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twin roll caster. In atwinroll caster, nolten netal
is introduced between a pair of iceunter-rotated
hori zontal ly positioned casting roIIs whi ch are

ingf/ieagalrlo?/l sur@gces Xﬁaﬁare@ér Cﬂ?{(%gbw?ﬁ?ﬁbﬂe
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delivered downwardly fromthe nip. The term "nip"
between the casting rolls is used herein to refer to

the general region atBAFFEROYNR ANP | SUMMARY| psest

together. The nolten netal may be poured froma ladle

t |l |, f whi_ch fl h
i e i i
cab?;i agtp;d?l z@fllmdatse:rerflx_eﬂa:l as trpd.ar tr@dllowatdt@masrtqlngzn metal
SU4EAGEYRldld b thv%e Ul $a435 UG Rl StSHAd Y

confined between si in sliding
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st e€l over surf aces o t'he ro S1no
t o ther eastlingi fricdd ssh@ [useidh hereighdot nedisroFofthe general

eXRegiba A %ﬁic@ﬁ%tﬂen&o‘s.qrsf aees 1@ sleld® Bdethext.C8he molten
castin uring each revol utjon of the casting

romega qNB‘naé(oP@r PO el friogo A ARA1eo 1RET & EmRPT vessel,
SOlfirdinf WhAlchOA tS E 1awsl @ h'eigh @ Hedalll @eldfverye nozzle
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| e tad sup@am&e@efoenttél&mmw 'sorfacdis @ fsiihe rolls. This

Sur%%%gng pool is 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.

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 is necessary
to achieve very rapid cooling of the molten steel over the
casting surfaces of the rolls in order to form solidified
shells in 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
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



roughness”. Crocodile skin surface roughness is known
tooccur with high carbon | evels above 0.065% and even

wowobdrogasbon | evel s bel ow 0. 065% by wei ght carpgamu2008/001719

Crocodi |l e skin roughness invol ves periodic rises and
falls in the strip surface of 4@ to 80 microns, in
periods of 5 to 10 mlIlinmeters, neasured by prof
ilometer. .The.applicant hgs_fqund.that wth.carbon .
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of the casting rolls. As build-up of oxides on the

surface of the casting rolls affect the heat transfer
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turn gualltdy of the thin cast strip, can be

cokPLdiel a@d Hhes feapations Bty Wadidan cass B&EFLD e be
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ro nd _t casti Q ity thi.n cast. .strip h
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casting rolls g uring casting wth_oxi .
butbatupy veREreRdige the ERSIIYa seRtGd by Fofatdng brushes
fr 9t@rti%eﬁﬁ|lll9n iﬂiﬁfc@nthl@_tt bﬁ.t@ﬁ?:ﬁi& ?:r?rsrﬂilngs wirderesARE each

I n urn changes e u | 0 e | cas strip.
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1143@2 s42F azed ofu ttthies leads tangUSod066- GREY 162 turn quality of
coptrolki.ng . fl bet v t & s .
Cneteo it cedf Mg, WaoBe R ed TN, SBAF 2 Abnanip
heketwegn $heuhgate fdug da@mdkhiengalterf ekl grdbithe

thguiehdle $#elthe 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
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 in turn changes the quality of the thin cast strip.

As disclosed and claimed in 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 in the heat flux
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



during casting, and in turn control the formation of
crocodi |l e skin surface roughness in the thin cast
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as an adm ssion of the conmon general know edge. The
appl i cant has now found that hyaneasuring the
tenperatures of casting surfaces along the I ength of
t he cas g rolls, across the width of the cast strip
adfbce ie nip, or both, that interfacial heat
transfer coefficient between the nolten netal in the

casti ngrpohnagd H"i%c%%%&bﬁg isUnbRCeS Bk thkerASd A%
rolls can be nonitored and contraqll ed. _The applicant
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segnment s, al ong.t.he face of .the ¢ N r ol
adjacen&hfhgpg&ﬁfg 5t &, cF@gﬁthiﬁ e&e3Epring the
addiemperaturesapf icastti niga surdacikesumd ongatt iehd emghlgywf the

of %%%151 t@'tbllﬁ% br, lé%s%g%' %S'iv:l.g.t]:% %@Stt' cra@th s&HzS.L‘i: adjacent

nfrollTéd at the same tine bas
ca§hen@l§pe96 bpthar g dRdexfaicicd: hepthtaangier t he
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speed, of rotati,on, a conbi nati on thereof, th an

eIéPFrlge ﬁﬁ@ﬁﬁ&ﬁl@uﬁﬁaﬁﬁﬁrgﬁll emSaGting: #9 R be
br melh izgaieds hnidheontziollgds umhec appliieadmathad wowrgound that
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Opgfhat Ic%uh'ae rof TP el aWe tOt He @ orREdt G f YHe ¥1ddiMing
castlng surface wi Il vary _ along_the length indicatin

o BEUBdegy 6P GRA0dEd OBnd Ge PRRRGRAT, PAS AW Pyl that the

heahefrlgyX oFl @he trde atdmgt brafsh Iagaaafstd rugad @dstidigiroll also
heat flLux varlaa& alon t he Ing roII in

t ufRY O&n CCRTEE gﬁ-& same’ Cime 3@5 Fap Lhe casting
t hepeast byt vagydingt thes apipd isatiijone pirtes siure ,c ddte rgrgle of

ro'%ﬁta%Qewﬁ%ﬂ e %ad%ﬂﬂ?nggfglﬁﬁ%fﬁ&éé“%ghéléﬂ%ed of

| on ['engt h of cast
rotatlon, or a comblnatlon 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 available method to improve the quality

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
build-up of oxides and correspénding 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 in
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



roll also causes a tenperature variation across the
wi dth of the cast strip. Thus, the applicant has now
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a casting roll or across the cast strip, the heat flux
variation across the roll and-ia turn strip quality
can be directly nonitored, and by utilizing such

sured tenperatur I i.zed iver
o5 S bal IR, R ghBRRABlER. xpRiakignlptEkyla tathine
cl eadilngrbrashes, thecatheétconbrGheohehéaﬁlﬂwuwa@aﬁtlon
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cont | nuous castln hi'n cas Strlp 'S
d| §epe§eaeﬁer erd PMaPtééﬁfﬁFPQe§uFﬁem§Péb‘§eé‘f temperature to

