STOPPER ROD This invention relates to a stopper rod for controlling the
flow of nolten netal, for exanple froma vessel, such as a tundish, to a
nmoul d, amslormoeer2pmef er ably, to a stopper rod for supplyiPog/GBRodam@Id91gas to
the nelt in the vessel. Such a stopper rod is well known, it being noved in
the direction of its longitudinal axis by a lifting device external to the
vessel in which the stopper rod is disposed, so that an outlet opening in

t he base of the vessel, into which the stopper rod fits at its | owest
position, shutting it off conpletely, is opened either nore or |less. The
flow of netal through the opening is thus controll able. However extrene
conditions prevailing in the processing of steel place severe demands on

the materials and the engineering g@dﬂ}@ﬁt@er rod, which has to

wi thstand the effects of nolten ne course of many hours. It
must al so be able to withstand the wide variations in tenperature acting on
the stopper rod during a pouring process. Mreover where the stopper rod
serves to i ntr@Hiscmvantiomeslateyss atstopipes rodtfat comtrollingtthe flawpér t ant t hat no
air reaches the interior of the stopper rod and thus the mstﬁjlﬁ mel t through
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parti cul a{;ésyéelpr obl ematical owing to the high thermal and mechani cal | oads

Such a stopper rod is well known, it being moved in the direction of
its longitudinal axis by a lifting device external to the vessel in which the
stopper rod is disposed, so that an outlet opening in the base of the vessel,
into which the stopper rod fits at its lowest position, shutting it off
completely, is bpened either more or less. The flow of metal through the

opening is thus controllable.

However extreme conditions prevailing in the processing of steel place
severe demands on the mater{als and the engineering of the stopper rod,
which hés to withstand the effects of molten metal over the course of many
hours. It must also be able to withstand the wide variations in temperature
acting on the stopper rod during a pouring process. Moreover where the
stopper rod serves to introduce an inert gas to the metal melt, it is important
that no air reaches the interior of the stopper rod and thus the metal melt
through the connection between the stopper rod body and the part of the
lifting device which extends into said body, since this would lead to increased
oxidation and thus a deterioration in steel quality. This connection is
particularly problematical owing to the high thermal and mechanical loads

acting on the connection. The difference in respective thermal expansion



acting on the connection. The difference in respective thernal

expansi oncoefficients between different nmaterials involved in the

connect i oNQ 2006/1290911 cul ar, needs to be conpensated or alPCowELodeN01994AN
object of the invention is to provide a stopper rod in an inproved form
According to the invention there is provided a stopper rod conprising a
refractory material stopper rod body having an internal passageway
extending froma first end of the body towards a second end thereof, a
metal carrier element having one of i$s ends received in said passageway,
the carrier elenent having a laterally enlarged portion received in a

| aterally enl arged portion of the passageway, which passageway portion

defines aReALIAR Bethees HireRdy ﬁg@ée&ps i¥RANS RE eSS hRalidn SRat i ng sur face

and an under sl the latera nlarged portion of the carrier elenent,

wher ei n aghrtifSRE! néédst iorwac@dpsnsandagediowedfome of the carrier el ement and
the stopper rod body at a position above said laterally enlarged portion of

the carrier elenent, with further sealing nmeans bei ng di sposed between said
insert and the carrier elenent. Preferably the carrier, el enent, a/ni ch |
serves, in useAnadje@idhe myationdp s Proyle Astappsriody MeVedas a gas
supply paésage. extendi ng therethrough. Desirably the sealing neans is a
graphoi | &%, I n one enbodinent the insert is threadedly engaged with the
carrier elenment. In that enbodiment the further sealing nmeans is a packing
gl and seal. In another enbodi nent the

According to the invention there is provided a stopper rod comprising
a refractory material stopper rod body having an internal passageway
extending from a ﬁrst end of the body towards a second end thereof, a metal
carrier element having one of its ends received in said passageway, the
carrier element having a laterally enlarged portion received in a laterally
enlarged portion of the passageway, which passageway portion defines a
seating surface, and sealing means between said seating surface and an
underside of the laterally enlarged portion of the carrier element, wherein an
insert is threadedly engaged with one of the carrier element and the stopper
rod body at a position above said laterally enlarged portion of the carrier
elément, with further sealing means being disposed between said insert and

the carrier element.

