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-1 TWIN ROLL CASTER, AND EQUIPMENT AND METHOD FOR
OPERATING THE SAME TECHNICAL FIELD 5 This invention relates
generally to twin roll casters, and more particularly to casting rolls for a
twin roll caster. 10 The twin roll method of continuous casting thin metal
strip from molten metal between a pair of counter rotating casting rolls
and through a nip between the rolls is knowrm. 15 Figures 14 and 15 show

an e pNIergfla pPOASATERCONAIND OB CASENM AR M eV FHOEfEERCORERAT ING
the Figures, the casting rolls 2 are in t ith side dams 1 at the
circumferential end surfaces of the casting rolls” 2 and have hollow stub

shafts 3 that axially engage the 20 two ends of the casting rolls 2 (see for
exdiBPHNWCAL PaEitNo. 6,241,002). The two end portions of the casting

rolls 2 are smaller than the central portions and are shaped as to 25

come into contaﬁﬁ/ith the side dams 1. In the continuoHs!)};:astin
[

machine, the ca gsrdlg\?gﬂé'&gpgfé'@ﬁ\?esrag?{f%ﬁ@ h&qn%\ﬁm arOI !
maeRetErs thardsthty elpdp tihay bardgjutiedcastidigg todhks for a twin
thiglheps@idhe ptrip S that is to be manufactured. The side dams 1 are

30 respectively in contact with end surfaces of central portions of greater

diameter of the casting rolls 2. The arrangement is such that the casting i
rolls 2 and the sitiee diwm Eedihinngenadief neaatwnyaespeagthag thin

dirpeticnloiTerelutisrah tho dagimgnetia hrésetewrh 35 g thePutssunter
C'rmﬂ?ﬂbaléggfﬁﬂﬁn}%’ﬁtgwﬁ‘ﬁ%s rIﬂ‘:r‘rough a nip between the rolls

is known.

Figures 14 and 15 show an example of a prior art
continuous casting machine. With reference to the
Figures, the casting rolls 2 are in contact with side dams
1 at the circumferential end surfaces of the casting rolls
2 and have hollow stub shafts 3 that axially engage the
two ends of the casting rolls 2 (see for example U.S.
Patent No. 6,241,002).

The two end portions of the casting rolls 2 are
smaller than the central portions and are shaped as to
come into contact with the side dams 1. In the continuous
casting machine, the casting rolls 2 are disposed lateral
to each other in such a manner that the casting roll nip
may be adjusted according to the thickness of the strip S
that is to be manufactured. The side dams 1 are
respectively in contact with end surfaces of central
portions of greater diameter of the casting rolls 2. The
arrangement is such that the casting rolls 2 and the side
dams 1 contain the molten metal M. The speed and
direction of revolution of the casting rolls are set such
that the outer circumferential surfaces move towards the
casting roll gap at the same speed.
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casting roll gap at the same speed. - 2 Radially below and spaced from
the position of the side dams, the known casting rolls 2 have a plurality of
axially extending, i.e. longitudinal, internal cooling passages 4 positioned
equidistantly circumferentially, and 5 a plurality of radially extending
cooling passages 5 connected with the ends of the longitudinal cooling
passages 4. The cooling passages 4 extedd from one end of the casting

rolls to the otherrentiefithy desiog ralfsd ragiatiebelprometnsitnssifiben of
S'dgrﬂé’"@%- O'E'%%[ 19pluGs 8 i they ﬁfrk‘S‘i s Fﬂu%%{ﬁjedgséirﬂﬁral ity
ends of the longitudinal cooling passages 4. The radial cooling passages
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flow through ope hollow shaft 3 into radial cooling passages 5, thep.into
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8, pasgagethet end Uiehcoadtinipratiagsage ndilyextend ifrgoronehend of
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remaoy, COQIl water owd rou e ra cqgaoling pa S

o R Rl e DO S PR NS, ShRe TAARS PRESES, 7 or

int® IO sp&cd ot cemf sheeieedhas 1kt eteasthgseltheopnds of

a peiod off ongfiruahiptel M eboYd the pisetyesnshe cahing tallFal0dsol ing

thep%%%'ggégllgrg@@eﬁ&e Jﬂ%ﬁl tgﬁt ii"nner circumferential surface of
the casting rolls at right angles to the longitudinal
cooling passages 4.

Radial cooling passages 8 pass through the hollow
shaft 3 to allow cooling water W to flow through one
hollow shaft 3 into radial cooling passages 5, then into
longitudinal cooling passages 4, corresponding radial
cooling passages 8, 5 at the other end of the casting roll
2, and finally into the interior of the other hollow shaft
3.

In such a continuous casting machine, heat is
removed by cooling water W flowing through the radial
cooling passages 5 and the longitudinal cooling passages 4
while molten metal M is poured into the space confined by
the side dams 1 and the casting rolls 2 forming a pool of
molten metal M above the nip between the casting rolls.

