TWN ROLL CASTI NG MACH NE BACKGROUND AND SUMVARY OF
THE | NVENTI ON The present invention relates to a twn

woabd7/08s052i ng machine. It is known to cast steeCTaRIE@/000070

10

15

20

25

30

35

by continuous casting in a twin roll caster. In this
techni que nolten netal is introduced between a pair of
counter-rotated horizontal casting rolls, which are
cool ed so that nmetal shells solidify on the noving
roll surfaces, and are brought together at a nip

bet ween then1to produce a solidified strip_product
del i ver ed domnmardTVI¥r%ﬂ¥¥h%A%TEN%eMQQ%ﬁB?he rolls.

The term"nip" is used herein to refer to the genera

e e A, SR8t S5 e ST RNEROR TR 0L sl 1 e
vessel or series of vessels fromwhich it flows

through a mpial pdelberyunozel énl peaiedsabove thennipil

for formng a stlng poo nmol ten netal supported
ﬁashEHGaﬁﬁthn§urfaces of the rolls above the nip and
extending along the length of the casting rolls. This

casting pool is usually confined betwe
or dams hel 8Fi #Ss ﬁ?ﬂWﬂg %nﬁ%@gnﬁﬁ?e; gﬁéﬁthhgogﬁgéuous
ofatbhengashi agtwahl oid aasterresﬁnlthlsheecaanng molten
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AOWN e casting nachine
Thermaohtaé c@ﬁpﬂﬂ§e§051§a|Wh@ﬁhmaﬁérC@@é?@ds@a§P@ﬁgmetal

rgh%g%% Q8§EH epednl aher abk¥nborbanmsartalklesni pn@ are
brought together at a nip between them to produce a
solidified strip product delivered downwardly from the nip
between the rolls. The term “nip” is used herein to refer
to the general region at which the rolls are closest
together. The molten metal may be poured from a ladle
into a smaller vessel or series of vessels from which it
flows through a metal delivery nozzle located above the
nip, for forming a casting pool of molten metal gsupported
on the casting surfaces of the rolls above the nip and
extending along the length of the casting rolls. This
casting pool is usually confined between side plates or
dams held in sliding engagement adjacent the ends of the
casting rolls so as to restrict the casting pool against

outflow.

Figure 5 and Figure 6 illustrate an example of a
known twin roll type casting machine. The machine
comprises a pair of water-cooled casting rolls 1
positioned laterally to form a roll nip G between them,
and a pair of side plates 2 engage the ends of the casting
rolls 1.

The direction and speed of rotation of the

counter-rotating casting rolls 1 are set so that the outer
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t hrough t he

and a pair of side plates 2 engage the ends of the
casting rolls 1 . The direction and speed of rotation

wohod7esspount er-rotati ng casting rolls 1 are sSeCTam2007/000070

that the outercircunferential surfaces of the casting
rolls nove from above towards the roll nip G. One of
the side plates 2 is in contact wwth the ends of the
two casting rolls 1 at one end of the rolls, and the
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°P@f1n3§p7Gaiﬁ foLpREei Bnalbovarpgecheobastihbersiile 1 and
wall's of "the nozzle 4 to direct nolten netal fromthe
t FBaghidet BhaFas ?he outer circunferential surfaces of

the casting rolls 1 . Wth this arrangenent, nolten

metal 5 pou&%% INCFONy %g%%fuggl§v££gmﬁ099i$aﬁd%%m?rlses side
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When the castin ool

. is f
tEéu€a§ﬁFMgOﬁoPP§1ftaP@eP6?§F|ﬁg tﬁuE%&PIng gFen metal
f Fewingnhtheesghhasd exteaepengnheat bremtoreedolins al lower

nol ten net al
section o% tge gide walls of the nozzle 4 to direct molten

metal from the trough 6 towards the outer circumferential
surfaces of the casting rolls 1. With this arrangement,
molten metal 5 poured into the trough 6 flows outwardly
through the openings 7 and forms a casting pool of molten
metal 8 in contact with the outer circumferential surfaces

of the casting rolls 1 over the roll nip G.

When the casting pool 8 is formed and the casting
rolls 1 are rotating with cooling water flowing through
and extracting heat from the rolls 1, molten metal 5
solidifies at the outer circumferential surfaces of the
casting rolls 1 and forms solidified shells. A downwardly
moving strip 3 is formed by the solidified shells coming

together at the roll nip G.

The spacing between the casting rolls 1 at the
roll nip G is maintained by horizontally acting thrust
forces F that are applied to roll end support structures
(not shown) that support the ends of the casting rolls 1
to bring them together to form a strip 3 of a desired

thickness delivered downwardly from the roll nip G.



solidifies at the outer circunferential surfaces of
the casting rolls 1 and forns solidified shells. A
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shel I's com ng together at the& roll nip G. The spacing
between the casting rolls 1 at the roll nip Gis

mai nt ai ned by horizontally acting thrust forces F that

are applied to roll end support structures (not shown)

that support the ends of the casting rolls 1 to bring
themtogether to forma strip 3 of a desired thickness

del i ver ed dowfndrtiuet risinaare § cine Mgl aStearheq passufficient
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caused by a nunber of factors, including (a)

non-uni form di stri bution of the mass of t he castlng
rolls 1, including the auxiliary parts, such as

rotary join I i) coolun wat er to and
removi ng cotglsfll ng V\%tli%%c%r om e o ol%l & Sivd "6 ?bcﬁ’tar?’“laﬁ?di by a
( Bumeyr ff et aats e daid Ingliwes efa) f |sowiary- dmitt figrm
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C%SEF@%@%%rEﬂ'and (b) the effects of cooling water flowing
into, through, and from the casting rolls 1. However,
unbalanced rogue forces are undesirable from the viewpoint
of process control and product gquality. Moreover,
increasing thrust forces F may not always compensate for
adverse effects of rogue forces.

The ferrostatic pressure that acts on the
casting rolls 1 through the molten metal 5 in the casting
pool 8 is determined by factors, including the diameter of
the casting rolls, the length of the roll bodies of the
casting rolls 1, the height of the casting pool 8, the
speed of rotation of the casting rolls 1, and the

composition and temperature of the material used to form
strip 3.

