TUNDI SH STOPPER ROD FOR CONTI NUOUS MOLTEN METAL
CASTI NG FI ELD OF THE | NVENTI ON The present invention
woeb@iiassogeneral |y to the casting of nolten nepalr/GBRwN01447

as steel, copper, alum niumand alloys thereof. Mre

specifically, the present invention relates to stopper

rods for regulating the flow rate of nolten netal

di scharged froma tundi sh during a continuous casting
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annul ar orifice area defined between the stopper rod

tip and_the tundi sh nozzl e through which nolten netal
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annular orifice area will thereby in turn adjustably

control over the flowrate of the nolten netal being
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source of molten metal in a suitable vessel, for example, a tundish or ladle,

which is located physically above a mould in the continuous casting apparatus.
When using a tundish as the vessel for holding the molten metal, a flow of
molten metal is discharged therefrom into the mould via a tundish discharge
nozzle at a flow rate which is suitable for the casting conditions. The flow rate
of molten metal being discharged from the tundish nozzle is controllably
regulated by a stopper rod. More specifically, the stopper rod is moveable
relative to the tundish nozzle between seated and unseated conditions. Thus,
movement of the stopper rod relative to the tundish nozzle will selective adjust
the annular orifice area defined between the stopper rod tip and the tundish
nozzle through which molten metal is allowed to flow. Adjustably varying the
effective annular orifice area will thereby in turn adjustably control over the

flow rate of the molten metal being discharged from the tundish.
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positive pressure gradi ent A flow condition
uifage anddat away from it, out of the so called boundary layer the flow
behaves as an inviscid flow. Then, inside the boundary layer viscous forces

have preponderance over inertial or convective forces.

Velocity profiles inside boundary layers are very dependent on the radius
of curvature of the surfaces. This radius can be so determinant that flow
separation phenomena may arise depending on the specific flow conditions.
Separation phenomena mean that the fluid instead of continuing flowing
downstream along a surface driven by a negative pressure gradient, finds itself
in front of a positive pressure gradient. A flow condition like this brings about
downstream flow instability causing an incomplete useage of a port area in a
SEN. In other words, separation phenomena may bring about instability in the

internal walls of a SEN and its ports promoting flow fluctuations, meniscus
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fulfilling such a need that the present invention is
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Ide:posmon of inclusions onto the stopper rod tip thereby allowing the stopper rod
to be maintained in service for prolonged time periods and/or improving steel
cleanliness. It is towards fulfilling such a need that the present invention is

directed.

Broadly the present invention is embodied in a stopper rod for continuous
molten metal casting which creates flow profiles of the molten metal as it is
being discharged from a vessel holding the molten metal through a nozzle so as
to enhance metal cleanliness. That is, the stopper rods according to the present
invention discourage the deposition of inclusions (e.g., undesirable particulates,
such as metal oxides) onto the stopper rod tip. According to one especially
preferred aspect of the present invention, a stopper rod for continuous molten

metal casting is provided which has a geometric profile so as to increase the
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fromthe tundi sh. According to one aspect of the
puedielnt i nvention, a tundi sh stopper rod for

conti nuous casting of nolten netal conprises a stopper
rod body, and a stopper rod tip at- a | ower end of the
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tfor ppmiamusi gasting of exaltan metad comprises a stopper rod body, and a
stopper rod tip at a lower end of the stopper rod body, said stopper rod tip

having a frustoconically shaped exterior surface which terminates in a recessed
nose.

Advantageously the recessed nose is a recessed curvilinear surface (e.g.,
a spherical segment, but non-curvilinear surfaces (e.g. prismatic, pyramidal,

triangular, and quadrangular surfaces) may also be provided.