As the casting rolls rotate, the metal that is
being cooled on the outer circumferential surfaces of the
casting rolls 2 forms solidified shells that form a strip
S, and the strip S moves downwards from the casting roll

gap.-

The rate of cooling of the molten metal is



10

15

20

25

30

35

being cooled on the outer circumferential surfaces of the casting rolls 2
forms solidified shells that form a strip S, and the strip S moves
downwards from the casting roll 35 gap. The rate of cooling of the molten
metal is - 3 however limited by the heat conductivity from the
circumferential surfaces to the cooling passages. Thus, it is apparent that
it would be 5 advantageous to provide an 8lternative apparatus and

metbadthat plavidesmarg etfitiehiccestiog ol nwttistiey Abeondingly, a
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method are disclosed for casting metal strip having a pair of laterally
positioned castingusls tmiisy appa betvtedrhtdoemi. ti Svaurd dtdremetal

IR ATRGR AL ¥E (T BV e N CErPR PR AR o sl e
B A g e LI et [ i TPy T AT

paketonstimpibs, eorsfinttahd epeditd nnsikehvieeks apiabldedxitneddding

sufeeALtESemeAINEUPIS: HaEtIRdiRY Ned cemipes e cylindrical
body. 25 In one embodiment the body is a stepped cylindrical body

which comprises a cylindrical central portion of a larger outer diameter
thdhl ke likbridaienhiNYEriIdAOthat extend axially from each end of

the central portion at an inwardly stepped shoulder that forms a radially

extending SO‘kasﬁﬁﬁg?atus and a method are disclosed for
casting metal strip having a pair of laterally positioned
casting rolls forming a nip between them.

A molten metal supply system delivers molten
metal into the nip between the casting rolls and forms a
casting pool of molten metal supported on the casting
rolls immediately above the nip. A pair of side dams, one
at each end of the pair of casting rolls, confines the
pool of molten metal and abuts axial end surfaces of the
casting rolls.

Each casting roll comprises a cylindrical body.
In one embodiment the body is a stepped cylindrical body
which comprises a cylindrical central portion of a larger
outer diameter than adjacent cylindrical end portions that
extend axially from each end of the central portion at an
inwardly stepped shoulder that forms a radially extending
end surface.

Each casting roll also comprises a plurality of
cooling passages extending through the central portion,
typically between the radially extending end surfaces.

The cooling passages comprise longitudinal cooling
passages. The cooling passages also comprise at least one
bend in the cooling passages which requires cooling fluid



Each casting roll also comprises a plurality of cooling passages extending
through the central portion, typically between the radially extending end
surfaces. 35 The cooling passages comprise longitudinal cooling

passages. The cooling passages also comprise at least one bend in the
cooling passages which requires cooling fluid - 4 flowing through a

cooling passage to undergo a change irr drection. Each casting roll also
COmpowEn g fi-ougirolas cazrdhegpesisergieintbelaterigeoatichtiege in
flogyio'te% i&g fluid around the bend Each casting roll may comprise

radial cooling passages extending from a casting roll inner periphery and

10 connect to a longitudinal cooling passage, with the bend being formed
where the longitEdichl aad tadigl aonlihgajsssagespragesogethbowincontrol

5 ONREHRAIINGET t3heastigY FAHCoRIPeEAlchn G351 O8Re Flow of
circum renh%gecgon that %eﬁ(})?nrﬁ%ts adjacent longitudinal cooling
paggﬂiifgb v oﬂﬁfqm fl rm)monelongitudina.lcooling
passage into and then along an adjacent longitudinal cooling passage,

with the bend beiag forawesidirige ebsumieigntahaneiiae 24181 cooling
embodimenting TX ENEC! Fember comprises A dnatis lamethe ry and
anll positroned in the en% to change Qw%f cooling fllid a_r%un Ry
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coei i0f tieolreredi tawryde athextdmad icouddinekhame@ndadiisl cooling

e e T, such as water. and aiso

directs the

In one embodiment each casting roll comprises at
15 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 formed in the circumferential section

20
In one embodiment the flow control member
comprises a baffle that is formed and positioned in the
bend to change the flow of cooling fluid around the bend.
25 For example, the baffle is positioned to extend

from an internal corner of the bend towards an external

corner of the bend. This arrangement reduces the cross

section of the bend and causes an increase in the velocity

of the cooling fluid, such as water, and also directs the
30 cooling fluid towards the outer corner of the bend.

In one embodiment the flow control member is a
plurality of fins that are formed and positioned in the
bend to change the flow of cooling fluid around the bend.

