor 18 and delivery nozzle 19 to create a casting pool 30.
Casting rolls 16 are water cooled so that solidified shells form
onto the moving roll surfaces and are brought together at the
nip 16 A between them to produce a solidified strip product 20
at the roll outlet. This product may be fed to a standard coiler.
[0032] Casting rolls 16 are counter-rotated through drive
shaits 41 from an electric motor and transmission mounted on
the main machine frame. The drive shaft can be disconnected
from the transmission when the cassette 1s to be removed.
Rolls 16 have copper peripheral walls formed with a series of
longitudinally extending and circumierentially spaced water
cooling passages supplied with cooling water through the roll
ends from water supply ducts in the roll drive shafts 41 of the
roll drive mechanism which are connected to water supply
hoses 42 through rotary glands 43. The roll may typically be
about 500 mm 1n diameter and up to 2000 mm long in order to
produce strip product approximately the width of the rolls.
[0033] The ladle 1s of entirely conventional construction
and 1s supported on a rotating turret whence 1t can be brought
into position over the tundish 17 to fill the tundish. The
tundish may be fitted with a sliding gate valve 47 actuable by
a servo cylinder to allow molten metal to flow from the
tundish 17 through the valve 47 and refractory shroud 48 1nto
the distributor 18.

[0034] The distributor 18 1s formed as a wide dish made of
a refractory material such as, for example, magnesium oxide
(MgQO). One side of the distributor 18 receives molten metal
from the tundish 17 and the other side of the distributor 18 1s
provided with a series of longitudinally spaced metal outlet
openings 52. The lower part of the distributor 18 carries
mounting brackets 53 for mounting the distributor 18 onto the
main canter frame 11 when the cassette 13 1s mnstalled 1n its
operative position.

[0035] Delivery nozzle 19 1s formed as an elongate body
made of a refractory material such as, for example, alumina
graphite. Its lower part 1s tapered so as to converge inwardly
and downwardly so that it can project mto the nip 16A
between casting rolls 16. Its upper part 1s formed with out-
wardly projecting side flanges 55 that locate on a mounting
bracket 60 which forms part of the main frame 11.

[0036] Nozzle 19 may have a series of horizontally spaced
generally vertically extending flow passages to produce a
suitably low velocity discharge of molten metal throughout
the width of the rolls and to deliver the molten metal into the
nip 16 A between the rolls without direct impingement on the
roll surfaces at which 1nitial solidification occurs. Alterna-
tively, the nozzle 19 may have a single continuous slot outlet
to deliver a low velocity curtain of molten metal directly mnto
the nmip 16 A between the casting rolls 16 and/or 1t may be
immersed in the molten metal pool between the casting rolls

16.
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[0037] The poolisconfined at the ends of the rolls by a pair
of side closure plates or dams 36 that are held against stepped
ends 57 to the rolls when the roll cassette 1s 1n its operative
position to confine the molten metal 1n the casting pool
against outtlow adjacent the ends of the nip. Side closure
plates 56 are made of a strong refractory material and have
scalloped side edges to match the curvature of the stepped
ends of the rolls. The side closure plates 56 can be mounted 1n
plate holders 82 which are moveable by actuation of a pair of
hydraulic cylinder units 83 to bring the side plates into
engagement with the stepped ends of the casting rolls to form
end closures for the molten pool of metal formed on the
casting rolls during a casting operation. Side closure plates 56
are adjacent the ends of the mip 16 A, and confine the casting
pool formed between the casting rolls 16.

[0038] During a casting operation, the sliding gate valve 47
1s actuated to allow molten metal to pour from the tundish 17
to the distributor 18 and through the metal delivery nozzle 19
whence 1t flows onto the casting rolls to form the casting pool
with confinement of the side closure plates 56. The head end
ol the strip product 20 1s guided by actuation of an apron table
96 to a pinch roll and thence to a coiling station (not shown).
Apron table 96 hangs from pivot mountings 97 on the main
frame and can be swung toward the pinch roll by actuation of
a hydraulic cylinder unit (not shown) after the clean head end
has been formed.