In especially preferred embodiments, the frustoconically shaped surface
forms an angle 6 with a horizontal surface which is between about 55° to about
85°, and more preferably, greater than 70°. A central gas flow channel and tip
gas flow channel are advantageously formed in the stopper rod body and stopper

rod tip, respectively, to allow inert gas to be supplied to the recessed nose. The
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d(ﬂfsr%%ﬁfaqug EHOW 4515 rlnolten metal being discharged from a vessel
through a discharge nozzle during a continuous casting operation, the method
comprising providing a stopper rqd comprising a stopper rod body, and a
stopper rod tip at a lower end of the stopper rod body, the stopper rod tip having
a frustoconically shaped exterior surface which terminates in a recessed nose;
and positioning the stopper rod within the vessel so that the stopper rod tip
operatively cooperates with the discharge nozzle; and controllably displacing the
stopper rod tip relative to the discharge nozzle so as to regulate the flow rate of

molten metal being discharged from the vessel through the vessel discharge

nozzle.
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FIGURE 2 is a cross-sectional elevational view of the stopper rod

depicted in FIGURE 1;

FIGURE 3 is an enlarged detailed cross-sectional view of the stopper rod

tip; and

FIGURE 4 is a bar graph of the percent of trapped inclusions in the
molten metal that can expected to be trapped on the refractory surfaces of a
stopper rod in accordance with the present invention in comparison to stopper

rods outside the scope of the present invention,

FIGURE 5 is a view like FIGURE 2 of a further example of a stopper rod

of the invention, and
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vessel for use in the present invention.
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and

The stopper rod tip 22-1 is joined to the lower end of the stopper rod body
22-3 at the lower end 22-5 thereof and is also most preferably formed of a high
temperature ceramic material adapted to being immersed into molten metal. The
stopper rod tip 22-1 may be formed of the same or different ceramic material as
compared to the stopper rod body 22-3. In addition, although the stopper rod
body 22-3 and tip 22-1 are depicted as separate structural component, they
could for example be formed as a unitary structure is desired.

A tip vent channel 22-6 is centrally formed in the stopper rod tip 22-1 and
communicates with the central vent channel 22-7 formed in the



conmuni cates with the central vent channel 22-7 forned
in thestopper rod body 22-3. The tip vent channel 22-6
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Important to the present inventjon, the sto
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affixed to the upper end of the stopper rod body 22-3 so that the stopper rod 22

may be threadably attached to a lifting rod. Alternatively or additionally, an
external pressure collar may be attached to the upper end of the stopper rod

body 22-3 for such purpose.

Important to the present invention, the stopper rod tip 22-1 has a
frustoconically shaped exterior surface 22-1a which includes a recessed nose 22-
1b. Most preferably, the recessed nose 22-1b is a smoothly arcuate concavity
such as a spherical segment. However, virtually any concavity may be
employed in the practice of the present invention. Thus, the recessed nose 22-
1b may be embodied in regular and irregular curvilinear surfaces.

Alternatively, non-curvilinear surfaces (e.g., prismatic, pyramidal, triangular,

quadrangular and the like) may be employed to form the recessed nose 22-1b.
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déeergngd P dormed yetbe frussodanfcallygshaped exeeivsisuiface 28sla is not so

t t 2 .ageously, the,.
rershf e B BB RRoA Ehy 3B e B2 Toti LnsltDities of e stopper rod
S2DppRedvanttebhifly 2 el fritoBBnieM1 P SRR de Medibr Burface 22-1a of the
hori zontal surface which is between about 55 to about

sBopperctoddiim §2+ lofarnpsaart amgle & Withpr eérézomal @nfdi wkich is between
of the invention, the angle q fornmed by the

faheut 56010 ehbuty8hapedombingetd apasticflady p2eferted émbodiment of the
greater than about 70, for exanple between 70 and 76.

Tiheentien, ahe anpRC @SR thedrbydindIr@doRi€alRZshdpR A4S ESr surface 22-
in use, a sudden change of pressure increasing cast

et 18| greaiee dhan gawdi0®h der exampledietween @a8iand 1% si ze
of the stagnant netal. The dinple depth should be
approxi mately 5mm When argon gas is injected through

t he stTippese 604 redelsséCac bisplbE §d8E 29 eltPEddsksSindlsel RS&udden
recess qr dinple, the gas bubbles stripping away
a%gag&; ﬁ& pressure increasing cast metal (steel) velocities and then decreasing

the size of the stagnant metal. The dimple depth should be approximately Smm.