35

For example, the fins are aligned

circumferentially and project from positions in the
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30 cooling fluid towards the outer corner of the bend. In one embodiment

the flow control member is a plurality of fins that are formed and
positioned in the bend to change the flow of cooling fluid around the

bend. 35 For example, the fins are aligned circumferentially and project

from positions in the - 5 vicinity of the radially extending end surfaces and
extend in the direction of the longitudinal &ooling passage, and cooling

fluidi sieri &y Vtafertﬂﬁcmpﬁipveﬂten@h rijesogdlieg ma@w érﬁrtsiJSextend

the f t
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froRPPbHE Hé%oﬁ'h@huﬂslr’{"éﬁgﬁmbﬁﬂurﬁ% fFERN E :‘ﬂ\f‘bl hrough
methieerae @l LAglpasyagfenserthpesitidned ihiths hexdiuoechtingeditess
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surface of the roll in the bend. 20 The above-mentioned examples are not

the only possible flow contr mbers Thef in and other aspects.

will become app?arenpfaomm[% raon]owmg olqe?alég G&Nes(&rg ion !)f e S@ ri1s a
inviehtisa hher @hskdised tsconahtic®dh tRe BBEomBRAYikE Fhaimge the
figfibswB&IEE I I FTION Qhr dbifidDRAYVINEGE 30 Figure 1is a

schematic drawing showing a
For example, the inserts fill in a portion of the
bend and thereby reduce the cross-sectional area of the
bend and thereby increase the velocity of the cooling
fluid, such as water, and also direct the cooling fluid to
the vicinity of the outer circumferential surface of the
roll in the bend.

The above-mentioned examples are not the only
possible flow control members.

The foregoing and other aspects will become
apparent from the following detailed description of the
invention when considered in conjunction with the
accompanying drawing figures.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic drawing showing a
vertical cross-section of one embodiment of a continuous

casting machine;

Figure 2 is a schematic drawing showing one of
the baffles shown in Figure 1;

Figure 3 is a schematic drawing showing an axial
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vertical cross-section of one embodiment of a continuous casting
machine; Figure 2 is a schematic drawing showing one of 35 the baffles
shown in Figure 1; Figure 3 is a schematic drawing showing an axial - 6
view of the casting rolls and the stub shafts shown in Figure 1; Figure 4 is
two diagrams comparing the flow 5 velocity distribution of cooling water in
the continuous casting machine shownin@igure 1, i.e. with internal

bafflpswand inthe esagpin gl *cPRENLeLS aastingtuackinafiagviRiBbwn in
thqfci@ﬂl?golinternal baffles; 10 Figure 5 is two diagrams comparing the
flow Velocity distribution of cooling water in the continuous casting
machine shown in Figure 1, i.e. with internal baffles, and in an example of
a continuous castigumachines intwbich ithgreaare mompeniehbafties; ¥ ow

Figyeq §d3 8, SIPRAIRARIGN SHOWBE Fi VG IR E1PSPsaaieN @ntinuous

another embodiment of a continuou?:castln eTeachine; 20 Figure 7 is a

sclr@n Ogr A0 B e SR Bhdin FikHE Grele; Pighire ¥ Kt BiLGFAIAY
colm@hifilgshe #od weloaity eisaititionak caotiog keeiansheasitimgusachine

25 pasiipg srchina-ehawe Imbigirtérhe Vi PR@s! fins, and in an
example of a continuous casting machine in which there are no internal
baffles; Figure 9 is two diagrams comparing the flow 30 velocity
distribution of cdolifly ieater ihthEWdnelasaaseagREchie Shevd kow

Figusd 6¢c ieywili sted@ition of cooling water in the continuous
casting machine shown in Figure 1, i.e. with internal
baffles, and in an example of a continuous casting machine
in which there are no internal baffles;

Figure 6 is a schematic drawing showing a
vertical cross-section of another embodiment of a
continuous casting machine;

Figure 7 is a schematic drawing of the fins shown
in Figure 6;

Figure 8 is two diagrams comparing the flow
velocity distribution of cooling 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 9 is two diagrams comparing the flow
velocity distribution of cooling 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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fins, and in an example of a continuous casting machine in which there
are no internal baffles; 35 Figure 10 is a schematic drawing showing a
vertical cross-section of another embodiment of a continuous casting
machine; - 7 Figure 11 is a schematic drawing showing a lateral
cross-sectional view of the positions of the longitudinal cooling passages,
circumferential cooling 5 passages, and-inéerts of Figure 10; Figure 12 is
a schematic drawing showing a horizontal cross sectional view of the

positions of the rgq %C?g“ .8'@@2{ @r‘f&ﬁ'ﬂ

passages, andlns ure 10; |st

S co |ng
théﬁ&ﬁr\?do&ﬁp§§ﬁ%%95r1 %‘?%&oﬁ’n'gew/aféf it e&%mmscaﬁi
mabhngaﬁmﬂumaiFgmadiﬁg1p¢m$a¢m$aauat&mmfenémtcmhﬁﬂenﬂaMQ

coglmgegmdllnéj@rgéa@plq:qb@ p@nt_[@,l.ous casting machine in

which there are no circumferential cooling passages; Figure 14 is a
schematic drawing showing a 20 vertical cross-section of a prior art

continuous castinggmeehii?; kadFigakermitkcschanangdshandng a
ShﬁWF‘BZ@h%éil" vieys 8f hecagrding rolg aid e ehid PP ONg BR2he
re 14. D TAI ED D SCRIPTION OF PREFERR_FD EN‘LBO?IMEONirlsng

