USE OF ANGELOYL- SUBSTI TUTED | NGENANES | N COVBI NATI ON
W TH OTHER AGENTS TO TREAT CANCER BACKGROUND OF THE

wo DMEREISCN FI ELD OF THE | NVENTI ON The present P@an2io6M01706
rel ates generally to therapeutic protocols for the
treatment of cancer in subjects including humans. Mre
particularly, the present invention provides a nethod
for treating cancer conprising the admnistration of
arTEHY RO - SHBTERy AR T AND MRERGRCEQR QBFRHTING
acceptabl e salt, derivati veqe hsmpi og or anal og t her eof
and at | east one other agent. Preferably, the latter
agent is an anti-cancer agent or has or induces an
SRCHNIG2Je FIELIect . DESCRI PTI ON OF THE PRI OR ART
Bi bl i ographic details of the publications referred to
by author in this specification are collected at the
end of the Thdsc dinyiendionRerdadrce IegeFAl 1y iter taim mell
TdRisteHREC L Md 1 Pair tiPuladNg H0 Wb tidig holakefons twin
an :@cr:knowl edgnent or any form of suggestion that this
Fdr S&%*S%or ns part of the common general know edge
in any country. Natural product screening is a term
applied to e r.eeni{Ag..af I M deTalyic . .
bi oacti ve m%ee:a'ﬁéls%&gr tm%é:ll}l%gtr Ilé’)[‘/eaggugl\é'tr{ aft eiga%ﬂ}{g thin
med@dt iskrim| fxan awolien mekad RBIAYRFDHG drinlofhscounter
Ui dredaneild SN tahd NalAdwh QDHIPB@BRiSen the rolls
i.ncl.ude plants, m croorganisns, soil, coral and marine
df FWN The search for potential therapeutic agents
for the treatnment of cancer remains an inportant

focus. The _Euphorbi.gceae, f.am Ly of_ pl COoV .

w de vari et":;;' ‘?repﬁ aj'%cs?nldnc%u |h§r€°g:‘iv \?engféz%&lfup%fab%armr art
spadiigeiowGneca sitons imathi neg U diVEdEs prefeenrte t ¥ sthe oup
'ﬂgﬁﬂip,r birfe Rbd siid$ R 1S URETS: F cdU £k lwithE side dams
capitata Lam), ose comon_ names i ncl ude )

pi 1at dee | Fir SpuFeeen tink sk furtaces f rtherastinggrolls
5 tdHm WbRsl 1eTh & oxEuly -dreafies S mHOe. adiwl pf advigage the

i del istrihuted in tropical gountrigs, includi

meﬁ ,mg?mm% n* r??}%?’rf’%fs)?]% iéa:\, Hﬁ%%‘ﬁ% g b «'¥.s.
Q@ectsrst afwl. E&ADy®02) pepl us is anot her species from

whi ch i ngenol angelates with anti-cancer properties

have been isol ated (See US Patent Nos. 6,432,452,

6, 787, 161 &Fhe ot Portmimmsp®f the ¢arfelng rolls 2 are
ag}@eﬁif ?éﬁ_@l%(iﬂ aellksdc&mr_ tar)]yr;%&@sb:fg tCB.’ElcfE a:@f_pél_lﬂépe@r@s | Bo
useful, inter aliain e treafmept of_ actjinig .
QAR GO SRR FRAE B Uhofhe SHGF diAmRr L (NVED) B SPRFinuous
tef Mt inpimadh i) ntisé redsing Thel Tyt Dt axe cdi yposed lateral
PEPQOS5 .has, .been, sho for caell, lines i LLr .
T ST ST Thoho e (e S SeaPeth Loff nip
Ty dheadins badractoRERIDSte sthegembtkReapgef atee strip S

g%\mfrié Std K& hthaEadishase WKL hs P4 UaSn¥heNaBecel |

pul ati on hyper-proliferates. In the US al one,
ZERPECEIVRELpie BPREAFE oW tarRRd $RFiRERS 19505908421
WhHeiohe SENgLE3Rrt HidmeeEof 4R SifeLhgdroIbe 2. The

DL UEL S, SoReeh HeRlNaneLep Ll SRl 210 880FRE csce
(d88 , 1 aconpadst the fobt&jmetabrig. wolka, spaednasd
COIDEOLYoOCEHT ELGLERIGH! 5 «';#ngi Pbggeing Abfe hitset such

col on and rectum , uteru
otkay thaoputer rireunferertiahasusfacegompesptevarfs the
db£s£1g SOTE &9}5%91‘ tﬁéﬂ@&ﬁe'%@@& 2006. Cancer
treatnment generally requires a 'therapeutic protoco
conprising one or nore of surgery, radiation and/or
chenot herapy. Chenotherapy is a particularly conmon
and wel | -established treatnment for cancer. However,
despite the fact that anti-cancer regines provide
significant benefit to patients, their use can be
restricted because of problens with
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toxicity and adverse reactions. In fact, patients who

are suffering froml ate-stage di sease soneti nes choose
woei7ossonder go active treatnment because of thRCEHaU2N06/001706

i npact on quality of life. Wen treating malignant

di sease, |ow nol ecul ar weighy (LMA anti-cancer drugs

denonstrate deficiencies in Therapeutic efficacy,

hi ghl i ghti ng rowi ng need for a yultidi ciplin r.y
appr oach B@deaﬂga bedevaFprd sRefed) n% ﬁéﬁw of
e Qe %&% Jaid, krﬁcwrer&%k% s Jzagea)ve I\bvplu‘i@lslty
on contro I ng macaki net.i c r

§f I%{q%}gﬂaé) ti' rpahl.a MHEO Q,}/,{Qf‘ &oc‘ol:l.ng

T, ‘bi‘or écogni tio
aﬁféd Oﬁ@bﬁftﬁn@i é@mm@enermwié@memwly, and

ﬁﬁE&

resul t int e, dev.

as}g‘lt tziée on clfn?ei HI SCI‘&fI na%%%%%:%%ﬁéges >
mm@e¢wm¢h©m%®%tﬂ'ﬁ lepgt c‘a‘l’i&ﬁ‘%t ry
%Qsé%{%' arrid Oé&&hn:% fiﬁam@é@a Iébﬂtélﬁddfﬂ@ﬁ ohé hend of

Cro ecul es. has crea new s,.0of the
%%ﬁcﬂ?%#%ﬁ%r%@}h%l?%e? s E?%ﬁs % Bhie mﬁ?e£§8§ %ffs
PRUVAETY b&BSW | €S, potLeide- 6ﬂrﬂnags:bd1©c<liamspol Bebks, 7 or

nospheres. . mcr spher S0 d Rds of
A L e e T
th@eyemglumdltelthecllngNP%%ﬂﬁG%$p&rtsThﬁHEFGﬁEFeEEPﬁfng

ggggé gét ”e}‘éE&R&n fEmShAN hh&ANE i PEEMEEBEALEN] surface of
AFTT & can limt achi evenent

0
ub§|¢a%ten©r6®éiﬁlé§ r¥ghE, appiee Fﬁn%?e32989?¥9d%9a}s
ebbeinbebabsaged due to a tunor's poorly forned
vascul ature and the consequent passive accunul ati on of
macr onol ecul es within the malignant nmass, a phenonenon
known as eradnsbdcpelimabpassggandsrpasat thropghrfhe hollow
FE g%t 3(#\:/?egillAgvch§.¥.HB 89%&!1: ﬂ‘ltolggowZQQ;s))ughh%ne

rane can-still constitute a f % abl e &
hailpwrShafttﬁosetﬁagﬁéﬁéﬂeGepéénﬂhBﬁsﬁﬂgﬁsf|wst &t &P°

FLBQPE. thagﬂsg.t E:%Utlinbn plﬁfsgﬁbebo 4G a&&&réebbndd.&bh radial
ncreased Intra-tunoral pressure can

gePliBgyPaFSAEEFofol c dtal ﬁrﬁﬁge %tgglgéep %@ﬁya? roll
2,MahdgfaRklIpsintb the tnterisrl pEpihel otiead feddows shaft
%oorly devel oped (Swartz et al, J Bionech 32: 1297,

999). Anot her inportant drug dellvery system i nvol ves
conmbi nation therapy where multiple agents are

fgm ni ft er t&ﬂ *sfachr aatcoﬂttalﬁtaealat csxwhgm?%m? ;em{éancas
e activi y O1, one or mu | e e 11 0
remeved kY COaALdng Wt i fg—&ﬁ' %&eﬁ& ‘iw:%e dddidl

%o@.‘i‘ﬂ&?&@%’dg& \8 tdhoDtther lmgdmndimdiaszdaﬂe!mga pamrpges 4
t erm goa

her a hereds qgggc fined b
L JPé'tﬁno“t? 3&) ik $§n§°°an rotocol s Yor o ¥
thiee toiekt emts df am:hcté're waﬂt%mldc‘é & fﬂq:wcswm of
e | WM HMERd P HY Qi desnd rolls.
W%ﬁ%g%u 1 C protoéqgfor ?ﬂ%’treatnent of cancer. The
protocol conprises the adm nistration of an

angel oyl - S@mtﬁﬂét&%u&@em&ls{ |rd3:.at’ﬁ1, |ﬂ1g£rméta1 that is

angel ate) or_a maceut i cal

d@’r%tqweqﬂdﬁg %ge TU R B %’h%fa? a*éac S QL the

C&amrﬁ; Qtdrms a7y efh Bms T*relidtt:tfmd a:}mitllss nmelyabaferm a strip
rect cancer t y. 0 roll
o 719 2000 (FE TR HhOREE | dSEpl- BN O Masting x

