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(57) Abstract

Twin roll caster for casting metal strip comprises pair of parallel casting rolls (16) forming nip to receive molten metal from elongate
metal delivery nozzle (19) formed in two pieces 19(A) supported in end to end relationship with a gap (50) between them. A pair of
casting pool confinement plates (56) are thrust against the ends of rolls (16) by thrusters (83) mounted with the side plates on carriages
(101) forming part of moveable structures (150) which are connected to the outer ends of nozzle pieces (19A) by pins (151) and which can
be moved by operation of screw jacks (152). The outer ends of nozzle segments (19A) can be accurately set in position relative to side

plates (56) prior to a casting and during a casting operation screw jacks (152) can be operated so as to move the nozzle segments (19A)
inwardly to match inward advance of the side plates as they wear. '




25 .sonme success to non-ferrous netals which solidify rapidl
cool i ng, pﬁgﬁéo 834 been probl ens in applying the technié%gﬁp@ﬁ@ﬁgg
casting of ferrous netals which have high _ j solidification tenperatures
and tend to produce defects caused by uneven solidification at the

chilled casting 30 surfaces of the rolls. One particular problemarises
due to the formation of piecesEEBEEQEEEEEEEaEEEEEEEEE% "skul | s" in
the vicinity of the pool confining side plates. These probl ens are

exacer bat ed when_effor ar de to reduce t he superheat of the
I ncom ng nnltenqﬁgﬁéiéiﬁeFfﬁ? of 35 heat loss fromthe nelt pool is

greatest near the side Thﬂslfﬁvehtiﬁmiﬂ@létystaoadﬂbtbaeeﬁngoaﬁUQﬁﬂﬂi
heat transfe ou the_side plates o, the.roll .ends. This.hi rate
of |ocal hea I(ﬁﬁgié're é%?%dp?ﬁtgﬁgi?ﬁn%gﬁc§°Foe¥8}HF1ve application to
- 2- "skul |tte cfasting eft férrousmetadgsbriphi ch can grow to a

consi derabl e size and fmlIéK%gwﬁHb$$mE§?é$§tQﬁ#§£?g3ti?8rg§f88&§ihﬂ°&%:nt

strip generally known as "snake eggs here e"very inpo
to maintain consagkinghoin x twbmdrelbnsaskerhe Megten petafleis dotplodused
In particul Hetwdth 5@?&:[‘9 SF LORLHAPSoPLEYECAOLRGoRRAE! ©aBRISg ro1d
the inner f%ges&%iégnaég égg{gée;olghgélééggilzhellslgggg&?%;'on the
moving roll surfaces and are brought together at the nip
between them to produce a solidified strip prodﬁct
delivered downwardly from the nip between the rolls. The
term "nip" is used herein to refer to the general region at
15 which the rolls are closest togéther. The molten metal may
be poured from a ladle into a smaller vessel or series of
smaller vessels from which it flows through a metal
delivéry nozzle located above the nip so as to direct it
into the nip between the rolls, so forming a casting pool
20 of molten metal supported on the casting surfaces of the
rolls immediately above the nip. This casting pool may be
confined between side plates or dams held in sliding
.engagement with the ends of the rolls. . .
Although twin roll casting has been applied with
25 some success to non-ferrous metals which solidify rapidly
on cooling, there have been problems in applyving the
" technique to the casting of ferrous metals which have high
solidification temperatures and tend to produce defects
. caused by uneven solidification at the chilled casting
30 surfaces of the rolls. One particular problem arises due
to the formation of pieces of solid metal known as "skulls"
in the vicinity of the pool confining side plates. These
problems are exacerbated when efforts are made to reduce
the superheat of the incoming molten metal. The rate of
35 heat loss from the melt pool is greatest near the side
plates due primarily to additional conductive heat transfer
through the side plates to the roll ends. This high rate
of local heat loss is reflected in the tendency to form



W have deternined that significant flow changes 10 are b;ﬁg@}oﬁ&%t by

vari ati o_nwpr‘?%fﬁ?“posi tion in the ends of the delivery ative
to the side plates which may be brought, about by inaccurate |ocation of
the delivery nozzl e during set up and Dy subsequent novenent of -the

nozzl e ends due to thermal expansion during casting. This 15 problem
remai ns even ifskulklstbarf esokidiosetmbdin feitis ivedign which panvgdewato a

noreased 1 o gl JEIAln1 0 d1s "dd P& Phdveon AEUSTEs (bEapthET e Lhe
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pouring has begirtifdilcid,vache sdttimflunP the Japsidietirean thel nszzletérds

triple point 25 yegions of_ the pool.it has yot been possible coppletely to
elimnate the %Sﬁq’eem%eaﬁséaﬁ%e °gfént gatﬁ"'b‘#e (ﬁlba}e?sec:’t% ‘f’éltlc%ar kably
sensitive to ewgoxntamdr. variations in the flow of metal into the triple

point regions of the pogly §i¢e det'@ﬁﬁq};e%[b'%h%tt _%ﬂ%%a%@’ﬁ%uﬂg,g}%r&ess

t hermal expansion 30 duriing casting ca e sufficient to cause
As the 1l0gapuscbronghthaheuty by sariatdamdnsithe pegition rinyhel endst he