We have found that a substantial portion of the
thrust forces F should be to account for the ferrostatic
pressure of the molten metal 5. It can be shown by
calculation that, for a ferrostatic pressure generated by
a casting pool 8 of mass 150 kg, the total of the thrust
forces F required to counter the ferrostatic pressure



adverse effects of rogue forces. The ferrostatic
pressure that acts on the casting rolls 1 through the
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factors, including the dianeter of the casting rolls,
the length of the roll bodies of the casting rolls 1,
the height of the casting pool 8 , the speed of

rotation of the casting rolls 1 , and the conposition

t r4 e o, f strip .
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caunter the ferrostatic pressure and the other factors
nmenti oned above, such as the wei ght and pressure of

cooling water that, typically, is continuously
suppl i ed at Ther ateenufred ttnespEoriguitre o 2D MPelre

econd 1. ' olls 1 The .requi red thrust
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results in irregularities in the thickness of the strip 3
along the length and across the width of the strip 3.

Moreover, a non-uniform distribution of the mass
of the casting rolls 1, including the auxiliary parts such
as the rotary joints, may cause misalignment of the
casting rolls 1 such that there is an undesirable
variation in the roll nip G along the length of the
casting rolls 1. Typically, in such situations, the roll
gap G is wedge-shaped when viewed from above along the
casting rolls 1, with a larger gap at one end and a
smaller gap at the other end of the rolls 1.

The twin roll casting machine of the present
disclosure can reduce unbalanced rogue forces and provide
better control to produce better quality product.

A twin roll casting machine is disclosed that comprises:
(a) a pair of water-cooled casting rolls laterally
positioned to form a nip there between, with the casting

rolls biased towards each other by thrust forces, and

(b) rotary joints coupled to at least at one end of



results in irregularities in the thickness of the
strip 3 along the length and across the width of the
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mass of the casting rolls 15 including the auxiliary
parts such as the rotary joints, may cause _
m sal i gnment of the casting rolls 1 such that there is
an undesirable variation in the roll nip G along the
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on the casting rolls generally in a direction along _
L RETARAU S b STbf HRASE imhgerties] opvrd direction
coaitihogonatlercd nie ard aliorefl Hhed PRohd WIES dRYrDE s,

a vertical direction that is

The rotary joints may be coupled to both ends of
both casting rolls and capable of supplying cooling water
into and removing cooling water out of prassages in the
casting rolls, with the rotary joints of each casting roll
being arranged so that the flow of cooling water into the
rotary joints and the flow of cooling water out of the
rotary joints exert forces on the casting rolls generally

in a direction along the rotational axis of the casting.

When the rotary joints are coupled to only one
end of the casting rolls, counterweights may be attached
to sections of the casting rolls at the other end of the
casting rolls that counterbalance the rotary joints.

The twin roll casting machine may also comprise
cooling water supply hoses connected to the rotary joints,
and biasing units that apply force to support the hoses
such that the mass of the hoses is not carried by the
casting rolls. Guides may also be provided that guide the
hoses in a radial direction of the casting rolls.
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casting roll. The rotary joints of the casting rolls
woay7msseer anged so that the flow of cooling WaCEAU207®00070

the rotary joints is in a generally vertical upward

direction orthogonal to the rotational axes of the

casting rolls. The rotary joints may be coupled to

bot h ends of both casting rolls and capabl e of
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pp ing a force upward 0 support the spindles such
tbaudtbasn&ﬂg oblflke
assembling a drive system for said twin-roll caster
capable of driving said casting rolls in a counter
rotational direction;
assembling a metal delivery system capable of forming
a casting pool supported by said casting rolls above said
nip and having side dams adjacent to an end of the nip to
confine said casting pool;
introducing molten metal between said pair of casting
rolls to form said casting pool supported on casting
surfaces of said casting rolls and confined by said side
dams;
counter-rotating said casting rolls to form
solidified metal shells on said surfaces of said casting
rolle and cast strip from said solidified shells through
said nip between said casting rolls;
applying a thrust force through casting roll support

structures on each casting roll to bias the casting rolls



spindles is not carried by the casting rolls Bearings

may be provided to support the spindles, and the
wonewiosspseni t s capabl e of applying a force upwacdautke7/000070

support the bearings. Guide% may al so be provided

capabl e of guiding the bearings in a horizontal

direction. Also disclosed is a nethod of producing

thin cast strip by continuous casting conprising the

st epstloétr, asselnbd | mgj @rt vy neoot lowast erhdaviingsh paree to

of casting rolls_laterally positioned to forma nip

kﬁﬁ?@%ﬁF%g}ﬂnE%sf?55°§B?Fi?-p5§§%ﬁﬁ?rng a drive system

for said twin-roll caster capable of driving said

casting rolls in_a counter rotational direction;
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t Beppobptt steaatiunessai d casting pool; introducing
nolten netal between said pair of casting rolls to

formsaid casting pool supported on casting surfaces
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counter-rotating said casting rolls to tonn1so|idifigd
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casting roll to bias_the casting rollstogether Lth_a
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the flow of cooling water into and out of the rotary
joints exert forces on the casting rolls generally in the
direction along the rotational axis of the casting rolls.
The rotary couplings may be capable of flowing the cooling
water into and out of the rotary coupling in a generally
vertical direction perpendicular to a rotation axis of the

casting roll.

The step of introducing and removing cooling water
may be performed at both ends of each casting roll. Where
the step of introducing and removing cooling water is
performed at one end of the casting rolls, the method may
further comprise the step of counterbalancing the weight
of the rotary joints by applying a counterweight at the

other end of the casting rolls.

