-1 - METHOD AND APPARATUS FOR LOCALIZED CONTROL OF HEAT FLUX IN THIN CAST
STRIP BACKGROUND AND SUMMARY 5 This invention relates to the casting of steel strip by a
twin roll caster. In a twin roll caster, molten metal is introduced between a pair of counter-rotated
horizontally positioned casting rolls, which are 10 internally cooled so that metal shells solidify on the
moving roll surfaces and are brought together at the nip between them to produce a thin cast strip
product delivered downwardly from the nip. The term “nip" between the casting rolls is used herein to
refer to the general 15 region at which the rolls are closest together. The molten metal may be poured
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casting pool is usually confined between side plates or dams in sliding engagement with end
surfaces of the rolls so as to dam the two ends of the casting pool against outflow. 25When casting
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10 internally cooled so that metal shells solidify on the

moving roll surfaces and are brought together at the nip
between them to produce a thin cast strip product
delivered downwardly from the nip. The term "nip" between
the casting rolls is used herein to refer to the general

15 region at which the rolls are closest together. The molten
metal may be poured from a ladle into a smaller vessel,
from which 1t flows through a metal delivery nozzle
located above the nip forming a casting pool of molten
metal supported on the casting surfaces of the rolls. This

20 casting pool i1s usually confined between side plates or
dams held in sliding engagement with end surfaces of the
rolls so as to dam the two ends of the casting pool
against outflow.

25 When casting steel strip in a twin roll caster, the
casting pool will generally be at a temperature in excess
of 1550°C, and usually 1600°C and greater. It iIs necessary
to achieve very rapid cooling of the molten steel over the
casting surfaces of the rolls in order to form solidified

30 shells 1n the short period of exposure on the casting
surfaces to the molten steel casting pool during each
revolution of the casting rolls. Moreover, it Is important
to achieve even solidification so as to avoid distortion
of the solidifying shells which come together at the nip

35 to form the steel strip. Distortion of the shells can lead
to surface defects known as 'crocodile skin surface
roughness™. Crocodile skin surface roughness is known to



carbon levels below 0.065% by weight carbon. Crocodile skin roughness involves periodic rises and
falls in the strip surface of 40 to 80 microns, in periods of 5 to 10 5 millimeters, measured by
profilometer. The applicant has found that with carbon levels below about 0.065% by weight the
formation of crocodile skin surface roughness is directly related to the heat flux 10 between the molten
metal and the surface of the casting rolls and the formation of quality cast strip can be controlled by
controlling the heat flux between the molten metal andth& surface of the casting rolls. As build-up of
oxides on the surface of the casting rolls affect the heat 15 transfer through the surface, the applicant
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casting with oxide build-up. This change can cause a change in heat flux from the molten metal to the
casting roll surfaces and in turn changes the quality of the thin cast strip. 30 As disclosed and
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rolls and the formation of quality cast strip can be
controlled by controlling the heat flux between the molten
metal and the surface of the casting rolls. As build-up of
oxides on the surface of the casting rolls affect the heat

15 transfer through the surface, the applicant has also found
that by controlling the energy exerted by rotating brushes
peripherally In contact with the casting surfaces of each
casting roll the heat flux between the molten metal and
the surface of the casting rolls, and in turn quality of

20 the thin cast strip, can be controlled. This relationship
between the heat flux from the molten metal and the
surface of the casting rolls and the casting of quality
thin cast strip has been found to occur whether the
casting roll surfaces are smooth or textured. The

25 applicant has also found that the texture of the casting
surfaces of the casting rolls changes during casting with
oxide build-up. This change can cause a change In heat
flux from the molten metal to the casting roll surfaces
and 1n turn changes the quality of the thin cast strip.

30
As disclosed and claimed 1n U.S. Application Serial
No. 11/302,485 and published as US 2006-0237162, by
controlling the heat flux between the molten metal and the
casting roll surfaces, high fluctuations iIn the heat flux
35 should be avoided during the formation of the metal shells
during casting, and In turn control the formation of
crocodile skin surface roughness in the thin cast strip



The applicant has now found that by measuring the temperatures of casting surfaces along the length
of the casting rolls, across the width of the cast strip adjacent the nip, or both, that interfacial heat
transfer 10 coefficient between the molten metal in the casting pool and the casting surfaces of the
casting rolls can be monitored and controlled. The applicant has now found that the measured
temperatures can then be used to regulate gas delivery within different segments along the surface of
15 the casting roll adjacent the contact of the cleaning-bRishes. In addition, the applicant has now
found that the energy of the rotating brush against the casting roll also may be controlled at the same
time based on thp eadtieg:dpeed by varying the application pressure, the angle of 20 contact with the
casting roll surfaces, the speed of rotation, or a combination thereof, with an electric, pneumatic or
hydraulic motor rotating_the brush against the casting surface. The heat flux may also be measured in
combination by any avallB61e3Re¥R AP AChe lGu iR 2% @ BEs(IEKS Préfuc®d. The applicant
has now found thaddussg time o&stirteomenanon, thertempkratncevdetthgecasting roll at the casting
surface will vary along the length indicating a 30 build-up of oxides and corresponding variation in heat
flux along the length of the castiny soll. Sunhh heat flux aria[ion alon%}the length af the roll, in turn, can
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the measured temperatures can then be used to regulate gas
delivery within different segments along the surface of

15 the casting roll adjacent the contact of the cleaning
brushes. In addition, the applicant has now found that the
energy of the rotating brush against the casting roll also
may be controlled at the same time based on the casting
speed by varying the application pressure, the angle of

20 contact with the casting roll surfaces, the speed of
rotation, or a combination thereof, with an electric,
pneumatic or hydraulic motor rotating the brush against
the casting surface. The heat flux may also be measured iIn
combination by any available method to improve the quality

25 of cast strip produced.

The applicant has now found that during the casting
operation, the temperature of the casting roll at the
casting surface will vary along the length indicating a

30 build-up of oxides and corresponding variation in heat
flux along the length of the casting roll. Such heat flux
variation along the length of the roll, In turn, can cause
variations in surface quality across the cast strip width
as the strip exits the casting rolls. The variation iIn

35 temperature and heat flux along the length of a casting
roll also causes a temperature variation across the width
of the cast strip. Thus, the applicant has now found that



assembling a pair of counter-rotating casting rolls laterally to form a nip between circumferential
casting surfaces of the rolls through which metal strip may be 15cast; forming a casting pool of
molten metal supported on the casting surfaces of the casting rolls above the nip in a casting area with
a protective atmosphere; assembling a rotatable cleaning brush peripherally to 20 contact the casting
surface of each casting roll in contact with the casting surfaces between the nip and the casting area;
counter-rotating the casting rolls such that the casting-suffaces of the casting rolls each travel toward
25 the nip to produce a cast strip downwardly from the nip; removing oxides from the casting surface
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the brushes5- 5Seontrol localized delivery of gas in segments along the
casting rolls adjacent the cleaning brushes, localized
control of heat flux can be achieved and quality of cast
strip can be improved.

10 A method of continuous casting of thin cast strip is
disclosed herein that comprises the steps of:
assembling a pair of counter-rotating casting rolls
laterally to form a nip between circumferential casting
surfaces of the rolls through which metal strip may be
15 cast;
forming a casting pool of molten metal supported on
the casting surfaces of the casting rolls above the nip iIn
a casting area with a protective atmosphere;
assembling a rotatable cleaning brush peripherally to
20 contact the casting surface of each casting roll 1iIn
contact with the casting surfaces between the nip and the
casting area;
counter-rotating the casting rolls such that the
casting surfaces of the casting rolls each travel toward
25 the nip to produce a cast strip downwardly from the nip;
removing oxides from the casting surface of each
casting roll by contacting the casting surface of each
casting roll with the rotating cleaning brush;
determining temperatures in segments along the length
30 of at least one of the casting rolls, of the cast strip in
segments laterally across the strip adjacent the nip, or
both; and
delivering gas at the casting surface adjacent the
rotating brush In segments corresponding to the determined
35 temperatures to provide variable gas delivery iIn the
segments along each casting roll surface adjacent the
brushes.