[0039] Theremovableroll cassette 13 1s constructed so that
the casting rolls 16 can be set up and the gap of the nip 16 A
between them adjusted before the cassette 1s installed 1n posi-
tion 1n the caster. The gap between the casting rolls at this
point 1 assembly generally should be as small as possible
without the casting rolls touching each other. More-over,
when the cassette 13 1s installed, two pairs of roll biasing units
110 and 111 mounted on the main machine frame 11 can be
rapidly connected to roll supports on the cassette 13 to pro-
vide biasing forces resisting separation of the rolls.

[0040] Roll cassette 13 comprises a large frame 102 that
carries the casting rolls 16 and upper part 103 of the refractory
enclosure for enclosing the cast strip below the mip 16 A. Rolls
16 are mounted on roll supports 104 that comprise a pair of
roll end support structure 90 (FI1G. 4) carrying roll end bear-
ings 100 by which the rolls are mounted for rotation about
their longitudinal axis in parallel relationship with one
another. The two pairs of roll supports 104 are mounted on the
roll cassette frame 102 by means of linear bearings 106
whereby they can slide laterally of the cassette frame to
provide for bodily movement of the rolls toward and away
from one another, thus permitting separation and closing
movement between the two parallel casting rolls 16.

[0041] Roll cassette frame 102 also carries two adjustable
stop means 107 disposed beneath the casting rolls 16 about a
central vertical plane between the rolls and located between
the two pairs of roll supports 104 so as to server as stops
limiting mmward movement of the two roll supports 104
thereby to define the minimum width of the gap atthe nip 16 A
between the rolls 16. As explained below herein, the roll
biasing units 110 and 111 are actuable to move the roll sup-
ports 104 mwardly against these central adjustable stop
means but to permit outward springing movement of one of
the casting rolls 16 against preset biasing forces.

[0042] FEach adjustable stop means 107 1s 1n the form of, for
example, a worm or screw driven jack having a body 108 fixed
relative to the central vertical plane of the caster, and two ends
109 which can be moved upon actuation of the driven jack
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equally 1n opposite directions to permit expansion and con-
traction of the jack to adjust the width of the gap at the nip
16A, while maintaining equidistant spacing of the rolls 16
from the central vertical plane of the caster and, also, a sub-
stantially constant gap between the casting rolls 16, 11 desired.

[0043] The caster 1s provided with two pairs of roll biasing
units 110 and 111 connected one pair to the supports 104 of
cach roll 16. The roll biasing units 110 at one side of the
machine are constructed and operate 1n accordance with an
embodiment of the present invention. These units are fitted
with helical biasing springs 112 to provide biasing forces on
the respective roll supports 104. The biasing units 111 at the
other side of the machine incorporate hydraulic actuators 113.
These actuators are operable to hold the respective roll sup-
ports 104 of one roll firmly against the central stops and the
other roll 1s free to move laterally against the action of the
biasing springs 112 of the biasing units 110 to bias the casting
rolls toward each other. In accordance with an alternative
embodiment of the present invention, the biasing force may
be supplied by servo-controlled biasing using servo-mecha-
nisms.

[0044] The detailed construction of applicable biasing
units 110 1s 1llustrated 1n FIG. 8. As shown 1n FIG. 8, the
biasing unit comprises a spring barrel housing 114 disposed

within an outer housing 1135 which 1s fixed to the main caster
frame 116 by fixing bolts 117.

[0045] Spring housing 114 1s formed with a piston 118 that
runs within the outer housing 115. Spring housing 114 can be
set alternatively 1n an extended position as illustrated 1n FIG.
8 and a retracted position by flow of hydraulic fluid to and
from the cylinder 119. The outer end of the spring housing
114 carries a pressure tluid operable means 1n the form of a
hydraulic cylinder unit 119 (positioning unit) operable to set
the position of a spring reaction plunger 121 (thrust reaction

structure) connected to the piston of unit 119 by a connecting,
rod 130.