In the method of producing thin cast strip, the step
of applying a thrust force may comprise applying a
generally upwards force on cooling water conduits to
reduce loads applied on the casting roll support

structures by the cooling water conduits.



count erbal ance ferrostatic pressure. The step of
applying a thrust force may include reducing vertica
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The step of applying the thréist force conprises

i ntroducing cooling water into rotary joints coupled

to at least one end of the casting rolls, with the
rotary joints capable of supplying cooling water into
and renovi ng cool i ng water out of paslsages in the
casting.,rolls .so.that the f] ow of, cooling water into
and outgr}b? W%teh?%t%fff%‘%ﬁ%n% M? fFeesSoRt R Ry further
Casdngg 4 hd St eenehad ¢ ¥nd Nedhier-di h@ed i & 859 I Nerive
rotational axis of the casting rolls. The rotary .
coftaRsS e G patrinst L ¢ IngCQlfﬂéethﬂm}% Ymsung
[ an t r ypl i ' nera .

| AN AL 406 [ bRl NGNS, 9N Lo
t prdlasitringr algwarkhe Siwpe ofn itte oguioidige angtl et Neghe
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I RO JIG QD! dt W eFolizs, performed at one end of the
casting rolls, the nmethod may further conprise the

step of counterbal ancing the weight of the rotary
joints by a%pl ying a counterwei ght at the other end of

the casting "6l F10 Falfe cRethog sRoregueing neiihed of

CaﬁmﬁﬂﬂﬂdMSHﬁﬂtéﬁﬁﬂh@ﬁfﬁﬁﬁﬂéﬂﬂﬂbZﬁéS&?§$§gﬁggﬁﬁxﬁﬁr%fre

WU Eac 1D Ut b RIS 10 G 4K vasti ng

roll support

(1) The inflow and the outflow of cooling water to

and from the rotary joints of the casting rolls is
directed generally along the axes of rotation of the
casting rolls, with a result that there are reduced
unbalanced rogue forces (and consequently reduced thrust
forces F needed) compared to the previously known
casting machine shown in Figures 5 and 6.

(2) The rotary joint generate moments that act on the
casting roll and about the adjacent casting roll end
Support structures that can be counter balanced by each
other or by counterweights. In embodiments where
counterweights are employed, each counterweight
generates a moment that acts on the casting roll and
about the adjacent casting roll support structure that
are complementary to the moments of the rotary joint at
the opposite ends of the casting rolls. The
counterweights also assist in distributing the mass of
the casting rolls between the roll end support

structures when the casting rolls 1 are rotating.

3) When there are rotary joints at both ends of the

casting rolls, upwards directed forces are applied to



structures by the cooling water conduits. The net hod of
produci ng thin cast strip may further conprising
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through a spindle to a corresponding casting roll, and
the step of applying a thrust force conprise applying
an upwards force on the spindle such that the nass of
the spindle is generally not carried by the associ ated

Castifg, 'Qlde JPE M 0 L01hq CAS11 A0 S8 N108, 40 ds 14 110y
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count erwei ghts are enpl oyed, each counterwei ght

generates a nonent that acts on the casting roll and _
a®ut the awhacenbeeasniongsuppbrsdpgothesspiotdes emat biased
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the sliding resistance of the roll end support

structures that support the casting rolls are reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is described further by way
of example with reference to the accompanying drawings, of

which:

Figure 1 is a top plan view of the casting rolls

of one embodiment of a twin roll casting machine;

Figure 2 is a vertical cross-sectional view of an
end portion of one of the casting rolls on the right hand

side of Figure 1;

Figure 3 is a side view of a casting roll drive

system of the twin roll casting machine;

Figure 4 is a top plan view of another embodiment

of a twin roll casting machine;



the casting rolls between the roll end support
structures when the casting rolls 1 are rotating. (3)
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casting rolls, upwards direabed forces are applied
toboth ends of the casting rolls, and reduce sliding
resi stance of the casting roll end support structures
t hat support the casting rolls. (4) Were cooling

wat er suppl yFlIgaq&%Sdga €& pe[oge ‘l? &J};ﬁ#&%ﬁa V\%aﬁtlng an

hoses are supported by bl asing
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slileh ngos EStIce 14 dokdceish SUpRPrt structures
that support the casting rolls are reduced. (5) Were

beari ngs supporting the spindles are biased upwardly
and suppor t &d.chorarsve shar itmt;ﬂ]a{ry,vjtem&‘ dBsshfrwiie roll

it e casting rolls, and the
e R L s o

esi stance of 1 1 end support structures
that support the casting rolls are reduced. BRI EF

DESGRL AR Hfe ik RRAINGET haaraeent i nvention is

described further by way of exanple with reference to
the acconpanying draw ngs, of which: Figure 1 is a top

pI an VI ew off iherezast iveg 3 allllusafrane &i@\%ﬁrﬁ@lﬂﬂm&k Bf a

cr oss sec lfggltqq‘gggvgaggfhn%? &fgijﬁoﬂ?%??%foﬁr@stﬁ“ﬁé:hln

c&Sth@tmid.s on the right hand side of Figure 1;

Figure 3 is a side view of a casting roll drive

The casting machine comprises a pair of water-

cooled casting rolls 1 that are laterally positioned with
a nip formed there between. The casting rolls 1 are
forced towards each other by thrust forces F applied by
biasing units (not shown) to roll end support structures 9
that support the ends of the rolls. The majority of the
thrust forces applied on the casting rolls to bias the
casting rolls together counterbalance the ferrostatic
pressure, and apply a thrust force to reduce the vertical

load applied on the casting roll support structure.

The casting machine and method also may comprises
rotary joints 10 for supplying cooling water to and
removing cooling water from the casting rolls 1 that are
attached to the casting rolls 1 at both ends of the rolls.

Each casting roll 1 comprises a cylindrical roll
body 11 and hollow stub shafts 12 that extend from the two
ends of the roll bodies 11. A tubular dividing wall 13 is
disposed centrally within the hollow interior of each stub
shaft 12 and divides the space into an outer passage 17
and an inner cross-section passage 18.

Each casting roll 1 comprises a plurality of



systemof the twin roll casting machine; Figure 4 is a
top plan view of another enbodi nent of a twin rol

woasdziosspseachi ne; Figure 5 is a schemati c drawi RGT/AU2007/000070
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illustrating an exanple of aiknown twin roll casting
machi ne viewed fromthe cooling roll radial direction
and Figure 6 is a top plan view of the twin rol
casting machine of Figure 5 . DETAILED DESCRI PTI ON OF