?Sﬁeﬁbkbmglacﬁih&eafd@Qﬂgb&&-bﬁtgbbnﬁnc&%me@tBOHLbng the
at er orma n ween circu
ca§?F gdurFPd §sagpafﬁgt g%Fs ?ﬁ?&ﬂﬁﬁn&ﬁug eﬁétépcallzed
st cbptma} bé test; flaxniceg hecashieyedoendofquadlitgnof cast
%?klguggng% prggg castlng surfaces of the casting
ol I's e™n

bove in a casting area with a
protective atnnsphere assenbling a rotatabl e cleaning

brush pgripeesbal bY tene@ntaak th8tsagt bRJthinf @eetoktrip is
each casting.roll in_contact with tge 8gst|n surfaces

befhEEHOBRE hepeing thak EQ?PFﬁﬁeﬁrE ﬁﬁfe £otati ng
t he casasBgmbllihg auph;thaf tbantastirogasinfjacastdhg rolls

the _casti | 1 a a
prg %ggagqgag f?r% 3 &k %ggwggyaCQrkﬁgf%%@nEQal ﬁaiglng
oxsdc@abeenpﬁh§h@a§pﬂﬁg §brpusb Uhlgacmeéaétﬁﬁglpomay be
by.g@gtacting the casting surface of each casting rol

wi th the rotating cleaning brush; deternlnln%
t enper af FBiNGnasEBREARS BPBAgOENBOLERD: RebRIaFUPRREEed on
onehefchbe1ﬁ935u&gabeblsf ehet kastdsly Folilp above the nip in

A L
adj acenasskmbling a rotatable cleaning brush peripherally to
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 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
casting roll with the rotating cleaning brush;
determining temperatures in segments along the length
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
temperatures to provide variable gas delivery in the
segments along each casting roll surface adjacent the

brushes.



rotating brush in segnents corresponding to the
determ ned tenperatures to provide vari abl e gas
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surface adj acent the brushes .The step of delivering
gas at the casting surface may Ige-provi ded by varying
gas conposition, gas m xture, gas pressure, or a
conbi nation thereof, delivered through nozzles in at
| east three segnents extendi ng al ong the casting
sur f ace¥hef sthp odsdeddvesiing. gps esnthenicagitingt surface may

th5%9p46¥1ﬁgdfb&erEyqﬂheg%%g@%ﬁ@%sliﬁgd Ng@¥@®ixture, gas

enbod I ment s, each gas nozzle may rrse.a segnent
al eﬁgSﬁﬁéesuPFaee Combifme tdoz .t.l?@rre& I, It AERSS Sfrough
t haogkzepsofinpatyildiasg @hs edelsiegmientadjextenidiinge along the
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e neasurin enper at ures acr oss

ratures nm
thg?’@a§w?§@cleol°lf shef seeting 6@&t1| o @dd&diergeffenstep of
an?rbiﬁamgl ga st BR1IResy ad jaeRer ahd @alst igQNidolll gasface

d ery acr,oss t t |1 f dj t ot

Cl BAN, FOTBEdeRo gL VeI I e gRs e CHEn BB petveen
be thet eleiandtgathiracdnianidh¢hea shaistd ngo ro 14 rs,urlflace, or
Y:i'}?) ?lf C?’%l'u%g_h fadé'& o tt'h%g rroQ;latJ. %%ﬁu‘ﬂg I?J:rush

the™C nlng rus er contact o ean
brushes with the casting roll surfaces and before the

castingrhgl btapr b#Caete3miniAgatehpetaluirl® #AY iifdlude
area where a protective atnosphere i s nai,ntain above

t hRCREYTARg bEBPCIAtUTeSaPERPss the Sadtingn T syrdzce at
of 1deheidnsi A beﬁmersat;wtfeeﬁ nMand rt\!ﬁlnvelslim’gSlmiengteasured
eratures of th e ﬁfstrl n.the s Ccr
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cveR hfee CRIP Rl ﬁ%@rr%hmym*a@ %@nu&@mlaéaﬂ%tﬁrawﬁd the
long t surface e casting l's or
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
casting area where a protective atmosphere is maintained
above the casting pool. Alternately or in 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

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 in a
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



across the cast strip adjacent the nip in segnents or

in a continuum and directly used to regul ate the gas
walmbdwveEnis i n segments to the casting surfaces mgjac®ng/001719

the cl eaning brushes, to inprove the quality of the

cast stripproduced. In sone enbgdi-nents, the

tenperature across the casting roll or the cast strip,

or _bat:h, y [be det ermn i syfficient a
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m afllong ahet wardaceooE ther eafstifige nodilhod may be used

to control the heat transfer coefficient between the

casting pool and the casting surface of the casting

rolls. The gashdd Fhy T8t Hed l¥erys &% ePo MaSOmpriife at
10t eARAER! WnR igRsS@@TRRESdAlFR06 R AT GonsilAGey of

and/or the cast strip_adjacent. the nip to control the

en8hgyoaest EBFINR t H@lﬂf’{‘l‘sh PR MAHSTYaRAY, carbon

S Ubaosd degndatbonhdiskdlde , oldryomtiactorofa infisctumes lefs two or

with the.casting roll surfaces, as expl ained bel ow.

Al f“é’Fﬁa?'rh\?érle)?,f'and in addition, disclosed hereinis a

nmet hod of continuous casting of thin cast strip

15 CONPI i SipRg EnQ%h%ﬁeﬂﬁerp e 28e@MRl RO A khYf heat transfer
counter-rotating casti rg@;g}H s laterally to forma nip
I ,

betRedt il eatnbetyeena stdngupeede 20t thee GaRYINg
t hizQu@a cehioFh thRt alastlihigh rday she TS ine thd imad Further be

casting, pool of nolten _netal supported on tf%tesc stin

U EPsEo 80 earyTE, £he HepptratiiR) d 1 jns SR o O e

a casting ®uesawmesh andfoat ehiel va skt migplperagijacent 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 is 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 in
advance of contact of the casting surfaces with the molten

metal in the casting area;



assenbling a rotating cleaning brush peripherally to
contact the casting surface of each casting roll in

waoanvanoe3sof contact of the casting surfaces WHRAT/AD08/001719
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nolten netal in the casting area;counter-rotating the
casting rolls such that the casying surfaces of the
casting rolls each travel toward the nip to produce a