Preferably the carrier element, which serves, in use, to connect the
stopper rod to a lifting device, has a gas supply passage extending

therethrough. -

Desirably the sealing means is a graphoil seal. In one embodiment the
insert is threadedly engaged with the carrier element. In that embodiment the
further sealing means is a packing gland seal. In another embodiment the

insert is threadedly engaged with the stopper rod body. In that embodiment



insert is threadedly engaged with the stopper rod body. In that

enbodi nentthe further sealing neans is a graphoil seal, which is preferably
t hi cker tweroednedgnaphoil seal form ng said sealing near€T/AB20@&/®1991 |
further enbodiment the insert is threadedly engaged with a ceram c insert
which is preferably pressed into the stopper rod to form part thereof.
Conveniently the sealing neans is di sposed between conpl enentary
frustoconical surfaces respectively of the enlarged portion of the carrier
el ement and said seating surface. Untigl_the stopper rod heats up, the
sealing neans is conpressed between the carrier elenent and the stopper rod
body and provides a gas-tight seal therebetween. As the stopper rod heats

up, gas tj A g%?tshéirgyé}aﬁé Res gggstpﬁdﬂesefaw\mﬁp 2 Eﬁ‘%ﬁe%l%ﬁ%‘k&:r figgn if the

seal provi ng mne starts to ue to the expansion of

the et al tﬁeagrra'ﬁhbil stanfoniningd\dyidnicaieg usdays) Mneadttll ancherrdinbodivrintt he i nsert
is engaged wth a conplenentary thread on the carrier elenment. The insert

i s screwethediogerttis gireadedy enpagddiwither carenli¢ impentewhichtis prefesahlyr adi al
sealing to the [nner annular wall of the passageway of the stopper rod
body. On BX&ssersinde thy SORBCHEGIO Eogm Pat ﬂé"l’rgﬁgnt, the whol e assembly sinply
slides up fractionally, but the force on the further sealing neans, and
hence the gas-tightness, is nmaintained. In said another enbodi nent the
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passagewajrustdcbhicabsifaes regsechiodly. ofTihe enlarged portion of the carrier
element and said seating surface. Until the stopper rod heats up, the sealing
\ means is compressed between the carrier element and the stopper rod body
and provides a gas-tight seal therebetween. As the stopper rod heats up, gas
tightness is maintained by the further sealing means, even if the seal provided
by the sealing means starts to leak due to the expansion of the metal carrier

element.

Advantageously in said one embodiment the insert is engaged with a
complementary thread on the carrier element. The insert is screwed down
tightly on the further sealing means to effect radial sealing to the inner
annular wall of the passageway of the stopper rod body. On expaﬁsion of the
metal carrier element, the whole assembly simply slides up fractionally, but
the force on the further sealing means, and hence the gas-tightness, is

maintained.

In said another embodiment the insert is a collar, which can be
metallic or ceramic, threadedly engaged with a corresponding thread at an -
upper inner surface of the internal passageway in the stopper rod body. The
thread can be pressed in the stopper rod body passageway, or provided by a

pressed-in ceramic insert forming part of the stopper rod body. Initially the



thread can be pressed in the stopper rod body passageway, or provided by a
pressed-in ceramc insert formng part of the stopper rod body. Initially

t he- Acolwenroeesi2bioght ened to conpress the further seal i RGTEERNE/000Y1
expansion of the netal carrier elenent, the further sealing neans wll be
subj ect to additional conpressive forces between the expanding carrier

el emrent and the restrained collar to provide an effective gas-tight seal.
In a preferred enbodi nent according to the present invention the insert is
in the formof a nut screwthreadedl ygsengaged on the carrier elenment, which
nut, when tightened, effects axial conpression of said further sealing
nmeans, resulting in sealing between the stopper rod body and the carrier

el emrent . . r ' i 0 kidnf g t her
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Conveniently the washer is larger than the further sealing neans, and

parti cul asdditiohall curggressivafieices betvesent the edipandingcaofiert ¢lemeppendedhe of t he
internal passageway in the stopper rod body, in which upper end the further
seal i ng meestreinesl eadlasite paovith @nfajfactive gesdishbgedteans is preferably two
graphoi|l seals which stand proud of said upper end of the stopper rod body
when the nut is untightened, and are axially conpressed into said upper end

of the passageway when p}é}@rfgﬁéeniél?oa&gfrﬁﬁf ’3&%‘#1@@18 hbpri@al fivenidgrause the

washer axially to conpfess t nor I sea
the insert is in the form of a nut screw-threadedly engaged on the carrier

element, which nut, when tightened, effects axial compression of said further
sealing means, resulting in sealing between the stopper rod body and the

carrier element.

The nut preferably effects axial compression of said further sealing
means through the intermediary of a washer. Desirably the washer is located
around the carrier element at one end of the stopper rod body. Conveniently
the washer is larger than the further sealing means, and particularly of larger
diameter than the diameter of the upper end of the internal passageway in the
stopper rod body, in which upper end the further sealing means is received.
The further sealing means is preferably two graphoil seals which stand proud
of said upper end of the stopper ‘rod body when the nut is untightened, and
are axially compressed into said upper end of the passageway when the nut is
tightened onto the washer to cause the washer axially to compress the

graphoil seals.