In gené:‘raFHer (Pes mﬁr&gﬁ%igﬁow 5 c;?lmdnca?cas%lng rofs
withaseaeRs poﬂ tdql dnsedrs @ JotasiEadidéent side dams. The
shoulder portions define radially extending end surfaces of the central

portion. The Caslgﬁglﬁ?]? li%vei@n@\%diai‘hgrams comparing the flow
velocity distribution of cooling water in the continuous
casting machine shown in Figure 10 in which there are
internal circumferential cooling passages and iIn an
example of a continuous casting machine in which there are
no circumferential cooling passages;

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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cooling passages extending through each of the central 35 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
- 8 circumferential surfaces. The radial cooling passages are in positions
that are close to the radially extending end surfaces. Cylindrical plugs,
with closed base ends, engage the ends & longitudinal cooling passages.

In g9g:cupdRlirgntitgl flgwsfa@@guenqm@rwmharadkaboci@ig@assages are

ChQ%P30§F¥¥WHQrf“5QO C%*HE%E¥BK$W¥h?EJ?QfH nding end

channel at the opposite en the casting r In more specific terms,

Figth&F2G6S-shdwy &'E&ﬁ&ﬁ%bs%@ﬂﬁg mddHh SRR LRBo SRt
of tregdcpeladed astisg odildldisglvted ineedincBodh ngsipassagbmes In use,

ha&'BB s ”%‘Hl@rl%lé‘é/éh% HU%&%H%@V%HPWG A Hael aé’:ool ing
ce% offions 17 than at§ rtion 28 at tf}g?{ea Serf the rolls.

and17 LWHHHLE |§° ARGING Y U RS SFH%O {
11 wadtal taoedd ngureivasns thateitingl mpnosd t2 iead oprdive zmsting
pogigen of the casting machines. The casting rolls 12 also comprise
hollow stub shafts 13 that axially engage the two end portions 28. The

stub shafts 13 have diameters that are similar to the outer diameters of
the two end porliBn82BefsReeaddikfy EMEMS, 25 1BHEREdhateoSlinghow a

passagenlbpasTHEiIghy theachastieg vdlshl Dbetwesthddenediellpf the
S IURR, SUBESRG! PRSI Lo gl 2stng rolls 12

The longitudinal cooling passages 14 are

Such casting machines having casting rolls 12,
the outer diameters of which are greater at central
portions 17 than at end portions 28 at the ends of the
rolls. The central portions 17 comprise radially
extending end surfaces. Side dams 11 contact the end
surfaces of the central portions 17 in an operative
position of the casting machines. The casting rolls 12
also comprise hollow stub shafts 13 that axially engage
the two end portions 28. The stub shafts 13 have
diameters that are similar to the outer diameters of the
two end portions 28 of the casting rolls 12.

Longitudinal cooling passages 14 pass through the
casting rolls 12 between the radially extending end
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



30 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. 35 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 - 9
the casting rolls 12 and connect with the Ihgitudinal cooling passages
l4thenseguanily, iellpsgidinalarsbriadietcodiny massagenditlbinal
forp.r t these ' ermore, o -

&b %E%@%%an 24t 1 E’&ﬁ&%@%ﬁ&h f‘f} ohddtudinal and

plate-s ugs 19 close "both ends ngitudinal codlin
pa§§éb'é%'1£%€'ﬂgg§%§sé}€9&eé‘lo tHe cIanty fohght G}quqngﬁﬁgs at
of sesandeéatsealg materials, such as 0- rings, are also used

5 between the plugs 19 and the inner circumferential surfaces of the

cautodt 16 fow ETTFISLCNTR seSAERL o QR LR TRRYE FU L Close

pabsdgeserBlthae Eotireurliong s tuidhinel |l dingl pesitrgessshdes
14, that longitudinal cooling passage 14, and the other of the radial

cooling passag 15tTatco unicat \Nhht?ﬁ}ln itudinal .coolin
passage 14. 20 In S |898c%r§dﬁg§1 glsia)((:gps a%er%o%ﬁ%a‘r:]'ea% E‘gér']s 12 by

10 of fRaRgID EosMaPpAdafes2 anSarkinat e 11 s ox@sieh as O-
pagtipfigéntodire langitudisalccasdegeassages pdudfs 19 and the inner
circumferential surfaces of the longitudinal cooling

passages 14. As a consequence, cooling water W is caused
to flow continuously in sequence into one of the radial

15 cooling passages 15 that communicates with the
longitudinal cooling passages 14, that longitudinal
cooling passage 14, and the other of the radial cooling
passages 15 that communicates with that longitudinal
cooling passage 14.

