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Fluted stopper.
@ A refractory monoblock stopper of substan- ,
tially cylindrical configuration having an axial > —s 1

bore (2) provided therethrough for the passage
of an inert gas, the outer surface of the stopper
rod (1) being provided with an odd number of
axial grooves (5) thereby reducing the weight of
the stopper without loss of strength.
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This invention relates to a stopper used as part of
a valve mechanism in the control of flow of molten
material from a vessel through a submerged outlet.
More particularly, it relates to refractory monoblock
stoppers, i.e. one piece ceramic stopper rods as cur-
rently used to control the flow of molten metal exiting
from a nozzle mounted in the bottom of a melt-
containing vessel, e.g. ladle or tundish. This is typical-
ly applied in the casting of steel through an opening
in the base of the tundish via nozzles and shrouds into
a water-cooled mould.

Typically, such stoppers consist of an elongate
cylindrical refractory ceramic body of isostatically-
pressed graphite/alumina having at the lower end a
rounded or tapered profile suitable for engagementin
the throat of a corresponding exit nozzle, and at the
upper end some form of connecting means to fasten
the stopper onto an external lifting mechanism by
which the flow is controlled.

Operation of the stopper is simple in principle. A
mechanical lifting system is used to vertically lift the
stopper rod from a seating position on the nozzle to
ease orrestrict the volume of the molten metal flowing
through the nozzle. However, in practice, such a stop-
per rod has to operated under harsh environmental
conditions such as being submerged in the molten
metal for long periods of time and must be able to
withstand the high thermal shocks encountered in the
pouring processes.

The present invention aims to provide an im-
proved stopper.

According to one aspect of the present invention
there is provided a refractory monoblock stopper of
substantially cylindrical configuration having an axial
bore provided therethrough for the passage of an inert
gas, the outer surface of the stopper rod being provided
with an odd number of axial grooves thereby reducing
the weight of the stopper without loss of strength.

Preferably, the grooves in the outer surface of the
stopper rod are concave in cross-section.

Advantageously, 3 or 5 grooves are equispaced
in the outer surface of the stopper rod.

Therefore this invention provides a refractory
monoblock stopper which is characterised in that the
exterior surface of the stopper has an undulating con-
tour comprising alternate lobes and recesses to pro-
vide a fluted design which surprisingly retains the
strength of a regular cylindrical stopper as known for
example from EP-A-0074988 or EP-A-0179837 yet
results in significant savings in material.

One embodiment of the present invention will
now be described by way of example with reference
to the accompanying drawings in which:-

Figure 1 is a schematic view of a stopper accord-

ing to one aspect of the present invention, and

Figure 2 is a horizontal cross-section through the

stopper of Figure 1.

Turning now to the Figures, there is shown a stop-
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per rod 1 for use in the control of flow of moulten ma-
terial from a tundish or vessel (not shown). The stop-
per rod 1 comprises a refractory body having an axial
bore 2 having a restricted section 3 in the lower region
of the stopper rod. An inert gas such as Argon is fed
from a gas supply, through a transverse bore 4 in the
upper region of the stopper rod into the axial bore 2.

The outer surface of the stopper rod 1 is provided
with a plurality of axial concave grooves 5. Five
grooves are shown in Figure 2 although 3 grooves
may alternatively be used. The grooves 5 are equi-
spaced around the outer surface of the stopper rod 1.
The grooves produce regions of reduced thickness in
the stopper rod 1. An odd number of grooves 5 are
provided to ensure that each region of reduced thick-
ness of the stopper rod is diametrically opposite to a
solid portion of the stopper rod so as to ensure that it
can withstand the harsh working conditions placed
upon it.

Experiments carried out on a conventional cylin-
drical stopper rod and a grooved stopper rod loaded
in a similar manner have surprisingly shown that the
grooved stopper rod achieves a significant weight
saving for the stopper rod without suffering from loss
of strength.

Furthermore, the grooves 5 provided in the sur-
face of the stopper rod 1 result in the reduction of the
tendency for a swirling vortex to be created around
the stopper rod and thence down the exit nozzle of the
tundish or vessel. The above described stopper rod
allows the tundish to be emptied to a lower level be-
fore any surface slag or impurities are drawn down
the nozzle and into the mould which would reduce the
cast product quality. The yield from each tundish can
therefore, be increased.

Claims

1. A refractory monoblock stopper of substantially
cylindrical configuration having an axial bore pro-
vided therethrough for the passage of an inert
gas, the outer surface of the stopper rod being
provided with an odd number of axial grooves
thereby reducing the weight of the stopper with-
out loss of strength.

2. A stopper according to claim 1, wherein the
grooves in the outer surface of the stopper rod
are concave in cross-section.

3. A stopper rod according to claim 1 or 2, wherein
three grooves are equispaced in the outer sur-
face of the stopper rod.

4. A stopper rod according to claim 1 or 2, wherein
five grooves are equispaced in the outer surface
of the stopper rod.
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