Thia JIRAY MaS i plfsetghd Q.43 dildgbsidAtRr-RneAhedl B i ng

of twin roll castin chi ne and a nethod of casting =
LT o S8 TR0 Pfh SRS A G Cfpriclds i 11 in
oftheatdenrealieth cadsttihrg axdld £l ddrait iare JAtelaldasting rolls
positioned with a nip forned there between. The

casting rolls 1 are forced towards each other by

thrust forces F applied by biasing units (not shown)

to roll endrsupp@htiph! Uehibhesdut I%%ltaf%u efe_o rctomg}% Rdg
ty of the t 0]

of the_rolls. The ngjori rust rce

. y O .
appiréd 16w Ofe re8dein §2t6Mdd ngo asiodd nch @asssadary Yolansl 16
t dgether leadnner kaldanee thie dtely @At O DSt i%g 3L roll
a%%I 1;hr t force to re%yce tg%tvertlcal | oad or
appF&ég 6n the CaStTRY PEF°o8Sport SV RStuee ik
c @eisisagesadhyi od ahe wetibodhalfse m&yt&omﬁﬂkﬁf?édTﬂdﬁmﬁng
j Qi far :supplyi cQOl 4. ter,.to _and.renovin
LERERGtY oy 1 RRY R 17 RAiNE W B R R e g
atPddhéyrigcere cabei RGOLANDs PRssiadest i cends tife tdteb shafts

rabl gonkaeh east iRgekobhskaeREPHIsSeF %h%ygﬂ%yiéﬁgfts 12
rol,l . body 11 and hollow_stub shafts 12 that exten '
fW6ﬁPtEget%§ma1nlng cooling passages 14 in the roll bodies

11

With particular reference to Figure 2, end
sections of the stub shafts 12 have inlets 19 for inflow
of cooling water from the exterior the stub shafts 12 to
the outer passages 17 in the stub shafts 12. End sections
of the stub shafts 12 also have outlets 20 for outflow of
cooling water from the inner passages 18 of the stub
shafts 12 to the exterior of the stub shafts.

The rotary joints 10 engage the end sections of
the stub shafts 12.

With further reference to Figure 2, downwardly
extending fixed couplers 21 communicate with the inlets
19, and downwardly extending fixed couplers 22 communicate
with the outlets 20. The fixed couplers 21, 22 for each
casting roll 1 are positioned to extend generally
vertically and perpendicular to the axis of rotation of
the casting roll 1. The above-described arrangement is
such that the flow of cooling water into each rotary joint
10 and the flow of cooling water out of the rotary joint
10 is in a vertical direction generally away from a



ends of the roll bodies 11. A tubular dividing wall 13
is disposed centrally within the hollowinterior of
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passage 17 and an inner crodg-section passage 18. Each
casting roll 1 conprises a plurality ofcooling water
passages 14 di sposed adjacent the casting roll .
surfaces and extending through the roll bodies 11 in

t herdivRGld 10n,-0fs tdee @lﬁé Scé%tfr% atipn of the casting
rolls I'n addition, each stub shaft 12 conprises a
plurality of radial extending cooling passages 15 and

16 in the | cadi @g;ﬁhrtqdﬁir{gw%fstt% shafdr 5%&&&%9?@%@ the
t ol |, body 11. .The caqgqli.n assage connect t|

ou é{eépacsosué%eesr Sl'lzjofaqcﬁez%t kgcié”f teg'“isz Yo ¥t aiding rolls
cdoliisn@yusds Sdgas thetia e maide todiasdd TSN Ide of

c ' I L sages 16.of t .

Seok S I SR Sone R R ISR Y et ing
stifd $hdfts 12 with the renmining cool i ng passages 14

inthe roll bodies 11. Wth particular reference to

Figure 2 , end secti,ons of the stub shafts 12 have
inlgets 19 f o ia?i]g‘il&ko&fr E56 MRy aKS: &rlomr o aeeling water to
exther irort atdye jstioir sshaf tapplld &0 Ui @UtfRrqeas :rgehel tasting

it t f . sectiansg of th ub shafts
13808, A SR A T B 001 (R ey end
f FHIPPORE isvractyassages 18 of the stub shafts 12 to

the exterior of the stub shafts. The rotary joints 10

engage the end sections of the stub shafts 12 . Wth
further reféPeRPETASiPgALethe, caghinar apyghine, cooling

water may flow in a single or multiple pass path through
each casting roll 1.

Specifically, in the case of a two pass path,
cooling water flows from the rotary joint 10 at one end of
the cooling roll 1 through the outer passage 17 in one of
the stub shafts 12, into and through a cooling water
passage 15 in the stub shaft 12 and into and then along a
cooling water passage 14 in the roll body 11, into and
then along another cooling water passage 14 in the roll
body 11, into and through a cooling water passage 16 of
the stub shaft 12 and then into and along the inner
passage 18 in the stub shaft 12 to the outlet in the
rotary joint 10.

Cooling water passes through a similar process at
the other end of the cooling rolls 1, entering and
returning via the other rotary joint 10 of the cooling
roll 1.

With further reference to Figure 2, cooling water
supply hoses 25 are connected to the fixed couplers 21
through movable couplers 23, and cooling water supply



extending fixed couplers 21 comunicate with the
inlets 19, and downwardly extending fixed couplers 22

woammesssate with the outlets 20. The fixed corpra2007/000070
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21, 22 for each casting roll131 are positioned to
extend generally vertically and perpendicular to the
axis of rotation of the casting roll 1 . The
above-descri bed arrangenent is such that the flow of

CoQbd g MRIBFe | h &AGIH 1O Al | £ g J&o@%efgezi lt?P{\J’fough
of coqling water out of the rotary joint I'sTh a
veleYaRdie HwRtesh 2feneral Iy away from ar ot ati onal

axis of the casting roll 1 . The positioning of the

rotary join 10 and .the fixed couplers 21 and 22 to

bot h ands. of IehdVAHY S FHBIIFS] 4 k174 e (HapEqd on a
a ST ehad ldne dhakties t27 butA dni ff i idh ef 1eass ZFEf i§1&$:iesposed

C iy ar ' t cast olls 1 n .
ag%gi%%n@,kﬁat hs{ehucgév\gf%al I%ﬁ\i o%eoo ]ifn%%v%t%elfar?% %Eﬁels_ guided
r oteHE Godilit PN@ fpmnest kel Heaciaw 130 ties dastried)

r ddtsvebranthe aduaens!d:ding Jesft anGiodherrohd £nd gy

t . structures 9. |n operation of the casting
IR D550 14 A Aty T oA 4. SR o OF the

mastpglre padd spat h( it .ky.oyghradedl aastimng didddetlion of

Speci [ ot f.at ass pat h, .cqoling.,
St ok TR T B PIBIE 0 S OHE a1 4 ApTect
cEeIbieg ooiidel hermimgs tHe tduteri passagepdstd heaiveaf the
e selcloshatis ol Y O 30 dirough, 3 £00l ing water

[ shaft and 1

passage 15 in the stub . nto and then
al ong a cooling water passage 14 in the roll body 11,

into and Thus, the fixed couplers 21 and 22, to which the
movable couplers 23 and 24 are connected, move together
with the roll end support structure 9, while maintaining
their positions under the casting rolls, and the inflow
and the outflow of cooling water to the rotary joints 10
is maintained in a vertical direction away from a centre
of rotation of the associated casting roll 1. As a
consequence of this arrangement, the force arising from
the flow of cooling water acts in the axial direction
along the axis of rotation of each casting roll 1.