downwar dly i nﬁ:lf’ @@% fdeng%frﬁ%ﬂlzﬂg Qfa_lta'lﬁxie{] it EHDidhde pldi8K iiich ‘
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15 problem remains even if the nozzle is designed specifically -
to provide an increased flow of metal to the “triple point”
regions (ie. where the side dams and casting rolls meet in
. ..the meniscus regions of the casting pool) to increase the
heat input to these regions of the pool. Examples of such
20 nozzles may be seen in United States Patents 4,694,887,
5,221,511 and our earlier Australian Patent Application
35218/97 based on Provisional Application P02367.
Although triple point pouring has been effective
. to reduce the formation of skulls in the triple point
25 regions of the poo1 it has noE been possible completely to
eliminate the problem because the generation of defects is
remarkably sensitive to even minor variations in the flow
of metal into the triple point regions of the pool and
movements of the nozzle ends due to thermal expansion
30 during casting can be sufficient to cause defects. As the
gap between the nozzle end and the side plate is reduced
the'downwardly inclined flow of metal from the triple point
pouring passages in the ends of the noézle-impinges higher
on the side plates; This can lead to ;he formation of
35 skulls with subsequent snake egg defects or in extreme
cases can cause the poured metal to sutge'upwardly in the
reduced gap between the nozzle ends and side plates to
spill over the upper edges of the side plates. This



-3-« -problemis addressed byt helnventl on di scl osed in_qur
Australian w&%ﬁf”ﬂ\ppl i cation 63175/ 99 whi ch; provi des an PCT’ﬁ’HP‘BQP&?ﬁant

by which it is possible to maintain sqbg}qptially const ant spaci ng
bet ween the nozzle ends and 5 the side plates throughout casting. _
According to the invention disclosed in Application 63175/99 there is

provi ded appar atproblem is addsessednbyathet inpentibnddigclosed in our a
[ f Il el | R kR 1 Jet . .
pair of para ‘3ﬂﬁ%ﬁ%&i&hﬂ(¥A§e$€r$%€%%ga?%gg 9319§6P§$§Pﬁ?§”§;031des an

an el ongate neta I'Very nozz rscrete

el ongat e pi eces inmyenenh by owkiegh it is possiblengezmaiogpddrt neans
supporting the nNaazdadtfLEPy constakP & ?Ei%%?bﬁ@%égﬁ €ﬁﬁﬁﬂg§figoﬁﬁd%n%nd

al ong the nig 15 between the casting ro elivery of nolten neta

into t he2ni FithetdR RIp%eF Fhreughenl ¢a8FiBF-nol ten netal

supported above the nip, According to théaidvéntier acssibseqenh pl ates at
the ends of ate bi asLagﬂmeans to bias the

the ni.p, 20 I
pool confinenenf“*ﬁlﬁﬁé%?ﬁ;%&ﬁﬂ?ﬁﬁgeﬁﬁegﬁr$ﬁcg§°8f c3PBRFatYs £R%t the
pl at es nove dastaEirdt \metfaX hetxr iy | Inébuditngmodat e wear of the

pfates’ and a pair of parallel casting rolls forming a nip
10 between them,
an elongate metal delivery nozzle formed in a
plurality of discrete elongate pieces disposed end to end,
nozzle support means supporting the nozzle pieces
such that the nozzle extends above and along the nip

15 Dbetween the casting rolls for delivery of moltéen metal into
the nip whereby to form a casting pool of molten metal
supported above the nip,

a pair of pool confinement plates at the.-ends of
the nip,

20 plate biasing means to bias the pool confinement
Plates against end surfaces of the rolls so that the plates
move inwardly of the rolls to accommodate wear of the
plates, and .

nozzle end shifter means to shift the nozzle

25 pieces defining the outer nozzle ends on the support'means
with inward movements matching the inward movements of said
side plates accommodating wear of the side plates thereby
to maintain substantially constant spacings between the
side plates and the nozzle ends.

30
DISCLOSURE OF THE INVENTION

In the specific apparatus disclosed in
Application PP8024 the nozzle end shifter means comprised
spacers disposed between the nozzle ends and the side

35 plates to set the spacings between the nozzle ends and the
side plates and through which the side plates push the
nozzle ends inwardly as they move inwardly under the
influence of the biasing means to accommodate wear of the



nozzle end shifter means to shift the nozzle 25 pi eces def| ni nﬁlthe out er;
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nozzl e ent® %4624 e support neans with i nward novenment SCHYEOROMER ¢ he

i nward novenents of said side plates_ ﬁconnndatlng wear of the side

pl at es t hereby to maintain substantial Ty constant spacings between the
side plates and the nozzle ends. 30 DI SCLOSURE OF THE | NVENTI ON _
In the specif |s1d§p}mlml:tes- diveec hesesl now  develdnped an @imvmsnmal e
end shifter 3 the nofAGE ehdll W IHbVRILERSTd & -ends
and the side pl a tes to set t spaci ngs between the noz e ends and t he

si de pl ates af@ntRFuGf M%WWIQ Retyean £ha APFFEe end‘ﬁc?z’t‘?et ‘ide
inwardly as tpawuEs HiyHSuE tamzﬂdle In ddidraiice ahﬁme;lbisas' ng neans

to accommpdat e wear of the
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t he nozzl e end&tha pradipddneluding | abl e control of the spacing

bet ween the nozzl e ends and t he _si de { hQut casti_n
accordance with this 5% 85\’/8] SEnEr?tratlnLeel %\7?&13‘?1& A ng'lg g“e’f;l)l ar a’%u? for

casting ~ nibe&westy ithemac| udi ng - - a pair of parallel casting
rolls formng a nip . an elongate metal delivery nozzle formed in a