(@mg netasta5|s) of cancer cells or tissue. The

present invention contenpl ates, therefore, conbination

therapy for_the treatpent of cancer co i S g

adni ni st r atTem FAEAPHRRA AT KbsEre Jf%t‘?mdgﬁ ‘_ﬁ"g B

a pharmaceutically acceptable salt, derivative,

honol og or anal og thereof together with, or associated

W th, an agent which exhibits one or nore properties

selected from having anti-cancer activity; stinulates

neutrophils or other imune cells or inmmune effector

nDIecuIes (e g. antibodies) |n an |nnune response

o - o - o - .
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T-cell activity against cancer cells. The present
i nvention provides a conbi ned chenot herapeutic

wEe@rosshl or a comnbi ned chenot herapeuti ¢ and PCT/AU2006/001706

i mrunot her apeutic effect (i.e. a
chenoi munot her apeutic effectgd 1o induce anti-cancer
activity to treat subjects with cancer. It is proposed

hat the.conmhi ned therapeutic protqcol. .enhances.the
eviedh dSPLER, o 06, B EoRsEiE A e
cimeanEerenattibd sserfaces tHeerthen doodemyg reasgeigstss or
ot her agent al one. Reference to "anti-cancer activity"
i ncl udes the apoptosis, necrosis, lysis, death,

senescenceThng/ oitcdb| apparenir that 4t wawder beel | s.
lalavaIntQ glddflsU 48RS phridhiildied 120N 2Qft FRaASAS iappifratt s R

and .t he 1 nduction of imunol ggi cal nenory. against .
BETAGH AT ProXides Ms SHHGRN ARt Relt strip.
Anidoredlmedry act isuittpbde \sdlHeras tiitviee i sp poqearitdest isuclluding
%%(?.It@ltr%rs Holrd = tdi@&at%s%@ .q@‘zfe%%a{flt%}e.ss of

inducing cancer Ceérl c¢ytotoxicity, apoptosis,

necrosi s, senescence, and/or cell cycle arrest; an

MY ddriosur® loFe im0 TNvRRITYIgN et ast asi s; i nduci ng or
stinmulating an i nmmunol ogi cal response agai nst cancer
cells; inducing i munol ogi cal nenory agai nst

recurrenceanf appagatueeland a adittiod) arke dindilvisdidBlfor
amoynt s of .one Qqr .ot heraf the_angel qyl.-substituted ...
SRE Tt shr R RS % ST0E 1 (Tl Positioned
siagebdgld emtld soff armd. ngnta Teigndetvigway dihemo a subj ect;

and reduci ng cancer growth followi ng a period of

rem ssion. Reference to_a "cancer" includes solid and

bl ood bor n@ Bgdtensmeted s3rRdypsystedydaliiyers molten

SRIGANMESR Y ¢ G0 Bstwele i) 11038 forms a

angel ate and ot her ents may be given in single .
B R loPS FoIem R o TRAERT s FnfiFasting
trageitsh eimmerdicrealy atniwe stheatriign oA Eaimbef side dams, one
i Nj st ' t : ially

S G 3 T B AR TR Yol fiine the
mee o sl tan aatitdnFaublabuts axdialgrtisurfaces of the
shesifdgatdans. A "neoplastic” disorder is also a form
of cancer or tunor. Accordingly, one aspect of the
present invention contenplates a therapeutic protoco
for treati mach sutdely Wdlll comearises IUPdcirettiafal body.

Vi Nng cancey. Sali rqt ocol. conpr,i sing. adm ni sterl
tor SAd U cj’%lé'fen}n ngﬁeg %ooé Sl bastslifetsﬁpeegi i%éﬂe%%%l%%f g‘mdy
piteirracempwiads) aacdgirabticaialesn el wei tion hefrio okprger
Y AN iller} : 18020 AN G MU S L 8F1 1L QSR Sh@ Y LoD that

agent h exhibits orie or nore of the follow ng,

propnd iasiakly fremeach R &Ff stharenistal portion at an
SHREEEIRE & tepcd BHAiIIdeNEHDE s &Y G edPdIBsteptending
caQ%er cells; (ii) nmediates T-cell nediated inhibition
U3 cancer cells or is capable of stinulating

or activating such T-cells; (iii) exhibits properties

of anti-ca . [ [ ' .
gener at i ngrﬁ'gasc[:hh%gr#ﬁlg%l%gﬁ %S'LV%H nc%sogtfpg't%'%g - (glurall_'ty of
reenkiophipagsrdes e tpdng vehigowsp cfhr reertralipertion,

CHPLOXI I} 1Bk fediANORS ﬁ@&iﬁ% &St S el surfaces.
enerating such neutrophils;

erein Hﬂf gfti-c ncer
$ \FIL MY AFIIBLSS SRR IDMAHER T 1RO ing

PHEd Ny s SUlTHe tedaldi ngn gessges h b ndomprJsead€rleast one
than,ei t her the -angel -subst i.t ut.ed inge e agen .
T Bl B s Rl i o P Gt B9 i
death of cancer cells is cytotoxic T-cell nedi ated
inhibition or cell death. The present invention
further provides a nethod of treating a subject with
cancer or suspected of having cancer, said nethod
conprising admnistering to said subject an
angel oyl -substi tuted i ngenane or a pharmaceutically

e o N R Y
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(i) induces apoptosis, necrosis, senescence,
cytotoxicity and/or cell cycle arrest of cancer cells;

W@ pooy/onesdi at es T-cell nediated inhibition or deet/AU06/001706

cancer cells or is capable of stimnulating or
activating such T-cells; (iLi} exhibits properties of
anti-cancer cell antibodies or i s capabl e of

nt di | V. d| at e
2R bt W etd e s o deienag | enee in
dimsabdanty of cancer ceIIs or is capable of
generating such neutrophils; wherein the anti-cancer
activity or_efficacy of the caonbination of the
angel oyl - stFSH Cas&dnEnFotdn@le cogpnises g &dios control
irleatb et tﬂwlﬁmeamgei @He B i Hditash ieae Aow gt
%I%el. the tg%a% 4 of both agents when
aimi ere 5@%?“‘ ess than when
adm ni stered separately or nay be addi ti ve but

neverthelegécgoggskggsa%%gﬁl 'Qfggnfyﬁiafw ining

sense of havin | Nprove or en ance anti1 - cancer
RASSAISP cﬁX%r!ﬁl@ac;ﬁrovhe FReddme inpddntinmer metimhery and

Wdil\tiéﬂﬁf: 2 =) AoHHA Huda IO Al i P Tp d SR d N ik G8e Idbnd

?) %coﬂbeéf\a’?}?protg‘col conpri J1l_taghadmnlsterlE:goscgllr;tmg

@assayasumeﬂganmaggtmeranaIog thereof and at | east one

ot her agent which exhibits one or nore of the

following properties: (i). induces apoptosis,

necr osi s, §§n9§§eﬁ@b°dewﬁatoﬁﬁemtFaaﬁGMGrnm&ﬂ coppird.ses at

Az d?fe EANeRimretlentiall IdedBUA e tT-1GRldr SR HiRIed
§¥G|b|t|09§pr .de th of cancer cells or is capable of

GPg Lddch PRSSA9SS 9 |‘-'|h)a'fe>ﬂﬂ°d1’tf§
}fﬂmﬂ.ﬂ tda&s ﬂlfovﬂlfhonﬂ&ﬂ@aﬂ.o@@ﬂtlﬁﬁhiédﬂdicﬁﬂﬁfg ipassage into

t b di at e
neu rop il l%% i Py rag SUC °a">?1 é@ﬁé&l \Q :;"‘-'1r§1er’tﬂI }rasssage,

ettt dobiec iblepdofbeemc@prmeld gnorthes ciapmadpiferential section
generating such neutrophils; wherein the anti-cancer

activity or._ efficacy of the conbination of the
angel oyl - sdBsPreucBRoFABeREn Ehgnd 1oye sonitsodr mgmber

bba.@xejstelsera m@faege;he:ﬂ 18U FSirimcld %led m&a.%n%rd 39CRhe
%en%ft ﬁ{elg %e %gnbln tion._aqf eno eIate and
SGEM SPeSURRSS kb EoNY R tF@ﬁlﬁﬁ@b Hend.
1 where the Cl is determ ned using the equatlon =

[(O 1Z Q()E‘Ja]r c-gx%%éoq:hé] b?.g:‘%?e( 95 gbggl%ég?(e)il Q:@(Lfc]tend

wher ei n e concen Ion O one O
EXGR ame lateageﬂt cogngro@fic £he P@@erho“@md@ctanofemal

_d:bﬂﬁe&l oFe theChehd.S tTAY sCARGAMGMnY r&lquRe ¥he cross
noI g&gz%ﬁt or. a Sgt to produce the sane x
BRgy ABFn PSR Swith inereafm dm ithe yelocity
ofh&heofcobh.&nlgng&n?ki ﬁgg“'“‘[‘;“*‘e ?&t@g:emanﬂldtl&d dikects the
re | node . of anti-cancer ac V|ty
gﬁ%ggngﬁngﬁge A gd%n hS SRS SRTESA I%e or
non exclusive, ais 0 and 1, respectlvely The present

i nvent i on @hseneremgaﬁménfthgﬁép%%hcce Egioi'ne%EE'has a

ﬂvolves theadm nistration of an In eno ange

BhEraL ity @fofing) fhatsaggnfoamed eaﬁ’cepsageﬁped( ip the

Behd- &@anehangeCehks £38ah o&sS caallllngam%&d%tx%h%ﬂ ¢he bend.