The invention will now be described, by way of an example, with

reference to the accompanying drawings, in which:



The invention w ||
to the acconpanyin

now be described, by way of an exanple, with reference
g drawings, in which:Figure 1 is a schematic side view of

t he i nt erwonro@fi120dye upper end of a prior art stopper ro®CTHEIR002991S a

view li ke Figure 1,

simlar viewto Fi
enbodi nent of the

for a stopper rod of the invention, and Figure 3 is a
gure 2, for a stopper rod according to a further
invention, Figure 4 is a viewlike Figure 3 of a stopper

rod according to a still further enbodi ment of the invention, and Figure 5

is a split schemat
of the invention,
right half show ng

ic cross-sectional_yiew of the upper end of a stopper rod
the left half show ng sealing neans unconpressed, and the
the sealing neans conpressed. Figure 1 schematically

shows the uppe r i onal
Stonoer " od bek ﬁiﬁ 1% Psdeiificdide PeAPOLe ket SAKE Mper AN VAN

ractory ceramc materi al ding centrally,

axially Itlbf grttﬁ@%@rquer rod body 11 fromthe upper end thereof is a

circul ar CI’OSS sec

ion longitudinal bore 12. A short way down fromthe

upper open endFigure Reiskoview like Figuge dpfediaistoppedirpd tof theinveatibnust oconi cal

shoul der defining
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a seating surface 13. Extendi ng downwards fromthis
nstant di ameter circular cross-section part, which | eads
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Figure 4 is a view like Figure 3 of a stopper rod according to a still

further embodiment of the invention, and

Figure 5 is a split schematic cross-sectional view of the upper end of a

stopper rod of the invention, the left half showing sealing means

uncompressed, and the right half shdwing the sealing means compressed.

Figure 1 schematically shows the upper end of a prior art stopper rod

10 having a conventional stopper rod body 11 of refractory/ceramic material.

Extending centrally, axially within the stopper rod body 11 from the upper

end thereof is a circular cross-section longitudinal bore 12. A short way

down from the upper open end of the bore, it is stepped inwardly to form a
frustoconical shoulder defining a seating surface 13. Extending downwards
from this surface 13 is a constant diameter circular cross-section part, which
leads to a radially enlarged portion of the bore in which is secured a ceramic
insert 14, the insert being secured to the stopper rod body 11. Below this
insert 14, the remainder of the bore 12 has the same diameter as the part
between the surface 13 and the insert 14. Accordingly the uppermost part of
the bore 12 down to and including the surface 13 is a laterally (radially)
enlarged portion of the bore 12. Instead of being ceramic, the insert could be

of metal or of cermet material.



bet ween the surface 13 and the insert 14. Accordingly the uppernost part of
the bore 12 down to and including the surface 13 is a laterally (radially)
enl ar ged wonvicnwi the bore 12. | nstead of being ceranpcr/dBreoams®nt coul d
be of netal or of cermet material.Extending into this upper part of the
bore 12 is, as shown in Figure 1, a netallic carrier rod 15 which at its
upper end outside of the bore 12 is fixed in any conveni ent manner to a
lifting device for raising and |lowering the stopper rod, in use, in a
vessel such as a tundish, in the norpgl_manner. The carrier rod 15 is of
circular cross-section, but is provided wth a laterally (radially)

enl arged portion in the formof an annular collar 16, the external shape of
whi ch subst ant At +ot r t b surface
13 together w F%ltétrﬁéﬁ%?}?t ggles JI@C# pé@l?‘ﬁﬁgr@g% ﬁgﬁsm%{ g%&%hgpgg%leﬁreh%art of
the col | ap rhetalldd ¢didiiet Gadl .15asviath aifits u@jt)éﬁénd betsidevel thedoreilg jsn the form
of a frustoconical surface 18 matching the frustoconical seating surface
13. Bel owfixhe ix ahy aonténienhmanner foea liftong dévices forf rdising amdrfatvecingcul ar
dianeter, but this is provided with an external thread at the position of
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centre of the carrier rod 15 for transmtting inert gas, in the nornmal way,

into the hafmre Hhtageotiert withhibe surfce 13 itself. In other words the upper part

of the collar is cylindrical, as ét 17, whilst the lower part is in the form of a
frustoconical surface 18 matching the frustoconical seating surface 13.

Below the collar 16, the carrier rod 15 is of its normal circular diarheter, but
this is provided wifh an external thread at the position of the insert 14, so that
the engagement of the rod 15 with the insert 14 enables a lifting of the carrier
rod 15 to be transmitted to the stopper rod body 11 so as to lift or lower the
stopper rod 10 in use in the normal manner. As shown in Figure 1, there is
disposed between the corresponding frustoconical surfaces 13 and 19 a
graphoil seal 19. Although not shown, it would normally be the case that
there is a gas flow passageway through the centre of the carrier rod 15 for
transmitting inert gas, in the normal way, into the lower part of the bore 12
in the stopper rod body 11, this inert gas generally being supplied through an
opening in the lower nose part of the stopper rod into the molten metal in the

vessel in which the stopper rod is received.