20
In addition, cylindrical spacers 31 are
positioned in each of the radial cooling passages 15 and
define baffles 32 that extend partially into the
longitudinal cooling passages 14.
25

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

30 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
35 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
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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
30 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-aréhotiow and include radial 35

ges lghet eviendradiatie rrieigh thestubosbaftsidssal
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and ol pthey oi titesraathal cdodind pkesagesth®, aratl rathre midisragpndohssages
like) @ the radial cooling passages 5 18. In operation of the continuous

casting machine, the pair of casting rolls 12, the stub shafts 13 and the

plugs 16 are positioned laterally to each other, and in 10 such a manner

that a casting rol mipp&r 8t weijundd tieording totieithicasting thachine,
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caflingrolis 12745 | suchziconinuguscasnﬁbrngcﬁme,hea 1S’

rerfibGy fofipiteedastingtos €28% baglike WMt iw fslilethasuyistrd
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e O e e e Loty et the
radially extending end surfaces of the central portions 17
of the casting rolls 12.

In such a continuous casting machine, heat is
removed from the casting rolls 12 by cooling water W
flowing through the radial cooling passages 15 and the
longitudinal cooling passages 14 while molten metal is
poured into a space above the nip confined by the side
dams 11 and the casting rolls 12 to form a casting pool of
molten metal M. As the casting rolls rotate, the metal
that has been cooled by the outer circumferential surfaces
of the casting rolls 12 and has formed downwardly moving
strip S at the nip.

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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molten metal M. As the casting rolls rotate, the metal that has been

cooled by the outer circumferential surfaces of the casting rolls 12 and

has formed downwardly moving 25 strip S at the nip. 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 30 arrangement is such that therea Srhalt gap T3 only between the
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longitudinal passages 14 of the casting rolls 12 can effectively cool the
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casUngroHs]. escri
of the casting rolls 12.

The beneficial impact of the baffles 32 in both
flow directions is illustrated by the cooling water
velocity profiles in Figures 4 and 5.

Thus, the cooling effect upon the casting rolls
12 i1s increased in the casting rolls 12 described above,
and it is therefore possible to increase the number of
revolutions of the casting rolls 12, that is, to increase
the casting speed and improve the production efficiency of
the strip S.

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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and it is therefore possible to increase the number of revolutions of the
casting rolls 12, that is, to increase the casting speed and improve the
production efficiency of the strip S. 25 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. 30 In this cadtthgroll 12 a plurality of

integredw fesmed fingB3itbarpjesidntioyhappigiiinet 09lingal £.
passages 14 and straddle the outlets of the radial cooling passages 15 is

provided in place of the spacers 31 and the 35 baffles 32 described

above. Thus, thd BRRIUBIALY ofta §ARR PR shged I #0Schds
defiriauby fier enteisetligns bt trimlobgéudiasizing radd kodig i1 2such a

PagspassrlAd T Fetecesi Pearnirxinpidendhe Tt AIMEIYEQIdINSaH ing
is arrangﬁe%cwcumferen ially within"the ¢ stlnggrol s 12.in su
S

hab
maVHEF bis hot ' dirddh AE NS (AL CBdfin 'wﬁtg*?%PQnJormed
with i&hdiag whesaiale gnabdingifthm&bewitinaetitecargies and fvikhgebends

innes FRENEre 9 treheids being lengthened. 10 In a continuous casting
machine that employs such casting rolls, cooling water is caused to flow

through the longitudinal cooling passages 14 and the radial cooling
passages 15 andex@acORddi T $hEaadikitpranaalni ngithaditanmbeys such

is pewedngioronde defivel inghedtesidd sapsisbanddshe bastinthiadisgh the

1215“%%5“5‘?' 888'?%@3%&@&&&653%”%(1 the radial cooling
passages 15 and extract heat from the casting rolls 12
while molten metal is poured into a pool defined by the
side dams 11 and the casting rolls 12.

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.

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



between radially extending end surfaces of the central portions 17 of the
casting rolls 12. The arrangement is 20 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 IF between the outer surfaces of the end portions 28 and the

outer surfaces of the central 25 portiors 3. Consequently, the cooling
wairrtdIpaEses oinasyied thenvdieg hireiefqsd 0idl sugagasl otie FIBI33 to
olig? aodnficiiespdlp Nepesupces LIACHAE 't Walking
Moreqgver, the velocity of the cooling water W increases because the

crd R idRardrea%f e pasddheLardethends is reduced by

approximately half when 35 compared with the example in which fins 33

5 are not provideqgs SHOMEFREIAYeFrhRd F e MRIRRVEI3 N NGBt Flow

received by the castin lIs 12 from the malten - 13, metal is conveyed _
rOAEE TR Bins 1 A Hathates {Pnd SR IARS WAKRR g1 oci ty
requitchade® dastinggroned 2Bararstfi@ently cooled. 5 The beneficial

impact of the fins 33 in both flow directions is illustrated by the cooling

water velocity files in Eigures & and 9. Thus. the ling effect of the
Casting rolls 12 TOUS highh (e hLlit SAEEE BT A el Qg ot 1 12
10 hedée higpotRitkI® FRideRANEGAESOBiaRPCITRRE dcaltiPyaellsnd, hence

thai ts, ie inwesid e aastinganeade aido increaseftheqtiadiciiviof the

effi t ' 15 Figures 10 t 3-1%19 NERUoys casfi
mak(('::ﬁmeyth 'gr(?:rbnib glﬁgfhi%ti%t’th%%nyo%e%%:g thie Ry s;_)eed
and to increase the production efficiency of the strip S.