The step of delivering gas at the casting surface may be provided by varying gas composition, gas
mixture, gas pressure, or a combination thereof, delivered through 5 nozzles in at least three
segments extending along the casting surfaces of the casting rolls. In some embodiments there may
be five or more segments, and in some embodiments, each gas nozzle may comprise a segment
along the surface of the casting roll. In addition, the step of 10 providing gas delivery adjacent the
casting roll surface may comprise delivering the gas at tfe nip formed between the cleaning brush and
the casting roll surface, or through a housing adjacent the rotating cleaning brush. 15The step of
determining temperatures may include measuring temperatures across the casting roll surface at

locations in each segmepi, ag%tgherbtrslag itieégu]iﬁ?g e#;i:é%ecr% r@ng(tgé:Q?m %alsrqtgelg% 0SS

the casting roll surface adjac eaning O segment temperature may be

determined adjad¥it HOVASIRE 1Y NS 1M HaQaHES ofEBINASESHAR ca8tity TN Eesdfith the
cleaning brushesp peafiaregntact ef ctearingdtusirestvghr doefcastmbirod sedathsraugth)efore the

casting roll syriacR, 934 OeR a3 #5 FRPUR0 BmBee BRLARATYRUIRTRIIOERL maintained
above the casting pool. Alternat omnadnmtﬂmst oﬂmirmm tanemtesmalmmwe
o o SRS B SAET o (O cAeh AOSof R R vibth SECoR

typically betweenrthiedie Oﬂa)BObﬁetEl\aﬁdqrmem’ra‘r@ﬂgﬁ@msmpand Ihnarsoeeent, the temperatures
may be continuoesips@ierented anerhgsyriaee 2f heng t&tﬂﬁ@ﬂi@é agr meﬁﬂsmtaﬁgadjacent

the nip in segmel%tﬁ orgln a1_350%ont U and qhtecétly UOSF egtél(aae as %|IV in s%gments to
the casting surfaces adjacent the cleaning s to |mprove € qual the cast

10 provudlng gas dellvery adjacent the castlng roll sur ace
may comprise delivering the gas at the nip formed between
the cleaning brush and the casting roll surface, or
through a housing adjacent the rotating cleaning brush.

15 The step of determining temperatures may include
measuring temperatures across the casting roll surface at
locations In each segment, and then using the measured
temperature to control gas delivery across the casting
roll surface adjacent the cleaning brushes in each

20 segment. The temperature may be determined adjacent the
casting roll nip, in advance of contact of the casting
roll surfaces with the cleaning brushes, or after contact
of cleaning brushes with the casting roll surfaces and
before the casting roll surface again rotates into the

25 casting area where a protective atmosphere is maintained
above the casting pool. Alternately or iIn addition, the
step of determining temperatures may involve measuring
temperatures of the cast strip in the segments across its
width adjacent the nip, and typically between about 0.2

30 meter and 1 meter from the roll nip.

In any event, the temperatures may be continuously
determined along the surface of the casting rolls or
across the cast strip adjacent the nip In segments or iIn a

35 continuum, and directly used to regulate the gas delivery
In segments to the casting surfaces adjacent the cleaning
brushes, to improve the quality of the cast strip



produced. In some embodiments, the temperature across the casting roll or the cast strip, or both, may
be determined with sufficient accuracy by location, e.g. by scanning pyrometer, to individually vary the
gas delivered to the 5 casting surfaces by each gas delivery nozzle, such that each gas delivery
nozzle can be provided as a segment along the surface of the casting roll. The gas in the gas delivery
step may comprise at 10 least one gas selected from the group consisting of nitrogen, argon, helium,
hydrogen, water vapor, carbon monoxide, carbon dioxid®, dry air or a mixture of two or more thereof.
15The method may be used to control the heat transfer coefficient between the casting pool and the
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area, The gas in the gas delivery step may comprise at

10 least one gas selected from the group consisting of
nitrogen, argon, helium, hydrogen, water vapor, carbon
monoxide, carbon dioxide, dry air or a mixture of two or
more thereof.

15 The method may be used to control the heat transfer
coefficient between the casting pool and the casting
surface of the casting rolls. The method may further be
used to measure the temperature iIn segments along the
casting surfaces and/or the cast strip adjacent the nip to

20 control the energy exerted by the brushes on the casting
roll surfaces, and/or the angle of contact of the brushes
with the casting roll surfaces, as explained below.

Alternatively, and in addition, disclosed herein iIs a
25 method of continuous casting of thin cast strip comprising
the steps of:
assembling a pair of counter-rotating casting rolls
laterally to form a nip between circumferential casting
surfaces of the rolls through which metal strip may be
30 cast;
forming a casting pool of molten metal supported on
the casting surfaces of the casting rolls above the nip to
provide a casting area with a protective atmosphere;
assembling a rotating cleaning brush peripherally to
35 contact the casting surface of each casting roll 1In
advance of contact of the casting surfaces with the molten
metal 1In the casting area;



-7 - counter-rotating the casting rolls such that the casting surfaces of the casting rolls each travel
toward the nip to produce a cast strip downwardly from the nip; removing oxides from the casting
surface of each 5 casting roll by contacting the casting surface of each casting roll with the rotating

cleaning brush; and

determining temperatures in segments of at least one casting roll along the

length of the casting roll, of the cast strip along the width as the strip adjacent the nip, 10 or a

combination thereof.

The latter method may be used/by-the operator of the caster to monitor and to

identify conditions in the continuous casting where corrective steps should be taken 15 in casting to
provide a desired qualityefithecthin-siriptiieigy thet. casEinger ahkppaviaivs thagortineiously casting
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roll with the rotating Tleaning brus
determining temperatures in segments of at least one

casting roll along the length of the casting roll, of the
cast strip along the width as the strip adjacent the nip,
10 or a combination thereof.

The latter method may be used by the operator of the

caster to monitor and to identify conditions iIn the
continuous casting where corrective steps should be taken

15 1n casting to provide a desired quality of the thin strip
being cast.

Further, an apparatus for continuously casting thin

cast strip is disclosed herein that comprises:

20

a pair of counter-rotating casting rolls spaced

laterally to form a nip between circumferential casting
surfaces of the rolls through which thin cast strip may be
discharged downwardly and a casting area above the nip
where a casting pool may be formed with a protective

25 atmosphere there above;

rotating cleaning brushes capable of removing oxides

from the casting surfaces of each casting roll, positioned
to remove such oxides from the casting surfaces In an area
between the nip and the casting area;

30

at least one temperature sensor capable of providing

sensor signals corresponding to the temperatures along at
least one casting roll 1n at least three segments, of the
cast strip across the cast strip in at least three
segments, or both;

35

gas nozzles capable of delivering gas adjacent the

casting surface of each casting roll between a cleaning
brush and the casting area in at least three regulated



sensor signals corresponding to the temperatures along at least one casting roll in at least three
segments, of the cast strip across the cast strip in at least three segments, or both; 35gas nozzles
capable of delivering gas adjacent the casting surface of each casting roll between a cleaning brush
and the casting area in at least three regulated - 8 - segments corresponding to the segments where
temperature is determined; and a controller capable of receiving the sensor signals and regulating
the delivery of gas through at least one 5 nozzle to each&egment corresponding to temperatures
sensed in each segment. The gas may comprise at least one gas selected from the group

consisting of nitreggymengsn,dlines fyddigey, €6 ealer ¥apaesearh@paoxidepearaen cioxide, dry
air or a mixture oig/v%lgrtg}qﬁqﬁlé%(e%gﬁrdwe apparatus may include a housing provided adjacent the
brush, and wherein the gas nozzle$ deliver the gas through the h_ousiggﬂ. The delivery of gas to each
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temperatures 20 of the cast St%pﬁﬂfe ments or in a continuum adjacent the nip, and typically between
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about 0.2 meter R THetkP'f §%oll nip. BRIEF DESCRIPTION OF THE DRAWINGS 25
In order that the invention may be more fully explained, particular embodiments will be described in

detail with reference to f1ecaGrRePRIYIRDHAFAIRESS HYWBEASt one gas selected from
the group consisting of nitrogen, argon, helium, hydrogen,

10 water vapor, carbon monoxide, carbon dioxide, dry air or a
mixture of two or more thereof. The apparatus may include
a housing provided adjacent the brush, and wherein the gas
nozzles deliver the gas through the housing. The delivery
of gas to each segment may be variable iIn composition,

15 mixture, pressure, or a combination thereof and may be iIn
at least fTive segments extending along the casting
surfaces of the casting rolls. Alternatively or in
addition, the temperature sensor may be capable of
providing sensor signals corresponding to the temperatures

20 of the cast strip In segments or In a continuum adjacent
the nip, and typically between about 0.2 meter and 1 meter
from the casting roll nip.