A problem with the prior art system shown in Figure 1 is that when
the stopper rod becomes heated, in use, the thermal expansion of the carrier
rod 15 leads to reduced pressure being applied to the graphoil seal 19,

resulting in leakage.



in the stopper rod body 11, this inert gas generally being supplied through
an opening in the | ower nose part of the stopper rod into the nolten netal
in the veweeabodmnomhni ch the stopper rod is received. A probleBmad Mmoo he
prior art systemshown in Figure 1 is that when the stopper rod becones
heated, in use, the thermal expansion of the carrier rod 15 leads to
reduced pressure being applied to the graphoil seal 19, resulting in

| eakage. The enbodi nent of the present invention shown in Figure 2 is
designed to solve that problem As cgz_pe seen fromthe drawing, all the
features of the stopper rod shown in Figure 1 are present in Figure 2 and
have accordi ngly been nunbered identically, but with the suffix a . To
overconme the sealing problemidentified with the Figure 1 arrangenent, it
can be seen that in Figure 2 an insert in the formof a nut 20 is

thr eadedl y enopgednpdaliien Y thePrededt! idiidh shoRasint Figrs omBuhat above the

upwardly facing surfa ylindrical part 17 of the collar 16 so

that, as ghewmed fohwlvger pleiennf Asfvanrbet se2f fremshbsirawingldllythiel ush wi t h
the upper face of the stopper rod body 11. Between the |ower end of the nut

20 and t hizatppeof ther stapperofod: $hovayin Figure dl arpqresent nfigue Zandar 16 is

sealing neans in the form foy exanple, .of .a packing gland seal 21.
Gener al | yhaws; acceedipgly liee\Ho‘%HIB{’%ré’dd ﬁ&iﬂ(@é@e@%@’lﬁh@e ’éW%gfﬂom of the nut
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engaged on the carrier rod 15a at a position somewhat above the upwardly
facing surface of tﬁe cylindrical part 17 of the collar 16 so that, as shown, the
upper face of the nut 20 is substantially flush with the upper face of the
stopper rod body 11. Between the lower end of the nut 20 and the upper
surface of the cylindrical part 17 of the collar 16 is sealing means in the
form, for example, of a packing gland seal 21. Generally this seal 21 would
bé compressed by the screwing down of the nut 20, even when the stopper
rod is not heated, so that there some radial R‘sealing as shown by the arrows at
the seal 21 in Figure 2. Accordingly instead of the bore 12 being open at

above the collar 16 as in Figure 1, this part of the bore 12 now receives the

nut 20 and seal 21 as shown.

Accordingly with the arrangement shown in Figure 2 radial sealing by
means of the seal 21 is maintained even when there is thermal expansion of
the carrier rod 15a (and nut 20), given that the nut is connected to the carrier
rod 15a. Although, as the metalwork expands, the whole assembly simply -
slides up fractionally, the force on the seal 21, and hence the gas-tightness, is
maintained, even though there may be leakage at the graphoil seal 19a.
Instead of being metallic, the nut 20 could be ceramic, of cermet or

potentially of any other heat resisting, shape maintaining material, and both



nut 20 and seal 2 1 as shown. Accordingly with the arrangenent shown in
Figure 2 radial sealing by neans of the seal 2 1 is maintained even when

t here i s wbenmal29®xpansi on of the carrier rod 15a (and mat/GA2Poe/gissen t hat
the nut is connected to the carrier rod 15a. Although, as the netal work
expands, the whole assenbly sinply slides up fractionally, the force on the
seal 21, and hence the gas-tightness, is maintained, even though there may
be | eakage at the graphoil seal 19a. Instead of being netallic, the nut 20
could be ceramc, of cermet or potentigal |y of any other heat resisting,
shape mai ntai ning material, and boththe seal 19a and the seal 2 1 could be
of materials different fromthose descri bed. Al though not shown with either

Figure 1 91{5: gé'agg% alr%r% 51%% sé(’)%iifl hi &%lﬁﬁg%fsr{‘&?ﬁafs[@%feg tf%]o?n"tﬁbée known wi th

st opper raods, restraint a e e stopper rod body

could be giRyibdgd Anksih Abeshowd walh difter Fagkiteel of FagwkiZ; it exliepels out of

this end of the stopper rod body. Such neans will be described in relation

t o Fi gur euderatoddithatyiak lis bellulomhers twdtidstopper tduss some whehnseofappiraed equal |y

to the arrangenment of Figure 2. The enbodi nent of the jnvention shown in

Fi gure 3 atsthgitap oAthe sfopperradkbedt cauidde pravidadortieund ts pasteofthand again

| i ke conponents wil.l. be simlarly nunber but with 1the prefjx b.
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13b of frustoconical form and space

The embodiment of the invention shown in Figure 3 is similar in many
respects to that shown in Figure 2 and again like components will be
similarly numbered, but with the prefix b. Accordingly it can be seen that
the stopper rod shown in Figure 3 comprises a refractory/ceramic stopper rod
body 11b with a longitudinal bore 12b extending therethrough from its open
upper end. This upper laterally (radially) enlarged part of the bore 12b is
formed with a seating surface 13b of frustoconical form, and spaced below
this surface 13b there is pressed into the material of the body 11 a fixing
insert 14b with which an externally threaded end (;f the metallic carrier rod
15b is engaged so that a lifting or lowering of the carrier rod will result in a

corresponding lifting or lowering of the stopper rod in its vessel.