15 Figures 10 to 13 show a continuous casting
machine that employs a third, but not the only other
possible, embodiment of the casting rolls, in which those
parts represented by the same symbols as in Figures 1 to 5
refer to the same items.

20

This casting roll possesses circumferential
cooling passages 34 that interconnect adjacent
longitudinal cooling passages 14 and facilitate flow of
cooling water W that has passed through the entire length

25 of one longitudinal cooling passage 14 into an adjacent
longitudinal cooling passage 14.

The circumferential cooling passages 34 are
formed by cutting apertures from the iInside towards the
30 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 iIn order
to interconnect the two longitudinal cooling passages 14.

35 Moreover, iInserts 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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possible, embodiment of the casting rolls, in which those parts
represented by the same symbols as in Figures 1 to 5 refer to the same
items. 20 This casting roll possesses circumferential cooling passages 34
that interconnect adjacent longitudinal cooling passages 14 and facilitate
flow of cooling water W that has passed through the entire length 25 of
one longitudinal cooling passage 14 into dtadjacent longitudinal cooling
passage 14. The circumferential cooling passages 34 are formed by

cuting apertures {igmyhe JFAHeANAIYSYINE 30 ALsigR Of e e3ihaped to

rolls 12 and by closing the apéertures at positions e vicinity o

rotBforid BV ER tRNBdSmARHs abohyeherrsbedigbotintigerqational
intaxcognedt thhewodertgituglinad Ebslid@ passages 14. 35 Moreover,
inserts 36 are positioned in the longitudinal cooling passages 14, and the

cross-sectional area of the passages is reduced by approximatel ﬁalf. -

14 The leading LRaL B 1RO REARUGS, CARERRE B0 A G GBRgED the
ancasd ehighgeedd alohg tlesomiibea akievs titdeatiatrolls 1@xenaaied
COFHIIPUBHRSERS R Ie pIplayngihe £3s¥hg rdlsolid Agswibesr w to
ab \e thetple%tuis eX%ﬁCteiioﬁo? t&(gicr?siin% rglisi:rle b é:sausin Scoﬁ'n%& d the
Wa%ercw to How%'rougﬁ the lohgitudina cgoflang pas% ges%and_ e
radidctiodling@REAage PaS TRV El] iBPbtiesy Mabale Epapoured

forinegobytihe sigaeeirBoinaad e tchle bedigs 2e The longituttinalhe rol
coglg@i%%ssjgggs 14 extend from

The longitudinal cooling passages 14 extend from
one radially extending end surface at a position at which
the outer radius of the casting rolls 12 is expanded and
which is abutted by the side dam 11 to the other radially
extending end surface at a position at which the outer
radius of the casting rolls 12 is expanded and which is
abutted by the side dam 11. Hence, the contact T4 between
the side dam 11 and the radially extending end surface at
that portion of the casting rolls 12 at which the outer
radius is greater, while permitting the greatest possible
reduction in the distance T3 between the longitudinal
cooling passages 14 and the outer circumferential surface
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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radius of the casting rolls 12 is expanded and which is abutted by the side
dam 11 to the other radially extending end surface at a position at which

the outer radius of the casting rolls 12 is expanded and which is 20

abutted by the side dam 11. Hence, the contact T4 between the side dam

11 and the radially extending end surfaceld@ that portion of the casting
rolEﬂ?at w_h'@htiba@yt,erwmmhayrg@m,lwh%ﬁalermh@;g:ﬁ}mgrﬁgtla% IIs 12
possihle ﬁ?{? iQn4dn ¢ ' e T3 between the longitudinal 25 cooling
paé?aggees 1 ari1§ Ft#? &E@%l‘%&fmferential surface of the casting rolls 12.
Consequently, the cooling water W passes through the surface layer of

the casting rolls TRaarkeitdaivelyl 30nquaistthefoutbeciicwefietantzb In one

SURREROLINASEEIBR TS ikl ¥ PAR 1R V]IREIDEBLIRripAliagdater
W mgreases beca l:Ipthe Qroslsf_-sectlon;,L:grea of the passages 35 in the

beNfa LRI D %?ofifﬁa élglﬁﬁﬂ ; moreover, the cooling water

W is directed to the vicinity of the outer circumferential surface of the
casting rolls - 157Hggn the bepdt Mg e1IBSUléirippeasina@llspEdmit
are. efficiently cooled, The bePefici{g\I Im acit_ of the jPS_E ts 36 in,one 5 ﬂoﬁ

: w&creas%s in (H)'e rate or rota |qn 9 fﬁa caﬁg:lnr% fé) s 12,
direction’isTllustrated by the cooling water velocity profilesinFigu :
Thtiae dgstineNsAe8sridey £b6vCpsHlindn&RasEs AthedtRabLr
rotpironiatbeccastifg i clieh2y 1PdhattiseinctaalesIn ez aasingrsreasbol ing

| i5i ip:S.b ling effect
LB RIS b 1503 e oo ol

of ed.