10 plurality of discrete elongate pieces disposed end to end,
nozzle suppo:t-means supporting the nozzle pieces
such that the nozzle extends above and along the nip
between the casting rolls for deliveiy of molten metal into
the nip whereby to form a casting pool of molten metal
15 supported above the nip, - | _ .
a pair of pool conflnement plates at the ends of
the nip,. _
plate biasing means to bias the pool confinement
plates against end surfaces of the rolls so that the plates
20 move inwardly of the rolls to accommodate wear of the.

- -

plates, and
nozzle end shifter means to shift the nozzle

pieces defining the outer nozzle ends on the support means
with inward movements matching the inward movements of said

25 side plates accommodating wear of the side plates thereby
to maintain substantially constant spacings between the
side plates and the nézzle ends, wherein the nozzle end
shifter means comprises a pair of moveable structures
disposed one at each end of the casting roll assembly,

30 moving means to move thosé structures longitudinally of the’
rolls, nozzle attachment means attaching the moveable
structures to the two nozzle end pieces defiﬁing the outer
nozzle ends so that those two nozzle pieces are moved with
the movable structures, and control means responsive to

35 inward advances of the side plates relative to the outer
ends of the rolls to cause the moving means to move the
moveable structures inwardly and so shift said two nozzle

pieces with matching inward movements.
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moved with tHAF JFRY 3D | ST RF L S5 SSat FO QNI DL E‘E@”ﬁ;&EﬁPQES{:KS &Qs§§ng
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rolls to cause vi ng neans to nove the noveabl e structures

inwardly and so shift sai dhHevcvalie strydtanaess wWdyh s Dihde gcd b gl

nnvenenps. drive means acting between outer end parts of the moveable

15 structures and the carriages to move the carriages toward
and away from one another.

The carriage drive means may comprise a pair of
fluid operable cylinder units connected one to each of the
carriages and to outer end parts of said moveable

20 structures.

The moving means may act on the outer end parts
of the moveable structures.

The moving means may comprise a pair of jacks
connected to the outer end parts of the moveable

25 structures. Those jacks may be electrically driven screw
operated jacks.

The control means may be responsive to motion of
the plate biasing means which produces inward movements of
the pool confinement plates. The control means may, for

30 example, include transducers in the plate thrusters to
produce control signals indicative of movement of the
thrusters and plates and connected in a control circuit
with the moving means such that the moving means causes
corresponding movements of the moveable structures and

35 therefore said two nozzle pieces.

Alternatively the control means may include
inspection means to observe the position of the pool
confinement plates and to provide control signals dependant
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apply the inward closure forces to the plates. The
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rolls. . relativel #® PRI e . uctures may i nclude carri age drive.
means acting between outer- end parts of the noveable 15 structures and the

carri ages %0 nove the carriages toward ~and away. from one anot her.

The carri age GRIEF DESCRIPION O iTHE DRAWINGE - - fluid operable cylinder

units connected one to S?‘ggrafert t&gat & carri ag%s and to,outer er%d arts of

sai d noveabl e 20 struct he inyRREISD M3V, RS TOFE T¥H Yon t he
outer end par explainefl,t baenpaziilcalsir epbodiment will be described in

some detail with reference to the aécompanying drawings in
10 which: o
Figure 1 is a vertical cross section through a
strip caster constructed in accordance with the present
invention; |
Figures 2A and 2B join on the line A-A to form a
15 longitudinal cross section through important parts of the

‘caster;
Figure 3 is a side elevation of parxrts of the

caster which provide support for a metal delivery nozzle; .
Figure 4 is a plan view of the components shown
20  in Figure 3; _
Figure 5 is a side elevation of a one half-
segment of the metal delivery nozzle;
Figure 6 is a plan view of the nozzle ;egment
shown in Figure 5;
25 Figure 7 is a longitudinal cross-section through
the delivery nozzle segment; '
Figure 8 is an enlarged vertical cross section
through components at one end of the caster; and
Figure 9 is a transverse cross section through

30 the components shown in Figure 8.