cast StLpR0QuNVREdLYnly QL BEoPLRy EBTIK BAKXLASE tne
}BUc TP SaghiCdsEPAg r O by

fromthe casglng sur eac
onaacunggsun@agsgtpﬁthGrpaéélag 69@&8e&§pmngrﬁmql toward

W thet HE rebabkeauebeanbagtb@u53p AR mﬂam the nip;
tenperatures I N segnents of | east one castln

ol |
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st eapt@hgngollieby dohtastihg shélpaa&nage@hrﬁbeenbﬁ each
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|dentufﬂetenmunungstempehetucaslmnoasgmastsngfwh@réeast one
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esire hi n strip elng cast
Fupﬁﬁ&rstahpaaaapst&@efUﬂd&anﬁpn&aesPyréasﬁﬂﬁgc@ﬁﬁnthe nip,

cast at EbRbhipatiosl enhedeber.ein that conprises: a pair
of counter -rotating casting rolls spaced laterally to

forma nip between circunferential casting surfaces of
t he rol rhet habtglh weitbbdt hag bastusetlr by the bgperator of the

d'éSQ@EQGQOdQWBWQ @'&nan@ astiBg 2k a1@9%%% t0e RieP
gad g0 18RLiEY, Bbhdi

a casting rotective
atnggpheueuShgaétabsvyher@tgprﬁQC@neanﬁﬁgp§r§§ﬁ@§d be taken

capabkgsehin ?eﬁevb&av@&bdasdE@@Ebahauaastyn@fs%mka%&an strip
of _each cas roll, positioned to renpve such oxides

frBﬁFPﬂe°8§§r|ng surfaces in an area between the nip
and the casting area; at |east one tenperature sensor

capabl e_of . provi di ng_sensor si di
R R R
| egsstt Btzdpsdgndissloged herein that comprises:

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
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;

at least one temperature sensor capable of providing
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;

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



cast strip across the cast strip in at |least three
segnments, or both; gas nozzles capable of delivering

waasy/edyacent the casting surface of each castrggavmbd/no1719
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between a cl eaning brush and the casting area in at

| east three regul at edsegnments-c@rresponding to the
segnents wher e tenperature is determ ned; and a

co [ I f c 0 n

- oauplenty ERREGaPoBaibETEoKaY, RemERRa Wl ey cure
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nor e .t hereof . The aggaratus may i nclude a housing

pr89P888 A8 §2ER 5FAR®BFush, and wherein the gas

nozzl es deliver the gas through the housing. The

del | veryng! g43subf £8Pr38UTER! 1RKLPBALAGADEE1ERE A £rom

Cco SItI on ressure, nmbirnation
t hEheogTaNg ﬁay%etpngapfl @&§F°H|e\?e §é’gﬁé‘nt fedivgndibygirogen,

al gagetrhGapast i BaArbBhf A6BSxAWel, NR 2GRN A ofk@ldes - dry air or a
nper at ur % Senso

Alternatively or in additi
na?lﬁéufgpﬁﬁl§w8f°§r89F8|ﬁ%eggﬁ%Or&§| ARpgratus may include
coarbspemdgnprbvlubd tbdjpeeatuthe b&uwhe aast wieriedn k®he gas
se n c n h [ n .
BB heh 1R A BUTSALERGH" Lo Belltag e gedivery
ca9ﬁ|ggsr@p|enpp sBEMER tDRSERPRT Var igb 1 HE nDRAMPRES tien.,

or dekthbat, b@%sbﬂ¥@ntananﬁﬁmﬁﬁnﬁﬁﬁ%nf%hb!e%&pbﬁbnﬁﬁy be in
partlcular enbodlnents will be descrlbed in detail

wi Bf LepEtefd¥e aeswsn&écsﬁﬁsﬁﬁlﬁg araRongoe FaRtiog
FI gurfacesaof dhee lca\eamngn reoilay.ofdAlar rnaltisielst ore in

h
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providing sensor 81gnals corresponding to the temperatures

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

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:

FIG. 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
a twin roll caster illustrating placement of temperature
sensor;

FIG. 4 is an enlarged elevation view of a portion of



atwin roll caster show ng cl eaning brush apparat us;
FIG 3 is an enlarged elevation view of a portion of a

wd wosog7osd caster illustrating placement of tarpuesedous/en1719
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sensor; FIG 4 is an enlarged elevation view of a
portion ofa twin roll caster shew-ng an alternative
cl eani ng brush apparatus and alternate pl acenent of

tegp%bﬁh“ESlie%ﬁgkérF%ﬁowin%saﬁ Bﬁ%@&n@ QW@jdyggni%beWrush
of "a cleaning brush of the Cl eani ng brush appar at us;
Fl epparptug padsgdsernate phasepentgod Sespergtiugle sensor;

and gasgif@zzkeggdal ify8hitng1geationhhevieRr et Weeneahgng

cl eani ng brush and a,casgln surface of a casting rol

i nPFugE 8&ghbs Caeapiag Prush, apparatusive vi ew

showi ngraccast iBgar perspedtise Niew ehotdhnigver icagtjag roll

to_the nip_between the_ cl eani brus ng . '

suft gc a8t ngzc?\gge [ rﬁlglirlgleln?lﬁ g%rseé:%sle%l%en 1%; %%z:ye%?’(athe

8 rdeandpgebmush anidust castinga spafiaicen off at ifastdsg mgll in

sukeh 3ee sabmangast i ng rol I. DETAI LED DESCRI PTI ON OF THE

DRAW NGS_The _enbodi nents are described wi,th reference

to a twFRGrolll 1823t PPTSREGRELVE MieW showing,ghcastipgeroll

| | buat gakedokwles dell ivesliag gasPitosehed nip betielinn@he

frage 11 whkch gy%&ﬁ{ts a pair of IateraE;%tposiLionedll .

caStPRGIPYI PEUER A &n CRET YV EVFERSFa Ty % SRFNFRY To1L in

ci thwekesegmealt scasnidng surfaces 12A. The casting

rolls 1g1ffegCanbehahdted byY138:ebeabl & pRAELER bF cne
t shown) . Mlten

or hydraul'ic notor and gear drive _(no
mecastingpsaaifageorfpraicasdngorodtdeel of | ess than