The casting rolls envisaged herein are not
limited to modes of implementation described above and may
of course be modified provided that such modifications do
not violate the spirit of the invention.

The casting rolls envisaged herein may be
employed for the continuous casting of steel and various
other metals.
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The casting rolls envisaged herein are not 15 limited to modes of
implementation described above and may of course be modified provided
that such modifications do not violate the spirit of the invention. The
casting rolls envisaged herein may be 20 employed for the continuous
casting of steel and various other metals. - 16 - CLAIMS 1. An apparatus
for casting metal strip comprising: 5 (ay alffairof laterally positioned
casting rolls forming a nip between them, each casting roll comprising a
CW&E%WﬂgbodyVWU1acenUalponmn,and a plurality of cooling passages
extending through the 10 central portion, the cooling passages comprising
longitudinal cooling passages, the cooling passages also comprising at
leakt one bend iAnhappaliregtpas Eoe scasth ngquets Losttngi fuidomprising:
flowing through a cooling passage to undergo a change in direction, and

a flow control 15l§%éember osition;d in the %@ﬁd to contral the flow of

cooling fluid aro thePh&iith 'and (b Aty %é?&%h‘bbﬂﬁ &A% 1Ng
deiad I mofienmietal aboptHeatipesnvébenhe eastihgaats imofolh a
cagiiigprdd Mgneltesy Nk sEeReted ey the easEnEENBraMetiziebon, and
above 115 APs €, T BRATFHS rcasting metohsirp of slaym, b wheren
eath I8ast|ng ro yCO_mprlseS a raﬂjiglf‘_eﬁgndc’mg end 28" S ace _alf%ach

en& tHedeRed btPlion Eﬁﬁ?atﬂ@%f/ 0Pp HARG LS 8e GRARE hwRng

codlngyiassdpes Exteosl ingughdbagestyaltperticobbimee ptisstagéallyal so

eX@HHHPi&FHé*Q%C?éast 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; and

(b) a molten metal supply system to deliver
molten metal above the nip between the casting rolls to
form a casting pool of molten metal supported on the
casting rolls immediately above the nip.

2. The apparatus for casting metal strip of claim 1
where each casting roll comprises a radially extending end
surface at each end of the central portion capable of
supporting a side dam, and the cooling passages extend
through the central portion between the radially extending
end surfaces.

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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30 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 35 ends of the
central portion, with the bend being formed where the longitudinal and
radial cooling passages merge together.147-4. The apparatus for
casting metal strip of claim 3 where the flow control member comprises a

baffle extending m gm !ﬁg' orper o Eggl_tﬁgg s er -
cor%fer 5 of the ggr%d. i e%farﬁ%‘é f%r casti _meta (istr%%algr)rfBClam_] 3
whthetie #6% chheYl Ferbe? LoRfRREE LOURLNEES fifskaldhtfngxtending
frofirttre radially®ktendiog red soffatbe irb&d thetdiveatats @frtheuter corner
longjtuging! pRelHg passage. 6. The apparatus for casting metal strip of
claim 1 or claim 2 where the cooling passages comprise at least one
circumferential section that interconnects adjacent 15 longitudinal cooling
pabsages so thatheohmptuiatais flow faasbhedongtiwhngtobingt claim 3
pagFrRaeinihand IRen Geng-ai adianssllans p@iméégo@irmmﬁ%nefy of
witJig.the bentd beinH for{;ned [ We circ&mf r.entlal ection. 20 7.Jhe -
ns ex ends Lo the 1o |%? ex%gnﬁlnq:en surfaces in
apparatus for casting’ metal strip of claim ere the flow<tontrol

mekhSecddresidaaPhstRandonarius ¥na In aroldig aRased@es

the cross- sectional area of the bend. 25 8. A casting roll comprising: (a) a

cylgdrical botdy E.ﬁ%‘”gﬁp%%ﬁlsp%?“ AU TR LAY ALY O 5981 'S 1aim 1

pa%ﬁ§%$ﬁ;?%eglw%ere 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 formed in the circumferential section.

7. The apparatus for casting metal strip of claim 6
where the flow control member comprises an insert that
partially fills in the bend and reduces the cross-
sectional area of the bend.