With further reference to Figure 2, a cylinder 33
is interposed as a lifting mechanism between the lifting
frame 28 and the support frame 29. When the cylinder 33
is operated, the weight of the cooling water supply hoses
25, the cooling water discharge hoses 26, and the movable
couplers 23 and 24 is supported by the support structure
and is not carried by the casting rolls 1. Consequently,
the overall mass of the casting rolls 1 is reduced and the

sliding resistance of the roll end support structures 9 is
also reduced.

With reference to Figure 3, the casting machine



then al ong another cooling water passage 14 in the
roll body 11, into and through a cooling water passage
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i nner passage 18 in the stub4shaft 12 to the outlet in
the rotary joint 10 . Cooling water passes through a
simlar process at the other end of the cooling rolls
1, entering and returning via the other rotary j oi nt

1%&@&@%%'4&%4%&0& 3.4 qﬂa%qé% are C”gﬁegg%eacted

igure 2 , coo wat er sup OSES

t &% 18 istsh Qforﬁﬂcér §323ICJII¥? d%ig'lrl rovabiite cmexrtarisve3,

a%rﬁﬁﬁ‘]ﬂlﬁﬁl W 61 S WPRISHI0AS R0 A € LRl Ak 1 %5Jk?ling
d cou |l eys 22 throggc92 novabl e couplers 24

rrc? b o SEOuSE & 23 FHYELRAINGIRIA NG gl 'he drive
shicternzase 2ite Agddddtilng Ho arm 2% ithdicpased; below 1.

the slide base 27. The lifting franme 28 is guil ded

vertically by a support guide bearing 30 positioned

bet ween theEBthﬁ@gnﬁﬂ@né7288aﬁ@p@omm@@obv'br&@anale support

T'&%v%'dé’%ﬁ%?ﬁ@lé %.1%0%%(& g rAadal ﬁlﬂﬁrgect urface 40

t he casting rol arallel” to the
a C&%Ptlﬁ‘éi 9 It (h&ncrpslgrsid@r 3 Ts e tu ke g inanyB %
drsﬁ;@@roxadhgomh@u@ﬁﬂaaaar 399 t3h hialdlieS ddHBIRPSHd the
veen t@% slide base 27 and the lifting frane 28.
T g %the fii'xed couplers 21 and 22, to which the
anabIe couplers 23 and 24 are connect ed, ane

t oget her “‘%Hetg ihahk Eﬂ%g%%ﬁpﬁéb%%%rﬂﬁt% Srlgﬁs a ©1lide

mai nt ai ni n pOSItIO und e castln
afndaise 43n an a guide bearing 42. This makes it

possible for the bearing 39, that pivots on the universal
coupling 36 adjacent the gear drive 35, to describe a
gentle arc. The spindle support device 41 also comprises
brackets 44 and 45 that are juxtaposed with the slide
frame 43, a cylinder 46 having a barrel pivotally mounted
to the bracket 44, and a link lever 47 upon which the base
end pivots on the other bracket 45 and the leading end
pivots on the piston rod of the cylinder 46.

The spindle support device 41 also comprises a
lift arm 48, of which the lower end part pivots on the
middle portion in the lengthwise direction of the 1lift
lever 47 and of which the upper end part pivots on the
bearing 39.

When the cylinder 46 of the spindle support
device 41 is caused to operate and the bearing 39 is moved
upwards, the mass of the spindle 37 is supported by the
spindle support device 41. Consequently, the mass of
these components is not carried by the casting rolls 1 and
the sliding resistance of the roll end support structures
9 is reduced.



and the outflow of cooling water to the rotary joints
10 is maintained in a vertical direction away froma
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As a consequence of this arnangenent, the force
arising fromthe flow of cooling water acts in the
axial direction along the axis of rotation of each
casting roll 1 . Wth further reference to Figure 2 ,

a cylinder 3@ieojdit eru@fé%%éeﬁsl é‘tfcﬁglcgf{'”@{‘é 11 end

between the Iifting frane 2 e su

WTEHPRYEE AT Heferr 3 ?stfbw%ﬁ eizarnetarfétmgcpﬁ e tgreide

cddmichaveder supply hoses 25, the cooling water

di scharge hoses 26, and the novable couplers 23 and 24

is supported by the support structure and is not

car ri ed by tlhe tWdastiwigr rolllls chsti(f@s&qﬂemd m,dljhtua;rtahted in
fat e ed..an e

sI| nﬂgeﬁ?csc?a?’ncgﬁﬁ?é eglgﬁfé ]asllbéep%rc?ls Tt s of the

9 ITi‘f’?‘sg%al Ghey st 1ng 1kl ek esmilttz-hiﬂ gihe &Entede of the

CasiliNGHITRGH NEC R 198RS deriifd ME I LBk N &ﬁe > rlls 1,
opeQﬁtlveby connected t o, Qqne end of each castin

Ghe Loy beeé?ro%ﬂrlr% Vsﬂstela acts
umrvetrfﬁlamcajlpldnngacaﬁ,ora cﬂpltndel &a¥hidNd-c1 uiver sal

C@@Héégﬁl &gh%uﬁ%f%ﬁém%%&%%gﬁ Sy er%g%%%é% the thrust

r ot at 't Ing ro
sdmpsa & Wpta ispinativg radh ot tdmuazaastmg hatlls 1 is

dum QR gy 1%1&%91&%%1541%9% f?g xaégdlgtsa Upltedche

ndl e 37 via bearin portlng
sfflo:jrg SAPReTHR Fhrcdatgor of ﬁh@@%mnﬁm@r@flcrm
S piutiogesu 1o te 18RY idTe phb CYIHARTA Hdd®roduct quality,
particularly in terms of producing strip of a desired
thickness.

In addition to the above, the casting machine may
comprise an actuator that moves the slide base 27 along
with the roll end support structures 9 and an actuator
that moves the slide frame 43 along the guide bearing 42.