BRIEF DESCRIPTION OF THE DRAWINGS

25
In order that the invention may be more fully
explained, particular embodiments will be described in
detail with reference to the accompanying drawings in
which:
30 FIG. 1 1s a side elevation view of an i1llustrative

twin roll thin strip caster;
FIG. 2 1s an enlarged elevation view of a portion of
a twin roll caster showing cleaning brush apparatus;
FIG. 3 1s an enlarged elevation view of a portion of
35 a twin roll caster illustrating placement of temperature
sensor;
FIG. 4 1s an enlarged elevation view of a portion of



30FIG. 1 is a side elevation view of an illustrative twin roll thin strip caster; FIG. 2 is an enlarged
elevation view of a portion of a twin roll caster showing cleaning brush apparatus; FIG. 3 is an
enlarged elevation view of a portion of 35 a twin roll caster illustrating placement of temperature
sensor; FIG. 4 is an enlarged elevation view of a portion of - 9 - a twin roll caster showing an
alternative cleaning brush apparatus and alternate placement of temperature sensor; FIG.5is a
front elevational view of a cleaning brush of the cleaning®rush apparatus; 5FIG. 6 is a perspective
view showing a casting roll and gas nozzles delivering gas to the nip between the cleaning brush and
a casting surfacesofav§astirglrpll dadre eghenisid-|an 7ad eqaisaaciyesiesshaging-asasting roll
10 and gas nozzigs deiygiing 433 1 EPRARBTAan gleenp Rushapda Faslgyjace of a
casting roll in three segments; anc . 8 1s a schemaiic Illustrating a portion of the casting surface

of a casting roll. 15 DETAIEEDDESCRIPTON Ghenat bpaliNé&y of a cleaning

brush of the cleaning brush apparatus;

5 FIG. 6 1s a perspective view showing a casting roll
and gas nozzles delivering gas to the nip between the
cleaning brush and a casting surface of a casting roll in
five segments;

FIG. 7 1s a perspective view showing a casting roll

10 and gas nozzles delivering gas to the nip between the
cleaning brush and a casting surface of a casting roll in
three segments; and

FIG. 8 1s a schematic illustrating a portion of the
casting surface of a casting roll.

15

DETAILED DESCRIPTION OF THE DRAWINGS

The embodiments are described with reference to a
twin roll caster shown In FIGS. 1 through 4. The
20 i1llustrated twin roll caster comprises a main machine
frame 11 which supports a pair of laterally positioned
casting rolls 12, which may have generally textured
circumferential casting surfaces 12A. The casting rolls 12
are counter rotated by an electric, pneumatic or hydraulic
25 motor and gear drive (not shown).

Molten metal, typically of plain carbon steel of less
than 0.065% by weight carbon, s supplied during a casting
operation from a ladle (not shown) to a tundish 13, then

30 through a refractory ladle outlet shroud 14 to a
distributor or movable tundish 15, and from there through
a metal delivery nozzle or core nozzle 16 positioned
between the casting rolls 12 above the nip 17. Molten
metal thus delivered forms a casting pool 10 of molten

35 metal above the nip supported on the casting surfaces 12A
of casting rolls 12. This casting pool 10 i1s confined iIn
the casting area at the ends of the rolls 12 by a pair of



The embodiments are described with reference to a twin roll caster shown in FIGS. 1 through 4. The
20 illustrated twin roll caster comprises a main machine frame 11 which supports a pair of laterally
positioned casting rolls 12, which may have generally textured circumferential casting surfaces 12A.
The casting rolls 12 are counter rotated by an electric, pneumatic or hydraulic 25 motor and gear drive
(not shown). Molten metal, typically of plain carbon steel of less than 0.065% by weight carbon, is
supplied during a casting operation from a ladle (not shdWn)-to a tundish 13, then 30 through a
refractory ladle outlet shroud 14 to a distributor or movable tundish 15, and from there through a metal
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shells are 20 brooghttihgetiel eéitheneipall’ hetvweesn tbasabhgg soltsato produce a solidified thin cast
strip product 19 delivered downwardly from the nip. The casting rolls 12 may be about 500 millimeters
in diameter, or may be up to 1200 millimeters or more in diameter. The length of the 25 casting rolls 12

may be up to about 20 fikn8ere YrSordderfor el ey BaddI¥ JYad&didrra &b ProdiR@bf about
2000 millimeters shdthl sr sidardadyesinedhe casting surfaces 12A as the casting

15 surfaces move into contact with and through the casting
pool 10 with each revolution of the casting rolls 12. The
casting surfaces may be textured, for example, with a
random distribution of discrete projections as described
and claimed in U.S. Patent 7,073,565. The shells are

20 brought together at the nip 17 between the casting rolls
to produce a solidified thin cast strip product 19
delivered downwardly from the nip. The casting rolls 12
may be about 500 millimeters iIn diameter, or may be up to
1200 millimeters or more In diameter. The length of the

25 casting rolls 12 may be up to about 2000 millimeters, or
longer, in order to enable production of strip product of
about 2000 millimeters width, or wider, as desired.

FIG. 1 1llustrates a twin roll caster producing the

30 thin cast strip 19, which passes across a guide table 63
to a pinch roll stand 64 comprising pinch rolls 64A. Upon
exiting the pinch roll stand 64, the thin cast strip may
pass through a hot rolling mill 66, comprising a pair of
reduction rolls 66A and backing rolls 66B, where the cast

35 strip is hot rolled to flatten and/or reduce the strip to
a desired thickness. The rolled strip then passes onto a
run-out table 67, where 1t may be cooled by contact with



FIG. 1 illustrates a twin roll caster producing the 30 thin cast strip 19, which passes across a guide
table 63 to a pinch roll stand 64 comprising pinch rolls 64A. Upon exiting the pinch roll stand 64, the
thin cast strip may pass through a hot rolling mill 66, comprising a pair of reduction rolls 66A and
backing rolls 66B, where the cast 35 strip is hot rolled to flatten and/or reduce the strip to a desired
thickness. The rolled strip then passes onto a run-out table 67, where it may be cooled by contact with
- 11 - water supplied via water jets 68 (or other suitabte Feans) and by convection and radiation. In
any event, the rolled strip may then pass through a pinch roll stand 70 comprising a pair of pinch rolls

70A, and to a standﬁéﬁmﬁemi%wheiath@t@b ij Spicay (p'ﬂeddmﬁe’dﬂ tﬁﬁ&mleoirﬁeans‘jhe

some detl in AUISIEN SR I TAR e PR Qo By ﬁ’r@éﬁ%ﬂ%‘ﬁ T ence

may be made to ﬁ?&)'s!eppa'@b(tstfﬁ?Qpﬂ%ﬁa@f&ﬂ&ﬁcﬁoﬁdlmal@w ich8RA nart of the present
invention. 15As stompringHiGg 2a cleaningofrushrapparaidd ﬂeﬁ@kﬁ genkerally as 2tasdapdsed
adjacent thepair Qf pRanGel(Fnhaveh Hiad tha PeHPhay &) 'irLF}/eéc?nzl &ePSaRibsdNgIqy) may be

bmugM|mocom tmmhﬂw amgswﬁmesleofmecaamg lls 12 to clean 20 oxides from the
casting surfaces rlﬁ '&a&?rfé%lls The brush apparatus 21 are positioned at opposite sides of
caster adjacent the casting rolls, and between the nip 17 and the casting area where the casting rolls

enter the protective atmpﬁehqrﬂmiﬁgﬁ'e@ %ﬁﬂCtMﬂh“@a@ﬁEW 85 r’ﬁﬂ@’écﬁing pool 10.
Each brush apparatus prlse fapﬁus frame O.Wnlch carrﬁ a'l:’lllgp brlash 22, for cleaning

the casting surfaces EEA o? e cas g rolls Qnéjur s
10 described iIn some detail |n Australlan Patent No. 631728

and United States Patent No. 5,184,668 and reference may
be made to those patents for appropriate constructional
details which form no part of the present invention.

15 As shown In FIG. 2, cleaning brush apparatus denoted
generally as 21 is disposed adjacent the pair of casting
rolls, such that the periphery of the brushes 22
(described below) may be brought into contact with the
casting surfaces 12A of the casting rolls 12 to clean

20 oxides from the casting surfaces during casting rolls. The
brush apparatus 21 are positioned at opposite sides of
caster adjacent the casting rolls, and between the nip 17
and the casting area where the casting rolls enter the
protective atmosphere coming into contact with the molten

25 metal casting pool 10.