0. 065% by wei ght carbon, is supplied during a casting
operation froma ladle (not shown) t undj .sh ,

t hen through PHFEATLER éV?WF%t?@t%r%ﬁ%&ﬁﬂégo a
di stributor or novable tundish 15, and fromthere

thr 0ugh. gl B oIRERYS" ¥rA068kEbel Ol thOFe B rbice to a

positione
twin roll caster shown in FIGS. 1 through 4. The

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

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 shown) to a tundish 13, then
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
metal above the nip supported on the casting surfaces 12A
of casting rolls 12. This casting pool 10 is confined in

the casting area at the ends of the rolls 12 by a pair of



between the casting rolls 12 above the nip 17 . Mlten
nmetal thus delivered forns a casting pool 10 of nolten
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12A of casting rolls 12. This casting pool 10 is
confined in the casting area ati¢g he ends of the rolls
12 by a pair ofside closure or side dan1p|ates 18

(sho in dotted_ |i FL.G |
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e.castin ncl.u

hi n e casting
ad&FFF&h mgY: h&S€a PH& 6 8|1fyefhg ge 1very nozzle
atmﬁspbethaabnhe ﬂbWewaehdngfpmhb ﬂaluweryhnbmule is

agﬁg&ggdopﬁg}gnﬁ%ge@a@%& §Bo&heﬁastc'a@gﬁ§eeﬁea
are i nternall wat er cool e
shenr:éuglsbu ddfjtdant ko &het cagtingr poed 19Athe pretective

CaaEhBQFﬁﬁEEaﬁﬁévgofﬁe'@Egtﬁﬁﬁt§%blmhbht%nthhbﬁ%QBxldatlon
t he cas each revql ution of the

caSfi & BerGPF§efzme?ﬁé dBs Py CGF 88 8TRAY be

textured, for exanple, with a random di stribution of

di scret op.ections desct| d
Pat ent g 8% 86§°9$ﬁeiéhgfﬁs13?§98$Eq§ g?%gefﬁglgd 80 that
thehalpsliobedméynonhﬁheasasmgngoBMsfagepr@@@Cgsathe casting

Soghquggg ?Bb@ G3%h %BBEQcErQQQQIaE% @ﬁ&bﬁ%ﬁ?@he casting

downwar rom-t enl. The castin
2bBEPL5A8 HLLR: REEEr §eVﬁla1tar~?& ef t ﬁﬁ?tﬁé‘guﬁgr(l&s 12. The

3ﬁgasﬁhhblEﬁ&@&&e@rmﬁ?rbelﬁe&t@&%ﬁerfo¥h%xhﬁbgbh ith a
e C

m FRPAGPC LS C B PRGRGBr OF ALGEREF o B EHara RPoRTc iogFTLbed
ofasﬂrcpapmedudn UfSab@ameszG 197131, 5168t. e Thewisdiel 1 soare
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act@spradggede ﬁaléllélésetdo tauﬁn ﬁél‘i‘tr gltrigp &ﬁed@&t 19

cogRA ki ¥eR@dPuBwRWadlSy &40m WBeNnip. 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
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 illustrates a twin roll caster producing the
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
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



exiting the pinch roll stand 64, the thin cast strip
may pass through a hot rolling mll 66, conprising a
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5

10

20

25

30

35

where the cast strip is hot rolled to flatten and/ or
reduce the strip to a desired t44 ckness. The roll ed
strip t hen passes onto a run- out table 67, where it

e cool e cant t.h d
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United States Patent No. 5,184,668 and reference my
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adj acent .t galr castln%Prolls such that
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are p03|t|oned at opposite sides of caster adjacent

sthe cashigngnoghl $n #96. bgtmﬁggahgﬁ anugﬁ apdatrB@us denoted
; i PRe

castln ar ea ere the castln S enter
pr sﬁeetra&éYaﬁﬁogéhélse déGPPﬁgdl ﬁ@éaSt?ﬁttaGPe\ArPﬂ%rt pE casting
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co ri ses.a arri %Ie nln%Phéhe

Re33ingg beLam REY, ke Pachent amrpscantes
casbsngngobhsfaaeéuﬂnmgoi thet cagtdagpaiodds 12 to clean

q%kc@ﬁ@%' ¥aoﬁo§ﬁ@arc%%1§ﬁ6‘e%B%‘fa%‘és A1y $AYMhg™%11s. The

ovi de cl eanin
brush apparatus 21 are p081t10ned 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

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
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
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



surfaces 12A of the casting rolls 12 at the begi nning

and end of a casting canpaign as desired. The cl eaning
wrushe7288 may be segnented if desired i nto t we@mAvm®IS001719

staggered brush segnents, but is generally one brush

extended across the casting roli2surface 12A of each

casting roll 12 . The brush franme 20 nay conprise a

b I 41 gnd is
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apparatu configured so that the clfeanin
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caftbmgthelbastanQSSnmﬁhbebleﬁ thet baistiing clodds mg tdfout
th(in%%g‘uu g3568! dﬁ%f Aeh c%s%hg %'a%}ﬁ‘ll & specified

| evel rrng eac Jt i i'ng canpai nergy exerted
by the brush on the castlng surface 12A is controlled

15 by cont k@bl bRgrhhecReeeaMr syoi;hteheleaﬁan OBrU%ﬁ 22 against
casting rolls, OfF the rotational speed ? t he _cl eanlng

br H&E EEStéPgbéPﬁfaS§§e&26n ofe kb8 é’ﬁ‘é?"rtmgf rodd s 1

f | g¥ntironede seithat Khlaklieanihg @&su;mg cI%.@(lenbe ztoal
t he c%st ng.sur

of the castln

pr 88 Pgegnasrgﬁgp.gﬁgﬁé Sed FPCEF Eé }I aa%%%} eaCh

tocabelnssbamgasgaedTharengrgycagemmgdtbupam@nbrﬁah;on the

20 COBLERL 4 gaﬁug%aggn%ﬁﬂaaﬁabbﬁtgblagﬁpE%Ic%ﬂdﬁbf%ing the

descrl erein e energy exerted he rotating

br BEgssyre 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 in
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 is then continually



controlled to maintain the casting surfaces 12A of the
casting rolls 12 an established |evel of cleaning, as