The carrier rod 15b, which is preferably metallic, has a central‘gas
passage 22 extending therethrough. It is provided externally with a collar
16b made up of an upper cylindrical part 17b and a lower part which has a
frustoconical undersurface 18b. As with the Figure 2 arrangement, a seal
19b, preferably a graphoil seal, is trapped between the frustoconical surface
18b and the seating surface 13b to provide‘ a gas tight séal when the stopper

rod is unheated.



this surface 13b there is pressed into the material of the body 11 a fixing
insert 14b with which an externally threaded end of the netallic carrier
rod 15b iwoengzgewiso that a lifting or |owering of thePcarGB2e06/0000b1W | |
result in a corresponding lifting or |Iowering of the stopper rod inits
vessel . The carrier rod 15b, which is preferably netallic, has a central
gas passage 22 extending therethrough. It is provided externally with a
collar 16b made up of an upper cylindrical part 17b and a | ower part which
has a frustoconical undersurface 18b.gAs with the Figure 2 arrangement, a
seal 19b, preferably a graphoil seal, is trapped between the frustoconical
surface 18b and the seating surface 13b to provide a gas tight seal when
the stopper rod is unheated. A screw thread 23 is provided, for exanple by
pressing, into the inner surface of the upper part of the bore 12b and an

insert in the Ao§dFeRf thadhdemiyl proveded, d6r edarplessiupreasi@pt irits the inner

screwt hreadedly engaged with the thread 23, there being, as shown, radi al
cl ear ancesiréscseehthichepenpart afythe hdré ¢2b andranaineervfin theefarol bhanand t he outer
cylindrical surface of the carrier rod 15b. This is in contrast to the

Fi gure 2 anrdaigeohian 24 anedevalens is scaewrthesadadbnengagas With fediirerdl bet ween
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t hreaded part thereof.
can be provided between the external surface of the nut 20 and the inner

cylindrical surface of the bore in which the nut is received.

It can be seen from Figure 3 that trapped between the lower surface of
the collar 24 and the upwardly facing top surface of the collar 16b is a thick
graphoil seal 25, which radially seals against the inner surface of the bore

12b below the upper internally threaded part thereof.

The collar 24 is screwed down onto the seal 25 which is compressed
thereby. Accordingly when the stopper rod is unheated, there is sealing both
by way of the seal 19b and also by way of the seal 25, both of which seals
are under compression. However as the stopper rod is heated, and the
carrier rod 15b expands, the seal 19b is likely to start to leak in the normal
manner as the compression thereof decreases due to the expansion of the
carrier rod 15b. However the upper seal 19b, which is restrained by the
fixed screwed-in collar 24, will be subject to additional compressive forces
between the expanding carrier rod 15b and the retained collar 24 to provide
an effective gas-tight seal. Figure 3 shows a conventional washer 26 on the
carrier rod 15b at the top of the stopper rod body 11b, this washer being held
down onto the top of the stopper rod body by a nut 27 which is screw



The collar 24 is screwed down onto the seal 25 which is conpressed thereby.
Accordi ngly when the stopper rod is unheated, there is sealing both by way
of the seab0@bi2eovd al so by way of the seal 25, both of pamicHrH&IRI®1ar e
under conpression. However as the stopper rod is heated, and the carrier
rod 15b expands, the seal 19b is likely to start to leak in the nornal
manner as the conpression thereof decreases due to the expansion of the
carrier rod 15b. However the upper seal 19b, which is restrained by the
fixed screwed-in collar 24, will be sypject to additional conpressive
forces between the expanding carrier Tod 15b and the retained collar 24 to
provi de an effective gas-tight seal. Figure 3 shows a conventional washer
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provi ding a conventi onal at the top of the stopper rod body. It is
bel i eved that the arrangenent shown in Figure 3 is advantageous in that the
force on the seal 25 will increase as the netal work expands. In sone
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material of the stopper rod body

Any such problems with threading the refractory material of the
stopper rod body are overcome by the Figure 4 embodiment, where the
thread 23a for the engagement of the collar 24 is provided by a ceramic insert
28 co-pressed into the stopper rod body to form part thereof. As shown, the
upper part of the seal 25 is received in a lower non-threaded part of the insert

28.

Accordingly with each of the embodiments shown in Figures 2, 3 and
4 the thermal expansion/sealing problem identified with the prior art stopper

rods is overcome in a simple, yet effective manner.