DETAILED DESCRIPTION OF THE PREFERED EMODIMENT
The illustrated caster comprises a main machine
35 frame 11 which supports a casting roll module in the form
of a cassette 13 which can be moved 'into an operative
position in the caster as a unit but can readily be removed
when the rolls are to be replaced. Cassette 13 carries a
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product may be fed to a standard coiler. -
Casting rolls 16 are contra-rotated through drive
10 shafts from an electric motor (not shown) connected to a
transmission mounted on the main machine frame. The drive
shafts can be disconnected from the transmission when the
. cassette is to be removed. Rolls 16 have copper peripheral
walls formed with a series of longitudinally extending and
15 circumferentially spaced water cooling passages supplied
with cooling water through the roll ends from water supply
ducts in the roll drive shafts which are connected to water
supply hoses through rotary glands. The roll may typically
be about 500 mm diameter and up to 2000 mm long in order to
20 produce strip product approximately the width of the rolls.
The ladle is of entirely conventional -
construction and is supported on a rotating turret whence
it can be brought into position over the tundish 17 to fill
the tundish. The tundish may be fitted with a sliding gate
25 valve 47 actuable by a servo cylinder to allow molten metal
to flow from the tundish 17 through the valve 47 and
refractory shroud 48 into the distributor 18.
The distributor 18 is formed as a wide dish made
of a refractory material such as magnesium oxide (MgO).
30 One side of the distributor 18 receives molten metal from
" the tundish 17 and the other side of the distributor 18 is
provided with a series of longitudinally spaced metal
outlet openings. The lower part of the distributor 18
carries mounting brackets 53 for mounting the distributor
35 onto the main caster frame 11 when it is installed in its
operative position.
Delivery nozzle 19 is made of two discrete
elongate pieces 19A formed as identical nozzle half
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DETAI LED DESC%:.PO-U&\IG(]: 1@%£§%§@@@'Me side walls 62 and end
10 walls 70 and may be considered to be transversely
partitioned between its ends by the two flat end walls 80
of the nozzle pieces 19A which are spaced apart to form the
gap 50. The bottom of the trough is closed by a horizontal
bottom floor 63 which meets the trough side walls 62 at
15 chamfered bottom corners 81l. The nozzle is provided at
these bottom corners with a series of_side openings in the
form of longitudinally spacea'elongate slots 64 arranged at
regular longitudinal Spacing along-ﬁhe nozzle. Slots 64 .
are positioned to provide for egress of molten metal from
20 the trough at the level of the trough floor 63. The trough
floor is provided adjacent the slots with recesses- 83 which
slope outwardly and downwérdly from the centre of the floor
toward the slots and the slots continue as extensions of
the recesses 83 to slot outlets 64 disposed in the
25 chamfered bottom corners 81 of the nozzle beneath the level
of the upper floor surface 85.

The outer ends of the nozzle segments are
provided with triple point pouring end formations denoted
generally as 87 extending outwardly beyond the nozzle end

30 wall 70. Each end formation 87 defines a small open topped
reservoir 88 to receive molten metal from the distributor,
this reservoir being separated from the main trough of the
nozzle.by the end wall 70. The upper end 89 of end wall 70
is lower than the upper edges of the trough and the outer

35 parts of the reservoir 88 and can serve as a weir to allow
back flow of molten metal into the main nozzle trough from
the reservoir 88 if the reservoir is over filled, as will
be more fully explained below.
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a casting r¥P0048%81 e in the form - of a cassette 13 whic
into an operative position in the castergas a unit but can readily be
renmoved when the rolls are to be repl ace Cassette 13 carries a

-7- pair of parallel casting rolls 16 to which nolten netal is
supplied during a casting Regmmtoim 88 obs ashaped &aoa shallQWOdm)shvha.va.ng a
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pool 30. Casting roll's 16 are Cc00 SO t hat
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roduct na e a s ard coil er rolls are
Eontra r ot thg Mt‘?ftﬁ? tld‘Ps?Oﬁ?’P sthe oflanr ePLcEP E‘srrBPoge( RS§EetIRAHLY
connected to a vert:‘tdaan'smzssgim rmﬂ(rj\tﬁﬂbw pEEntEpOusRAGi- pa\ﬁﬁagﬁehﬁhe
drive shafts ,ca nect.e e transm ssio ent
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roll ends from water S |n e r ol rive s are
connect ed tH0wat8dr» the outlets 96 being angled downwardly and inwardly to

deliver molten metal into the triple point regions of the
casting pool.

Molten metal falls from the outlet openings 52 of
the distributor in a series of free-falling vertical

15 streams 65 into the bottom part of the nozzle trough 61.
Molten metal flows from this reservoir out through the side
openings 64 to form a casting pool 68 supported above the
nip 69 between the casting rolls 16. s

The pool is confined at the ends of the rolls by

20 a pair of side closure plates 56 which are held against
stepped ends of the rolls when the roll cassette is _.in its
operative position. Side closure plates 56 are made of a
strong refractory material, for example boron nitride, and
have scalloped side edges to match the curvature of the

25 stepped ends of the rolls. The side plates are mounted in
plate holders 82 which are movable by actuation of a pair
of thrusters 83 to bring the side plates into engagement
with the stepped ends of the casting rolls to form end
closures for the molten pool of metal formed on the casting

30 rolls during a casting operation.