wamegd7bssd above, during a casting canpai gn. THGTSAURYS/001719
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be done by cleaning to expose a majority of the
projections of the casting swfgsres of the casting
rolls 12, and neasuring the initial heat flux between

he molten netal the II t fl
| OReRBHER P dply Rakd; piRhek"Bohfiphoubly, REAC 11
comntaummstyn@ﬂyiﬂuedngtthntbysuungngampelgastang then the
Caaﬁfﬁggengﬁﬂghgﬁg Bh%hg'kggﬁeg ﬁebﬁ% e@lh&?aﬁﬁakhe initial

eat the initial | ux neasured
cohepb| Ll pgasyyedxEpt eanbyothéhel ersray 6#@§ﬁeﬂzbahthe

th@léaﬁih?gbkﬁbh aurBﬁceaelaése&nbheoqasbh&&aeehlazhzof the
The heat flu i

TSR ELBILFO IR A QP nGOEnBoaE! FOPEncBOLR ABSAPLLY, Ang) in
LQEeamotumg rﬁbﬁ{belgeabated byrmegbutﬁagc&&bbdgfﬁekbnce in
SeLURBOELREE"RE! cHR'eBUALEY 8,05 naeiad tig Biktdan cne

t heastinghsondy pe@y@ﬁplyh@ohpéﬁﬁlapédopéﬂeﬁea§uﬂﬁﬁgrlbed in

t hgnheal. stheeBedhtbheXxnean besﬁﬁaﬁbﬁeQnEYGaﬁxs 234.
aval | abl e. net hod., The initi al neasEred heat fl ux |%or

r ePAEBAUED thiSJdSi tBE Wayr BEegFnt ¥aﬁPﬁ§e&PlFﬁ§
cambhBgriall ther heats tRA, heatalitux daacbebae@asured by any
contro e fo tlon of crocodil e skin roughness
du?yﬁéi?ﬁg cgf canpalgn The conti nual neasured

heat flux in real time, and the difference between the

initial @aEnEEHélaﬂgaEnﬁeEeﬂEaE' FRukedl fbY%ted totﬁhe

neasure is used to control energy exerted_b
c|éaﬁpﬁgdbﬂesﬁeSnoﬁhsleagﬂpﬁg°§uFPSCs§8fzngsaoﬂﬂaﬁurfaces

cIQenlnasoabbbg G%%bk&ﬁeﬁQ'EoS&bh&%G& tRA ifdrmation of
control | on of .crocodile.

S Sine Ehon o BapaduEiREe bl gde 2
skFROFBHYhRe8 18anHg §PPadBTERY; kB  SE8FTePY; FaMpaign. The
coabnotlihedl ﬁbasurbﬂoheaanfﬂh351heraaﬂOMamed hpd the

pr&!kgéggn@ecﬁgkh%e G BlSBQWQ)f %§P%B§!%% Feal time
Ph ea u

rs nonito cal culating
d|h§gpeﬁégx|measured, is 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

the surface of the cast strip is controlled.

The method can thus be automated by providing a
control system (not shown) responsive to sensors
monitoring the heat flux, calculating the difference in
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
being controlled so the cleaning of the exposed casting
surface of the casting rolls is controlled throughout the

casting campaign and, in turn, the quantity of the cast



heat flux fromthe initial heat flux neasured, and
controlling the energy exerted by the brush agai nst

wd 1e9/easis ng surface based on the di fference ipTTne®d008/001719
flux fromthe initial heat flux nmeasured. The energy
exerted by the cleaning brush-agai nst the casting
surfaces is capable of being controlled so the

I ' f td
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22 against the casting surfacé 12A of the castingroll
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5Pr eG%W an ehectpaed aneﬁ.ﬁiaaiﬂdl)la;r Mydzratliifd fitcdn rotating
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CO%Er% B%QCEOo%n%%e ﬂgﬁgﬂﬂgﬂdiéﬂ gﬁ@“&%&tfﬂ tgﬁ%fa es 12A to

br Ushes Wi t casting surfaces 12A to be change

sobteha!ba@sﬁﬂer éﬁt thadr G EERTENE enengyd G ke aariRg by the

10 ON phishREe B JAETRFHeh tAlsdfthent® @ATNgNEHeOldastiraaR1
As shown in FIG 5 , the cleaning brush 22 may be in

t hEYSATESF a cylindrical barrel brush having a
central body 45 carried on a shaft 34 and fitted with

a cyli n?“ %ﬂ'owﬁaﬁ‘_?,pé‘-xﬁf Wy ”i‘:h%r 'cﬁ.%??ﬁn rﬁ@@lf t22:3’4i1a ¥>e in

be rot at'ably cnoun i béari
42t Eeamhodsle fcwén@dzgcadn@aernﬁdbmshc hqmmﬁ entral

15 O bRlggCllsl cadiliv BB @ s3R F1RY DN ARG ORridE Of
t hese ' si de plates coupled to the br.ush shaf 34 so

as
t 0 ¥IiRATdICH dFlaPQPWthclwé'&rﬁ RFiFHIes 34 may be
oppetatabldy’ @untedofin Infearxdxr@ts @7 dhn tﬂne eaasie nlates 42 of

12A of Al t.h |
or 14 B3R EROME 30 SR R YT e S
shedleg tid cudadvet potorhai5 tiays ber momnted oakenst e these

of Ol g,g'a as e a_'e@%t & He® Hralpdl leda £t W3h fd 4 qzpd
|n Un|t t at es Pat ent . 5,307,861, the rotary

brmﬁaﬁgbaérvﬂeééredut@a Gé@@qwgumrtw 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 is 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 (not shown).
Alternately or in addition, the housing 120 may be

provided with a suction or vacuum to implement removing



States Patent No. 5,575,327 or the pivoting brushes of
Australian Patent Application No. PO7602. The precise
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i nvention. As shown in FIG 4 , a housing 120 nmay be
provi ded adj acent each cl eaninggrush 22 and desi gned
to capture oxides and other contam nants renoved by

he_br.ush . L&
Sy SreheR, B pEBRECELERMARREs' Bl Beh EhERARr 100

shewnfaceagl byr theebyush.in additi on, the housing 120
may be provided with a suction or vacuumto inpl enent
renovi ngoxi des and ot her contam nants renoved fromthe
casti ngThar PREEIYyPFRESHFASAT FREAEAGRgFPeFFeOSutbeor

ro}ataemngpsedsafchhebéoaateaﬁlheusBycmaahardabetmbnearque

the t th t {
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neaSaaadngfbruehaﬁpleanbpeaméheumﬁﬂtefo@neka$bdwn)by a flow
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ny ASHEF Pre

raul 1 ¢ notor rrving otati ng cl eani
22th¥hgghoaqb¥d§ﬁuﬂhé neter ﬁﬁyVBegnﬁhﬁtypéetbyg cleanlng

megeukhng 2t henbr essdue effEﬁeembta& a “@%nmbﬁthréadby
outlet of hydraulic fluid_throu rauli c no