T-cells; (3) a neutrophil-stimulating agent; (4) an

ADCC- faC|I|tat|ng agent (including neutrophils); (5)

anti - canceForeekamplebothesfiasdare éﬁigaedagent whi ch
r en e.Qr re

SR o Ak ol REBYSER e e T o 48 SR

provi des a nultl-part phar maceuti cal fornulatlon

having a first part conprising an ingenol angelate or

a pharmaceutically acceptable salt, derivative,

honol og or anal og thereof and having a second part

conprising an agent or a
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pharmaceutically acceptable salt thereof, said parts
further optionally conprising one or nore

w@barosseut i cal |y acceptabl e carriers, dil uentBCHAU2WK/001706

exci pi ents wherein said agent exhibits one or nore of
the followi ng properties: (L)gibduces apoptosis,
necrosi s, senescence, cytotoxicity and/or cell cycle

arrest, of cancer cells;. (ii) nediates T-cell nedi ated
A 0, i R4 L RS TS, Tnd | Sitfachs (g extend
sitii neHeatdinpotiactof athendlongintudioesd 1 scodling padedyd s and

e > | y : .
U Prdia S ek Y Hatle ) 0 d R Eres el shzougn
e rephiing eassage od s bddhe deien deeduee | the sgross

eV D Ve KHE Und EHSr My | Sn&ADRN e velocity of
qgmr ating such neutrophils; wherein the anti-cancer
a

§ AT F e\ 2t 3hRe QARTISE | Bhe diedhieet the
aregeting -Selibt itk efthe NN atitk ageslling FIeRd er
than either the angel oyl -substituted i ngenane or agent
al one. The present invention further provides a
for mul at i orfrcoms ievibegimenthdgdwo flowaetatteradr member is a

ical ACEE | £ vi ' Ve,

or_ anal o téli%_rjé%sf an_d‘Ba%ia%e%?é%rlrge%%%?gn%%{u%?%% the
dptabieraking tHgtihrazghpdideers

pharmaceutically acceptabl ecarriers, diluents and/or

exci pi ents erein said ent exhi bitgs .one or nore of
the foll ovviF\r/\f% %feé‘?‘%( i’)“%eﬁgifcefts‘ Jpt GsiRertion of the
fremrdbsrs] Seemssivye nosjuaey ttheo i d s semit ivnak| drey d# the

t GG, indd gﬁQ% - cel '
iq% ‘ﬁgiatr%n or %esétcih% %%%%nc%hr ce "?%géo? i‘gsfcglb%%fd%oa%ﬁgg
sthvid atsuh s atatarit ianfd Akse Bixset; the j¢goliag itwid to
R EFild 85 8f i End BBRIr (8l dodld RO £51 MuitFace of the
Crf%lﬁtahPl e _ofherggg?er ting such antibodies; (iv) nediates

dphi ¥R 1t ated anti body-dependent cellul ar
cytotoxicity of cancer cells or is capable of
generati ng C trophi.l s: erein the anti-cancer
activity orlfhe %’%’S\%y moe?‘ hzltlr?zfecécl)\%(})‘laﬁn r3|Teosn o tnn'“"et the only
anpdidye sTiow icentub] memkears and agent is greater
than either the angel oyl -substituted i ngenane or agent
alone. Still another aspect of the present invention
i s di rectedt® foredpiamensh athgeh ASRaffd atid lobagome
qu:rarmwl tii:ﬁd}MM}z@Cﬂ!‘cﬁmd Ay Sc%ﬂﬁail@l Ld@ééﬂﬁoi;im | lﬁ)gthe
ar__anal.o ereof and. an agent or. a pharmaceytigally
Lroifeith, i Gortnisad s efen arprh o
ressh et i rdtdweing efitgrerds of cancer wherein said
agent exhibits one or nore of the follow ng
properties: (i) induces apoptosis, necrosis,
senescence,B&%F{%tQ%ﬁC@It%T OFr THE |DRAJEINGSar r est  of
cancer cells; (ii) nmediates T-cell nediated inhibition
or death of_.cancer, cells or is capable of stinulating
or activatfgERH BE& SChamatic Saains AP i%es
ofemtitdalC anoess-ewdd tinod IdDH GRS dibidimapald® Hfcontinuous

at | ch anti bodies; (iv) nediates
neu% r%&iq%%ﬁéﬂb?’l tated anti body-dependent cell ul ar
cytotoxicity of cancer cells or is capable of

generati ng g5 tar, i 'Eﬂ%r i | b

activit orFs'Le fi{%fsgf@tér% co ﬁgﬁ%{}l%c?gﬂ%&wgne of
RAAELRHSTHMMR P iFigBHeme and agent is greater

than either the angel oyl -substituted i ngenane or agent

alone. In relation to fornmyl atians and .uses, in a ]

preferred ﬁtﬁ}"tﬁemrsbntl,s thé e“@ftlﬁéawgr}aﬁq°&?n& an axial

i ngenol angel ate and agent is less than 1. Reference

to a Cl value of less than 1 includes values of 0.01,

0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.1,

0.2, 0.3, 0.4, 0.5, 0.6, 0.7,
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0.8, 0.9, 0.91, 0.92, 0.93, 0.94, 0.95, 0.96, 0.97,
0.98 and 0.99 as well as values in between. In a

w@e@iesased enbodi ment, the ingenol angel ate i SPCT/AU2006/001706

i ngenol - 3-angel ate which is referred to herein as

" PEPO05". Reference to "ingenol_angel ate",

"i ngenol - 3-angel ate", "PEPOO5" or anti-cancer agent

i ncludes naturally occurring isolated_ forns ]
vhewn o0&l thensasting wolds, apdeheartybs phegssi sbgwn in
FegBeag ;vwel | as pharmaceutically acceptabl e salts,
derivatives, honol ogs or anal ogs thereof. Anti-cancer
agents contenpl ated by the present invention include
cyt ot oxi c, Fhgaret 4c isapept diagramsl cowpelréngr ithet Ehgw

an atic. fule in t :
$adsPily) B13RETbRAIRE br LBiRg §ATEEPn The sontinuous
casténg. maghipee shownpdn Fdguge dnt it Ganddithadarhernade
baleedsi Nah@bhi® hn Q?c%n%pqremdfa%t lcon eR¥ovdd Vst idlgS thachine
tnClud;%n%%éptOXIC T-cell s anqa%%rer T-cell types and
dnaphi reopre 2O WEterad Hd&Sdés and
neutrophi |l -stinmul ati ng agents and ADCC facilitating

agents and_agents wWai ch_i nduc n [ f

above. TheF3HBFScP may B aﬁ?%§%p%a%?ﬁp%€ﬁ§§{%&%afﬁﬂ%
w&ﬁmmitgudhsﬁ;ipdtinnmofTMQOGﬁ@Qem@ﬁenuﬁﬂithefqgﬂﬂﬁauous
GOl a9 198 IrRIwh SIS EaRuAOM t Re SURIAY internal

formul'atirons. In one enbodi nent, the ingenol angelate _ .
baffigent ance ivpian %P RE & AP HIFRST SRFFLAg machine
1iQ0Ghih Rhiee ta3<AGIE Ninddraialobafdflddyi s enbodi nent,

the formul ati on may beadm ni stered through a single

body tissue-invasive inlet device or through nmultiple

body ti ssu@ignrasiéves @l echématiecs drasting shomingo@

Idelp '%g,lt %z%gé—%%%l%}pdﬁe%g&%ercm% & '%f a
sinul'taneous or sequential admnistration of the
iqepdrisuonsy daRtdngh@aaghidgont, in either order, is

part o f the present invention. TABLE | Exanpl es of

agent sfor use as co- nedi canent.s wth an .

angel oyl - sEBSCuteds Fy afq:d'l" WG, (e &£ ins shown
Gah@Eigurses; ' r . f Alkylating Agfints :* Alkeran -

Mel phal an Al keran | njection -Ml phal an Bi CNU-

Carnusti ne CeeNU - Lonustine Cycloblastin -

Cycl ophospiaguke Bhdex ive s@griamisn gormaining Hihs ifdeow
've?ﬁgiq:[éh Qe e £ e ddemd QfdrdAti Oncwd tdsikinuous
sodi um chl oride) - Cycl ophospham de |iadel | np]ant -
CRTRIAT MR FhWn 9% (B | &uider®in With internal
Gl ardHg idn Miphasaipte R s tinddul £ reas timy mddline in

-I\'-I\T n:PC altﬁer-reen;?rzemnoom JQI?teTxhrlzaq %Jaaff_lgsh;l ot epa Lt ASU

Figure 9 is two diagrams comparing the flow
velocity distribution of éooling water in the continuous
casting machine shown in Figure 6, i.e. with internal
fins, and in an example of a continuous casting machine in

which there are no internal baffles;

Figure 10 is a schematic drawing showing a
vertical cross-section of another embodiment of a

continuous casting machine;
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ntibioti 4 ccyJt --tt oxicl : | Adrianycin
Sol ution - Doxorubicin hydrochl ori de Bl enamax -

w@k@ongsin sul fate Bl enoxane - Bl eonyci n sul f aR@I/AU2006/001706

Bl eonycin Sulfate for Injection (DBL) - Bl eonycin

sul fate Cael yx - Doxorubicino kydrochl ori de Cosnegen -

Dacti nonyci n Daunorubi cin I njection - Daunorubicin

hydr ochl ori de DaunoXonme - Daunorubi cin hydrochl ori de

Docet axel Doxorubicin Hydrochloride Injection (DBL) -

Doxor ubi ci Figpdeoddl drs de Sxhaewatbicidrawidrpaiawine a

| 14 26t 10 A3 = s LU rADE ﬂa_d;w&if oGl g&asdﬁti%}ké UDE Clille
drochl oride Injection (DBL - Epirubic