The stopper rod of the invention shown in Figure 5 is similar in
several respects to that shown in Figure 3, having a stopper rod body 11c of
refractory/ceramic material with a central, longitudinally extending circular
cross-section bore 12¢, which is open at the end of the stopper rod which is
uppermost in use. This upper laterally (radially) enlarged part of the bore
12c¢ is formed with a seating surface 13c of frustoconical form, and spaced

below this surface there is préssed into the material of the body 11c a



upper part of the seal 25 is received in a |ower non-threaded part of the

I nsert 28. Accordingly with each of the enbodi nents shown in Figures 2, 3
and 4 t hewohesamabosexpansi on/ seal i ng problemidentified WCTiGR2b@&/I990r art
stopper rods is overcone in a sinple, yet effective manner. The stopper rod
of the invention shown in Figure 5 is simlar in several respects to that
shown in Figure 3, having a stopper rod body lie of refractory /ceramc
material with a central, longitudinally extending circular cross-section
bore 12c, which is open at the end of{{he stopper rod which is uppernost in
use. This upper laterally (radially) ‘enlarged part of the bore 12c is
formed with a seating surface 13c of frustoconical form and spaced bel ow

this surf

a(ceram C@gfl XI rf%ll%é Ip{e%gfg“h@h&%ﬂ%ﬁ%%?tﬁ rtﬁg 9 e ﬁr eac}leld end of the
pref er abl re@@ﬁ@i fn‘étdlﬁéﬁ:hﬁﬁeﬁél@ﬂi@ﬁild metfbﬁnfofrmanscﬁsn&lgia@@dl soengaged, so
that a I| ting | owering of the carrier rod will result in a -

cor r espongiang hlftmg iondoweringwirthe ganiertiod willoygselt inadcomesposdingssel . The
carrier rod 15c has a central gas passageway through it. It has an external
col | ar 16kiftingdy lopesingaof thepsepRreyIToddriiaesgdrt 17c and a |ower part with a
frustoconi cal under surface 18c. A seal 19c, preferably a graphoil seal, is
trapped between the surface 18c and the seati‘ng surface 13c to provide a

gas tight seal 16¢c, at
| east part of T‘?ch]%! E rgr el ene n% & m%glisﬁ?gagﬁwa@gr e Eﬁl gpgéfg?nal ly
screwt hr gadgd] 8sia P8O ndldeadd oﬁ&ﬁﬁﬁ&rﬁylﬁlﬂ@ﬂcal part 17c and a lower part

with a frustoconical undersurface 18c. A seal 19c, preferably a graphoil

seal, is trapped between the surface 18c and the seating surface 13c to

provide a gas tight seal when the stopper rod is unheated.

Above the collar 16c, at least part of the carrier element outside of the
bore 12c¢ is externally screw-threaded as shown at 28. A conventional
washer 26c is received on the carrier element, as with the Figure 3
embodiment, with a conventional insert in the form of a nut 27c, also as in
the Figure 3 embodiment, being engaged on the screw thread 28, to force the
washer downwardly when the nut is tightened. The washer is of a diameter

much greater than that of the bore 12¢ at the top of the stopper rod body.

Disposed around the carrier rod 15c and supported by the upwardly
facing top annular surface of the collar 16c¢ is further sealing means in the
form of two graphoil seals 25a and 25b. When these seals are axially
uncompressed the upper seal stands proud of the upper end of the stopper rod
body. This is shown at the left hand side of the drawing. Here the nut 27¢ is
in a loosened state, such that there is no force exerted by the nut on the
washer 26¢. The weight of the washer along acts on the seals, but does not

axially compress them. Thus as they are not radially compressed there is no



washer 26c¢ is received on the carrier element, as with the Figure 3

enbodi nent, with a conventional insert in the formof a nut 27c, also as in
t he Fi gurwo2o@mhowiment, bei ng engaged on the screw t hr eat/GARpociw1990r ce t he
washer downwardly when the nut is tightened. The washer is of a dianeter
much greater than that of the bore 12c at the top of the stopper rod body.
Di sposed around the carrier rod 15¢c and supported by the upwardly facing
top annul ar surface of the collar 16c is further sealing neans in the form
of two graphoil seals 25a and 25b. Vlhﬁfl_t hese seals are axially
unconpressed the upper seal stands proud of the upper end of the stopper
rod body. This is shown at the left hand side of the drawi ng. Here the nut

27c is in , i f y the nut
on the magﬁg# é%gfﬂﬁgﬁaﬁﬁéﬂfﬂ%hl%ﬂg&ﬁgzﬁ%?mgﬁgﬁgdégggﬁgﬁmﬁﬁgggéa s, but
does not pydylly conpress them Thus as they are not radially conpressed
there is noeffective seal produced by them between the carrier rod and the
stopper rod body. However if the nut 21c is now tightened, as shown at the
right hand side of the drawing, it noves down the screwthread 28 of the
carrier rod anHomsveri thedwizdkds neBetightensd.yasohaimaidibg Hahtdhand t o

conpress t.he | s_25a, 25b to the position_sho at. the ri.ght hand si de,
Wh the SHEREIRS Aiiiftisg Tt HeVEs HOTRTRR SCPGHRER 28 PHbAFAr i s Al
conpr essi I : exna i a
gas-ti ghtﬁgggﬁf th%ggaéﬁg%ﬁf‘%@(@%géaﬁ%}@% rie trofag‘q_%ﬁ}aé%ﬁ@@g?%%%g?’ rod body.
It will bgswesedesparddon Bebwhat @it fighehaat side, fapoHe Pidher eRgagingher

the top of the stopper rod body. The axial compression of the seals causes

them to expand radially and form a gas-tight seal (as shown) between the

carrier rod and the stopper rod body.