In addition to the above, the cylinders 33 and 46
may also be replaced by motor drive type actuators.

Figure 4 illustrates another embodiment of a twin
roll casting machine and the method of producing thin cast
strip by continuous casting, with the same reference
numerals being used for the same features as shown in
Figures 1-3.

In this twin roll casting machine and method, the
rotary joints 10 are provided at one end only of the
casting rolls. The casting machine may comprise a
counterweight 49 on the other end of each casting roll 1

that is designed to generate a moment that is proportional



frame 43 having a guide bearing 42 . This makes it

possi ble for the bearing 39, that pivots on the
wanoiwassak coupl i ng 36 adj acent the gear driveP8BATR®7/000070

describe a gentle arc. The 9pi ndl e support device 41

al so conprises brackets 44 and 45 that are juxtaposed

with the slide frane 43, a cylinder 46 having-a barrel

pivotally nmounted to the bracket 44, and a link |ever

4% YR W e I b

45 and t he |eé%rﬁﬁggﬁgl%F%E?Qﬁgisﬁﬁﬁk%Pg?g%ﬂgﬁﬁ : %ﬁ% 22.

cylinder 46. The spindl e support device 41 also

conpri ses a THifd dc?jtéﬁﬂ'ﬁg trﬁbfclﬂﬂé{haﬁ‘ﬁﬂ@}’%m@%r{@ﬂ’ltts as the
pi ni ortion.in the | engthw se
dlar/agét‘tsl% cel? ki t'ejf/aeti’ KA AL BT LR e upper

S end part pivots on the bearlng 39. Wien the cylinder

46 of the spipdl rt a e
oper at e andﬁ{}%g elsziﬁﬁ C%es\e %%éﬁv\l}ar (Lil’l% e%h%d of
ofCase i tiie It ssfsltpgfpdfnf eqprtiylmr@l%mac@m@wpomaged by
d&iﬂe&:@x%er@'h&ﬁﬁéiﬁiﬂéry id hedmasgnfed hese: 1’?@'3}?&%'
|s not éh?é;the cast raolls 1 and the I di ng
S sct PGS §‘?ﬁ§b3ﬁ i iched ol heut

10 ¢ eiﬁpaeﬁ:Mg eim&m ,thHdhesthear iargl 3tdmd | el bt e,
support structures 9 through the action of the guide
bearing 42 . In the twin roll casting nachine
illustrated in Figures 1 to 3, there is nore bal anced
di stribution of the mass of the casting rolls 1 such
that the centers of the roll bodies 11 are the centers
of gravity of the rolls 1,
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and the force generated by the flow of cooling water
acts in the axial direction of the casting rolls 1
weanwagssnat | y, unbal anced rogue forces and heneeTue007/000070
thrust force F that is requi7red for the casting rolls
1 is reduced and there is reduced sliding resistance
of the roll end support structures 9 . These are
beneficial outcones in ternms of process control and
u icularly in ternms of producing
?ﬁ%&%¥g 8%e§¥?ggﬁ%%ickness . In addition to the
above the casting machi ne nmay conprise an actuator
that npves the slide base 27 along with the roII end
support structures an_act ator t hat
slide ??gﬁﬁeﬁgeaPB efhgngFdEO edPPigtH2t ?n éﬁé ?lcatlon'
to t hesabowerefheenyki ndebsr332anthdbenappabse be be a
Lgce PXIQDE dgEkﬁg %¥H§ actuators. Figure 4
us¥ra%es ano her "enbodi nent of a twin roll casting
nmachi nécnaddeheaddihodLdPWprsHAWEN§Ot WRRCEaBPSEEr PP+ by ©
conti nuous casting, with the sane reference nunerals
bei ng used for the same features as shown in Figures
1F8G.1A this twin roll casting machine and nethod, the
rotaryrhpent §idlrar eppioyi ded”at one end only of t he

casting _.rolls. The ca t|n Chl [

Count cRiE: G5 08 Phe SRl Cand 5P ach Caring FO 1
1 that is designed to generate a nonent that is
ppoportionalto the rotary joint 10 and the fixed

couplers 21 and 22. This castlng machi ne has the sane
benef i Legbgd ECREUEESt PEGOFRdHEItie i|lustrated in Figures
l1to 3.



The twin roll casting machine and nethod of casting
thin cast strip by continuous casting envisaged by the
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enbodi nents and may be nodi fised wi t hout departing from
the sprit and scope of the invention.Comrents on

drawi ngs FIG 2 Reference nunber 32 is not used in the
speci fication. Bel ow reference nunber 32, there
appears to be a stray circle in dotted |ine Consider
addi flow arrows to water hoses 25, 26 FIG 5 Label
fiéhé%&SFWior Art" Add direction of rotation arrows to
casting rolls 1 FIG 6 LabeL figure "Prior Art"CLAI M5
1. Atwin roll .casti.ng nachi ne conpri sin ::éa . a pair
of " wat er - codl 60" dhd Ollﬁg 6119 AETEHS ﬁfg'%ﬁ % ‘to
forma nip there between and counter rotatable about

r otzat i onal 1 it C j s r.ol i ased
t offﬁr ds. eac%xgtﬁahlét? %lﬁq{ Hé&t%%l%?es@an%%( bsoélrlz% grasterally

j AL B P tlPER 2 el b iceheandstowmter
r aldisataid Canahilte Wit Syl ek &O AR &F1 4t @@ gt i ng

o ¢ R S AR, (Y SC T ERS P Re dnd

bei ng arranged so that the }‘I ow ofcgglo: i ng \A?te?rolutnt of

(hrotery By MAE Lt a8 S one

géﬁgﬁﬂqg/qqihqugnd capable of supplying cooling water into
and removing cooling water out of passages in the casting
rolls, with the rotary joints of each casting roll being
arranged so that the flow of cooling water into the rotary
joints and the flow of cooling water out of the rotary
joints exert forces on the casting rolls generally in the
direction along the rotational axis of the casting rolls.

2. A twin roll casting machine of claim 1 where the
rotary joints are coupled to both ends of each casting
roll.

3. A twin roll casting machine of claim 1 where the
flow of cooling water into the rotary joints of each
casting roll and the flow of cooling water out of the
rotary joints exert forces in a vertical direction that is
perpendicular to a rotational axig of the casting roll.