%ﬁaﬁwa&e LN D-PFFIRES i Her PHBESHRR EL A tergking

Gdgufes MdminigiseMd axpmigige 19 ection -

Mt ozantrone hydrochl ori de Novantrone- Mtozantrone

hydrochl ori deTWN ROLL CASTER, AND EQUI PMENT AND

METHCD FORF@BER#THMGiﬁHEJ%NMéﬁEﬂﬂdwdiﬁwﬂﬁgEHmdﬂmng a

'HB%%EAA%Aﬂ*ﬂfﬂéESéE%E%&HAﬁ’JfE#V%E‘éﬁé ééf%f%ﬁ#lofugke

nore particularly to casting rolls fo
ceirrtudinaly Gaskisly RRYTRAPDf ForruHiRARP Wk ieqpling

g Sid Iin SR rmttm{m alp petween a pair of
counter rotating casting rolls and through a nip

between the rolls is known. Figures 14 and 15 show an
exanpl e of Fagmreor 3arits vt idilagyranta Honpe rinehithes flow
nGs he ,cast.in roIIs
\géelh)lénl egnt act :"vk\/)lq'lt1'{13!1%1 dd ﬁggaor?él Jf’éat"%theer it %J T ‘flrﬂfous
RF ESNg Fachisfe thowmsin Rigute L@ igndvbiake tthﬁb:te)vare

Sitrite 5RAf {8 xSl Fred A 1 Yo s8Nk 4&?655 ﬁﬁ%;%ﬂﬁf A dde

casti roIIsZ(%%for exanp
AP B ‘i?o‘?r‘i’r%é“ad%h-‘tr’r% imdthirh rreze are
marcﬁmmiﬂeefeﬁﬂm tdwd gty s Rfdd ons and are shaped
as to cone into contact with the si de dans 1 . In the
cont i nuous

Figure 14 is a schematic drawing showing a

vertical cross-section of a prior art continuous casting

machine; and

Figure 15 is a schematic drawing showing an axial

view of the casting rolls and the stub shafts shown in
Figure 14.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

In general terms, Figures 1 through 5 show
cylindrical casting rolls with a central portion and
shoulder portions adjacent side dams. The shoulder
portions define radially extending end surfaces of the
central portion. The casting rolls have longitudinal
cooling passages extending through each of the central
portions of the casting rolls from one shoulder portion to
the other shoulder portion. Radial cooling passages pass

through each of the casting rolls from inner
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casting machine, the casting rolls 2 are disposed

| ateral to each other in such a manner that the
weamviosgorol | nip may be adj usted accordi ng t oP€TI&8U2006/001706
thi ckness of the strip S that is to be nmanufactured.

The side dans 1 are respecgigel_y in contact with end
surfaces of central portions of greater dianeter of

the casting rolls 2 . The arrangenent is such that the
ciastinfpraitial) syrfades si Fhelapdipl GRAUAIPT RASRAITH 2Fe

fEtals M i ondhasheetd-ansh shid agd i e ofadiymiytdvterndiidieend
casting rolls are set "Zéfh that. t.he oute base .ends
1rkasfer ey binil R e Yotk HOeIFe BT 9 ol |

é}ﬁ_fhg?é tHe srde cﬂﬁemhggaﬁi@iﬁql besb i rag papagsss § r oFe use,
t osition of. the si t
??%aﬁ’ég YT a{]r?"ils or a%%%@ceexﬁw i(a?ée;i&g &6l ng
¢ Lidi malongitwdinal ceedl g p@g@l@@%ﬁ, AR 3P B
:?%%g.% Sé@@iiﬂ% Cil LE £T L0t 18 | YpposiiEe deid Ub I thy Odsting

|

'y extehdi ng cooling passages 5 connected with
xdkl ends of the |ongitudinal cooling passages 4 . The

cool i ng passages 4 extend from one end of the casting

rolls to the other end. of the castin I ' -
bel ow t he Fbé‘i“f’f%ns%?c’t%ecmee %arrﬁs'”gu%%tg 1[7@?; aé|o é(ugsa

Gon tihBeuendss sing evaclipe ugsthoone osmbedimentisodf thie
%gggiégg&n§£s§fﬁél?glfésa§98§o§ed_ﬂgfeiﬁd|al cool i ng

sSages 5 exte roman |1 nner circunferential
surface of the casting rolls at right angles to the

| ongi t udi NGhcik 0PA S POnPaRSSNLhed hatiiyatasbihgngolls 12,
assages 8 pass, through %lhe hol | ow _shaf t gtt eﬁll:!r W
gbﬁl Pﬁﬁeﬁaﬁé?mﬁ??’ésf?gv\f" ﬁFBuaﬁeoﬁ’éeﬁg?Fow shaft g
boteibadi a7 ehahi ag padspgetibns RReati khe ends of the
ongi tudipnal cooling S : espeadiiagiadi al
ESUTPng Ble.ERE-pTogBERIBHES 1Y, coRBEiSSPORELRILGR ng
esktendipgapddf snaEhgesnt oSide damsr Lér CORtERE &PRePR

Egkkgﬂé§h@Ettﬁe-céﬂt§H§hp@rQ§6&EnQQUSnCa&tb@@rﬁ&ﬁbbne,
eat 1s renoved by coqoli ngg\é\gter W%hovm n tt.hro%%l'i tshﬁ2
pegiikionoofi fjepsashdng B nefe | GRG CATITARE ES5STng
RASSAgemptivhl hellekt etubeishlafitsi 13pahaed akied lyhengage
space confined t he si de da a [

FE‘FI ws FEFnPﬁégéoﬁgolzgdf rrTg"le?'gsrﬁlr}?e% gla %qg'%flgla?%e ni p
BeEwete rishehass hireg sivlillar. to the cademgipgiters of the
(0t bAG T8hA! Jendle iheelikieaohedian e outer
citrcunterential surfaces of the casting rolls 2 forns
solidified shells that forma strip S, and the strip

S noves dowawgh@adiham Hheldag! pagsaakls ddppasthehratugh the
e 0l e et TR AR Uil s
surfaces of the central portions 17 of the casting rolls
12. The longitudinal cooling passages 14 are disposed
substantially equidistantly circumferentially in the
casting rolls 12. In this position, the longitudinal
cooling passages 14 are in good heat transfer relationship

with the outer surfaces of the rolls.

Radial cooling passages 15 extend radially
through the casting rolls 12 from inner circumferential

surfaces of the casting rolls near the end portions 28 of
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circunferential surfaces to the cooling passages .
Thus, it is apparent that it woul d be advantageous to

w@e@viosisoan al ternative apparatus and net hod tPeEI/AU2006/001706

provides nore efficient casting of nelt strip
Accordingly, a suitable altergnative is provided

i ncluding features nore fully disclosed hereinafter.

DI SCLOSURE OF THE | NVENTI ON An ap and a.net.hod
bhe apstiBgegotds &asFPHgCREPﬁFt FFE E&iﬂ@nglﬁaﬁﬁna%

Eabﬂﬁ.ﬁH ﬁaaea'gb'somed Ceahbéguéﬁk:llly f&hﬁi hgngitudinal and
et nol ten u m
REFFSh FECAT SnPEOCRECR, (ihetvoly PhE BhE PAJLPPFRds at

ghdséollosa&iocast.i ng pool of nolten netal supported on

the casting rolls immedi ately above the nip. A pair of

side dans, one at each end of the_pair of casting

rolls, conFPﬁé@eFﬁ@rﬁmoFlﬁF“ﬁﬁFtEﬁaﬁﬁfﬁpaaﬁé HBB?§ 19 close

8xial cand Sif frheed cabithainait ceeliakl passhaels aasting

roll conprises a cylindrical body. In one enbodi nent

the body is a stepped cylindrical body which conprises

a cylindri thk péngsall9perei faxetl &ol &hgerasttivg rolls 12 by

t les St { Rl -
BoREE S, MAEP, TBRTR0 1 SRRt meWREaple Bt 2 o

nngﬁwalaeney aé-ﬁ@pp‘é@% between thet Plyges 18 PG dhey inner
%&E@ﬂgfggeﬁﬁgfgu%P%?%chE%EhF%ésqb%@ﬂ%ﬂdlnéthoollng
conprises _a plurali of cooling es
PRESAGRS: A€ cehS & %éﬁ%ﬁ25?n°ﬁym4§§i P SRS, caused
kadEabMyﬁﬁﬂtﬂﬁﬂi%;kﬁmhﬁufkpmﬁﬁe Tt oc @miel ﬁ@'ﬂ&&?a@dgal

rise_longitudi 0 ool i ng

ﬁggg’é'é‘gspﬁ sog&)sm}r%?s%%g:t 4 eaé’§zl ong:%b t]; ethi%
doolgirtydiasda e Mmac maﬁ@@meﬁeé%od?haﬁg lfqrusaldqucbmadg
ggoqligx% %a“s%%!dé“&sza%?@%ﬂeodm GF He3EE 1N cool:l.ng

rectioni . Each casting roll al.so conprises .a
Passage sek dh afo SR Fates i e ddao %ﬂﬂﬁ%ﬁﬂé

dodwiely ¢¥da@ filali d around the bend Each casting
roll may conprise radial cooling passages extendi ng
froma casting roll inner periphery and connect to a
| ongi t udi ndin eddiitignpasyddgadniicall tspadexnsd Jeiang

% UJTRA ] & tEeac!hOQ% Lyl rl%dn.aeﬁdnéb M glg %éé{ﬂas 15 and
a er odi

ssages nerge toget one e nent each

(ﬁﬁﬁmﬂﬁ;hﬂﬁﬂlﬁﬁnﬁﬁlﬁhﬁizﬁxﬁqaﬁnP%ﬁﬁ?%iyﬁnﬁﬁﬁﬂeﬁhﬁzﬂ

efldiduditall id8SriGR R sagul acent | ongi t udi nal
cool'1 ng passages so that cooling fluid can flow from
one | ongi tudi nal cooling passage into
Baffles 32 are integrally provided in the leading

end parts of the spacers 31. The baffles 32 are formed
and positioned to project from an inner corner of the
bends defined by the longitudinal cooling passages 14, 15
outwardly towards the outer corner of the bends, with the
cross-sectional area of the passages being reduced by half
before and after the baffles 32.