[0046] The inner end of the spring 112 (thrust generator)
acts on (exerts a force on) a thrust transmission structure 122
which 1s connected to the respective roll support 104 through
a load cell 125. The thrust structure 1s iitially pulled into firm
engagement with the roll support by a connector 124 that can
be extended by operation of a hydraulic cylinder 123 when
the biasing unit 1s to be disconnected.

[0047] When biasing unit 110 1s connected to 1ts respective
roll support 104, with the spring housing 114 set in 1its
extended condition as shown in FIG. 8, the position of the
spring housing 114 and cylinder unit 119 1s fixed relative to
the machine frame and the position of the spring reaction
plunger 121 can be set to adjust the effective gap between the
spring abutments on the reaction plunger and the thrust trans-
mission structure 122. The compression of the spring 112 can
thereby be adjusted to vary the thrusting force applied to the
thrust transmission structure 122 and the respective roll sup-
port 104. With this arrangement, the only relative movement
during casting operation 1s the movement of the roll support
104 and thruster structure 122 as a umit against the biasing
spring. Since the biasing unit acts to bias the roll support 104
inwardly against the stop, it can be adjusted to preload the roll
support with a certain spring biasing force before metal actu-
ally passes between the casting rolls, and that biasing force
can be maintained, 1f desired, during a subsequent casting
operation.

[0048] Hydraulic cylinder unit 119 is operated continu-
ously to vary the position of the spring reaction plunger to
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replicate movements of the thrust transmission structure 122
due to lateral movements of the roll support 104. Any inward
or outward movement of roll support 104 will cause a corre-
sponding mward or outward movement of the cylinder of
cylinder unit 119 and, therefore, of spring reaction plunger
121 so as to maintain a desired compression of the compres-
sion spring 112. Accordingly, a desired biasing force (e.g., to
cause a desired roll separation force of between 2 and 4.5
Newtons per millimeter) may be maintained against the cast-
ing rolls 16 at each end of the roll regardless of movements of
the roll mountings. The continuously operable spring setting,
means enables very accurate setting of biasing forces that can
be maintained or accurately changed to other biasing force
values throughout a casting operation. For example, a roll
separation force in the range of between 2 and 4.5 Newtons
per millimeter can allow for casting of thinner metal strip by
allowing the shoulders of the side closure plates 56 (side
dams) to be further ground 1n to the sides of the casting rolls.
Moreover, 1t 1s possible to use very low stiffness springs, and
because the two compensation or control systems for the two
roll ends operate completely independently, there need be no
cross-talk between the two. Accordingly, such an arrange-
ment allows the roll biasing force to be accurately maintained
to regulate roll separation forces to between about 2 and 4.5
Newtons per millimeter at the casting rolls 16.

[0049] As illustrated diagrammatically m FIG. 9, exem-
plary control means can be comprised of position sensors
150, sensing the position of the thrust transmission structures
122 and connected 1nto a control circuit which controls the
operation of the cylinder unit 119 so that the movements of
the thrust transmission structures 122 are replicated by the
cylinders of units 119. The control circuit may comprise
controllers 151 connected to the sensors 150 and to the cyl-
inder units 119 to operate the cylinders 119 so as to replicate
movements of the thrust transmission structures 122. Con-
trollers 151 also control operation of the cylinders for initial
setting of the roll supports prior to casting and subsequent
adjustment to add a similar incremental movement of the
cylinders 119 through step controllers 160 to maintain a
desired biasing force, and to change the gap at the nip 16A
between the casting rolls 16. The step controllers have a set
point input at 161.

[0050] Typically, in accordance with illustrated embodi-
ments of the present invention, the system may be operated to
adjust a gap at the mip 16 A between the casting rolls 16 to
compensate for various low, medium, or high frequency
vibrations occurring within the system which can afiect strip
quality (1.e., create defects 1n the thin metal strip).