4. A twin roll casting machine comprising:
(a) a pair of water-cooled casting rolls laterally
positioned to form a nip there between, with the casting

rolls biased towards each other by thrust forces;

(b) rotary joints coupled to sections one end of the

casting rolls and capable of supplying cooling water into



direction along the rotational axis of the casting
rolls. 2. Atwinroll casting machine of claiml

woher@ssise rotary joints are coupled to both erds/AmR007/000070
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each casting roll. 3 . Atwdn roll casting machi ne of
claim1 where the flow of cooling water into the
rotary joints of each casting roll and the flow of
cooling water out of the rotary joints exert forces in

aaxgrgéﬁgbiﬂérSBBQQHﬂtQQEeESoQErBEnﬂﬁggbééstQnathe casting
rotational axis of the casting roll. 4 ."Atwinr gl ,
casliag whEhi RBecBRPRFYI n§intE) 4 Barp SPsﬁéPereg | B§ing
casthAgefokbsthaternk! y1pasbti esedihg waesraincp ther @otary
bgtmeen, wi.th thgacastln i ased tgma%d%
0

LIs b
REAtBy2PAr hEE FoP¥eSt 88%9F8§aW§%F5iﬁP goupF%a%%tary

edto
s¢otihepseapetetidrabst he cast cagtiobl soddd gepabedlof in a

syppLying_cooling. wat Lot V20 600504 ; 1ls:
e L
jenfAts of each casting roll being arranged so that the
flow of cooling water into the rotaryjoints and the

£l , L
ow of cooling water out of thg?rotgr\#H 25 F; exer.t

fdF¢es on t AEUBREFVRGIPEP| 8tEBABRYI P PEcEfgnof the

akbergihhe rbatiat ikbaal caxing cabalbeceashiengotaldys jodmt s .

(c) counterwei ghts attached at the other end of the

casting rolls that counterbal ance the rotary joints. 5

. 5The twi n Ebkl twast iknglneebtiagapachangedsi flefiaesm 4n claim
wher g ot.he flow of cooling water into and out of the

rotary joints is in a vertical direction that is

the flow of cooling water into and out of the
rotary joints is in a vertical direction that is

perpendicular to a rotational axis of the casting roll

6. A twin roll casting machine described in any one
of claims 1 to 5, comprising cooling water supply hoses

connected to the rotary joints, and biasing units capable
of supporting the hoses such that the mass of the hoses is

not carried by the casting rolls.

7. A twin roll casting machine described in claim 6
comprising in addition guides capable of guiding the hoses

in a radial direction of the casting rolls

8. A twin roll casting machine described in claim 6
or 7 where the biasing unit is capable of applying a force

vertically upwards on the hoses.

9. A twin roll casting machine described in any one
of claims 1 to 8, comprising in addition spindles that
transmit rotary movement from a drive mechanism to the
casting rolls, and biasing units capable of applying a

force to support the spindles such that the mass of the



per pendi cular to a rotational axis of the casting roll
6 . Atwin roll casting nmachi ne described in any one
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hoses connected to the rotary joints, and biasing

units capabl e of supporting the hoses such that the

mass of the hoses is not carried by the casting rolls.

7 . Atwinroll casting machine described in claim®6

C I {id 44 01, g epad! |l

h?speis in a radial di rg:%aoﬁ%a‘ t he ckg%ﬁ%%%%%%%%l&s
twin roll casting machi ne described in claim6 or 7

wiér.e the biTasi rtgziuﬂixtoﬂhls damabigeg@fcmA@j@ ﬂé@llql]d‘éa G& claim
v AL s rds on t.he hoses. LAtwnro

c%;?ion Ilr:rLla"lsc ﬁqe ndeascgc?lltoleod1 T A Bhd Tt GURRREED the 8

, SPamstiesi n@rich vduhdie itdre dpiasdines Wwhiat it argrddla aifry

MRVRRIHE P PR Hdme hanismto the casting rolls,
and biasing units capable of applying a force to

support the spindles such that the mass of thespindles

iTSlgtener al | lyﬂlmou:w;i@r ricad E)asl’cli@lgcaﬁtc'gﬁgler @ﬂelsl%r_i%%éi- in claim
n_r.ol.l__casting .nmachi ne .descrj bed in claim _
P iPRg Birhdd B A e fo% ShPereg [ bearings
spindl gsneaad lwhéroer itdvam teilasiingatricn .i s capabl e of
supporting the bearings. 11. The twn roll casting

machi ne described in _claim10 conprising in addition

gdrdes for QutditRgroRd bestingsmieghangememplliping:

hori zontal direction. 12. Atwin roll casting machine

c m))risi ng: (aé,a pair of water-cooled casting rolls
pggitioned PaP P£|P3 P8LeEr PR LR CRRELBIDEPRE EN PORILER oned

t heteasflilggto form a nip there between, with the casting
rolls are biased towards each other by thrust forces
acting, and

(b) rotary joints coupled to the casting rolls at
opposite ends of the casting rolls and capable of
supplying cooling water into and removing cooling water
out of the casting rolls,

() cooling water supply hoses connected to the
rotary joints, with biasing units capable of applying a
force to support the hoses such that the mass of the hoses
is not carried by the casting rolls.

13. The twin roll casting machine as claimed in claim
12 where the biasing unit applies force generally
vertically upwards on the hose.

14. The twin roll casting machine as described in
claims 12 or 13 further comprising guides capable of

guiding the hoses in a radial direction of the casting
rolls.
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capabl e of supplying coolirg water into and renoving
cooling water out of the casting rolls, (c) cooling
wat er supply hoses connected to the rotary joints,
with biasing units capable of applying a force to

SYppOrt the, Noses sUel LhetshhenABem ol cbhisrlosey. | S
not "carried by the casting ro } . The twin 1ol
casting machine as clained in claim12 where the

biiagi ng uni sppLises &QE@E Q@@Eé@|édsﬂﬁﬁélﬁalls laterally
upwar ds on t he hose. P n rol | gﬁtln

e heoRSIdESCAPEBI HIBI BB 1256PoTS. { hRenaRoting rolls

Cbﬂaéealﬂgwguddesachpabherofagdld|ng the hoses in a
radial direction of the casting rolls .15. Atwn rol
casting machine conprising: (a) a pair of water-cooled
Cabtlng rol ésihdlesatrgnposttivgedotaryonavananp themea

%T?E meEHQ éﬁttggthglE%s?hﬁ%egoiQﬁﬁrQﬁdeﬁﬁasﬁh@ehnlts

spln es transmtting, rg& E HEP; £
R P e 88t PRYAOFPs SUGAd ¢ £suﬁ§ mass o
uehstgaﬁamé@ ok suppeetiriedt b¢ sphendbesisuchoflAat. t he
mass of the spindles is not carried by the casting

rolls. 16. The twin casting machine as clainmed in
chai.m 15 fuThhetwionpeesing beahingsasapabimedf in claim 15

agg@?h&kngohggﬁéﬁhgd%%%rlﬁﬁg Egﬁagiésb%gs%@bb§thﬁg the

Itron ca
spindles, and the biasing units in addition capable of

supporting the bearings.