Removable roll cassette 13 may be constructed in
the manner described in our Australian Patent Application
84244/98 so that the casting rolls 16 can be set up and the
nip between them adjusted before the cassette is installed

35 in position in the caster. Details of the cassette
construction, which are fully described in Patent
Application 84244/98, form no part of the present invention
and need no further description in this context.



supply hoses through rotary glands. The roll may typica be about
500 nm di ¥RH0E294nd up to 2000 mMmm long in order to 20 pra’ﬁae%"@{"?#sﬁ

product ‘approxi mately the width of the rolai The ladle is of

entirely conventi onal construction and'1s supported on a rotating
turret whence It can be brought into position over the tundish 17 to
fill t he tundi sh. Tiphd lpmblsrcomgfimé igidel pliates 56 andgthrustess
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One side of the distributor 18 receives nolt from | the tundish
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di b K
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e|80ngat e pi ecq&#&}é fl 2T Q:Shé Qﬁ-ﬂié;cashdlé’zﬂ & r'ﬁ.azed rectang'ulaﬂ %late
segnents of a refractory material such as alum na

10 frame 103 which is mounted on the main machine frame by
clamps 104 so as to extend horizontally above the casting.
rolls and to extend beyond them at the two ends of the
caster. Rectangular plate frame 103 is disposed beneath
the metal distributor vessel 18 and has a central

15 rectangular opening 105 to receive the metal delivery
nozzle 19. The mid part of frame 103 is provided with
inwardly projecting delivery nozzle supports 106 to engage
~upper flanges at the inner ends of the two delivery nozzle
half pieces 19A and 19B, whereas the_euter ends of the

++20,... delivery nozzle pieces are supported on nozzle support pins
107 mounted~oﬁ the inner ends of the two carriages- 101 so
as to project inwardly of the rectangular fixed frame
opening 105 but to be moveable in and out with the
carriages 101. '

25 Side plates in holders 82 are pivotally connected
to the thrusters 83 so that the side plates can tilt about
the pivot comnections and the thrusters apply opposing
forces through the pivots. The pivot connections are
provided in such a way . that each side plate can rock

30 longitudinally of the rolls by pivotiné]movement about a
horizontal pivot axis transverse to the rolls and can rock
laterally of the rolls by'pivoting movement about a
vertical pivot axis perpendicular to the horizontal pivot
axis, the pivoting movement of the plates being confined to

35 movements about those two specific axes so that planar
rotation of the plates is prevented.

Side plate holders 82 are pivotally connected by

a horizontal pivot pins 126 and a pair of vertical pivot

4

L



The .pi eces are su ported so as to be drsposed in end to end

rel ati onshiWOMFP4 gap 50 between them The JEAPIRQ3E, of
t he nozzl e p| eces 19Ais 5 illustrated in iozgures 4 to 6. Each nozzle
pi ece i s of general ly trough for mation so that the nozzle 19 defines an

upwardly opening inlet trough 61 to receive nolten netal fl ow ng
downwardl y f romnilns dathitmsa Fhoistdre bbdyrl22tat. the eidoafhabthrasterned
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whi ch nmeets the trough side walls 62 at chanfered bottom corners

The nozzle i3 p 5 tbody ]tQ?esaé‘%(ft’c%n*’&‘b? n%}%nWP‘Fﬂ g1QkfFi &8 Bhespaéte
openi ngs in theholddror mmie |t t&ﬂmaéidnweﬂnetnegaieeatﬂéﬁ 64

arranged at re U.I ar |tu I.na acin on he nozzl Sl ots 64

are pgsi tioned g &}& 1tg %l n‘é‘? #e?vﬁrﬁ%flt‘ﬁ SRFIVGR at
the level of t hgalplsomu‘tl (n.‘rre Givotieins A2p which|permits pimitd@drocking
ohaoarty e gt |9 SR oTher BRSO B0 jar

downwar dl y fromthe centre o oor tovvard
conti nue asl@xt dongdtudimally tdfe thecassldss 83 to sl ot outlets 64 di sposed

in the 25 chanfered bott @ 0R8RS §,]_wqjt t‘;ﬁ rg_%lﬁ bﬁ?@tﬁ&#xﬂ?ﬁ]

of the upper floor surface 85. he outer ends o e nozz

segments are  thyusfeFedadnt 13% iandke %ﬁﬂesbciﬁ i IRt eFRRI LY rReRRNS MI-EQ
generally as 87z.axn;mdw&wmrmraﬂﬂ St thre rate Korded 138 dad Orock

Each end om0, SLa0Sl g S PP A Shy L daf it
separ at ed flbn1ﬁbélnaﬂnbwramghpdhuwhglns 128. The degree to which the
plate holder is free to rock in this manner may be limited
by,engagement with stops on the thruster body 129.
The horizontal pivot pins 126 are located at such
a height above the level of the nip between the casting
20 rolls that the effect of the outward pressure on the side
plates due to the molten metal in the casting pool-is such
as to rotationally bias the side plates about the pivots in
such directions  that -their bottom ends are biased inwardly
so as to produce increased sealing pressure at the bottom
- 25 of the casting pool. The arrangement permits tilting of
the side plates so as to accommodate deformation of the
casting roll end surfaces due to thermal expansion during
casting and at the same time maintains a biasing action
which increases the sealing forces at the bottom of the
30 pool so as to counter-act the increased ferrostatic
- pressure at the bottom of the pool where there is
accordingly the greatest tendency for leakage.
Appropriate positioning of the pivots will depend
on the diameter of the casting rolls, the height of the
35 casting pool and thickness of the strip being cast. The
manner in which correct positioning of the pivots can be
determined is fully described in our Australian Patent
693256 and United States Patent 5,588,479.
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Mol t en net al rom 'S resérvoir out
10 1n thls way then automatlcally sets the plate holders in

appropriate positions so as to be b:ought into engagement
and firmly pressed against the ends of the casting rolls by
operation of the thrusters 83. At the same time, the
setting of the carriages moves the outer delivery nozzle

15 support pins 107 into positions to Support outer ends of:
the core nozzle 19 appropriate to the width of the strip to
be cast, since the relative positioning of the core nozzle
supports and the plate holders is maintained.