When argon gas is injected through the stopper rod, it reaches higher
velocities at the recess or dimple, the gas bubbles stripping away clogging
material at the nose. Fluid flow patterns through the stopper-nozzle are
improved by the supply of argon, because the thickness of the boundary layers
along surfaces of the stopper-tip cone, the tundish bottom and the region above
the junction between the stopper nose and the cylindrical body are streamlined
and thinner than those observed with single-phase flow. The floating rate of
inclusions in the tundish is increased. In addition to reducing the boundary layer

on the surface of the recess or dimple, the injection of inert gas reduces the local
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material at the nose. Fluid flow patterns through the

st opper-nozzle are inproved by the supply of argon,
whewansmog he t hi ckness of the boundary | ayers BCDGH2006/001447

surfaces of the stopper-tip cone, the tundish bottom

and the regi on above the junction between the stopper

nose and the cylindrical body are streanlined and

tHi nner than tegose observed with single-phase flow.

THERSE R thsgtecliees anixture) anst Bagesuit isthat bwelaneyiforces in the

[ | 4 0 L: b ary_ |l ayer. . .

Pl BB by dr? SRRy BRI Sl Fiusions i

ofhei preximips Inedigasgi.ehardom)ahjdetion swabiliset ke Slo@epat@RE in the

i Xt,ur e dihe result is that_ buoyancy forces in the
Mrs : d?ﬁ‘f) |ﬂ:é’“f R igrthe tﬁnb‘ﬁ"e}lﬂu‘ﬁ%W& %aépnwﬁf@pésmdwndent of
f theahbABaQ oW raten é&%‘é%lﬁi %D - ink RS
(i.e. a%gon)o‘?rﬁ?ﬂgcfjr on st agisfkletgg‘gr ?hg&ﬁgogv%ﬁg% {le%a% e%%gnce the
taovedyasngeThdtidugly somie ehitlingeffboe ierkpeed i dutidis the only

ill be.consistent,. in endent of the inert gas flow
Heptor B SRHE bERS izt 1 Dine cmey g FRETIatkp vergaay, & Smm

esdiance the above advant ages, although some chilling
effect is expected. This is the only reason why snmall
bore sizes, like 2nm nmay be preferred over, say, a

5mm bore. To reduce further the boundary |ayer at the

(shar 8§° FRiHEs GRS E G RARdREY 3358 26 (Sharp s e befveen the
tthestoescandrtde ofthé Agsd Rl RO iRE:

body, this junction can be roun eld, rggi‘gﬂ%\%@g@%@ﬁﬂg rod
ibedy} tiriusction ¢anubel reundst, ahiskownmularlg imBIGURE 5.
produces several benefits, nanely: i) It decreases the
velocity of steel flow ng along the cylindrical

7L ones reaseat oy BN RRIERLs Wi bbb, el
concentratithg It decreases the velocity of steel flowing along the
cylindrical stopper rod body and the frustoconical tip.
ii) It reduces the size of the high velocity field concentrating
high velocities very close to the stopper rod nozzle throat.
iii)  Inclusions ‘swimming’ close to the stopper rod throat will
find themselves in a field of smaller velocities, with the
result that buoyancy forces may drive the inclusion upwards
instead of being dragged toward the nozzle throat by inertial
forces.
iv) It will enhance adherence of inclusions on the body of the
stopper rod instead of at regions located at the tip or in the

nozzle throat.
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high velocities very close to the stopper rod nozzle
throat iii) Inclusions 'swnmmng close to the stopper

wo owettkmsemt Wi ll find thenselves in a field of PGIYaBR@6/001447
velocities, with the result that buoyancy forces may
drive the inclusion upwards instead of being dragged
toward the nozzle throat by inertial forces iv) It
wi I | enhance adherence of inclusions on the body of

the stdpSdresesd inyentioadvik befustey; mmt@@étberdre&renmto the
b hd B iBAE bl e to the ol owing
Qgrne"tgnnfj'uggegx Db on &t hormtieal fiuia O
turbul ence nodel coupl ed wit EXAMBEESge nodel for

L) eorQ ity ARLAMELRSyo T OrBEL RISl phBlomaical Muia

ktugbulénco neidehtouplstiiwith a diagraigedm@debfis/ thdjBetoy VB Particles.
h of the stopper rods beln? exam ned.