AIP@PHHFFP&I§hetR§9F6P58edbffﬁﬁgnﬁﬁﬁ&rbﬁﬁyeﬁg In1et ana
nosutdeedoly hiagaulieg flbedt ehgoagh hhhgd&hnaua GBLOE,.

l o cel l the deyice bet t he , ot a he.
noggFefg?t%NS Kéa%hﬁggoﬁguf °¥é?ﬂ8hoc§fr ogge%ogltored by
comeamueAngpshe tbraghe wmtbransunalatga@g@neIOAﬂtnsaghor
thstﬁkﬁaaeogcgrBéhw%%nnenebﬁoéakvsadl%h@ %bhﬁ?h&%& the

counter to the rotation of he cast I Ng roll
clbaﬁrhggsrézh(zzeus 8§85F9y BFi ERern CORYeRippt part of the

r olhatbeNabudkl 8€irueBuae .t he casting rolls, as
indicated by the arrow 36 in FIGS. 2-4. Thi s means

that the casting surface 12A is noving in a direction
opposi t althotigh tbheepdeandhgt beubhi 88| mayobet Heiven in a

Clﬁ?gégglgﬁuéguﬁgegg@bnﬁhetQgtgeighngfs%hgaegsg nbh§oll, the
cleanlng 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
bristles of the cleaning brush 22 against the casting

surface of the casting roll.

If used, the separate sweeper brush (not shown) may
be in a form of a cylindrical barrel brush which is
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 that the casting surface by operation of an actuator
independent of whether the main brush is engaged with the
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



If used, the separate sweeper brush (not shown) nmay be
inaformof a cylindrical barrel brush which is

womnb@dsson the brush frame 20 so as to be novaeRAIBHED1719
the frame such that it can be brought into engagenent
with the casting surfaces 12A-ofscasting roll 12, or
retracted away fromthat the casting surface by
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esire sweeper brush used to keep sone
of cais&ingr gang faom beiag Knage: @@c}”@tssattl’{%é’as%td-rntg surfaces

10 and 28N ¢ aQffs ilde sEdTiNGY JFUR He' @ASRANYY sHrFA@R 120.0SS

the casting surfaces 12L causing scoring of the
casting surface 12A. Followi ng the cleaning done in
accor dan‘oelwiwhhgt edrep cd eant nedi s!olnresdne,acwxidaln@t meittdd the

I n = g‘en% 1%rc(iohs%r%s t% lﬁ.lu r%.l‘&%lds lf"gl?erreea%ends

an ent 1 ces I'Ng surrace,
expos bg me@pei@talmsmﬂ:hehéoa\a@mqag |a@|d emrm@@e igy &he

15 ©f LaGliivg! ¥utlel, PRIt 2215Wapoatld Yrojddiflontf of the
the projéctigns are visible with éxpgsed_surfaces as

shERFE1RGd Tld SVEEIes aFer isd @ﬁﬂlyerlwatcw diawavisdr 2
olf _s@b@%&ﬁghglsbldﬁﬁeﬁugi’mm rp&djrelaﬂdalomd r?lrfe &isible with
el 1. m nat u castin By u snes
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transmtte ten net al e casting roIIs
wherushesc £oi 1§ eaminge dheac@sitingofeddt surfaceb, 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 in contact
with the casting pool so that cast strip quality is

maintained.

FIG. 8 is 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



with the casting pool so that cast strip quality is
mai ntained. FIG 8 is a schematic illustration of a
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just after the rotating cleaning brush 22 has renoved

oxi des and contam nants fromdi hey casting surfaces 12A.
Shown schematically, the texture of the casting

surface of the,.castin ol.l _has_p ections 2 a
ShBKBSEnEoRkABi Rastar ZPhe oY) Sol thksShsiag, pa1°Birtaces
expesedThhlbéeahengapunshyZQfremevaseaomﬁ pietbasei pgides

Suaﬁacstﬁaé ESH@hﬂin QG 82 ot B 6b@eeheD5&baac&a%ns 204
PR gePRs

cast |ng perati on, e OXIdeS and contam nants
202£f & ﬁ16ﬁth§9ca§FﬁﬁgeréPP yhilecd€aYing Fhe areas 200

C'@@Géﬂ@dbﬁﬂﬁh 8#ifgeBnVves ﬁaEEbQEnthe&ﬁdpthdeSdamdverlng a

ont am nants 202 to (o]} projections
of boHBSRRY; TREeL araceveSEhR: FaoFaRel REzERGearRECHEE the
covenedoli bli tkiedheatl| £lhasdoeéngf thedcabatindekchmprigg .
a boundary | ayer gas over the casting surface inproves
the control of the heat flux during the casting
canpai gBurmingi hg FEGE} 6. agdad the gpe gadiveryvapparatus

ap@@baaeil%QQsdshbvsagaaeﬁtadheceabt&hg eagFhBed of the
surface of e Castin

12.
deFRFELRE, rPélleF?evggl?ogﬁﬁrn?S gsgﬁagFﬁdPa§§rb8%1§X§d to
onfbbfa aabbufigatyr lages of the oasthegcastliaglBumiaces of

oxsgseceg Sggg%g%;8n9¥ewh K o%E%E %ag %Q%? rLHSv%%Sby

m §as 'SOurces
headeatitng bhnehgh. anbugablmyyobev&meSYQQZArODZEBS sources

12464 ,1230: agd liégsaﬁeahewnlua Eh@bueh aNBﬁﬁrEHQEYOBQ

gas source 1271, rovided~to enab
de¥piE@Sahd28i f 1EPBnt 188 o%?gpoﬁ§9 &PQFuPés?h°wn in FIG. 6.

prﬁ&%@feaanObneoghbnabheaetheneo&21v0mb9 Belbteweded to
throgg? t he as val ve @ in % t he gag heade
uneraBiredeadRandnd 318 nsRkorboRedi 4088, o shurse
gaprabsumee,tortbembasatmgnruhbrsofﬁacesbehdoagherhd through
noEﬂgeaa Tpglggﬁ Qﬁﬁd?Et%zgkga§5§8hg%g%EdQQO'nwﬂege the gas

series Ive se C, "123D an
123gag§rshéﬁnmam pLiver, aodepﬂrgd 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
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
adjustable and controllable to separately controlled
delivery of gas adjacent the casting surface in the

different segments.