[0051] FIG.101saflowchart of an embodiment of a method
1000 of casting thin cast strip, 1n accordance with various
aspects of the present invention. In step 1010, a pair of cooled
casting rolls are assembled having a nip between them and
confining closures adjacent the ends of the nip. In step 1020,
molten metal 1s introduced between the pair of casting rolls to
form a casting pool between the rolls with the closures con-
fining the pool adjacent the ends with the nip. In step 1030, the
casting rolls are rotated such that shells of metal solidily from
the casting pool to form on the casting rolls and are brought
together at the nip. In step 1040, a force 1s applied to at least
one of the pair of casting rolls such that a roll separation force
at the casting rolls 1s regulated to a value between about 2 and
4.5 Newtons per millimeter. In step 1050, thin metal strip 1s
tormed and delivered downwardly from the nip of the casting
rolls 1n response to the applied roll separation force.
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[0052] Referring to FIG. 11, unique steel product made by
the presently described method 1s illustrated. The unique cast
steel strip made by the following steps of assembling a pair of
cooled casting rolls having a nip between them and confining
closures adjacent the ends of the nip, mtroducing molten
metal between the pair of casting rolls to form a casting pool
between the rolls with the closures confining the pool adja-
cent the ends of the nip, rotating the rolls such that shells of
metal solidily from the casting pool onto the casting rolls and
are brought close together at the nip, applying a force to at
least one of the pair of casting rolls such that the roll separa-
tion force at the casting rolls 1s regulated to a value between 2
and 4.5 Newtons per millimeter, and forming thin metal strip
delivered downwardly from the nip of the casting rolls.

[0053] The columnar dendrite structure of steel formed 1n
the solidified shells onto the casting rolls 16 do not come
together. This 1s 1llustrated by comparison in FIG. 12, where
the structure of steel strip made by the previously described
strip casting process 1s illustrated. There, the columnar den-
drite structure of the solidified shells join 1n the formed strip

as the solidified shells come together. However, 1n steel strip
made 1n accordance with embodiments of the present inven-
tion, there 1s a central zone within the steel strip between the
solidified shells that solidifies after strip passes through the
gap between the casting rolls 16 at the nip 16A. Also, defects
in the steel strip may be reduced 1f not completely eliminated
by allowing control of the vanation of the roll separation force
between about 2 and 4.5 Newtons per millimeter.

[0054] Inaccordance with an alternative embodiment of the
present invention, the system may be operated to maintain a
gap at the nip 16A between the casting rolls 16 which 1s
greater than the gap determined by the solidified shell thick-
ness. In operation, casting commences with a gap initially

determined by the solidified shell thickness. This thickness 1s
illustrated in FIG. 12 where the dendrites of the solidified
shells of the strip join 1n the formed strip. Movement of the
roll supports due to remaining roll eccentricities are sensed by
the sensors 150 and the control unit learns the pattern of roll
movements due to that eccentricity. In order to compensate
for the eccentricity induced force fluctuation, the roll chock
trajectories are replicated at the spring (thrust) reaction struc-
tures by the position control system and those compensatory
movements are continued. The roll gap 1s then increased by a
small amount (such as, for example, 0 to 50 microns) while
the pattern of movements of the spring reaction structure 1s
continued. This even further enhances the already formed gap
between the casting rolls by turther reducing, 1t not eliminat-
ing, force fluctuation induced by roll eccentricity.

[0055] Inthe control system of FIG. 9, the step of increas-
ing the gap at the nip 16A 1s achieved by moving the roll
carriers supporting the spring biased roll and the hydrauli-
cally actuated biasing units (carrier drive units) for the other
roll are operated to lock the other roll 1n a fixed position. The
system, 1n accordance with an embodiment of the present
invention, can be used 1n combination with the eccentricity
control system described 1n U.S. patent application Ser. No.
10/104,313, which description now 1s incorporated herein by
reference. In that system, the thickness variations due to roll
eccentricity can be very much reduced by imposing a pattern
ol speed variation 1n the speed of rotation of the casting rolls.
Compensation in this manner 1s possible because even small
variations vary the time of contact of the solidifying metal
shells on the casting rolls within the casting pool, and there-
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fore affect the strip thickness and roll thermal load to facilitate
the production of strip of constant thickness.