S&ﬁ% a?ls?ﬁdee&gé@%;?%é MEHENHNE! tranyf eswa)s the surbylens degimenkaown as
ave.an u
ilg/ leﬁ :C‘ioglg nggrﬁtﬁl%nltalg% § Iﬁg)n{o%sﬂn U Was g;?lg{qéated for each of the

fstogpieraods beingsexdmigedportion, and a term nal snoothly
convex nose. The Conparative Stopper Rod No. 2 (CSR2)

was forrred with a stopper rod tip having a
Pg(rjn accor gﬁp"{ég@g&éﬂﬁéraﬁgd 11 @@éﬁ‘ﬁ Vs f-lo_pr%eé ARPS" stopper rod
tip configured to have an upper cylindrical surface portion, an intermediate

frustoconical surface portion, and a terminal smoothly convex nose. The
Comparative Stopper Rod No. 2 (CSR2) was formed with a stopper rod tip
having a hemi-ellipsoidal surface configuration. The stopper rod according to
the present invention was configured as shown in FIGURES 1-3 above. A bar
graph plot of percentage of trapped inclusions to form a clog for each of the
stopper rods is shown in FIGURE 4. It is evident that the stopper rod according
to the present invention results in substantially less percentage of trapped
inclusions as compared to the stopper rods CSR1 and CSR 2 outside the scope of

this invention.

ke sfesfe s fesfe sf e sfe s she shesf sk e sfe o sk e e sfeshe s fesfe s sk sk e skesfe e sfe e

While the invention has been described in connection with what is
presently considered to be the most practical and preferred embodiment, it is to
be understood that the invention is not to be limited to the disclosed

embodiment, but on the contrary, is intended to cover various modifications and
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the present invention was configured as shown in
FI GURES 1-3 above. A bar graph plot of percentage of
wo e@pper$os ncl usi ons to forma clog for each of P€TYEB2006/001447
stopper rods is shown in FIGURE 4. It is evident that
the stopper rod according to the present invention
results in substantially | ess percentage of trapped
i nclusjons as conpared to_ the stopper rods CSR and
CERIY ai&ﬂ? af1gneementsdppladed within the, RiFi apd scupe pé theheppended
| BMGRET on has been described in connection with what
is presently considered to be the nost practical and
preferred enbodinent, it is to be understood that the
invention is not to be limted to the disclosed
enbodi nent, but on the contrary, is intended to cover
various nodifications andequi val ent arrangenents
included within the spirit and scope of the appended
clainms. CLAIMS: 1. A stopper rod for continuous casting
of nolten netal conprising a stopper rod body, and a
stopper rod tip at a lower end of the stopper rod
body, said stopper rod tip having a frustoconically
shaped exterior surface which termnates in a recessed
nose. 2. A stopper rod as clainmed in Caim1, wherein
the recessed nose is a recessed curvilinear surface.
3. A stopper rod as clainmed in Claim2, wherein the
recessed curvilinear surface is a spherical segment.
4. A stopper rod as clained in Claim1, wherein the
recessed nose is a recessed non-curvilinear surface.
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5. A stopper rod as clainmed in Caim4, wherein the

recessed noncurvilinear surface is selected from
w@eiosretsvg, pyram dal, triangular, and quadranpCi/aB2006/001447