In any event, the gas delivery apparatus 100 is
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



series of three segnents 123A, 123B, and 123C as shown
in FIG 7 , each extending along the casting surface

wolie/of77mach casting roll 12. Alternatively, tH@E/Qe®08/001719
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header 110 nmay provi de a common gas flow or flows, and
t he i ndependent nozzl es al ong-tihg header may be
separ at el y adj ust abl e and control |l able to separately

SuFPagech, sRgmett fe arttbelReltlY st I qach
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any
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oxbgﬁ%aﬁﬁﬂaﬁkgebO@ogkaghﬁaﬁtinZQQGaSSShQW&ééﬁﬂaﬁﬁg $oundary
A resulting boundary gas |layer is_believed to control

t h@aentayracidl Prddevertater sPntseds itdite A tisdfiacdml heat
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e addi. pot.en

20 o APSTHIALT SieyaS, eBe b ARDVpRANIT My in the area
adjacent the casting roll surfaces, and in addition

potentially contaminants and other material removed by

brushing.

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
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,

and a variation in strip quality across the strip.

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



brushing . As discussed above, the tenperature of the
casting roll has been found to vary along the |ength

wodood/b@7ssasting rol I, indicating a variation ipCheedoos/ 001719
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flux along the casting roll length. The variation in
heat flux between the casting-ppel-and the casting
roll surfaces along the length of the casting roll
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In any event, the temperature sensors 51, 51', 151
are positioned to determine temperatures of, and generate
sensor signals corresponding to the temperatures in
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
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
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.



In any event, the tenperature sensors 51, 51', 151 are

positioned to determ ne tenperatures of, and generate
wOosRNee775i gnal s correspondi ng to the tenperat wCasAwl2008/001719

segnents either along the casting rolls or across the

strip adjacent the nip, or bothzgThe tenperature

nmeasurenents may be segnented into nore than three

segnents, such as five or nore segnents, or in a

conti nuum The tenperature sensors 51, 51 1, 151 may

be usedThe ddgoatisnd ram &inee t@mpes atuafe [sengomsg Stthe 51', 151
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roldotating 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 is 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, or

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 éasting surface 12A of the casting rolls

35 12 in 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



surfaces, using the determ ned tenperature fromthe
tenperature sensors 51, 51 ' , 151, where the energy
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controlled by varying the application pressure, the
speed of rotation, or a conbinagion thereof, and the
angl e of contact is controlled by adjusting the angle
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angéegment 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

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.

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 in
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



gas delivered by each group of nozzles is controlled

i ndependently. Each nozzle group corresponds with a
woemgoedTy3son the casting surface. In this alterr@y 20081601719

controller 52 controls the conposition, mxture,

pressure, or a conbination thergpf, of delivery of gas

t hrough each nozzl e group corresponding to the

measgur d tengeraturﬁ of t he correspondi ng segnent. In

t hi ﬁgﬁ y "of the cast strip can be varied
and independently controlled in each segnent to
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and apparatus for control of the heat flux.

Although the invention has been illustrated and
described in detail in the foregoing drawings and .

25 description with reference to several embodiments, it
should be understood that the description is illustrative
and not restrictive in 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 invention.



4 . However, it is expected that the closer the gas
header 110 delivers the gas to where the oxides are
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present method and apparatus for control of the heat
flux. Although the invention has3been illustrated and
described in detail in the foregoing draw ngs and
degﬁégﬁ%ion with reference to several enbodinents, it
e understood that the description is

illustrative and not restrictive in character, and
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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

delivering gas adjacent the casting surface regulated
by segment adjacent the cleaning brush corresponding to

the temperatures determined in the segments.

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

casting rolls.

3. The method of continuous casting of thin cast strip
as claimed in claim 1, where at least five segments are

provided along the casting surfaces of the casting rolls



the nip to produce a cast strip dowwardly fromthe
ni p, renoving oxides fromthe casting surface of each

wensd/grgs ol | by contacting the casting surfacemiumeginizie
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casting roll with the rotating cleaning brush,
determ ning tenperatures of at jgast one casting roll
in segnents along the casting surface of the casting
roll f the SLaghl| NEN l.ate |y across
thé’f tar%rﬁslagdtg%en %t he’?’lgll'ﬁjlgJ %%S E%n‘&?ltﬁa%’q%ﬁ t her eof
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m $Pufe FOB-E85He, or a conbination thereof in at
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performed in a continuum 5 . The nethod of continuous
casting of thin cast strip as clained in any one of
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7. The method of continuous casting of thin cast strip
as claimed in any one of the preceding claims, where the
step of delivering gas at the casting surface comprises:
delivering the gas adjacent a brush nip formed
between the rotating brush and the casting surface of the

casting roll.

8. The method of continuous casting of thin cast strip

as claimed in any one of the preceding claims, where the

step of delivering gas at the casting surface comprises:
introducing the gas into a housing provided adjacent

the cleaning brush.