Carriages 101 also carry inner bridges 143 which

20 ‘seal against the outer ends of .the distribution vessel 18
via seals 144. The bridges 143 are located directly above
the side plate holders 82 and will thus fit against the:
outer ends of the distribution vessel of appropriate width
chosen for the size of the strip to be cast thereby to

25 provide a sealed enclosure above the casting pool to ‘enable
casting in an inert atmosphere. One or both bridges 143
may also serve as camera supports to support casting pool
observation cameras to monitor the condition of the casting
-pool during casting.

30 With the above construction movement of the
carriages is effective to set not only the position of the
side dams appropriate to the width of the strip to be cast,
but also automatically positions the bridges 143 with the
casting pool seals 144 and the casting pool observation

35 cameras without the need for individual adjustment or
setting of any of these components.

During casting the core nozzle pieces 19A undergo
very significaﬂt-thermal expansion through contact with the
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- 10 - 10 nozzle ends and the side dams, causing the molten metal
leaving the triple point pouring passages 95 to impinge on
the upper parts of the side dams above the casting pool
leading to the formation of skulls and in extreme cases
spilling of metal over the upper edges of the side dams.

15 Moreover the side plates wear only at their margins which
engage the end faces of the rolls. The inner parts of the
side plages between these margins remain unworn and as wear
of the plates continues they are projected inwardly from
the ends of the rolls so decreasing.the effective gap

20 Dbetween the side plates and the nozzle ends. “The present
invention enables both of these problems to be overcome by
incorporating the thruster carriages 101 and carriage
setting cylinder units 141 as parts of two moveable
structures denoted generally as 150 which are connected to

25 the outer ends of the two nozzle pieces 19A by pins 151 and
which can be moved bodily in and out by the operation of a
pair of screw jacks 152. With this arrangement the
carriages 101 are incorporated with the carriage drive
cylinders 141 in the moveable structures 150 which can be

30 moved by operation of jacks 152 to move the two nozzle
segments. Pins 151 are located at the outer ends of the
nozzle pieces 19A so the locations of the nozzle ends are
accurately determined by the positions of moveable
structures 150. This enables the outer ends of the nozzle

35 segments to be accurately set in position relative to the
side plates prior to a casting operation. Moreover during
a casting operation the screw jacks can be operated so as
to move the nozzle segments inwardly to match inward
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way that each S Pl el bt gl oty Tl e B
and can rbEk control circuit with position encoders (rotary) on the
screw jacks to determine the positions of the nozzle ends.
Alternatively small water cooled video cameras may be
installed on .the.bridges 143 to directly observe the gaps .
between the side plates and the nozzle ends and to produce
20 control signals to be fed to the position encoders on the
screw jacks. With either arrangement it is possible to
achieve very precise control of the gap between the inner
faces of the side plates and the outer ends of the nozzle.
Moreover the gaps can be accurately set by independent

25 operation of the screw jacks prior to casting.
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pi vot pins 128 5 thruster body 129 and fit into el ongate
slots in the pl Q;E&Jéé&?%ﬁ%a,e The slots are elongate in the direction

| ongi t udi nal 5to the t leRlkongete cnetal cdehivery| naezhec formedgdps aabout
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hol der about horizontal pin 12 | ongi t udi nal roll
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10 the nip whereby to form a casting pool of molten metal
supported above the nip,
a pair of pool confinement plates at the ends of the
nip,
| pPlate biasing means to bias the pool confinement
15 plates against end surfaces of the rolls so that the plates
move inwardly of the rolls to accommodate wear of the
piates, and
R ' nozzle end shifter means to shift the nozzle pieces
defining the outer nozzle ends on the support means with
20 iﬁward movements matching the inward movements of said side
plates accommodating wear of the side plates therefy’to
maintain substantially constant épacings between the side
plates and the nozzle ends, wherein the nozzle end shifter
means comprises a pair of moveable structures disposed one
25 at each end of the casting roll assembly, moving means to
move those structures longitudinaily of the rélls, nozzle
attachment means attaching the moveable structures to the
two nozzle end pieces defining the outer nozzle ends so
that those two nozzle pieces are moved with the movable
30 structures, and control means responsive to inward advances
of the side plates relative to the outer ends of the rolls
to cause the moving means to move the moveable structures
inwardly and so shift said two nozzle pieces with matching
inward movements.
35 2. Apparatus as claimed in claim 1, wherein the
' plate biasing means comprises a pair of generally
horizontally acting thrusters actuable to apply opposing
inward closure forces to the pool confinement plates and
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structures include carriage drive means acting

between outer end parts of the moveable structures and the

carriages to move the carriages toward and away from one

another.
5.
carriage
cylinder
-to outer
6.

Apparatus as claimed in claim 4, wherein the
drive means comprises a pair of fluid operable
units connected one to each of the carriages and
end parts of said moveable structures.
_ Apparétus'as claimed in any one of the preceding

claims, wherein the moving means acts on outer end parts of

the moveable structures.