Each brush apparatus 21 comprises a brush frame 20
which carries a cleaning brush 22, for cleaning the
casting surfaces 12A of the casting rolls 12 during a

30 casting campaign. Optionally, a separate sweeper brush
(not shown) may be provided for cleaning the casting
surfaces 12A of the casting rolls 12 at the beginning and
end of a casting campaign as desired. The cleaning brush
22 may be segmented if desired into two or more staggered

35 brush segments, but i1s generally one brush extended across
the casting roll surface 12A of each casting roll 12. The
brush frame 20 may comprise a base plate 41 and upstanding



30 casting campaign. Optionally, a separate sweeper brush (not shown) may be provided for cleaning
the casting surfaces 12A of the casting rolls 12 at the beginning and end of a casting campaign as
desired. The cleaning brush 22 may be segmented if desired into two or more staggered 35 brush
segments, but is generally one brush extended across the casting roll surface 12A of each casting roll
12. The brush frame 20 may comprise a base plate 41 and upstanding - 12 - side plates 42 on which
the cleaning brush 22 is rotatably mounted and driven by2a drive device (not shown). Base plate 41
may be fitted with slides 43 which are slidable along a track member 44 to allow the brush frame 20 to

be 5 moved towasd @edbumetomormohihpatasting rellebdiang therely 2R Ve she ceapingihrush 22
mounted on the iysh frame, 28 bg%ﬁﬂ“%g%‘“&ﬂ?@%%ﬁg*ﬂ@&tﬁ%f%h%ﬁe.p%r&?esweeper

brush, if present, may be mounted on the brush frame capable of moving’independently of 10

the cleaning brushlZXeritloARY pafdibted wakheHHigS syt @ ERPMFSRLR 22 may
brush oxides frora tloagasting aukacesmiddine 44sthoy edlbovitHowe ifteusptidnrdnen@ thetcasiang

campaign. 15The,g0eigyR)RERd inilieHIRR Y BiHIhe? dpainstthecasiing SHoiRFes 1.2 of the
casting rolls 12 is coptrolled so that the cleaning of the casting roll surfaces is maintained at a
specified level dii 2R SR @4 i CHEABARG PEMNE ) POUHEER o nd'3® casting

surface 12A is cdniresibd ByasedtNingythepresdikenf dfe Sheshner thaddassingacis)akalie 2&ational

§peed of the cleartieg B@ﬁ@r@t@r%weﬂﬂﬂsm?aiﬁqm@géﬁme Ragt iBéX frembednelen metal
in the casting p°¥q1F%E9#H§hcaFF%%§P C%tﬁézéé’fé%‘i & SPSHOY RS FiddlR RERS Y Y0
rotational speed will'be varied according to the casting speed during a-casting'campaign.”’This control

may be dod® makbgiydeanbiraiREiphs déscrihe RElesh FuMRIEHagy 2keMaY bhehe rotating
brush_ IS controlled_dnﬁgiumd ti@cm&g ﬂf&qel;ejaaﬁ Q@trlgmagttingzohaag/z lan@ha_lnibshdéé,evel of
cleaning, as desghed qhye. JUPRE & CaFHRE CADRAITHENI: TG IPBT PY¥ GRATIBYTC expose a

majority of the projections  _ } 3 n
interruption during the casting campaign.

15 The energy exerted by the cleaning brush 22 against
the casting surfaces 12A of the casting rolls 12 is
controlled so that the cleaning of the casting roll
surfaces i1s maintained at a specified level during each
casting campaign. The energy exerted by the brush on the

20 casting surface 12A i1s controlled by controlling the
pressure of the brush on the casting rolls, or the
rotational speed of the cleaning brush 22, or both, based
on measurement of the heat flux from the molten metal iIn
the casting pool 10 to the casting surfaces 12A of the

25 casting rolls 12. This pressure and rotational speed will
be varied according to the casting speed during a casting
campaign. This control may be done manually or
automatically as described herein.

30 The energy exerted by the rotating brush is
controlled to maintain the casting surfaces 12A of the
casting rolls 12 an established level of cleaning, as
described above, during a casting campaign. This may be
done by cleaning to expose a majority of the projections

35 of the casting surfaces of the casting rolls 12, and
measuring the initial heat flux between the molten metal
and the casting rolls. The heat flux i1s then continually



35 of the casting surfaces of the casting rolls 12, and measuring the initial heat flux between the
molten metal and the casting rolls. The heat flux is then continually - 13 - measured in real time either
continuously or intermittently during the casting campaign, and then the difference between the real
time heat flux and the initial heat flux measured to control the energy exerted by the 5 cleaning brush
22 on the casting roll surfaces 12A of the casting rolls 12. The heat flux, both initially and in real time,
can be measured by measuring the difference in tempefature of the cooling water circulated through
the casting rolls between the inlet and outlet as described in 10United States Patent Nos. 6,588,493

and 6,755,234. Alibasgirdais isithecady pieserdy cosieraplatechiosuiedasusing the heat, the heat flux
can be measure j m 5 initi UX | I 0 desired
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casting roll surfaces 12A is controlle 2an$ in #{g, theégrmatlg)n o&crocodlle i in roughness on 25 the
StiiRat2” Hhe hisake

surface of the caSEStip M9 cEIIR Hihud BE AU ISHEAR pﬁﬂ%dir‘&a control

system (not showi®absjidinsive eade i rH@asHoEd ghlie meas it gl dihetiri fhitadifoeacénn 30

heat flux from therififiisd helihex BEaHEE GO IGRRHIESrthe Brerdyaesertath Py i biisd against

the casting surface b%%ed Opgfﬁ dif[gzr nce in I{%aet flux rom trﬁ%initiatl peft flléx easur d. The energy
t

exerted by the clggr%ng Budts agz%nste Véecearéting SUMaces isacapa% e o0 S%eingecsgn'ir'o 9 sb the

cleaning of¥Ae eXdpdsERrcastiales RREN thdlesstify. A8 it8shtPhkdGh /i3t the casting
campaign and, iltithdbglguehity afshelsasivayt4preidpitdgntegietdemp ¢ eredgyrexerted by the
cleaning brush 22 i i inrg facg A eﬁqﬂjn ﬂll Faptr I H
controlling the appﬁga%ll%i ggs(%?ﬁr%, tf%lgf)eecg{%f rogté'il{:)n, ora gémbﬂr%%tion tgearegg 58\%%% electric,
pneumatic or hyd®¥8id &l& Bekitgdhe brush coordinated with the casting speed. The brushes 22
may also be mounted and controlled to enable the angle of contact of the brushes with the casting

surfaces 12/ to be changgd, Joipdhd MRERE GRefOhE PE FXRTPE WdPSted to the

desired degree of cleaning of the casting roll surfaces
12A, as above described, to control the formation of
crocodile skin roughness during the casting campaign. The
continual measured heat flux iIn real time, and the

20 difference between the i1nitial heat flux and the real time
heat flux measured, iIs used to control the energy exerted
by the cleaning brush on the casting surfaces 12A so that
cleaning of the casting roll surfaces 12A is controlled,
and in turn, the formation of crocodile skin roughness on

25 the surface of the cast strip is controlled.

The method can thus be automated by providing a
control system (nhot shown) responsive to sensors
monitoring the heat flux, calculating the difference in

30 heat flux from the initial heat flux measured, and
controlling the energy exerted by the brush against the
casting surface based on the difference In heat flux from
the initial heat flux measured. The energy exerted by the
cleaning brush against the casting surfaces is capable of

35 being controlled so the cleaning of the exposed casting
surface of the casting rolls i1s controlled throughout the
casting campaign and, in turn, the quantity of the cast



10 brushes on different segments along the casting roll surfaces. As shown in FIG. 5, the cleaning
brush 22 may be in the form of a cylindrical barrel brush having a central 15 body 45 carried on a shaft
34 and fitted with a cylindrical canopy of wire bristles 46. Shaft 34 may be rotatably mounted in
bearings 47 in the side plates 42 of the brush frame 20, and a hydraulic, pneumatic, or electric drive
motor 35 may be mounted on one of these 20side plates coupled to the brush shaft 34 so as to
rotatably drive the cleaning brush 22 in the opposite dirde&ion of the rotation of the casting surfaces
12A of casting roll 12. Although the cleaning brush 22 is shown as a cylindrical barrel brush, it should

be understood 25 thal this dragh ey lthke ottitidoene pyoh exdiraetdrigptarrestayigdaripigish
disclosed in Unlt%ct%?é ggaé%m%@ %Rg 8@& Fnr t%&#ﬁ%nﬁﬂﬁvﬁsﬂ%ﬂ%ﬁ%ﬂi‘g nited

States Patent N e pivoting brus es of Australian Patent App catlon 7602. The

precise form 30 diahd RERMAS BB RARCo e GRatnA KN asapRIMGATNEN 4, a
housing 120 mayphe psaudsd fitiiacspeeatodieaoihgtorosh 28ana desnriethtbicaptideesmadds and

other contarginailig ¢fmaNet pudis PeISILARA RN BPThauRkN Reufableripatent ﬁfgtem by 35

suction or some g her uitable devic FSH shown). Iteﬁl%ate 0 may be
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88 ner gx CRI e exer
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10 brushes on dlfferent segments along the castlng roll

surfaces.