9. The method of continuous casting of thin cast strip
as claimed in any one of the preceding claims, further
comprising the step of: -

controlling the energy of the rotating cleaning



casting roll nip. 7 . The method of continuous casting
of thin cast strip as clained in any one of the

wresesizssg cl ai ns, where the step of deliveri mrgeas2088/001719
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the casting surface conprises: delivering the gas

adj acent a brush nip fornmed hetywen the rotating brush

andhtge ?asting surface of the casting roll. 8. The
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anapﬁmgcatlbhepeéeeaébngtﬁéasﬁsedfuﬁt&ataeasarl&rng
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of connratiledf byhaedjuesheg whEhanbéecbetwagnsmhhaas;sopf the
a BQHQh”thOQhEhSBSQQHQSkgﬂltQSr?SE%f”‘”ed_
erat ures ener e rotating brush
|s controlled by varying the appllcatlon pressure, the

spggd Oofnheohathes, oercanepﬁabﬁetbast&hgrsafth@ﬁdcaae strip
angl e of ,contact is contr?IIed by adjysting the an

betfeEhaiRgdatPs2BY PRE BFuSheaR eFﬁg18§SF RAmEe| I gere the
sughacef tHe ghe gelhodrof scept compnd seashitndeaktt bne gas
cast . st s cl ned |n an pe,.of t r, i.ng
R e i e
cohpingms aydressn.owetgasvapbsetGderOHWDHQXQdGupcarbon

cogsbstbay QEynhEEogﬁna a&geﬁrehskluab RYIrmegReN £ heekek .

~vapor, carbon”nonoxide, carbon dioxide, dry air or a
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n1xtyre of two or nore thereof. 11 . A nethod of
coffi nuaURe€RSHI BY @bnthhGoGasStastihg 6EMEhifni Bgsthetrip

ste s of: .ass f ter-rotat
cnSPRRELPARRS EPe: BPAPR, 8RS ( Orm o ni p between

ci rcunf essembalingaat pajjr of counter-rotating casting rolls

laterally to form a nip between circumferential casting
surfaces of the rolls through which metal strip may be
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
contact the casting surface of each casting roll in
advance of contact of the casting surfaces with the molten
metal in the casting area;

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
casting roll with the rotating cleaning brush; and

determining temperatures of at least one casting roll

in segments along the length of the casting roll, of the



surfaces of the rolls through which netal strip may be
cast; formng a casting pool of nolten netal supported
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nip to provide a casting area with a protective
at nosphere; assenbling a rotatisg cl eaning brush
peripherally to contact the casting surface of each

casting roll in advance _af nta of thec
PO S P T oA AITAR, I & CEAR (a S the nip.

area
coomt er coobdmiatg arhd heastafng roI l's such that t he
casting surfaces of the casting rolls each travel
toward the nip to produce a cast strip dowwardly from
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roll in segnents along the Iength of the casting roll,
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a conbi nat1on
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Cl deWelhinthel & dnpR riteR «&f daip2iilledi:Ng tenperature in
segnents is perfornmed in a continuum 13 The net hod

of cont PRESFIIING ﬁg‘f“‘é’?rlal’ﬁ‘?fe@a%f‘ derakions Ila’i REFTERLS
cl aildngl a®r 1@laditmoh? csdmrimgt keldt.ep of determ ning
tenperatures conprises: determining tenperatures in

| ocations in segnents along at | east one casting roll.
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casting roll nip.

15. The method of continuous casting of thin cast strip
as claimed in any one of claims 11 to 14, further
comprising the step of:

controlling the energy of the rotating cleaning
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
combination thereof, and the angle of contact is
controlled by adjusting the angle between the axis of the

brush and the casting roll surface.

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

a pair of counter-rotating casting rolls spaced
laterally to form comprising a nip between circumferential



as clainmed in any one of clains 11 to 14, further
conprising the step of: controlling the energy of the

wOo moadé7mgs cl eani ng brushes agai nst the casti n@PIUATR0E001719
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an angl e of contact of the brushes with the casting
surface, or a conbination therepf using the determ ned
tenperatures where the energy of the rotating brush

is co trolled varyin the |ca .t he
LpeafRsns, silelbet 5y Hel U8R 81187 RGN GilhC enin
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at nosphere; cleanin dsfes Capabl e of
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the casting surfaces in_an area_between the ni
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rectin low o J acent the casti nq
sthsc§°59téaShbea§P|ﬁ§ T&Pe beekaBA RES SEST Aged in at

br ughsgandnicbe eaghbﬁgsaraadregulated in at least three
segnent s; ontro PgﬁFca able of .rec

east 'three
sensor & GRAFESALEEC AP EREeRiPgorhe pipalt signals

t handghohbeodadng the delivery of gas through the gas

nozzles to each segment corresponding to temperatures

determined in each segment.

17. The apparatus for continuous casting thin cast strip
as claimed in claim 16, where the gas delivered in the
delivery step 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.

18. The apparatus for continuous casting thin cast strip
as claimed in claim 16 or claim 17, further comprising:

a housing provided adjacent each cleaning brush, and
where the gas nozzles deliver gas adjacent the casting

surfaces in the housing.

19 The apparatus for continuous casting thin cast strip
as claimed in any one of claims 16 to 18, where the flow



nozzles to each segnent corresponding to tenperatures

determ ned in each segnent. 17 . The apparatus for
wWEmod/eTussus casting thin cast strip as cl ai nededmacioas/oni719

16, where the gas delivered in the delivery step

conprises at | east one gas selegged fromthe group

consi sting of nitrogen, argon, helium hydrogen wat er
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thin cas strl as one_of .cl aj 16t .
1828 anethes RPRFBRBE Bo ronEsfRouBoReRt iy bEipaprel strip
inasoamasmédomn ahyt ane, opreiamme 16r ta dtOnbwhereén at least
S | arg
sur acésh1F§%ﬁg§§aé LEXE § Béglg EQ ggggﬁg?ué Pgnsor
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10 ONgePipChatBehbabButl 0. 9hREEER 8hdl amkt@Refrom the casting
tenperatyre sensor is capable of providing sensor
si §RALsPEBrresponding to the tenperatures across the
cast strip between about 0.2 neter and 1 nmeter from
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coaamprisdhgti ng casting roIIs spaced IateraIIy to
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capable of forming a casting pool above the nip with a

20 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; and

25 at least one temperature sensor capable of providing
sensor signals corresponding to the temperatures of at
least one casting roll in at least three segments along
the casting roll, of the cast strip in at least three
segments across the strip, or a combination thereof.

30
22. The apparatus for continuous casting thin cast strip
as claimed in claim 21, where at least one temperature
sensor is capable of providing sensor signals
corresponding to the temperatures across the cast strip

35 between about 0.2 meter and 1 meter from the casting roll

nip.



fromthe casting surfaces of each casting roll

positioned to renove such oxides fromthe casting
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