7.

Apparatus as claimed in claim 6, wherein the

moving means comprises a pair of jacks connected to the

outer end parts of the moveable structufes.

Apparatus as claimed in claim 7, wherein the

jacks are electrically driven screw operated jacks.

9.

Apparatus as claimed in any one of the preceding

claims, wherein the control means is responsive to motion
of the plate biasing means which produces inward movements

of the side plates.

10.

Apparatus as claimed in any one of claims 2 to 4,

wherein the control means includes transducers in the plate

thrusters to produce control signals indicative of movement
of the thrusters and the plates and connected in a control
circuit with the moving means such that the moving means

causes corresponding movements of the moveable structures

and therefore said two nozzle pieces.

11.

Apparatus as claimed in any one of claims 1 to 9,

-
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operation OYOR0/EE4 - 0‘ “\“mu“m ‘“‘at ed carriage positi oRGIAYSM0038%c,
units 141, which may \ aIIy hydraullcally operated, fixed
to the 5 outer ends of* clrrlages 101 and t a pair of electrically
operated screw jacks 152 nounted on the machi ne frane. Cylinder units

141 have two fi xwitbyedd tilnconttdhimeédney includes imspébtioar meagsston two
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di stribution vessel 18 via seals 144. The bridges 143 are | ocated
directly above the side plate holders 82 and will thus fit against the
outer ends of the distribution vessel of appropriate w dth chosen for
the size of the strip to be cast thereby to 25 provi-de a seal ed encl osure
above the casting pool to enable casting in an inert atnosphere. One or
both bridges 143 may al so serve as canera supports to support casting
pool observation caneras to nonitor the condition of the casting

pool- during casting. 30 Wth the above construction novenent of
t he



carriages is effective to set not only the position of the
appropri at aypookére4 W dth of the strip to be cast,
automatically positions the bridges 143/ th the

observation 35
adj ust nrent or

and the casting pool
I ndi vi dual

si de dans

but aP€®/AU00/00388
casting pool
caneras w thout the need for
setting of any of these conponents.
During casting the core nozzle pieces 19A undergo

seal s 144

very significant

t hermal expansi on through contact with the
13 - nolten steel at tenperatures of the order of 15700C or
nore. In a typical installation e | e piec may for exanple
be about 650cm | ong and the ther 8] on produce a change in
|l ength of up to 12mm The gap 5 { N Nhe corejlnozzlle ends and the side
danms wi || usually be of, the 4f de belSnn1to pr ce effective triple
poi nt pouring of noltel Tetalffacrg NLhe si | da y
the thermal expansion of the nozzIE\I'§ %€ WNOW i c N n lead
to a severe reduction in the gap an X dlx \n\\}h si de
dans, causing the molten netal \eayh o e H ipTfg N
passages 95 to inpinge on th ppér Qa:h§ ¥ { % |‘§ e the
casting pool | eading to the N o\ skuA \ ~€X\ qp cases
spilling of netal over the upper € 9* %/ si dgddaf>
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15 Moreover the side plates wear
end faces OVOUONE6P$| | s. The inner

t hese margins remain unworn and as wear?/7

are projected inwardly from

effective gap 20 between .the_side
i nvention enabl es b&% h of thesa 0

i ncorporating the thruste
units 141 as parts of t
whi ch are connected to 2
pi ns 151 and whi ch ¢
pair of screw jacks 152. [Wth thi

H t he out

i ncorporated with the carfriage dr
structures 150 which can be 30 nu

t he outer
relative to the
during a casting oper.t|o t

- nove the nozzle segnegs WIIIE‘

rammam .

n be nov

only at their
parts of the

S_G dl nozzl e ©
struct

103

—
V A A A A A

|

\

152

130 129

120

101

mar gi ns whi ch e the
si de pl at]&T‘ﬁg?%gé%

of the plates continues they
the ends of the rolls so decreasing the
nd_the pozzle

B overco
hnd Tarri age

nds.
by<
setting cylinder
d generally as 150
| e pi eces 19A by
the operation of a
arriages 101 are
n the noveabl e
ks 152 to nove the

The present

er endsy of the

e akcurately
50. Thik enabl es

y set ip position
tion. reover
erated o as to

2N



14 advance of the side plates as they wear so as ve '%B «
accuratel\}'ot"(g 6 ntain the initially th gap between the PCTA D918 ends

and the side plates. The p03|t|on|ng t he nozzl e ends i s not
significantly affected by thernal expansi on of the nozzl e because the
ends are | ocated t hr ough ins_51 and the nozzle pieces wll expand
I nwar dl y. Scry 152 may be operated by electric
nmotors connected into a congrmlexd repit receiving control signal s
determ ned by neasurenent of ltin pf variation or 10 by sonme neans which
measur es advance of the side ates For exanple the thruster cylinders
83 may i ncorporate |'i nej elocjfy Misplacenent transducers to respond
to.the ext ensi on of the}: ustefp twn provide signals indicative of
i nward novenent of the sidel pl{ktes Bhd Tonnected in the 15 control circuit
Wi th position encoders (rot on fhpe screw:jacks to determ ne the
positions of the nozzle end A fernatively small water cool ed video
cameras may be instal | et glrye: bridges 143 to directly observe the
gaps bet ween the side F and: the nozzl e ends and to produce 20
control signals to be fed tjo'{thg p05|t|on encoders on the screw j acks.
Wth either arrangenens=it | bsi bl e-to achi eve very precise control
of the gap between theetn 4 faces of the side plates and the outer
ends of the nozzle. edvie[] t he gaps can be -.accurately set by
| ndependent 25 operatLgn pt screw jacks prior to casting.
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CLAIL MsS: Apparatus for castlng netal strlp I ncl udi