17. The twin roll casting machine of claim 15 or 16,

further comprising:

guides capable of guiding the bearings in a

generally horizontal direction.

18. A method of producing thin cast strip by continuous

casting, said method comprising:

assembling a twin-roll caster having a pair of
casting rolls laterally positioned to form a nip between

sald casting rolls;

assembling a drive system for said twin-roll caster
capable of driving said casting rolls in a counter

rotational direction;

assembling a metal delivery system capable of forming

a casting pool supported by said casting rolls above said



supporting the bearings. 17. The twin roll casting
machi ne of claim 15 or 16, further conprising: guides
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hori zontal direction. 18. A2nethod of producing thin

cast strip by continuous casting, said nethod

conprising: assenbling a twin-roll caster having a

pair of casting rolls laterally positioned to forma

nh Pp behwerav say ds tast dagsr allf acenassendhi agdaofir kke nip to
systemfor said twin-roll_caster capable of driving
saPRLEBst FAYr GRFETRE BOBbdnter rotational direction;
assenbling a nmetal delivery system capabl e of forning

a casting pool supported by said casting rolls above

sai dni pnhnddhasnagmel dendmptaddpaterent 5248 BadropLit Rasting

reoH 8o EBnceficBad SRREARE BADY  SLBPPCUE, PP FRrLEy

cagtFagepook supporhediay eailkngndurbacesedf byaisdid side
casting rolls and confined by said side dans ;
c88fEer-rotating said casting rolls to formsolidified
netal shells on said surfaces of said casting rolls

and cast strip fromsaid solidified shells through

sai d nCpubeeweentsanngcégﬂdngaﬁﬁﬂng repplyiteg f&1r ust

through ca r
8687 AY L B REE T S9AY ondHRRE bubleabEl bRy s dRseing
arbaier ehy peeti earob Ehemthauﬂtsbdﬁd&fted shells through

said nip between said casting rolls;

applying a thrust force through casting roll support
structures on each casting roll to bias the casting rolls
together, with a majority portion of the thrust force to

counterbalance ferrostatic pressure.

19. The method of producing thin cast strip of claim 18,
where the step of applying a thrust force includes
reducing vertical loads applied on the casting roll

support structures.

20. The method as claimed in claim 18 where the step of

applying the thrust force comprises:

introducing cooling water into rotary joints coupled
to at least one end of the casting rolls, with the rotary
joints capable of supplying cooling water into and
removing cooling water out of passages in the casting
rolls so that the flow of cooling water into and out of

the rotary joints exert forces on the casting rolls
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count er bal ance ferrostatic pressure. 19. The net hod of
producing thin cast strip of claim18, where the step

woho@amgsose ng a thrust force includes reduci ng veriteed?/000070

| oads applied on the castimg roll support structures.

20. The nethod as clainmed in claim18 where the step

of applying the thrust force conprises: introducing
cooling water into rotary joints coupled to at | east
apenengdl 0y ihethasingcrbbhsalenghthberobabignpdi axss of
capabl e of supplying cooling water into and renoving
c%%?iﬁﬁsﬁbﬁgrr85¥sof passages in the casting rolls so
that the flow of cooling water into and out of the
rotary joints exert forces on the casting

roll sg&her metpoilnasheldimedt ivnchpbig2f hehesEatPEARY

axis of _the_castin ] s. . The t cl.ailped:
SotpRinb a0 tRerabtaie i shoringec R Mgt Fhpe vap R tanco

f howi sgct BE enel cogphahgr ihnkogandralil yofrerhécedupliirtrgt ion
in a generally vertical direction 8grgﬁndicu ar to ?1
rBEEPFBALGRL8Tof Ot ReTRREFARY ABLF. 22 Fh&3FELREd 6
producing thin cast strip of claim20, where the step

of introducing and renoving cooling water is perforned
a2bot ihendetbbdeafhprraduicagar 6hin ga8stTRETHPt Réd cdpim 20,

pr oduci thin_cast . i ¢l al .21, 4 bat
swgsrsfgﬂﬁtFS&BaPﬁg1§E%O§8§%€§nghggggPﬁglﬁétSr ?éﬁgt e*
pekf perEdratdone epdhokntiBe ofastichgcaslling awd 1f.urt her
conprising the step of counterbal anci ng the wei ght of

the rotary joints by applying a counterweight at the
obher end gbihPe 62SbiBEuLehbSthin cast strip of claim 20

or 21, where the step of introducing and removing cooling
water is performed at one end of the casting rolls, and
further comprising the step of counterbalancing the weight
of the rotary joints by applying a counterweight at the

other end of the casting rolls.

24. The method of producing thin cast strip of any of
claims 18 through 23, where the step of applying a thrust
force comprises applying a generally upwards force on
cooling water conduits to reduce loads applied on the
casting roll support structures by the cooling water

conduits.

25. The method of producing thin cast strip of any of

claims 18 through 24, further comprising:

transmitting rotary movement from a drive mechanism

through a spindle to a corresponding casting roll, and



24. The nethod of producing thin cast strip of any of
clains 18 through 23, where the step of applying a
wohoaurgissdser ce conpri ses appl ying a general |y upaamad007/000070

force on cooling water conddits to reduce | oads

applied on the casting roll support structures by the
cooling water conduits. 25. The nethod of producing

thin cast strip of any of clains 18 through 24,

f urt hetheospepsbiigappilansai bt thgustt oy croeempt sEEom

a drive nechani smthrqugh a spindle to carrespondi
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such that the nmass of the spindle is generally not
caeepedabypdt kesadsaciratéd casting roll