It will be understood that in an alternative embodiment, the washer
could be sized to be received in the upper end of bore 12c and thus at least
partly received therein when it axially compresses the seals 25a, 25b. In a
still further embodiment, the insert screw-threaded on the carrier rod, such as
nut 27¢, could also at least partly be received in the bore 12c¢ pressing down
on the washer. In other words the arrangement could be similar to that of
Figure 2, but with the addition of the washer between the insert and the
further sealing means. The further sealing means could, in any embodiment,
be a single seal or any suitable number of seals. With these alternative
embodiments it is not of course necessary for the seal or one or more of the

seals to stand proud when uncompressed.



could be sized to be received in the upper end of bore 12c and thus at

| east partly received therein when it axially conpresses the seals 25a,

25b. I n avetwédi12paent her enbodi nent, the insert screw threadsoanoldve
carrier rod, such as nut 27c, could also at |least partly be received in the
bore 12c pressing down on the washer. In other words the arrangenent could
be simlar to that of Figure 2, but with the addition of the washer between
the insert and the further sealing neans. The further sealing nmeans coul d,
in any enbodinent, be a single seal_g¢g _any suitable nunber of seals. Wth

t hese alternative enbodinents it is not of course necessary for the seal or
one or nore of the seals to stand proud when unconpressed.Clains 1. A
stopper rQd. conprising a refractory nmaterial stopper rod body having an

i nt er nal passageway extending froma first end of the body towards a second
end thereof, a netal carrier elenent having one of its ends received in
sai d passageway, the carrier elenment having a laterally enlarged portion
recei ved1in aA stoppat kod eomprigan pocfracoryomatdrial péoppeneodpodyhi ch
passageway portion defines a seating surface, and sealing neans between

sai d seahhmmgsan femahpassageway extendingofrophe firsk echel thedhdyy WSRIESr ti on of
the carrier el enent i

wher ei n a}n insert is hhr.eadedl%fsjl?n%g%ed with one of
][ hte calr Ir iaetﬁl@l;‘%ﬁggttﬁ%rﬁta_at%@e& SPpesr ?IGEP ?V‘Qg PTsiH LHeEYE sa: d
atera 1 i . . sealin
oans. belh ol LASCa i R ehlrid e b ling s JRRALy Whibbedd boiRAn €51 N9
stopper Lodidsd fl AARMAyerffhded fortivherehd ph&tagkwag! Which passhfewipr m

portion defines a seating surface, and sealing means between said seating

surface and an underside of the laterally enlarged portion of the carrier
element, wherein an insert is threadedly engaged with one of the carrier
element and the stopper rod body at a position above said laterally enlarged
portion of the carrier element, with further sealing means being disposed

between said insert and the carrier element.

2. A stopper rod as claimed in Claim 1, wherein the insert is in the form
of a nut screw-threadedly engaged on the carrier element, which nut, when
tightened, effects axial compression of said further sealing means, resulting

in sealing between the stopper rod body and the carrier element.

3. A stopper rod as claimed in Claim 2, wherein the nut effects axial
compression of said further sealing means through the intermediary of a

washer. .

4. A stopper rod as claimed in Claim 3, wherein the washer is located

around the carrier element at one end of the stopper rod body.



of a nut screwthreadedly engaged on the carrier elenent, which nut, when
tightened, effects axial conpression of said further sealing neans,

resul t i ngworosezboomg bet ween the stopper rod body and t lreTaB2006a01®h enent .
3 . Astopper.rod as clained in Claim2, wherein the nut effects axi al
conpression of said further sealing neans through the internediary of a
washer. 4. A stopper rod as clainmed in Caim3, wherein the washer is

| ocated around the carrier elenment at one end of the stopper rod body.5 . A
stopper rod as clained in Claim3 or 1gl_ai m 4, wherein the washer is |arger
than the further sealing neans. 6. A“stopper rod as clainmed in Claimb5,
wherein the washer is of larger dianeter than the dianeter of the upper end

Furt her Seal i b SRORRE A Y clalibln CARA Lot ChifiP P mnefhil i hathlits 06 | 0°

of C ai WheLai Hebher sealing nmeans is two graphoil seals
whi ch s'?g%%e%?g%atof sgilegsé%gleé eng of the stopper rod body when the nut is

untightened, and are axially conpressed into said upper end of the
passageway when the nut is tightened onto the washer to cause the washer
axi al l'y t@ conhrsespper hed gs alsimield indZlaim 58 whersinoibgevashet isef kirgerred i n any
one of Clains 1 to 7, wherein the further sealin ans con]é)ri.se three
separ at e dinmghesithar the dlamster,Ofsihg JIper €8d O%Q%I%glﬁggpﬁﬁaéﬁy HYHRWBE cains 1

. wherein th ' | i iy .
Stopper RIS 180RYT iy e aber et LSy RRE S5tk i FRE et hr ough.