surfaces. 6, A stopper rod as clained in any one of

Clainms 1 to 5, wherein the frustoconically shaped

surface forns an angle q wwth a horizontal surface

which is between about 55 to about 85. 7. A stopper

rod a€lehBYlfed in Claim6, wherein the angle q is

greater than about 70.8. A stopper rod as clained in

any one of Clains 1 to 7, conprising a gas supply

channgl. Aofiepstrirodtfoe cehtippars castinpofiynoléen hestl @pmprising a

rod as clainmed in Caim8, vvherelpthe stopper rod t R

steppatsed Rody panrha S&Pﬁ?F YO R Lowsr fod Qigﬁ?ﬁéoppef rod body,

E%‘Sapﬁgﬁ% 99dd Ka 21l o&BﬁW Ehapce‘?.l E&eliBr §l§‘?§’éeewﬁlch

e ‘sup rom throug e ‘st opper body

tdrafingles and ﬂebessbdﬂlogas supply channel, to said recess
of the nose. 10. A stopper rod as cl ai rred in any of
the preceding claims, wherein the junction between the

stopper Rod, yrog;h‘rio%ﬁgn%f HSERSAN CRhbeis AP REessed nose is a

exterioris 11. Asystemfor
cmusbefdlauszilmmlsngfaoé. nolten metal conprising: a
vessel for holding a supply of nolten netal to be
cast; a discharge nozzle for discharging nolten netal

from gheyvg §éﬁilr’roané§ AaRIQPRECIARD "RHE S tﬁé’fecessed curvilinear

recipr ocal i1 near movements towards and away from
binfack schaplgmicabzegmento al |l ow fl ow rate regul ati on of
t he

4. A stopper rod as claimed in Claim 1, wherein the recessed nose is a

recessed non-curvilinear surface.

5. A stopper rod as claimed in Claim 4, wherein the recessed non-
curvilinear surface is selected from prismatic, pyramidal, triangular, and

quadrangular surfaces.

6. A stopper rod as claimed in any one of Claims 1 to 5, wherein the
frustoconically shaped surface forms an angle 8 with a horizontal surface which

is between about 55° to about 85°.

7. A stopper rod as claimed in Claim 6, wherein the angle 0 is greater

than about 70°.
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nol ten netal discharged fromthe vessel through the
di scharge nozzle, wherein said stopper rod includes,
W@ egoca1svopper rod body, and (ii) a stopper rORCT/GB2@6/001447
a lower end of the stopper rod body, (iii) said
stopper rod tip having a frustoconically shaped
exterior surface which termnates in a recessed nose.
12. A systemas clained in Caim1ll, wherein the
recessed nose of the stopper rod tip is a recessed
curvilinear surface.13. A systemas clainmed in Caim
12 wherein the recessed curvilinear surface is a
spheri dal Aseigppert rodlds clhimpdtinmngsord of Qttims] € i, Bomprising a
11, wher the recessed nose of the stopper rod trp
i £35S PBBE%&EHHWB ferogd,in theeHpPRENrRoscROdN.S. A system as
clalned in Claim1l4, wherein the recessed
noncurvilinear surface is selected fromprisnatic,

pyram dal , tAiseopper 2od agnrthignsiAOUIIAS, wrefrérﬁethe siépper rod
AsstemasclarrredrnanyoneofClarrrsllto 5,

V\HBr‘é‘FWdFH@ tip gas é\éléi?lb’délawelsﬁ&m tas thef stoppéorod bady gas

surface whi.ch, bet we
Sy IMbiA & L S8l 4 LE A FRpR B USER e stopper
Ctad bodp ,chuhﬁémm fheaipad Susply cHAhRaL, /6 staftﬁfbc%QQ ﬁ the nose.
70. 18. A systemas clarned in any one of C ains to
17, wherein the stopper rod further |ncludes a gas
supply lﬁhang\estoi)ggrr?gd Ia:? cIaQI%e in any of[ the preceding claims,
wherein the junctlon between the stopper rod body and the frustoconically

shaped exterior is curved/rounded.

11. A system for continuous casting of molten metal comprising:

a vessel for holding a supply of molten metal to be cast;

a discharge nozzle for discharging molten metal from the vessel; and

a stopper rod mounted for reciprocal rectilinear movements towards
and away from the discharge nozzle to allow flow rate regulation of the
molten metal discharged from the Veséel through the discharge nozzle,
wherein said stopper rod includes,

@) a stopper rod body, and

(i)  a stopper rod tip at a lower end of the stopper rod body,

(iii)  said stopper rod tip having a frustoconically shaped exterior

surface which terminates in a recessed nose.