The stub shafts 13 are hollow and include radial
cooling passages 18 that extend radially through the stub
shafts 13 so that the cooling water W can flow

continuously in sequence into one of the radial cooling



10

15

20

25

30

35

and then along an adj acent | ongitudinal cooling
passage, wth the bend being fornmed in the

wa@Roocopdser enti al section In one enbodi nent thePE1/aw2006/001706

control nenber conprises a baffle that is fornmed and
positioned in the bend to chagge the flow of cooling
fluid around the bend. For exanple, the baffle is

positioned to extend froman internal cqrner of_ the
pergageRalds theteqa@mnicadafemidf he Jangitndipal

Fooa1agpals TaRd as b hﬂﬁﬂ:r qsiﬁlg&_&ﬁid'i@;alo%ddnzf@ phstuge 14,
causes an incre int el oci.t.y of the cooljing
ﬁ“éi %’?’es L?(Fh‘eﬁs teté’fe, rzfﬁﬁ‘% 56”&1’%‘ cP?ﬁsr?@ecso&glq’ngand
frottiagtyt Gueimdss tarel ditteerliker ey thfe ttedlildndiodlingngoassages
?rgbodi ment the flow control nmenber is a plurality of

i

ns that are formed and positioned in the bend to
change the flow of cooling fluid around the bend. For

exanpl S,ft&a opex _ta;%ri%na!Jfg{m@ faoﬁae:u?shwf Ida@ﬁi)ﬁ _ E’tﬁchine,
project fraom positions Jin evi.ci ni 0 r a

e RaiTy ofn AT SR Tt i es*tﬁhffe%ta’i Fagd the
teigls0 @ tard pads icnicdrietd) lpassaddy awd e=aell ioikhdd uiahd in
such as ter, .S us . I t hr.ou i
W il i UGG WAt Wi Y 1 BB ddHka
Eesdysticaarip tther dyidhnasassf tthe winia 1§ Wiag Hes to be
RAUAG dddf, A A duble i epindf11 Nontact the

casting roll fromthe fins to the cogling fluid. In .

Fird disFRnding rendy AR Ainddre ientmaTtiens 17
Jt iuvheeIdaS Hiafg trsaag 10, t he bend to change the flow

of cooling fluid around the bend. For exanple, the

inserts fill in a portion of the bend and thereby

reduce t he Isr gassts ectdamtdinumusa cofs ttilng yewhinel heat is

t&?c[]o%él | AL ast g.ébgﬁé’ﬁlgo.%chylé’flé he, %{;ﬂ?‘% fhdbdl w

such as water, an so direct the coo uid to

tiHowing fihnough t¥he gadiakiqling ArssrItriz@ndfthe
tlh;{i‘adtriﬁlddjirfh]l heo el & %h@sa}w?rml ﬂw&ﬁo:ee@mﬁTh SSaBlEs
no e o0 0SS e ow contro s ers.,. .

BEPURFS iP L P RRRTS AR hE (TR SOHE IS R nthe B

tdeans dll anidichietcasethglasskliptidDroffdine a nvesitimoyn pool of

T A R A (e
Rihpl dhals jbeen seorbed iRy dihev onfehovi rrpref eeential surfaces

SOSGies dd O P r ONEs P U B s Ko B P HbkPAISdly moving
casting machine, Figure 2 is a schematic draw ng

sHFH G e e t™P baffl es shown in Figure 1 ;

As is mentioned above, the longitudinal cooling
passages 14 extend between radially extending end surfaces
of the central portions 17 of the casting rolls 12. The
arrangement is such that there a small gap T3 only between
the longitudinal cooling passages 14 and the outer
circumferential surfaces of the casting rolls 12, while
maintaining a spacing of T4 between the outer surfaces of
the end portions 28 and the outer surfaces of the central

portions 17,

Thus, in use, the cooling water W passes through
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Figure 3 is a schematic drawi ng show ng an axi al vi ew
of the casting rolls and the stub shafts shown in

wo-r@ansssdt ; Figure 4 is two di agranms conpari ngp€iauRdoemo1706

vel ocity distribution of cooling water in the

continuous casting nachine shqwn in Figure 1, i.e.

with internal baffles, and in"an exanple of a

continuous casting machine jn which there are ng

i e riRRg I IAl PEFIRIRS 514 O Vi i SRIERI Bkt i g 3n
teEEdd tiwelal asddl thetsu bt | @iraimfondntigesderfades hef the
Cé)ntij_inﬂjourso sstji_ g machine shown in Figure 1, i.e.

Wth 11 eT9ar® baffles, and in an exanpl e of a

conti nuous casting machine in which there are no

i nternal bjdl&ier FHE e FLNRMMIAL HAE s -

showi ng a vertical cross-section of another enbodi nment
ofedtihth RERA LastrRPIEITNT; 1 the Lemds By

Sé?ziiﬁmilz_ igﬂa_.ﬁBWViMEfwﬁéiﬁ éérﬁﬁaﬁéwvwa%m tfﬁrﬂtléﬁaxﬁpl le

J gur e I s.two djagranms, £o r .t ow vel 0
FRITHRTS T ITRY Hhoer |19 (e BT g Ractids 32
casd iprpwiatdd men stivewbendd-i guiende, the. veloditnt ef nthe
£ i : o n .
ofand Uil OF SX AR Sefied SATAISLR T PG Wooling
Makee W is digectedrbeeardnpehe mptee ¢ereRevel of| the bends
ditsidn Bl @ DT i€ ARbEL I BEiTE IELOONISAUERSE ends parts
ca#s;tlng machj ne sho tg Figure 6 , i.e. with interna
fehstheRps g ’é%aﬁ%l of a continuous casting

machi ne in which there are no internal baffles; Figure

10 is a sc ' ' oW erti.c .

“secti on ot Bt SHES SRS U BB EL 52 4 potn
nbow rdi feqtheng 1i$ siblusteated doyirthe neerehing ngaber

| AL B & tf OSSESEEL | PRk i yhPYS Of 4@ HOsitions of the
| ongi tudi nal cool i ng passages, circunferential cooling

passages, and inserts of Figure 10; Figure 12 is a

s_chemagi chdnayu' pg;lsél%dfitgirﬁ; @fd@ﬁt?orﬁ{ﬂﬁé lé@@tix@cﬁai:olls
vjew of. the positions, of the.longi [ cool i

L S AR RS TTA T HT CPRT P2 LBHTY e bt i cdS S above,
imsdris o Fhexptold; pésgilble 180 i Entywaske aghangumber of
COLPRL Bohdof | L VELOELAY FAE1L DAL O Pl 1 £00LbNEncrease
water in the continuous casting nachine shown'in_ =
Frrireasting spred 2Rdr EMRFeve nthke arodretinn cpEfiiripncy of
cod | dgrfpsissages and in an exanpl e of a continuous

casting machine in which there are no circunferenti al

cool i ng passages;
Figures 6 to 9 show a continuous casting machine

that comprises a second embodiment of the casting rolls
12, in which those parts represented by the same symbols

as in Figures 1 to 5 refer to the same items.

In this casting roll 12 a plurality of integrally
formed fins 33 that project into the longitudinal cooling
passages 14 and straddle the outlets of the radial cooling
passages 15 is provided in place of the spacers 31 and the
baffles 32 described above. Thus, the cross-sectional
area of the passages in the bends defined by the

intersections of the longitudinal and radial cooling
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Figure 14 is a schematic drawi ng show ng a vertica
cross-section of a prior art continuous casting

wore@hiossotr and Figure 15 is a schematic draw nBCEHATMORG01706
an axial view of the casting rolls and the stub shafts

shown in Figure 14. DETAI LEQDESCRI PTI ON OF PREFERRED
EMBODI MENTS I n general terns , Figures 1 through 5

show cylindrical casting rqolls with a central rtion
ravsageul Her boris omd%?%ﬁta%?’a%"%&ﬁﬁéagﬁom der
portions define radially extending end surfaces of the
central pqrtion. The .casting. rol hav It udi nal
cooling p %é’gsu%{hllé%i % r%s‘ouég 1esgc%%¥{%%_central
@it ¢inperad t1akly ast tngn r the scds bimaneolhoul detn such a
RRUALL L O DOt BEEoSERY) HfbeBO EhONELERIGA LEEOLLSTng
passages pass t roudﬁ each of the casting rolls from
waber Wr capd cvbhle | beading gerds ofhthe 4fias ReLrgpformed

WOER ALE5LA EndleHOShE | WLEN! HRE Dhikef| 66EnéHst 6 the bends
radiall% eﬁﬁending end surfaces . Cylindrical plugs ,
he1hd c18RePeRed- ends , engage the ends of

| ongi tudi nal cooling passages. In use cooling water

flows in sggueng n£Iﬁ@§g%ng?ééggﬁgmﬁéﬂiﬁggtﬁgﬁngﬁﬁloyg such

| ongi tudi nall cool'ing ¢ ; anot her radia
casting thihael caeling wphesi i& eAdsef tRefiqy Fhgough the

iSh%_ithHiHQi ec8BeEhEi fak8LHBs TiUHAESthet 0a8ishowodling
con

I nuous _casti ng. machi pe mn%h onﬁ enbodknent og thﬁ2
BRSERESEJ1E2RANGXEERFE BPRE| 55O FBPCFAS taRTNTRALE A4
WRshenAs1haui ngtedsikngouekblsiho, at heodutlefidednbyethe
of .whi,ch a reater at r rthbons 17 than at
ﬁﬁaengFFoig ggga%ﬁ?hgagﬁgggogk%ﬁg ?grls . The centra
portions 17 conprise radially extending end surfaces .