As shown In FIG. 5, the cleaning brush 22 may be 1iIn

the form of a cylindrical barrel brush having a central

15 body 45 carried on a shaft 34 and fitted with a
cylindrical canopy of wire bristles 46. Shaft 34 may be
rotatably mounted iIn bearings 47 in the side plates 42 of
the brush frame 20, and a hydraulic, pneumatic, or
electric drive motor 35 may be mounted on one of these

20 side plates coupled to the brush shaft 34 so as to
rotatably drive the cleaning brush 22 in the opposite
direction of the rotation of the casting surfaces 12A of
casting roll 12. Although the cleaning brush 22 is shown
as a cylindrical barrel brush, it should be understood

25 that this brush may take other forms such as the elongate
rectangular brush disclosed in United States Patent No.
5,307,861, the rotary brushing devices disclosed in United
States Patent No. 5,575,327 or the pivoting brushes of
Australian Patent Application No. PO7602. The precise form

30 of the main brush i1s not important to the present
invention. As shown in FIG. 4, a housing 120 may be
provided adjacent each cleaning brush 22 and designed to
capture oxides and other contaminants removed by the brush
and convey them away In a suitable disposal system by

35 suction or some other suitable device (nhot shown).
Alternately or in addition, the housing 120 may be
provided with a suction or vacuum to implement removing



10 brush 22. The torque of the motor may be monitored by measuring the pressure differential
between inlet and outlet of hydraulic fluid through a hydraulic motor. Alternatively, the torque of the
motor may be monitored by measuring the torque with a strain gauge, load cell or 15 other device
between the motor and the mount for the bearings 47 (i.e., chock), or other convenient part of the
motor mount structure. Although the cleaning brush 22 may be driven in a 20 direction counter to the
rotation of the casting roll, the cleaning brush 22 is usual§ driven in the same rotational direction as
the casting rolls, as indicated by the arrow 36 in FIGS. 2-4. This means that the casting surface 12A is

moving in a direciigi d¥pPoaitel to teenozemean dhtnet2d beasitnscef theoteartiey batshizagainst the
casting surface Oéqlefg‘%?%lg‘)&z”t e IBP%%QT the separate sweeper brush (not shown) may be in a
b ru wn 1

form of a cylindrical barre Ich 1s 30 mounted on the brush frame 20 so as to be moveable on
the frame such that it can be brought into engagement with the casting surfaces 12A of casting roll 12,
or retracted away from fha¢ treneasiyng surisssuneoparatiotat aoracapeedind€p&haent of whether the

main brush is engaged Wil the 381FaSHAY SHfaesR PhERRINIY! mERS GPRAIPSIRE Sesiege brush, if
present, to be moved independently of the clea brush 22_and brought intdo pperation only as - 16 -
desired, such asd rifk ?hg g?égﬁtér’i?fim@,ﬁ%'f a%nﬁqgﬂﬂﬁ@% hﬁé%ﬁﬁliﬁ n&ﬁSrmal casting as

described below.al eeed nbe Brieper Brigsimbg beaasitael drifen iexangdke withyordn&dpendently

of the cleaning brysfed?, BIRRE dMesarinesaete S 0o & Shperlifiaren¥randhe speed

of the casting rollfhlrzoﬁs esir%d. Trheuﬁwecep%r brl'gsk& p}a\yitr)]e u % tor (I§ el IsHmeCcif etQue_zl ianr e
accretions that can occ at%he%gar?and &nd o??he casting fin'from being draggédacross’the casting

surfaces 1002A KUY Seorinth6r thecaden@Eukhce MoAOr may be monitored by
measuring the pressure differential between inlet and

outlet of hydraulic fluid through a hydraulic motor.
Alternatively, the torque of the motor may be monitored by
measuring the torque with a strain gauge, load cell or

15 other device between the motor and the mount for the
bearings 47 (i.e., chock), or other convenient part of the
motor mount structure.

Although the cleaning brush 22 may be driven in a
20 direction counter to the rotation of the casting roll, the
cleaning brush 22 is usually driven in the same rotational
direction as the casting rolls, as indicated by the arrow
36 in FIGS. 2-4. This means that the casting surface 12A
IS moving In a direction opposite to the movement of the
25 bristles of the cleaning brush 22 against the casting
surface of the casting roll.

IT used, the separate sweeper brush (not shown) may

be 1n a form of a cylindrical barrel brush which 1is

30 mounted on the brush frame 20 so as to be moveable on the
frame such that i1t can be brought into engagement with the
casting surfaces 12A of casting roll 12, or retracted away
from that the casting surface by operation of an actuator
independent of whether the main brush is engaged with the

35 casting surfaces of casting roll. This enables the sweeper
brush, if present, to be moved independently of the
cleaning brush 22 and brought into operation only as



Following the cleaning done in accordance with the present disclosure, as illustrated in FIG. 8 there
tends to be residuals in the low areas and entices in the 15 casting surface, and not all exposed
projections of the casting roll surface are effectively clean. However, a substantial number of the
projections are visible with exposed surfaces as shown, and are cleaned sufficiently that the formation
of crocodile skin roughness is 20 inhibited if or eliminated during casting. By using brushes for
cleaning the casting roll surfaces, the casting roll surfacé§ 12A can be wetted by the molten metal in
the casting pool 10, and heat flux can be effectively transmitted from the molten metal to the 25

casting rolls wheddkd eastingssivtfaces areri sgnese Wihdhe casingrpadlsso it saszsiti qgality is
maintained. FIG. 8 is a G fi -a pa 3 ing. surfa asting roll 12
just after the rotaﬁjﬁbléﬁﬁ%ﬁﬂp%a%gnﬁgeﬁ (é)){fﬂéz a%g%%qn@n%ﬁ%nﬁe%ﬁ t guciasting
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the area of tge cagiinonyyfase PA (RINaiae “eHdedaith exides: Brring drerstiprararaiitn, the
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by rotating brushes. The gas may be conveyed from gas sources 15121, 121' to a gas header 110

through a plurality of Following the cleaning done in accordance with the
present disclosure, as illustrated in FIG. 8 there tends
to be residuals in the low areas and entices iIn the

15 casting surface, and not all exposed projections of the
casting roll surface are effectively clean. However, a
substantial number of the projections are visible with
exposed surfaces as shown, and are cleaned sufficiently
that the formation of crocodile skin roughness is

20 inhibited i1f or eliminated during casting. By using
brushes for cleaning the casting roll surfaces, the
casting roll surfaces 12A can be wetted by the molten
metal In the casting pool 10, and heat flux can be
effectively transmitted from the molten metal to the

25 casting rolls when the casting surfaces are iIn contact
with the casting pool so that cast strip quality is

maintained.

FIG. 8 1s a schematic illustration of a part of the
30 casting surface 12A of a casting roll 12 just after the
rotating cleaning brush 22 has removed oxides and
contaminants from the casting surfaces 12A. Shown
schematically, the texture of the casting surface of the
casting roll has projections 204, and shows the majority
35 of the projections 204 can be exposed while the majority
of the area of the casting surface 12A remains "buried"
with oxides. During the casting operation, the oxides and



valves 122A, 122B, 122C, 122D and 122E as shown in FIG. 6. More than one gas source 121, 121'
may be provided to enable desired and different compositions, mixtures, pressures, or combination
thereof, to be delivered through 20 the gas valves and into the gas header 110, where the gas header
110 may deliver a desired gas or gas mixture to the casting roll surfaces through the nozzles. The gas
header 110 may be provided in a series of five segments 123A, 123B, 123C, 123D and 123E as
shown in FIG. 6, or in a 25series of three segments 1231 123B, and 123C as shown in FIG. 7, each
extending along the casting surface 12A of each casting roll 12. Alternatively, the gas header 110 may

provide a commaseges-fleuntdioisaned thomndependent nerzlesstengdhe beadeuntades _
separately 30 ad ﬁ\a.b'erﬁQd&PQ%RH%%eﬁ?é‘s’Ha?ée'}‘ §'_\tf8ﬂe%gﬁlé"%¥ Qﬁ(ﬁgé,@‘gﬁ??&éb%he casting
a eliv capa

surface in the different segments. In event, the gas ery apparatus 100 1s 3 e of

delivering a diffe@? relBfeFgaLa cdiApBLReR adiRenP iR eskilg s 12A of
the casting rolls H¥intkechceegnagt, satifaidbe 24 fidw Hel 8l emvaanh ddpnentaasmdp@ndently

regulated in gach;seamen’ I s wievdBach TROMAS! BRI aVG: A nEkREN BRI RATIRYed 0as
delivery. The gas header 110 may be segmented into segments by directly connecting 5 desired gas
sources 121, 12 POHARAi R¥EHIGIRTY e MORI GRS CHITRE T AR VA RahS as

separate comparanpitodititifl tidacheaet of Ivxndeuidnon the gassiehdgr srysd Bidependently
regulated from the gas header 110. In any event, the gas is delivered through a 10 plurality of nozzles

positioned along the casting surface 1 a casting, roJl 12 to adjace ttge casting surface of the
casting roll. The deIiveriI(LjI rgqglyilgbeﬁ?eve t(é_)'gggin 0 %13 §pa%cré%_ asre:rg.lise Wb %%&r%%ur%tating
cleaning bré8hesl®Pnhaed lmabredoriced bgdtkethe casting surface of the

casting rolls 12. This gas, so delivered, is believed to
form a boundary layer of gas on the casting surfaces of
the casting rolls 12 when oxides have been removed by
rotating brushes. The gas may be conveyed from gas sources

15 121, 121" to a gas header 110 through a plurality of
valves 122A, 122B, 122C, 122D and 122E as shown in FIG. 6.
More than one gas source 121, 121" may be provided to
enable desired and different compositions, mixtures,
pressures, or combination thereof, to be delivered through

20 the gas valves and into the gas header 110, where the gas
header 110 may deliver a desired gas or gas mixture to the
casting roll surfaces through the nozzles. The gas header
110 may be provided in a series of five segments 123A,
123B, 123C, 123D and 123E as shown in FIG. 6, or In a

25 series of three segments 123A, 123B, and 123C as shown in
FIG. 7, each extending along the casting surface 12A of
each casting roll 12. Alternatively, the gas header 110
may provide a common gas flow or flows, and the
independent nozzles along the header may be separately

30 adjustable and controllable to separately controlled
delivery of gas adjacent the casting surface iIn the
different segments.