[0056] In accordance with an embodiment of the present
invention, the thickness of the cast metal strip may be reduced
during a casting campaign. For example, a casting campaign
may start by casting steel strip having a thickness of about 1.8
millimeters. The side dam shoulders have been ground 1n to
allow for such a thickness. Halfway through the casting cam-
paign, 1t may be desirable to change to casting strip having a
thickness of 1.5 millimeters. By providing roll separation
forces 1n the range of between 2 and 4.5 Newtons per milli-
meter, the gap between the casting rolls can be reduced by
allowing the shoulders of the side dams to be fturther ground
into the sides of the casting rolls, in a controlled manner, to
achieve the 1.5 millimeter thickness.

[0057] In summary, as described herein, an apparatus for
continuously casting metal strip comprises a pair of cooled
casting rolls forming a nip therebetween; a metal supply
system to deliver molten metal into the nip between the rolls
to form a casting pool of molten metal supported on casting,
roll surfaces above the nip; a pair of closure plates to confine
the molten metal 1n the casting pool against outflow adjacent
the ends of the nip; a roll drive mechanism to drive the casting,
rolls 1n counter-rotational directions to produce a solidified
strip of metal delivered downwardly from the nip; at least one
of the casting rolls mounted on a pair of moveableroll carriers
that allow that roll to move toward and away from the other
roll; a pair of carrier drive units acting one on each of the pair
ol moveable roll carriers to bias said one roll toward the other
roll; and a control system to control operation and capable of
positioning of the carrier drive units so as to provide a roll
separation force at the casting rolls that 1s regulated to a value
of between 2 and 4.5 Newtons per millimeter during a casting
operation.

[0058] In conclusion, certain embodiments of the present
invention provide a system and method for casting thin cast
strip by applying a force to at least one of a pair of casting rolls
of a casting system such that a roll separation force at the
casting rolls 1s regulated to a value of between about 2 and 4.5
Newtons per millimeter. Such regulation allows for better
control of the casting process resulting in reduced defects 1n
the resultant thin cast metal strip.

[0059] Whuile the imnvention has been described with refer-

ence to certain embodiments, 1t will be understood by those
skilled 1n the art that various changes may be made and
equivalents may be substituted without departing from the
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scope of the ivention. In addition, many modifications may
be made to adapt a particular situation or material to the

teachings of the mvention without departing from 1ts scope.
Therefore, 1t 1s intended that the invention not be limited to

the particular embodiments disclosed, but that the invention
will include all embodiments falling within the scope of the
appended claims.

What 1s claimed 1s:

1. An apparatus for continuously casting metal strip com-

prising:

a pair of cooled casting rolls forming a nip therebetween;

a metal supply system to deliver molten metal into the nip
between the rolls to form a casting pool of molten metal
supported on casting roll surfaces above the nip;

a pair of closure plates to confine the molten metal 1n the
casting pool against outtlow adjacent the ends of the nip;

a roll drive mechanism to drive the casting rolls 1n counter-
rotational directions to produce a solidified strip of metal
delivered downwardly from the nip;

at least one of the casting rolls mounted on a pair of move-
able roll carriers that allow that roll to move toward and
away from the other roll;

a pair of carrier drive units acting one on each of the pair of
moveable roll carriers to bias said one roll toward the
other roll; and

a control system to control operation and capable of posi-
tioning of the carrier drive units so as to provide a roll
separation force at the casting rolls that 1s regulated to a
value of between 2 and 4.5 Newtons per millimeter
during a casting operation.

2. The apparatus of claim 1 wherein the carrier drive units

comprise servo-mechanisms.

3. The apparatus of claim 1 wherein the carrier drive units

comprise roll biasing units comprising;:

a thrust transmission structure connected to the respective
roll carrier;

a thrust reaction structure;

a thrust generator acting between the thrust reaction struc-
ture and the thrust transmission structure to exert a thrust
on the thrust transmission structure and the respective
roll carrier; and

a positioning unit operable to vary the position of the thrust
reaction structure.

4. The apparatus of claim 1 wherein said control system 1s

operable to move said one roll.

ke i o e 3k
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