Si de dans %ﬁe098ﬁ6§£u353a§ngoéﬂiﬁécﬁﬁsQégégelﬁeékkéhd
g;rtlons 1/ In_an”operative position of tEe astin 1
&WpRas rafpaldysexrgnddpps eprd SME52CERp PEs &R0 FPENT2
pbulkishaf 1y 42 that casitahgy rengage2t he Theo agtdngement is
portions 28, The stub.shafts _13 have dianete&i t hat

ghEhs thata Fheg ey Re SBRLEr 9aPats: SPEYo PSSP s "End
Rehgiendindloktoblidngaphissgges 14 aad thenguitedi nal

€39 lclunm%e?‘%i%qgg.s s%#ﬂ%%% L Quah LRe s 63stiAd & ald S whd 1e
fatween e TadialTy extending end surfaces of the
vedntaliniogt RosParingt ofnd 4 Retiegn Hhes opfer pFtaces of

R0 ichiidiRdle i 6RQl 289 RIS THEe DukbraistirdiateRseE the central
substantial ly equidistantly circunferentially in the

patiegsy d7s 12. In this position, the |ongitudina

Consequently, the cooling water W passes close to
the outer circumferential surfaces of the casting rolls 12
and effectively cools these surfaces of the casting rolls
12.

Moreover, the velocity of the cooling water W
increases because the cross-sectional area of the passages
in the bends is reduced by approximately half when
compared with the example in which fins 33 are not
provided as shown in Figures 14 and 15 and, moreover, the

heat received by the casting rolls 12 from the molten
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cool i ng passages 14 are in good heat transfer

relationship with the outer surfaces of the rolls .
wR@irakesenol i ng passages 15 extend radi al |y t hpoug2aobeo1706

casting rolls 12 frominner circunferential surfaces

of the casting rolls near th3eud portions 28 ofthe

casting rolls 12 and connect with the Iongitudina

cool i_.ng passages 14, Cbnse ntIy, | o udi
BerFaladisa I cRYEHYSY tﬁggygge 4 PLPgs gf"m r%nes 33 ®o
hed Soatl e s teac at,i with the tdessuldy ehat e ayasting

plate shaned plgs.A9.aloss el ends of the
ng|tu i Ng pa sages The plugs 19 are

fixed to the castlng rolls 12 by maans of snap rings

20. Sealli neh@b%e%saaiumpaét%fn%e £An% A3 UREh flow
bet ween the pl nd the inner circunferenti al

sirpsddons ’tsne"- Jowdirtam Y A5 igRpliass spden yelocity

SHIFIQRN G FEQRIddY) vainy 9W i s caused to flow
continuously in sequence into one of the radi al

cool i ng passages 15 that comunicates with the
| ongi t udi n&husgoltheg cpadiagesefféct ofatthieomgisttidionalolls 12

%O|h %91 P93P SARe c]adst %ﬁd xtJﬂj.Q.SOtlléerdégcxtllife%aﬁ%cﬁ}e, and hence
cool | passages at communi cates wt
Hdhgist mwblﬁdqq ﬁ@q@méhﬂ rate fKfdinqtetion of the
@ddtidld GAl1IPace! Shdk Al RRSiindnkatd rtr@t&aa{utgm;peed

rad| al COO'J%%gq%:ﬁ}ﬁa !(%éls and %%e%:qid;% srl;r;._p S.

passages 14. Baffles 32 are |nt egrally provided in the

| eadi ng en(%. %g{ress <1f0 tt'?)e %p%%%;ds 3 t-g.l?l%opiasf fc!aesﬁzn.?h%
are forned tlone pro roman i nner
o@ghdmenfthate ebmildas!aj@f |tthéc¥0by hvde nmgmmd?nﬂar other

SR PAIAISEimkh t b WHIV LY 845 dPWRS IS | i QI £Eh those

corner of the bends, with the cross-secti onaI area of
B b ReRrRser) B dhe FRP RIS e thFigyrgs 1 to 5
tdeFdwmfidd eansSsamel hiccehitglb shafts 13 are hol | ow and
i ncl ude radial cooling passages 18 that extend
radially through the stub shafts 13 so that the
cool i ng watTisWaeatifngowoddnpionsmssigs iqq'-:semﬁamﬁimlo
19 ni cat es
W|t rhﬂfa %‘%@é P YH YRS hreed N im

udi nal cool I ng passages 1 t hat

lomgitriinal eralimg prssages 44 anf (frekHeatorfiom of
rc%islaa.nge Ol £ waa-eagq&slti:as%gh R F g OtHY Se:aadré hBangth

e in the radial coolln assa es#@ ln operat
G RS RT R aH h 4 3V F TRt
rla:lﬂ@_thﬂi:,natheccsdlxtngsrpﬁssag’e’% Ind the pI ugs 16 are
positioned laterally to each other, and in

The circumferential cooling passages 34 are

formed by cutting apertures from the inside towards the
outside of the casting rolls 12 and by closing the
apertures at positions in the vicinity of the rotational
axis of the casting rolls 12 by means of plugs 35 in order

to interconnect the two longitudinal cooling passages 14.

Moreover, inserts 36 are positioned in the
longitudinal cooling passages 14, and the cross-sectional

area of the passages is reduced by approximately half.
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such a manner that a casting roll nip can be adjusted
according to the thickness of the strip Sthat is to

wheoomasigbract ured. I n addition, the side danms 1RCTAN2EGN01706

the radially extending end surfaces of the centra

portions 17 of the casting<alds 12 . In such a

conti nuous casting nmachine, heat is renoved fromthe
casting rolls 12 by cooling water Wfl ow ng through

the radi al cooling passages 15 and the | ongitudi na

cool i ng pas|ydeariinghienssmeift dherdmaernts @fureak isttaped to

bes RAC ALY addiRedlighd YHd Rab AL ddie S déi@

tahei ca}%tit%rol 12 t form a castl ng cg‘% ll%‘iaa&donal
ITRT A . ARG EHLS dds rotate, the met al t hat

has been cooled by the outer circunferential surfaces

of the cast ol nd has f.or med dawnwar

ITDVI ng str|IlpI)P%He A(%tjﬁlu% a.st:.l;h'gn aé:glél_djeaﬁgg)&oyﬁ?g the
ISSFFIOGE iRl L < A |dﬁfqgg@§aig@©om dttee e dietieasx tracted

Fadmaldhne @dLandi gt
rt| s 17 of fﬁgxgggiﬁﬁgﬁﬁFQéuﬂigﬁf%¥%%Qg#f5ﬁH§ﬁ%n
°§’u3"ﬁ‘ qg 1ngdp cPPldmgy neaseass tife and the

lran@aﬂﬁdsdwhz@loqias?gwa&g@?ﬁ% aied deie n%l%aqf jis poured
u r i al sur e casting raolls

SRR ThE WL SRRy Rheofis Bk ROhe o1l
bediigsed 20f the end portions 28 and the outer surfaces
of the central portions 17. Thus, in use, the cooling

wat er W passes _through- i the Iongltudlnal passages
14 of the &BStilRggisrAing: eanlingepriseedpscaddl exitend from

Onéetadhhﬂu&f%&Qﬁhdﬁhgséhﬁa%ﬁ%fQEetE% %aﬁbéﬁlldﬂlé% ¥hich
32 reduce the crosssecti onal

thng% ver aEGQ bagf%s

SPEa°8FoFh& ff CRESBEAUE LY Sapgpr & papamfed and

Whhbhwhsnabmmﬁadbwywmhb &hdeemgmﬁgﬁlﬂdtumsakm@ﬁ &adlally
4 C es,32.ar ovid

PRUehas g SR shicala" U e P3285Ph g Ad B0 bheng

fafansyofs thec cessdaganalier 38vés Bhpamdebla@dwwh&bhm&s

hﬁudtéacb§dth%M@&@§ (511 QﬂtengﬁEger%hgf %%%ﬁ%%n%g between

gglch results_in more effective codl |n%é
¢ds Py thel FadiallyTreteapdngcead sHphece at

bhathpob&ﬁbhe®f32hencb@thn§|QﬁﬂﬂerQtEQn&hh%h the outer

h fil
bt shegietie gielloale el ogl Py BT,
radurhgonolins the distapceafadbenweben thetﬂbgg&&hh&nii
Q@@Eiheeﬁaggg§§s iadah& the! BEEELOLERORELRLE G821 surface

i ncrease the nunb
of the casting rolls 12

Consequently, the cooling water W passes through
the surface layer of the casting rolls 12 and effectively
cools the outer circumferential surface of the casting
rolls 12.

Moreover, the velocity of the cooling water W
increases because the cross-sectional area of the passages
in the bends is reduced by approximately half and,
moreover, the cooling water W is directed to the vicinity

of the outer circumferential surface of the casting rolls
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revolutions of the casting rolls 12, that is to
i ncrease the casting speed and inprove the production

webdorosency of the strip S . Figures 6 to 9 shpuuI/au2006/001706

conti nuous casting machi ne that conprises a second

enbodi nent of the casting rolilss 12 , in which those
parts represented by the sane synbols as in Figures 1

1% 5 &l dhdde s | I ' ting roll

a plurality of g|]'nt eqgr alil[%/ee%sn%l f%%ésé??h%?gﬁ%?e "t:’lj"215 12
i e F ARkt remtedool i ng passages 14 and straddl e
the outlets of the radial cooling passages 15 is

provi ded i | ace of. the spacers 31 and the baffles 32
descri bed %&enﬁﬁiﬁlﬂﬁhﬁ%%ﬁeﬁ%ﬁé}se&#@ H# ithene
Flssaghisrdatitdre e ndsl wiefrated by tdiee | PSS 50s thDase Of

tvtég ] [ radi al | i ngpassages 14, 15 is

re Lj%% by apﬁ)h?l&slapf"a eﬁai%"ﬁ:aﬁ %‘%o“l'he plurality of fins

33 is arranged circunferentially within the casting

rolls 12 i mheChhe B8 h@$Aas %ﬂfﬁ%&e%%e%%&gnit

t.he fl ow of, the cooling water Wand wt

IFPREFTHhI DRy Toref datrdan ehddie cashing yells 12,
ttheti rmgr icenmearsteofin thdeuda i) npdanahenadatdy a

(¥ cast.ing nmachi ne .that enpl such casting _.
%%ds&%{: q'c%giolel g Wat of ihflsorca ef Yo R %\?V?‘T’ﬁ"bﬁfgﬁsi}%émdlng
leFifgiatudifh dhec s i asddge 4 21 4 sachhshweeadidi al
cool i ng passages 15 and extract heat fromthe casting

rolls 12 while nmolten netal is poured into a pool
defi ned by TBRec@isfdrn@afells srvispgedadenegy @ixes not.