In any event, the gas delivery apparatus 100 is
35 capable of delivering a different, regulated gas flow
and/or gas composition adjacent the casting surface 12A of
the casting rolls 12 in each segment, so that the gas flow



15 contaminants 202 as shown in FIG. 8. A resulting boundary gas layer is believed to control the
interfacial heat transfer coefficient between molten metal in the casting pool and the casting roll
surfaces 12A. The delivered gas is expected to replace at least a portion of the gases, 20 including
oxygen and moisture, previously in the area adjacent the casting roll surfaces, and in addition
potentially contaminants and other material removed by brushing. 25As discussed above, the
temperature of the casting roll has been found to vary aléhgthe length of the casting roll, indicating a
variation in heat flux along the casting roll length. The variation in heat flux between the casting pool

and the casting relh sedetessagaiang the langlop e cadyngredjalsaeesits ieadgemperature
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and across the caststrip indicates a variation in build-up™or oxides along the length of the casting roll,
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any event, the temperature sensors 51, 51', 151 are positione determine temperatures™of, and
generate sensor SyHAISESG SRR PH RETEHpEERuom which the rotating

cleaning brushes 22 have removed oxides and other

15 contaminants 202 as shown in FIG. 8. A resulting boundary
gas layer is believed to control the interfacial heat
transfter coefficient between molten metal i1In the casting
pool and the casting roll surfaces 12A. The delivered gas
iIs expected to replace at least a portion of the gases,

20 including oxygen and moisture, previously iIn the area
adjacent the casting roll surfaces, and in addition
potentially contaminants and other material removed by
brushing.

25 As discussed above, the temperature of the casting
roll has been found to vary along the length of the
casting roll, indicating a variation in heat flux along
the casting roll length. The variation In heat flux
between the casting pool and the casting roll surfaces

30 along the length of the casting roll also results In a
temperature variation across the width of the cast strip
adjacent the nip. The variation in temperature along the
roll and across the cast strip indicates a variation in
build-up of oxides along the length of the casting roll,

35 and a variation in strip quality across the strip.

As shown In FIGS. 3 and 4, at least one temperature



25 segments either along the casting rolls or across the strip adjacent the nip, or both. The
temperature measurements may be segmented into more than three segments, such as five or more
segments, or in a continuum. The temperature sensors 51, 51', 151 may be 30 used to determine a
temperature profile along the length of the casting roll or across the cast strip adjacent the nip. The
temperature profile may be a continuous temperature profile, or temperatures at selected locations in
segments along the casting roll or across the cast 35-stA. Femperatures may be determined for each
of the segments 123 extending along the casting surface 12A of each casting roll 12 shown in FIGS. 6

and7.-20-  Feesignakifomithe tgmpen@tyre)@ems biohtd 150 atle diFestipdgo a controller 52
capable of receiving, e, SENSPE SIGfRIS AR Khipen 8%8?1 'Eguéhel gﬁ?ﬁﬁy @%giﬁé t8a9§gi‘r§§9me”t
S In e

corresponding to teniperatures in each segment as and ulat

controller 52, thelt 's%elﬁ’/gr}}é‘ﬁp%ﬁk 0 AR S fRfinG YasTOsAE Eé'é’ﬂ?@rburface
adjacent the rotatihg boashtaorge apohlisg tortha ctabmtmmatt iOntetiperaofes mmasgmnberlang the

casting rolls or agass die Gashallis LAFRSPIMATHECIES SeHparalahetapdyithrppsors
monitoring the heat flux c cutgbln g the difference in heat qux%romgﬁ |n|t|:§%£eat qu measured, and

controlling the er{%? %JBW&W%H&%@?&%OJ% ?19 surface eyt d"ﬂ’arence in
heat flux from the mﬁmh%dt foanebRoray roretatly and dueitidse tite tviarsiizl@a2rmay control the

energy of the rolaierbikstiep peeinst e carisarolaeeion e cselepireonactgiynperushes with
the casting roll 20 sur.f%ces u& né;?the determln ?gerature from th tempgﬁatur r{%ors 1 51",
| t

151, where the energy ofthe Totating bri asﬁ% YOI it QDeqcon Folled varying the

gjt fush ag alnst
application HresstiR€ trashaed of &tlmweoﬁbﬁdﬁbﬁ tﬁé\‘éot%m%ﬁ’@e 828 contact is

controlled by adjtpﬂtmgethatﬂwla hetvestberaximobihe [pusifenddlly caating pdsiriame.  The
gas delivered in {he fESRRCtVE ereo i @fafvvlaﬂ@' fftﬁﬁ 'F;Sﬁri%é%“%lé‘ %‘HEE‘iﬂ@%r‘B%t“re

pressure, or 30 a comblnatlo erin as on the casting surface by control of the

valves 1224, 1274, tﬁ'@@‘ﬁ@b &d 1@29%'M%|ntﬁ% EeripRNASANE Wzﬂvéslare provided
to control the delivayy late MMgwadjatenmEmmasangfmrfuemnepaﬁuhe cabtmy railse35 12 in the

respective §§9mqf<1,1ﬁg%'i‘\d/8?t0tﬁ@“%l§*ﬁ xipg ﬁt'%’é’h&rwneifsti“@@&']@o%fist'fd??'%ﬂ%\é%Ed
The valves 1224 %2 B|122C ZI%agggtlng a¥ea as shown 1n FIG. 3.
Alternately or in addition, the temperature sensors 151
may be positioned to determine the temperatures across the
cast strip at segments adjacent the nip, e.g., between
20 about 0.2 meter and 1 meter from the nip as shown In FIG.
4.

In any event, the temperature sensors 51, 517, 151
are positioned to determine temperatures of, and generate
sensor signals corresponding to the temperatures in

25 segments either along the casting rolls or across the
strip adjacent the nip, or both. The temperature
measurements may be segmented Into more than three
segments, such as five or more segments, or iIn a
continuum. The temperature sensors 51, 517, 151 may be

30 used to determine a temperature profile along the length
of the casting roll or across the cast strip adjacent the
nip. The temperature profile may be a continuous
temperature profile, or temperatures at selected locations
in segments along the casting roll or across the cast

35 strip. Temperatures may be determined for each of the
segments 123 extending along the casting surface 12A of
each casting roll 12 shown in FIGS. 6 and 7.