a pair of p‘HPé’N“@“castl ng rolls formng a:nip bet ween ?‘Fﬁ%{ 00/a9388
an elongate netal delivery nozzle forne 7in a ~plurality of discrete
el ongat e pi eces di sposed end to end, nozzl e support neans
supporting the nozzl e pieces such that the nozzl e extends above and
along the nip between the casting rolls for dellvery of nolten netal
into 10 the nip where Prma casting pool of el L en neqy
supported above the ni ' a pair of pool -0 flnenenJ b Ht es at the
ends of the ni p, pl at e bi asi ng neans bias t 51 10
confinenent 15 plates aH end surfaces of the r@l F I the pl ates
nmove i nwardly of the r i acconmodat e wear of atl g and
nozzl e end shifter nea ift the nozzle piecep t he outer
nozzl e ends on the sup t mepns with 20 inward 1] 'T: t he
I nward novenents of sa pl ates accognodaf i | de
pl ates thereby to ,,\qustantlally @nst en the
si de plates and th en wherein the n TN
means conprises a pair abl e - structures di sp eagh end
of the casting roll as§dn —] novi ng neans to =
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nove those structures longitudinally of the rolls, nozzle at t acheent
neans at t WOR§E2%he noveabl e structures to the two noZHTEAIA0338eces
defining the outer nozzle ends so Yt hat those two nozzle pi eces are
noved with the novable 30 structures, and control neans responsive to

I nwar d advances of ,the side plates relative to the outer ends of the

rolls to cause the Vi ng neans to nove the noveabl e structures

i nwardly and so shift id two nozzle pieces with tatching i nwar d .

noverments. 35 2. & paratus @s clained i f\Cbaim1, wher®in the

pl at e bi asing neans co ses a pai9® of generall hori zont®! | y acti ng

thrusters actuablefto &PQl y -opposi nx- I nwar d sure forces|{to the |

confi nement gla es!and _ . ' - N6 -

sai d noveab +utHfnbs provi de ghuihents M=fwhi ch rs

react to appl he i uard closurle folcdd t -t e side]l{}],at es.

Appar atus a i med I p clgi'm 2, T gt _noveabl e Hfjf'ucture

conprise a paiffjof carfiages whifch car he t hrusterfjjand whi ¢rlare
fnabl e the sphti ng betlpgen

can be pr.esH

ing rolls.

noveabl e toward| and #dy /  frdmjappt Her
themto be adj usfi¢f go t hat t}‘l [rie
casting operatijon to ¥t the wildt he-
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10 .4.

structures Wﬁdﬁjfﬁ@ 4carriage drive means;

of the nobveabl e structures and the

ct:i ng

paratus as clainmed in cIa|n13 wherein the
bet ween dﬂFﬂéU@%ﬂnﬂ%rts

@ rriages to nove the carriages

noveabl e

19 11 146

toward and away from one another. 15 5. Apparatus as clained in
claim4, wherein the arriage drive ans g¢onprises a pair§£i,iLH%9___
_operabl e cyl i nder juniff s connected on h of the carrifages an
to outer end na f |sailill noveabl e s 6. Appar atus as
claimed in any one of |t helf pr ecedi 1y t he ngvi ng neans
acts on outer end paft t he noveabl e structures. 7.
Appar atus as abai med| 2|wherein the novi ng| nears_conpri ses a
pair of jacks neckled to th outer end parts of tlhe ngveable
structures. 25 . us as clainmed in claim|7, wherfein the
jacks are electric ve ed | acks. Appar atpus
as clainmed in any f thejpre iing cl ai s, wherqi
nmeans i s responsiv o notio r [l _tHell®l at e bi asi ng means whi ch proguges
I nward novenents 3 of the €H. 10. Af d
in any one of clai 2 to 4, efequllihe control nedgns
transducers in thelp}ate hrillist ef s||t ce contro
i ndi cati ve of nove of it 3@ t hfult Bds ahd t he pl atle$ in
a control 35 cifchif with't MV JefPs such that the ng neans
causes correspondi mg] novenen dil t hd}|o structurgs and thergfore
said two nozzle pi¢cks. : qpyat us as cl ai ngd]i n any one 0f
claims 1 to 9, fTrad
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wherein the contro
posi ti on WP 0829 00| confinenent plates and to

dependant on observed changes in
Apparatus as clained in any one of the preceding

novi ng neans i s independently operable
said two nozzl e pieces

means i ncl udes inspection neans to

observe the

provi de PEEMAYOQ038E gnal s
t'‘he position of those plates. 5 12.
clainms wherein the

to adjust the initial
relative to the side plates.
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