12. A system as claimed in Claim 11, wherein the recessed nose of

the stopper rod tip is a recessed curvilinear surface.
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body. 19. A systemas clained in Claim 18, wherein the
stopper rod tip includes a tip gas supply channel

WQ 2i0aad7509 t he stopper rod body gas supply chaP@BGB2®6/001447

as to enable a gas to be supplied fromthrough the
stopper rod body channel and the tip gas supply
channel, to said recess of the nose.20. A system as
claimed in any one of Clains 11 to 19, wherein the
junction between the stopper rod body and the
frustoconically shaped exterior is curved/rounded. 21.
A systemas clainmed in any one of the Clains 11 to 20,
wher ei m3t he Astspqiper ag cldirhed tih&lainn dRustherein tho secepsad
adapted to being attached to a |ifting nmechanism 22.
ACURyEHReATBITEICE) InddshhieTigal SeBCYF C ains 11 to 21,
wherein the vessel is a tundish. 23. A nethod of
regulating the flow rate of nolten netal being

di schanged fA eyRtanvessimedinhin 1di, sdiuegetheorzbssed nose of
during a continuous casting operation, the nethod
cthepstoppergrod Hp ipaoecessad nensewyplétear sHI@6APri si ng a

st opper rod body, and a stopper rod tip at a | ower end

of the stopper rod body, said stopper rod tip having a

frustoggni ca| kysieheRedafnbe®hih @laihnacehembiCthe recessed non-
termnates in a recessed nose; and (b) positioning the

stwpldmearcnirfacehis rsetdoted/ roge prismatica pyrdmidad pppamgulard and

tip operatively cooperates with the di scharge nozzl e;
aq,lgadrgngl?lar surfaces. P : g

16. A system as claimed in any one of Claims 11 to 15, wherein the
frustoconically shaped surface forms an angle 6 with a horizontal surface

which is betweeﬁ about 55° to about 85°

17. A system as claimed in Claim 16, wherein the angle 0 is greater

than about 70°.

18. A system as claimed in any one of Claims 11 to 17, wherein the
stopper rod further includes a gas supply channel formed in the stopper rod

body.

19. A system as claimed in Claim 18, wherein the stopper rod tip
includes a tip gas supply channel joined to the stopper rod body gas supply
channel, so as to enable a gas to be supplied from through the stopper rod

body channel and the tip gas supply channel, to said recess of the nose.
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(c) controllably displacing the stopper rod tip
relative to the discharge nozzle so as to regul ate the

wo bew1rmbe of nolten nmetal being di scharged frpOT/GB2006/001447
vessel through the vessel discharge nozzle. 24. The
nmet hod of Claim 21, wherein step (b) conprises
positioning the stopper rod within a tundi sh.

20. A system as claimed in any one of Claims 11 to 19, wherein the
Jjunction between the stopper rod body and the frustoconically shaped exterior

is curved/rounded.

21. A system as claimed in any one of the Claims 11 to 20, wherein
the stopper rod further includes$ a cross-pin adapted to being attached to a

lifting mechanism.

22. A system as claimed in any one of Claims 11 to 21, wherein the

vessel is a tundish.

23. A method of regulating the flow rate of molten metal being
discharged from a vessel through a discharge nozzle during a continuous
casting operation, the method comprising:

(a)  providing a stopper rod comprising a stopper rod body, and a
stopper rod tip at a lower end of the stopper rod body, said
stopper rod tip having a frustoconically shaped exterior surface
which terminates in a recessed nose; and

(b)  positioning the stopper rod within the vessel so that the stopper
rod tip operatively cooperates with the discharge nozzle; and

(©) controllably displacing the stopper rod tip relative to the
discharge nozzle so as to regulate the flow rate of molten metal
being discharged from the vessel through the vessel discharge

nozzle.

24.  The method of Claim 21, wherein step (b) comprises

positioning the stopper rod within a tundish.
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