- 21 - automatically controlled with the controller 52. This embodiment is particularly useful, for
example, in delivering gas of different mixture, pressure or composition adjacent the ends of the
casting rolls, 5 because of the difference in heat gradient adjacent the ends of the casting rolls
compared to the central area of casting surface 12A of the casting roll 12. In addition, the composition,
mixture, or pressure of the gas delivered through valves 122A, 122B, 122C, 122D and 122E to one or
10 more of the segments along the casting surface 12AZ§! the casting roll 12 may be varied in similar
manner during the casting campaign to enable the heat flux from the molten melt to the casting rolls to
be controlled for desired results. 15 Alternately, the gas header 110 includes a plurality of nozzles

positioned along the casrtmg T Ig%ﬁ8ﬁe{ﬂ@p%@%%ﬁ%$%§ qginor,ﬂelnozziessl and

the gas delivered by each group of nozzles is coniro ach ndzzle group
corresponds witiPd SeGrhERESH thd Ba&irfePEFRI &1 1< atgRRkd &h8 EohG RN EorkiSis the
composition, mixgeaspressiugmal s cambinatidu threreof) b déiMeng othes derbugb eacbhhagake group

corresponding toeeeé%%@%%@,ﬁ%me@éwe@g;nm@r%&peam' SSEMRY iRy, the quality
contuo
€a

of the cast strip can be varied and indep ndeﬁri tr Ieéi L? eag segm}sﬁrﬁt control and provide a
better quality castSHIE3bTRE g MWMdrises % ds sE1ERLAISH 1R glolip consisting of

nitrogen, argon, ety ahbiesga? watbevges, dabbrenynapparedivsn itkids, drqpab bea mixture

of two or more thefeqfelNiaddtiony Has BRroRNCWRS derda g stinFherradipeedn pataliel or in 35

series along the cas('g_ingsurf ce of the castin rollato roxéide{%r de iv%ra\‘_of.the ame gas or mixture, or
. Fota eimng aarush orrespon |{P L0, the. e Emlnecf

different gases or mixtures; adjacent the casting surface - 22"~ of the casting roll. The gas header

110 may b @rovkRBRBIRNVEL§aS RGNSt sR hBefit nape Elekhing bAs O 8RHAFS5 casting

surface 12A of themeastag rokt? Bs ,shewrbioti G S hkthsough d 1d deliEx thayas kstadsnt the casting
surface as the o%awir@m@/&%&u@%ﬂly{gm ﬁadi{jﬂg’ H‘@aqasﬁi%eré&pémﬁ%aositioned
adjacent the difference in heat flux from the initial heat flux
measured, and controlling the energy exerted by the brush
15 against the casting surface based in the difference iIn
heat flux from the initial heat flux measured. Alternately
or In addition, the controller 52 may control the energy
of the rotating brushes against the casting roll and/or
the angle of contact of the brushes with the casting roll
20 surfaces, using the determined temperature from the
temperature sensors 51, 517, 151, where the energy of the
rotating brush against the casting roll may be controlled
by varying the application pressure, the speed of
rotation, or a combination thereof, and the angle of
25 contact i1s controlled by adjusting the angle between the
axis of the brush and the casting roll surface.

The gas delivered In the respective segments may be

different and varied In composition, mixture, pressure, oOr

30 a combination thereof, by delivering of the gas on the
casting surface by control of the valves 122A, 122B, 122C,
122D and 122E as shown in FIG. 6. The plurality of gas
valves are provided to control the delivery rate of the
gas adjacent the casting surface 12A of the casting rolls

35 12 1n the respective segments, and/or to control the
mixing ratio when more than one gas is being delivered.
The valves 122A, 122B, 122C, 122D and 122E may be



the cleaning brush 22 along the casting surface of the 10 casting roll between the brush and the
casting area as shown in ghosting on FIGS. 3 and 4. Alternately or in addition, the gas header 110"
may be positioned adjacent the cleaning brush 22 along the casting surface of the casting roll between
the nip between the casting rolls and 15 the brush as shown in ghosting on FIGS. 3 and 4. If desired,
the gas may also be delivered through the housing 120 adjacent the cleaning brush 22 as shown in
FIGS. 3 and 4. However, it is expected that the closer tilgas header 110 delivers the gas to where
the oxides are removed by 20 the rotating brush the more effective the present method and apparatus

for control of the haabfiat i ca Mough theihvedtiui tihs tleendbrstieddd end Bi2scritpeicsin detail in the
foregoing drawingﬁ]ggﬁ ﬁ#eq]q_sciigti?gﬂtpcrgi%[ﬁlge t é%qr?l %pog;@ﬁ%ﬁeit slipluld be understood

that the description is_lllustrative and not restrictivein character, and that the invention is not limited to

the disclosed emBBhEENAa8RP RE HAIFRTREN B JBERS aP VSFSITR, Modifications and 30
equivalent structa@spgbstidane vathjattendcofecarehsigriodt thieenvagibmd@ddaibhsl, features of the

invention wikbeqeeapRRAGT thibogs FUPENELNS AR GPaRAIOAHEARAIOL
description, which exemplifies the best. mode of carrying out the invention as resently perceived.
Many modification8 aﬁfeﬁ‘fdé:ﬂastﬂérﬁegg iﬁvéﬂﬁﬁaé? e&f?ib'é%ea&ﬁ/éﬁﬁﬂfoﬁr %a f]g from
the spirit and scopasi# thg irsiexifiage - L3A ofAlthe 1casitangd oo Ednthdoubcatdd of anin cast strip
comprising the steRs atoriRsebivE 2 RaikBlFeUNtBFrprERG GRetitgFTOliRe gas delivered
through valves 122A, 122B, 122C, 122D and 122E to one or
10 more of the segments along the casting surface 12A of the
casting roll 12 may be varied in similar manner during the
casting campaign to enable the heat flux from the molten
melt to the casting rolls to be controlled for desired
results.
15
Alternately, the gas header 110 includes a plurality
of nozzles positioned along the casting surface 12A, for
example, In groups comprising 1 or more nozzles, and the
gas delivered by each group of nozzles is controlled
20 i1ndependently. Each nozzle group corresponds with a
segment on the casting surface. In this alternate, the
controller 52 controls the composition, mixture, pressure,
or a combination thereof, of delivery of gas through each
nozzle group corresponding to the measured temperature of
25 the corresponding segment. In this way, the quality of the
cast strip can be varied and independently controlled in
each segment to control and provide a better quality cast
strip.

30 The gas comprises at least one gas selected from the
group consisting of nitrogen, argon, helium, hydrogen,
water vapor, carbon monoxide, carbon dioxide, dry air, or
a mixture of two or more thereof. In addition, more than
one gas header 110 may be provided in parallel or iIn

35 series along the casting surface of the casting roll to
provide for delivery of the same gas or mixture, or
different gases or mixtures, adjacent the casting surface



laterally to form a nip between circumferential casting surfaces of the casting rolls through which metal
strip may be cast, forming a casting pool of molten metal supported on 10 the casting surfaces of the
casting rolls above the nip to form a casting area with a protective atmosphere, assembling a
rotating cleaning brush such that the periphery of the brush contacts the casting surface of each
casting roll between the nip and the casting area, 15counter-rotating the casting rolls such that the
casting surfaces of the casting rolls each travel toward 8@ nip to produce a cast strip downwardly from
the nip, removing oxides from the casting surface of each casting roll by contacting the casting surface
of each 20 castingfrottvéthchstdtajingaddaning brush, determining temperatures of at least one
casting roll in segments along the casting surface of the casting roll, of the cast strip in segments
laterally across the strip adjacent the t’gg)& or a combination thereof, and 25delivering gas adjacent the

casting surface regulatet'6y 88§mBRELGECAHANBEWp BEIRIA¥ARRE FQsHfldaghes@s 1N
corresponding totthe témpstatangs detemweierd theacl sagmegt.[8025Hh& thethod theontinuous

M g v e SIAICL R G oyl gud
rolls.IO 35 3.The mgﬁb%leo oﬁf\mﬂgbc sthfy 8‘@[1%"855& Qé‘aa?rﬂia‘?f?%iﬁf vﬁ%ﬁa@%asﬁ‘ive
segments are pr@udd@erngzhthasond desacdsordsadtngAdikernately or in
addition, the gas header 110" may be positioned adjacent
the cleaning brush 22 along the casting surface of the
10 casting roll between the brush and the casting area as
shown 1n ghosting on FIGS. 3 and 4. Alternately or in
addition, the gas header 110" may be positioned adjacent
the cleaning brush 22 along the casting surface of the
casting roll between the nip between the casting rolls and
15 the brush as shown iIn ghosting on FIGS. 3 and 4. If
desired, the gas may also be delivered through the housing
120 adjacent the cleaning brush 22 as shown in FIGS. 3 and
4. However, i1t Is expected that the closer the gas header
110 delivers the gas to where the oxides are removed by
20 the rotating brush the more effective the present method
and apparatus for control of the heat flux.

Although the invention has been i1llustrated and

described iIn detail in the foregoing drawings and

25 description with reference to several embodiments, it
should be understood that the description is i1llustrative
and not restrictive iIn character, and that the invention
is not limited to the disclosed embodiments. Rather, the
present invention covers all variations, modifications and

30 equivalent structures that come within the scope and
spirit of the invention. Additional features of the
invention will become apparent to those skilled in the art
upon consideration of the detailed description, which
exemplifies the best mode of carrying out the invention as

35 presently perceived. Many modifications may be made to the
present invention as described above without departing
from the spirit and scope of the i1nvention.