Thenilteidg itol tioditls @ lin) cRR%FAAADn] HDBHE P UNRRN and may

radi al |y extendi .end surfaces of the central . )

o Pt Pe i i iy B hes Somie madifigakiens do
notswdloliatat thieerspixidnmelfl thap ih¥emtiphet ween t he

| ongi tudi nal cooling passages 14 and the outer
circunferential surfaces of the casting rolls 12 ,

whi | e mai nEhenFagtingpzeilhy ehvisagetdwbemetine mayt be
supllaged ebrt RacLbmanuiofRs a8 tand e [ a3y MAG%us
of .the central portions 17. Consequently, the cooling
REPEF WFEE Ses close to the outer circunferenti al
surfaces of the casting rolls 12 and effectively cools

t hese surfaces of the casting rolls 12. Mreover, the
velocity of the cooling water Wi ncreases because the
cross-sectional area of the passages in the bends is
reduced by approxi mately half when conpared with the
exanple in which fins 33 are not
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provi ded as shown in Figures 14 and 15 and, noreover,
the heat received by the casting rolls 12 fromthe

wordovesaset al i s conveyed through the plugs 19 BEMAUR®G6/001706

fins 33 to the cooling water W, with the result that
the casting rolls 12 are effijg ently cool ed. The
beneficial inpact of the fins 33 in both flow
directions is illustrated by the cooling water
veIOC|ty profiles in Figures 8 and 9 . Thus , the
IR iMY ef fect of the casting rolls 12 is high in the
casting rolls 12 described above, and hence it is

ossible tqQ increase the rate of rotation of the

asting roffs 3PPRrEfys for asititidegedaln & txist igRpprising:
speed and to increase the production efficiency of the
strip S | 0 AQ how.a conti. ous astlng

machi ne t hat' errp ys Ta % ff11 }"‘rﬁj‘?" hé°s Cf/
ﬁ&flé%lf@rnemeo@ IRt b@ftv{eml et , N parcdl Icsa,stmg/\krdﬂ]l

:LQE'irntgs ar %ergﬁﬁitl%lb% ﬁq.'ﬂe ST a%or ion, and

% res refer to the it ens casting

se aopéaﬁsepemﬁaae%@eqﬁef@mﬁmzm the
tdeattnarlt PoTRABAGt tAd deRtinl @&stslaq,le@al i diGhg

l4.and tacilitate f cool.i.ng mater W
eﬁiéé%%%lngssgﬁ gﬁpgugﬁsfﬁ@eéntl CORHIR D PFRAges also
Icemgartﬂ-edmmatcdelalsmg opas bagel i4 ithieo codlddigheRid¥sages which
| hE@g'E@BlQQ I &91Qa§§%qqn 4throu Clrcunferentégsage

oo |ng passage 4 are tormed by cu ng aﬁ&
BREREIPN S FBangRaids dimecsdrni dendf at Hd opasontgol

fn@hlb&rlﬁoéﬁlﬁlbﬁe@ a5 kel BRNAPRL k':'bﬁftr%tl RES QRS Jen
the Vi Ci axis of the casting

ty .of the rotatjonal
PF&“?z%Bvxﬁeaﬁguaﬁ %&ﬁg?egé i A6 der to i nt er connect
the two | ongitudinal cooling passages 14. Mobreover,
inserts 36 0 ed in,the I gi_ t udi nal, cool.i
passages 1&8{ g @hgkggoggtgéc ] 5?33 tPhgellv r
ﬁ8§§8§e§et§1rébevedtb? apprb%¢w393thhabésEhad eadilsg to

QBQ& chhB€1h§S§55§ 3¢ ﬁBQtéHaHQQaﬁos gpgktg?”%% the

gkes and | ongat ed al ong I ona
&89t FRY FOFW§e§?ateFH PP@VEOHP?nHéBs casting
nachlne enploylng t he castlng rolls 12 descri bed above

bhe heat gx;racteg n1the astin l1s 12 b¥ )
cau5|ng cef? gpﬁﬁferuﬁvg 1 Fd fﬂ?dﬂgﬁafhétrlp of claim 1
wbﬁggtggphapaéb@hgngopbssa9931&dsaadrhﬂﬁalaﬁlaktendlng end
SQPF! S S ch§pPoured, int
888 Q@ S48k eﬁé &ﬁ kﬁenggﬁggaﬂeéﬁL 8ntﬁ8p?gﬁ

t he space forned % de weirs
BBEPREting aThRide ofgnt uandathecepphingapaagegesextend

EhfeﬁdhftEQWGéﬁtfﬂﬂl?bkil@ﬁtEQQ&QQneEﬁeSHQEEQEl§tthending

893" L:98.8L Whi ch

3. The apparatus for casting metal strip of claim 1
or claim 2 where the cooling passages further comprise a
plurality of radial cooling passages, each radial cooling
Passage extending from a casting roll inner periphery to
one of the longitudinal cooling Passages at one of the
ends of the central portion, with the bend being formed
where the longitudinal and radial cooling passages merge

together.
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the outer radius of the casting rolls 12 is expanded
and which is abutted by the side dam 11 to the other

w0 awi7abdsy1 ext endi ng end surface at a position BCT/AMi2wb/001706
the outer radius of the casting rolls 12 is expanded
and which is abutted by the 3 -de dam 11. Hence, the
contact T4 between the side dam 11 and the radially
extendi ng end surface at that portion of the casting
rolls 12 at which the outer radius is greater, while
der ni t t i ng Thee appeatess ;f@a:sidalse::.lr@dmétﬂa?n striph®f claim 3

pslan al. cool | ssa

‘11}4 and t e%&&%\ﬁ%gﬁgguﬁhfd e?fg)(r%lt% ali:lQD “{sﬁlﬂr e %o f‘ﬁﬂ eqs:endlng
Exem /P ddsisie) zorngan o khe Ibend Hwwsasls @ watterr \Worner
RES ¥ Wareiigh the surface | ayer of the casting rolls
12 and effectively cools the outer circunferentia
surface of the casting rolls 12 . Mreover, the
Bel ocity oﬂ‘htehappaabjtﬁg wa&eea%mcgr eIl Regapsest RGaim 3

Gl f o assages. in the _bends s
%uce %Dy fg%%r OXi rmtg'l eﬂge& ﬁ‘hﬁ@o@elpl“ﬁ’?g' ity of
c,f@@la 9 hemddngWfromd mh@ctr@di:taihyhexnemdmgy eofd tdwrfaces in
UL i Gd AT 2N tha) 130 iacR 1% 1 B335 | ?:;%nsr gelsllg

in the bends, with the result that the c
12 are eff|C|entIy cool ed. The benefici al inpact of

6Ee |nSFrtThaﬁappaQaFu§|ﬁwrdbésQFh@nmb%§E|E%&E bed vim 1
the GQQling ter ocl profiles 1n Fi

Prus 91 e %as tgﬁ é%.&g BEF 2757 cﬁé‘%:ﬁ"lse at least
FMMHGES@@mfﬁrEh¢laétBecklbwtaMah1mﬂtdﬂmbnneﬁhsuadwﬂddht
1%n "‘Etudﬁla'lngbgﬂi?x yb?g ?e%a%to' a%p e 13 g : l%a:}.tde can

produ t|on efficien he stri becaus
Edomi dFoBr Peet longdkudiasd; ﬁ@oflmmgs PeBSage Ahacedd then

Ehen@a&w @@;r‘a@bh% 2B%g32aed nRAr RIdb13ng PRlsddgd t %fittho the
gpagé gglene tatl descri bed above_and nay of

5l ?eﬂgg SFFEEd 1Pr FdE&rFﬁﬁﬁgﬁﬁﬂ#HﬁﬁﬂﬁQQEﬂﬂnons do
not violate the spirit of the invention . The casting

ﬁ°||s e”V'éﬁgegPESES%ﬁs”EX b%ﬁenglFyedgggtﬁéflﬁepglglalm 6

cont i nuous cas steel a
whezxevshe £1lam &pp&mtlumefnbuercmgsmt an dmsiept that

ﬁﬁﬁﬁﬁbiuﬁgflﬁﬁE énp%hé BEnb@E%ﬁ@EEHuE%%’%h%nggoggit'ng

rolls form ng bet ween them each casting rol
ﬁﬁFPgﬁﬂgaﬁeEyPFn&PFCQFnHody with a central portlon
and a plurality of cooling passages extendi ng through

he centra i n assages conpri sing
Fongltudlnélgcoo |ﬂgr32§sgﬁggrlgﬁg 9éool i ng passages
al so