7. A stopper rod as claimed in any one of Claims 3 to 6, wherein the
further sealing means is two graphoil seals which stand proud of said upper
end of the stopper rod body when the nut is untightened, and are axially
compressed into said upper end of the passageway when the nut is tightened

onto the washer to cause the washer axially to compress the graphoil seals.

8. A stopper rod as claimed in any one of Claims 1 to 7, wherein the

further sealing means comprise three separate graphoil seals.

9. A stopper rod as claimed in any one of Claims 1 to 8, wherein the
carrier element, which serves, in use, to connect the stopper rod to a lifting

device, has a gas supply extending therethrough.

10. A stopper rod as claimed in any one of Claims 1 to 9, wherein the

sealing means is a graphoil seal.

11. A stopper rod as claimed in Claim 1, wherein the insert is threadedly

engaged with the carrier element.



10. A stopper rod as clainmed in any one of Clains 1 to 9, wherein the
sealing neans is a graphoil seal. 11. A stopper rod as clained in Caim1,
wher ei n twe 200%ReM91i S t hr eadedl y engaged with the carri ecTaBEmmidz. A
stopper rod as clained in Claim1ll, wherein the further sealing neans is a
packi ng gl and seal. 13. A stopper rod as clained in Caim1l, wherein the
insert is threadedly engaged with the stopper rod body. 14. A stopper rod
as claimed in Claim13, wherein the further sealing neans is a graphoil
seal. 15. A stopper rod as clained i RzC ai m 14, wherein the graphoil seal
is thicker than the seal fornming the sealing means. 16. A stopper rod as
claimed in Caim1l, wherein the insert |s threadedly engaged with a ceramc

[ nser 1 o2 <SR 657 He CRUGRT AT 4G, PR e e Re ™ AT opper
rod as Cl'@%ﬁes arba%%ggggngfseg_ aims 1 to 17, wherein the sealing nmeans is

di sposed en co ntary frustoconical surfaces respectively of the
enl arged portion of the carrier element and said seating surface. 19. A
stopper rod as clainmed in Claim18, wherein until the s per rod heats up,
the seal iy mestoppst cohps ckdmadbntGlesn Iy N@lﬁ‘é@ﬂrﬂl@ﬂnﬁfékﬁe&‘f 2494lY he stopper
rod body and _provides a gas-ti t seal therebetween.20. A stopper rod as

cl ai med iongeged mithithe gkpper o we@dynsert is engaged

14. A stopper rod as claimed in Claim 13, wherein the further sealing

means is a graphoil seal.

15. A stopper rod as claimed in Claim 14, wherein the graphoil seal is

thicker than the seal forming the sealing means.

16. A stopper rod as claimed in Claim 1, wherein the insert is threadedly

engaged with a ceramic insert.

17. A stopper rod as claimed in Claim 16, wherein the ceramic insert is

pressed into the stopper rod to form part thereof.

18. A stopper rod as claimed in any one of Claims 1 to 17, wherein the
sealing means is disposed between complementary frustoconical surfaces
respectively of the enlarged portion of the carrier element and said seating

surface.

19. A stopper rod as claimed in Claim 18, wherein until the stopper rod
heats up, the sealing means is compressed between the carrier element and

the stopper rod body and provides a gas-tight seal therebetween.



with a conplenentary thread on the carrier elenent. 21. A stopper

claimed in Caim?20, wherein the insert

rod as

is screwed down tightly on the

further swel2neowgi2omans to effect radial sealing to the i roerGEnowozeo1wal |
t he passageway of the stopper rod body. 22. A stopper rod as clained in

Claim 13, wherein the insert is a collar. 23. A stopper rod as clained in

G aim22, wherein the collar is metallic or ceramc, threadedly engaged
with a corresponding thread at an upper inner surface of the internal
passageway in the stopper rod body._34. A stopper rod as clained in Caim

23, wherein the thread is pressed in the stopper rod body passageway. 25.

st opper

rod as clainmed in Caim24, wherein the thread is provided

pressed-ify i nserd. faf 10 9s Bifnedin'MGim 1P RHerbAdnE 9Rert is engaged

with a complementary thread on the carrier element.

21. A stopper rod as claimed in Claim 20, wherein the insert is screwed
down tightly on the further sealing means to effect radial sealing to the inner

annular wall of the passageway of the stopper rod body.

22. A stopper rod as claimed in Claim 13, wherein the insert is a collar.
23. A stopper rod as claimed in Claim 22, wherein the collar is metallic or
ceramic, threadedly engaged with a correspohding thread at an upper inner

surface of the internal passageway in the stopper rod body.

24. A stopper rod as claimed in Claim 23, wherein the thread is pressed in

the stopper rod body passageway.

25. A stopper rod as claimed in Claim 24, wherein the thread is provided

by a pressed-in insert forming part of the stopper rod body.
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