- 24 - or across the cast strip adjacent the nip. 4. The method of continuous casting of thin cast strip
5 as claimed in claim 1, where the step of determining temperature in segments is performed in a
continuum. 5. The method of continuous casting of thin cast strip as claimed in claim 1, where the
step of determining 10 temperatures comprises: determining temperatures in locations in
segments along at least one casting roll. 6. The meth@®of-continuous casting of thin cast strip 15 as
claimed in claim 1, where the step of determining temperatures comprises: determining
temperatures in $8gM s is across the cast strip between about 0.2 meter and 1 meter from the
casting roll nip. 20 7. The method of continuous casting of thin cast strip as claimed in claim 1, where

the step of deliveying 938 at tJEE gsgr_]g 88@%&1 ”(s:c%%ftc ng. d |¥tr%ﬂu%n%g§%§$§:g§§ta housing

provided adjacent 25 the c eamng@brus uous castlng 0 strip as
claimed in claim €OflithEP EBghpH th%ﬁ@@@e;?ﬁf controlllng the energy of the rotating cleaning 30
brushes against the castisgesnbfhiagaa apglerofopntaciot¢re boshesnygthchetdasgngslilface, or a

combinaton therfelegaq K= S6ICHBIPLCAREBLERAIN UFIBE FREFRRIR CILERRUSN =

controlled by varying the application pressure, the speed of rotation, or a 35 combination thereof, and
the angle of contati§ 2R ofdd biGdRshd e Eﬂéllasoé%%%HQﬁe‘%Qlk%T e ALK Fhe casting

roll surface. - 25may be cast,
forming a casting pool of molten metal supported on

10 the casting surfaces of the casting rolls above the nip to

form a casting area with a protective atmosphere,
assembling a rotating cleaning brush such that the

periphery of the brush contacts the casting surface of

each casting roll between the nip and the casting area,

15 counter-rotating the casting rolls such that the
casting surfaces of the casting rolls each travel toward
the nip to produce a cast strip downwardly from the nip,

removing oxides from the casting surface of each
casting roll by contacting the casting surface of each

20 casting roll with the rotating cleaning brush,

determining temperatures of at least one casting roll
in segments along the casting surface of the casting roll,
of the cast strip in segments laterally across the strip
adjacent the nip, or a combination thereof, and

25 delivering gas adjacent the casting surface regulated
by segment adjacent the nip of the cleaning brush iIn
segments corresponding to the temperatures determined in
each segment.

30 2. The method of continuous casting of thin cast strip
as claimed in claim 1, where the gas in the gas delivery
step 1s variable In composition, mixture, pressure, or a
combination thereof in at least five segments along the
casting rolls.

35
3. The method of continuous casting of thin cast strip
as claimed 1n claim 1, where at least five segments are
provided along the casting surfaces of the casting rolls



9. The method of continuous casting of thin cast strip as claimed in claim 1, where the gas of the gas

delivery step comprises at least one gas selected from the group consisting of nitrogen, argon, helium,
hydrogen, water 5 vapor, carbon monoxide, carbon dioxide, dry air or a mixture of two or more thereof.
10. An apparatus for continuous casting thin cast strip comprising: 10a pair of counter-rotating casting
rolls spaced laterally to form a nip between circumferen#dl casting surfaces of the casting rolls through
which thin cast strip may be discharged downwardly and a casting area capable of forming a casting

pool above the nip with a 15 protective atmosphere; rotating cleaning brushes capable of removing

oxides from the cgpting pygacanel eagrcattinpy oddjeséenedtsereniqye such oxides from the
casting surfaces in an area between the nip and the casting area; 20a housing provided adjacent each

cleaning brush; at least one temperature sensor capable of providing sensor signals corresponding to
the temperaturesiof at 184§ dRtERdingFofanEdeHSUR réasddngntfalhd theagdirRtiolPof the
cast strip in gt leass tarkRi2tededmentkaaciods, thehelrip, ®ha cerdmasibndbeeacti nirgps nozzles

capable of directlegrﬁgggsé{h%ﬁ rﬁ?tshiteggoi%%ﬁgﬁ{@%g]gm%@e gﬂs@q:gwm%ﬁach casting roll

between the rotating g area regulated in at least three segments; and 30a
controller capable of receiving the sensor signals and controlling the delivery of gas through the gas
nozzles to each segmeftmrresploadingftocempenatarss detetmimgddff eblohrisegasntsig ip. The
apparatus for confinuops RsHNG e FAFRSHID adaachiy daep 10+ uibes FATRIAKY a gas
delivery apparatus ad%)te%to deliver at least one gas selected from the group consisting of nitrogen,
argon, helicd, temperatures comprises:

determining temperatures in locations In segments

along at least one casting roll.

6. The method of continuous casting of thin cast strip
15 as claimed 1in claim 1, where the step of determining
temperatures comprises:
determining temperatures in segments iIs across the
cast strip between about 0.2 meter and 1 meter from the
casting roll nip.
20
7. The method of continuous casting of thin cast strip
as claimed in claim 1, where the step of delivering gas at
the casting surface comprises:
introducing the gas into a housing provided adjacent
25 the cleaning brush.

8. The method of continuous casting of thin cast strip
as claimed in claim 1, further comprising the step of:
controlling the energy of the rotating cleaning

30 brushes against the casting surface, an angle of contact
of the brushes with the casting surface, or a combination
thereof using the determined temperatures, where the
energy of the rotating brush is controlled by varying the
application pressure, the speed of rotation, or a

35 combination thereof, and the angle of contact is
controlled by adjusting the angle between the axis of the
brush and the casting roll surface.



- 26 - hydrogen, water vapor, carbon monoxide, carbon dioxide, dry air or a mixture of two or more
thereof through the gas nozzles. 5 12. The apparatus for continuous casting thin cast strip as claimed
in claim 10, where the flow of gas to each segment is variable in composition, mixture, pressure, or a
combination thereof in at least five segments along the casting surfaces of the casting rolls. 10 13.
The apparatus for continuous casting thin cast strip as ¢f®@ned in claim 10, wherein at least one
temperature sensor is capable of providing sensor signals corresponding to the temperatures across
the cast strip 15 Betweehhgbdig U eheadr St ingeu s oaaskl estinl rbh hip. castTistadparatus for
continuous castingsthifl aastedlrin Asclringdin caiento, tieergas leastene tgawpetatlic/dpgensor is
capable of providi ensor Si cqure ing to the t t i ngnuum across the cast
strip. 15. The ap%)l?aigre us 5,_( cré%n ?él%o&g czlé[%%%o?) t}r]nen 8§‘§ g{_{ﬁé%%%clﬁge% i%rp]é#ai%'ai%',pwhere at
least one temper&RINE kekiHGishpabErSYRBvidHEPSEhs S lgHiTs chYESRGRIMg 1RERI
temperatures in loapitans iosaegorenis apdal Jeesiryencabiogirdt., dry air or a

mixture of two or more thereof.

10. An apparatus for continuous casting thin cast strip
comprising:

10 a pair of counter-rotating casting rolls spaced
laterally to form a nip between circumferential casting
surfaces of the casting rolls through which thin cast
strip may be discharged downwardly and a casting area
capable of forming a casting pool above the nip with a

15 protective atmosphere;

rotating cleaning brushes capable of removing oxides
from the casting surfaces of each casting roll, positioned
to remove such oxides from the casting surfaces In an area
between the nip and the casting area;

20 a housing provided adjacent each cleaning brush;

at least one temperature sensor capable of providing
sensor signals corresponding to the temperatures of at
least one casting roll 1n at least three segments along
the casting roll, of the cast strip in at least three

25 segments across the strip, or a combination thereof;

gas nozzles capable of directing a flow of gas
through the housing adjacent the casting surface of each
casting roll between the rotating brush and the casting
area regulated i1In at least three segments; and

30 a controller capable of receiving the sensor signals
and controlling the delivery of gas through the gas
nozzles to each segment corresponding to temperatures
determined iIn each segment.

35 11. The apparatus for continuous casting thin cast strip
as claimed in claim 10, further comprising a gas delivery
apparatus adapted to deliver at least one gas selected
from the group consisting of nitrogen, argon, helium,
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- 26 -

hydrogen, water vapor, carbon monoxide, carbon dioxide,
dry air or a mixture of two or more thereof through the
gas nozzles.

12. The apparatus for continuous casting thin cast strip
as claimed in claim 10, where the flow of gas to each
segment Is variable In composition, mixture, pressure, or
a combination thereof iIn at least five segments along the
casting surfaces of the casting rolls.

13. The apparatus for continuous casting thin cast strip
as claimed in claim 10, wherein at least one temperature
sensor is capable of providing sensor signals
corresponding to the temperatures across the cast strip
between about 0.2 meter and 1 meter from the casting roll
nip.

14. The apparatus for continuous casting thin cast strip
as claimed 1n claim 10, where at least one temperature
sensor is capable of providing sensor signals
corresponding to the temperatures iIn a continuum across
the cast strip.

15. The apparatus for continuous casting of thin cast
strip as claimed In claim 10, where at least one
temperature sensor is capable of providing sensor signals
corresponding to the temperatures in locations In segments
along at least one casting roll.