(a) a cylindrical body having a central
portion; and

(b) a plurality of cooling passages extending
through the central portion, the cooling passages
comprising longitudinal cooling passages, the cooling
passages also comprising at least one bend in the cooling
passages which requires cooling fluid flowing through a
cooling passage to undergo a change in direction, and a
flow control member positioned in the bend to control the

flow of cooling fluid around the bend.
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conprising at |east one bend in the cooling passages
whi ch requires cooling fluid flow ng through a cooling

w@a®w3assot o undergo a change in direction, andPEI/AUzow6/001706

control nmenber positioned in the bend to control the

flow of cooling fluid around e bend; and (b) a

nmolten netal supply systemto deliver nolten netal

above the nip between the casting rolls to forma

casting pool of nolten netal supported on the casting

ol | s i medite elas gy edliie of p:laz.m T hvéheaqep athet ey Mfiondrical

t [
Ty PR Peried DR O 1Pl O SR
FortHeon ofittinl 2 foits o rrulgralsHians tey st tamend gektion
(Hﬁﬁlﬁﬁuhté&béﬁ&”ddﬂhﬂﬁﬁiﬁﬁéﬁéﬁ”gﬁighdiH LEHE&iE& from each
cerl#égt,le ortio tvveenthera}_téa‘e% extendln end_,

e Fen P R™s § t% %’f (ipmeter
dfe:laigalsma‘llltér ctledrm thewheires 4 hmtmoldngnep&.ages
further conprise a plurality of radial cooling

passages, each radi al cooling passage extending froma
¢ast i ng rolThe mesrtipe insddr wi ¢laien &f athelaim 8 comprises

| 201G d iUt 1Al e:6QH d iy RARS ABSF e UE Ko r@,@wﬁre

the central portion,”wth the bend being forned

IR giRFRR IR carphisiof %%Rrr%fgupﬁs%zfg’&e (e and the

tdagﬂt:hq passagde e’l{i{éﬂdﬁtﬁ}ﬁ:cﬁﬁ_zj‘h ctersd | dgh iRl lpstfidh of
acfeenvs(it}geret e]f]!OVé nt er % nprises a

par Tl e ext endi g Troman 1 |nogeecrb et 61“S%he bend

t owar ds an outer cor ner of the bend. 5 . The apparatus

figy. casti ngHPlalsShly RAfR gfa' B M (sl LW d:o 9

control nmenber. conprises a rality of fins exten
fHaRe Hhe fAAIne mweﬁg RARERSF JaRRF F hplurality of

dadedl Q:Ebd!lf:.ﬂ@q:é.ﬁ&]jééldlé‘eﬂih Gl Y m&g@ paﬁssa@

SR ALt AL S L LA SIS

dihrec Lmﬁreg:elmd:aials egialamg hes sagea coth reeed ofidjiee estids of

can f #ﬁorﬁonelq}g’ngél udi naﬁ coo#l%eﬁrggls%%%%ef‘# ﬁvlfhdere the

dm!lqﬂ%fé’fﬁiﬂaﬁinga% raflizdemodlomy tRAK SRS gistigyy together.
passage, with the bend bei ng forrred in the
circunferential section he apparatus for

ddsti ng netRe Sasting r&l&l %6 ‘W‘?é“le 30, e'berRy theh v
rRestesro Ic mmae&:arprﬂw ta Wl f Rardsttdddindg |f25%m rad hithside

AT DS L B S i T ST g
havi ng a central

12, The casting roll of claim 10 where the flow
control member comprises a plurality of fins extending
from the radially extending end surfaces in the direction

of the longitudinal cooling passage.

13. The casting roll of claim 9 or claim 10 where the
cooling passages comprise at least one circumferential
section that interconnects adjacent longitudinal cooling
passages so that cooling fluid can flow from one
longitudinal cooling passage into and then along an

adjacent longitudinal cooling passage, with the bend being



portion ; and (b) a plurality of cooling passages

extendi ng through the central portion, the cooling
w@am3asssl conpri si ng | ongi tudi nal cooling passegeap2140ke1706

cool i ng passages al so conprising at | east one bend in

the cooling passages which_rgguires cooling fluid

flowi ng through a cooling passage to undergo a change

in directiqgn, and a flow caqntrol ggnber positioned in

EREmseh 7 Fago =S eF’Itd\ﬁSIr)fs g fluid around

the bend.8 . The casting roll of claim7 where the
vyl i ndri cal,, body i tepp |_i.ndRisC d AW
e centr AT SorRSA Y ZRID B, Srogit &7 qnetddnei
@9 irodt imembiesy igrpREisssord dnser tdithah manbiaddyt fglls in
PHA YN 8 AR 13 (S LLULA PRI I3 &H e bend.
second outer dianeter being smaller than the first
outer dianmeter. 9 . The casting roll of claim?7 or
@5 m 8 comp methvd ofadioaltinuexisdydicag tdimd dhihaa@tall strip
each _end of1%%§ qﬁntral,portion capabl e of supporting
E] 3 (SO E d § %?ﬁxﬁﬁing passages extend through
the central portion between the radially extendi ng end

surfaces . . ta . .Of f i <NE
(t%ﬁe %%1@ 4 Ydi0To 2N 118 0y I8 dhed

to 9 where | passages further conprise a
Fagtdma gl s FAmindd Mg ‘themnh 9agh gasting
Gl h%r@ﬁ&%sgﬁ; @(t@lﬁiﬂtf}:jfda_ﬂmkquyals&ﬂﬂ}glaf Qdntiddlelportion,
perjphery tq one of t 1l ongi t udi nal cool.i n sage
B o Bl B SOTHOE BRTIAT R T e aioh the
emctdadl ppdtarared tieeraodlhnind g dagdsh atomgndi siady al

[ a r. =Y ' I
PRI I BRI o oA PRI a0
[rertind shug il ledstoanm Hend do ddinaodiingeangrges which
t G AUty cOie] Ofoditfy Rabud? a WL GRS idd¥kage
rolT of claim 10g where the fl ow cont rqc;I rE]&%er

dergo HIhage L oAeRE SR ethhd (il (g trol

skl oot teishiad) an ol iBeank std redrierdll rigod i flrowfof
t he J.ongitudi nal_cool i assage. 13 . The casting
rccﬂ?llé}ggcfltld‘flrﬁ{] %oru%+ aif'r}grﬁ %fn '‘ere the cooling passages
conprise at |east one circunferential section that

| nter connechsy afACAM I NI LN AL LAME Y RASSAARSHp1y
so that cooling fluid can flow fromonge | ongitudi na
Rty Fhexadedre miP hrtvtermh ‘ﬁ?%rf@asd‘h’-%j%f%'elrﬂ to form a

LdH_ Wi :'{Edgii;f%til_ @'ﬂd@;&ﬁwm %ﬁpfbﬁtﬁ&i _Qﬁmdt};-eAr cas_l_ii_qing

ei orned.in the circunferenti section. ...he .
Rt oL he 1 A0S U R e PTRRP Coli (SRS oL Le
conbri ses an insert that partially fills in the bend

and reduces the cross-sectional area of the bend. 15 .

A met hod of continuously casting thin netal strif
(c) counter rotating the casting rolls to form

shells from the casting pool on the cylindrical surfaces
of the casting rolls and form thin cast strip at the nip

between the casting rolls delivered downwardly.
16. An apparatus for casting metal strip comprising:
(a) a pair of laterally positioned casting

rolls forming a nip between them, each casting roll

comprising a cylindrical body with a central portion and a



10

15

20

conprising the steps of: (a) assenbling a pair of
|aterally positioned casting rolls formng a nip

whedress0t hem each casting roll conprising a PCT/AU2006/001706

cylindrical body with a central portion, and a
plurality of cooling passagesgyextending through the
central portion, the cooling passages conpri sing

sratA b r e iy Falerorrach et PHbHeRd BF; Eid dentral
POSEEGE Scapaibhe refusupporbbhgng $ideddéhpwang ahpdughlity
a.coolin assage fo a L. d] Len -
SrcSht e BRRE0ER) CoHRARARg RENER, LRor gL porcion
behﬁeem_the fadiadlycestendinguendasuufidcefie bbRdcopbing
?ﬁ%&%ﬁééngoﬁpfi§ﬂn§hieﬂgﬂtﬁdﬂﬁaﬂlcéHﬂﬂhd pY8kagLaho¥Re

nfp between the casfting rolls to forg1a cagtlag. th
peeling RaFEaFefeRAFOSGRPBFLEdngnaEnteRatt PR PEPAsI™ the
&mﬂhgt§£ysa§egewhlnehnkaqbetaeeaobmengasnhmg Edblving

d (c) counter rotating the casting Lo .Qrm
gﬂﬁ?ﬁg f?oﬁ??ﬁéngag?Fﬁagﬁog oh %ﬁggcﬁl%hénga ]
diréatisnpf ahieacf3owngonticbd meubesr npshkhongst int thg
ggn&hgonFBnbgéfeEﬁetEioﬁaék'EgoighbsfﬂﬁhHVSEQQnd the bend;

ownwar dl'y. . apparatus for casting netal strip
anfprising: (a) a pair of laterally positioned casting
rolls formng a nip between them each casting rol
conprising,a cylindcical body with.a central ,portiqQn
and ar adi afP} e?t@ﬁgFﬁQ BRG uFFBEéYaFY8§8H &Rd IS VRE
felteal mpoali aboeapabeendp beppeerhi theacsisddndamoldsd to

lural lty. [ e endi h e

2aBm &1 cBstiRy, BBaY a2 RELI A R TEhp At Ul e
sastabgsrolikeimpediiafedys shgye &hsprip fgnfined by side
LaRg budi R2bneBOLHAE RATS 28@S ratil@ 1190k @ndangaens
al so conprising at | east one bend in the cooling
§2&§36€8 -whi ch requires cooling fluid flow ng through
a cooling passage to undergo a change in direction,
and a flow control nenber positioned in the bend to
control the flow of cooling fluid around the bend; and
(b) a nolten netal supply systemto deliver nolten
nmetal above the nip between the casting rolls to form
a casting pool of nolten netal supported on the
casting rolls i medi ately above the nip confined by
si de dans positioned adjacent the radially extending
end surfaces .