8. A casting roll comprising:

(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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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 35 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. - 18 9. The casting roll of claimi®where the cylindrical body is
a stepped cylindrical body having the central portion with a first outer

a stepped oy /having ¢ on v o
il rom each Bnd o R kO o R 8 ARG A ey Menarical

didPRe¥r bRy SHaReetharthd il ikaRdr &Qﬁ%té@‘iénghé'éﬁsfﬁ%‘ﬁﬂﬁ'
of plaint Boor claimh9 @ ofrsesolaradisdyekeandanglead sarfdcpattion

capR GPHPT NS LEHHG! BOHOP (RPAReL S UBPREING ﬁ?'%ﬁ%ﬁ‘l?n‘?%‘?n each
coolin pqts?ﬁqes extend rouq%-lthe central po%tlon between the rad(lja.llg
exf’erﬁiﬂr% iU ah PR ol BEcRRFABdnRLEGRed 1 ameter
cobitnpassaddeiuribeasoiipeisE brsitiraintetradidtebing passages,

each radial cooling passage extending from a casting roll inner periphery

to one of the longijtudinal coolin sages at one qf the ends of the .
ceil 20 portiol, itk E KaHe Ao Pl AErs b 1nihl gRpY 1ses

radlall@sblind bassxdenhnge estbtrei facenhatastisd r@nst @dinthe

wheeg theaflow orari o meipbeieoofriseppbeatiaextandingdrataan and the
insj 5 cor f qgggg r I,Gorn he
caéft%lﬁ@gﬁ%n%gf @:%a% %aﬁlgvéahere t }ﬂd}l cﬁ/I ilc?ol(jr)lg%lri';(';} I ﬁ%ém%rgﬁﬁ)prﬁ pﬁi egsri % oh

plPERY e And ek riHA Hom RIS 88M0iRY EFRCR Rraces in the

direction
11. The casting roll of claim 10 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.

12. The casting roll of claim 11 where the flow
control member comprises a baffle extending from an inside
corner of the bend towards an outer corner of the bend.

13. The casting roll of claim 11 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.

14. The casting roll of any one of claims 10 to 13
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
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30 of the longitudinal cooling passage. 14. The casting roll of any one of
claims 10 to 13 where the cooling passages comprise at least one
circumferential section that interconnects adjacent 35 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 - 19 bend being formed in theTirk8mferential section. 15. The

cagientoratiedf istpi ol el € e thenkowe iqaliref eremitdradonspdaeod)
insert that partially fills in 5 the bend and reduces the cross-sectional area
of the bend. 16. A method of contlnuou%% casting thin metal stri

cofhprising the st&ss 6896¥B9 at8dhbMly § Rk bridietgsotitshehl ow
castogtnatig forenbg A @pngetweses tleam mmelrrttasltmnytrcpjm;aﬂlygﬁi IIs in

CYHEICBERRAVAHHN AeCRIEEY PPHIO N ryika SRR FORIHAG PBFSAYRS bend.

extending through the central portion, the cooling passages comprising
15 longitudinal cooling passages, the cooling passages also comprising
at [B@st one bend ingtdocolnG casstyeuausdly regsitdngodimyflmigtal strip

flowmwhi%aﬁﬁglir&g@gsqu; to undergo a change in direction, and
a flow control member positioned in the bend to control the flow of 20

cooling fluid around the bend; (b) delivering molten through a metal supply
system above tHeaip bREFEEIR HNGatingabls eFfolaite rakiMg pRel & oned

mqﬂagmiatgl sofldxtebeming castrrnozbeai!ﬁemﬁnmatﬂy eheye thestipng
Lo ISR, AP DML SRR BB o
a plurality of cool |ng 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;

(b) delivering molten through a metal supply
system above the nip between the casting rolls to form a
casting pool of molten metal supported on the casting
rolls immediately above the nip between the casting rolls;
and

(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.

17. 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
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30 of the casting rolls and form thin cast strip at the nip between the
casting rolls delivered downwardly. 17. An apparatus for casting metal
strip comprising: 35 (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 - 20 radially extending end surface at each end of
the central portion capable of supporting20side dam, and a plurality of

cowawnmwwﬁ@qtﬁﬂi@g driaug ifaeentsal psudn disdwedn tiee central
g& Iég ”@' a%‘PeSLHia% H’tﬁ’r&%r%gé Bfi%ségﬁén?ona‘?ﬂf”ég lyrality
gltu |na COO ng passages, e cooli passages also compnsm? at

Iea%foﬁé?%!ehegn RASTRRRRY prlsayNdhERreyaleLBSoIGR HIi@T portion
rongNmmughea aculing lolat)zsege:wdndgrgemjcmmmeslueﬂm conl ing

coolln flu|(lé§%z;1:?);gjrﬁa t?hrleg(iii E‘Of] lthﬁaqlrﬁ.l.o%?;%n%qqm |FS|&%§8)%§ the

TR o] oy ﬁsﬁm&éﬁ%@& USLRER ip the
castmglpditg dhassirgesetd) 50ppsred bhebe @agtlrlgﬁgalrﬁlmmbcfdw ng
abeya BieADLCRGBTd My S siases pesiinned gdiasenhirgadily

ex@pidl&gtei%% surfa ®X flow control member positioned in the
bend to control the flow of cooling fluid around the bend;

and

(b) a molten metal supply system to deliver
molten metal above the nip between the casting rolls to
form a casting pool of molten metal supported on the
casting rolls immediately above the nip confined by side
dams positioned adjacent the radially extending end
surfaces.



