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(57) Abstract: An apparatus for feeding molten metal to aplurality of moulds, the apparatus comprising aplurality of reservoirs for
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and an opposing end wall, wherein at |least one of the channels reduces in width from itsinlet to its end wall.
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AN APPARATUS FOR FEEDI NG MOLTEN METAL
TO A PLURALITY OF MOULDS

Summary of the Invention

The present invention relates to an apparatus for
feeding nolten netal to a plurality of noulds.

Background of the |nvention

One known nethod of casting nmetal ingots is that
of direct chill continuous casting using a hot top nould.
In this nethod, a bath of nolten netal is located directly
above or next to the nmould cavity, through which the
nolten metal is either drawn horizontally or flows
vertically under gravity. The nould body is continuously
cooled in a chanber around the nould, thus chilling the
nolten nmetal to formingots, billets or other shapes as
desired. The nould body also acts as an outlet for the
direct chill water spray.

Multiple hot top noulds may be fed with nolten
netal using a single apparatus, which my be referred to
as a "nmould table" or a "flooded table" . An exanple of one
known design for a flooded table apparatus is shown in
Figure 1. The flooded table conprises a primary channel or
trough, a plurality of secondary channels fluidly
connected to the primary channel and a plurality of
reservoirs arranged along the secondary channels. The
nmul ti ple noulds are each connected to a reservoir of the
fl ooded table so that nolten metal can be fed to the nould
fromthe reservoirs.

An advantage of the flooded or nmould table is
that control over only a single level of nolten netal is
required as opposed to controlling the nolten metal |eve
above each individual rmould. The flooded table also allows
for close packing of the noulds relative to one another,
thus reducing the capital costs of the casting system
Furthernmore, using the flooded table to feed the nolten
netal avoids oxide generation by a cascade effect inside
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the moul d. Recent devel opnents in direct chill casting, in
particular in respect of the flooded table, has led to the
enpl oyment of large nulti-strand nmould tables with 60 to
80 noul ds.

Delivery of the nolten nmetal into each nould of
the system both at cast start and for steady state phase
of the operation, has an inportant influence on the in-
nmoul d processes and hence on the product quality and the
system productivity. One significant problem when using
fl ooded tables is excessive variance in the tinme taken to
fill all the moulds on the table at cast start. Another
problem faced is too high a nolten netal tenperature
distribution across the table. Typically, the larger the
mould table, the greater the fill tine variation at cast
start and nelt tenperature variation fromnould to nould.

For efficient production of sufficient quality
castings, each mould nust be filled with nolten netal and
a solid shell fornmed on the solidifying product within a
given time. If this time is too short there is
insufficient solid shell formed to support the product
energing fromthe nmould and a bl eed-out may occur.
Conversely, should the tinme be too long and the
solidifying product within the mould held too |ong prior
to the lowering of the starting head, the solid may extend
into the channel feeding the nolten nmetal to the nould
resulting in a hang-up, with the solidified product being
unable to exit the bottom of the nmould as the casting
machine ramwith the starting heads attached is |owered.
In both these situations, excess scrap product is
pr oduced. More seriously these problens may result in
damage to the casting equi pment and exposure ofoperators
to dangerous conditions.

It is therefore highly desirable that each noul d
within the system receives an initial fill of nolten neta
within a given tine |imt with respect to all of the other
moulds in the table, and that the netal tenperature be as
uni form as possible across the table. It is further
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desirable to avoid excessive turbulence of the nolten

nmetal as it enters each nould as this can increase the
production of oxides and thereby reduce the quality of the
cast product. \

Various designs for the flooded or nmould table
have been devel oped, l|argely by enpirical nethods. An
exanpl e of nore recent flooded table designs is disclosed
in US 6848497. However, whilst some recent designs have
addressed sone of the above problens, no present
commercial flooded table casting system provide a
conpletely satisfactory apparatus for feeding nolten netal

to a plurality of noulds. In present comrercial casting
systens, fill time differences of 20 to 30 seconds between
each nould, fill times of greater than 10 seconds and

tenperature differences across the nould table of 20 to
300C are common. Such operating paraneters can often
result in the problens described above

Summary of the |nvention

According to a first aspect of the present
invention, there is provided an apparatus for feeding
molten netal to a plurality of noulds, the apparatus
conprising a plurality of reservoirs for supplying nolten
nmetal to the plurality of noulds under gravity and at
| east one channel for supplying nolten nmetal to the
plurality of reservoirs through an entry port in each
reservoir, wherein the ratio of the wwdth of the entry
port to the width of its respective reservoir for at |east
one of the reservoirs is less than 1:1.

In an enbodinent, the ratio is less than 1:1 for
nost of the reservoirs.

In an enbodinment, the ratio is less than 1:1 for
each reservoir.

Preferably, the ratio is from 1:1 to 1:10, nore
preferably 1:3 to 1:8, nore preferably approximtely 1:5.

According to a second aspect of the present
invention, there is provided an apparatus for feeding
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molten netal to a plurality of nmoulds, the apparatus
conprising a plurality of reservoirs for supplying nolten
metal to the plurality of noulds under gravity and at

| east one channel for supplying nolten netal to the
plurality of reservoirs through an entry port in each
reservoir, wherein the longitudinal extent of at |east one
of the entry ports is tangential to the perineter of its
reservoir.

In an enbodi nent, the |ongitudinal extent of nost
of the entry ports are tangential to the perineter of
their respective reservoirs.

In an enbodi nent, the |ongitudinal extent of each
of the entry ports is tangential to the perineter of their
respective reservoirs .

In an enbodi ment, the, nobst or each reservoir is
circular in cross-section and the |ongitudinal extent of
its or their respective entry port(s) is tangential to its
reservoir's circunference.

According to a third aspect of the present
invention, there is provided an apparatus for feeding
nmolten nmetal to a plurality of noulds, the apparatus
conprising a plurality of reservoirs for supplying nolten
metal to the plurality of noulds under gravity and at
| east one channel for supplying nolten netal to the
plurality of reservoirs through an entry port in each
reservoir, each channel having an inlet through which
nolten netal may enter the channel and an opposing end
wal |, wherein at |east one of the channels reduces in
width fromits inlet to its end wall.

In an enbodi nent, nost of the channels reduce in
wdth fromtheir inlets to their end walls.

In an enbodi nent, each of the channels reduce in
wdth fromtheir inlets to their end walls.

In an enbodi ment, the wdth of the channel (s)
reduces continuously fromthe inlet to the end wall.

In an enbodi ment, the width of the channel (s)
reduces stepwise fromthe inlet to the end walls.
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In an enbodi nent, each entry port has an opening
in one of the channels for nolten netal to enter the entry
port from that channel .

In an enbodi nent, the at |east one channel
conprises a first channel portion and a second channel
portion.

In an enbodi nent, the first channel portion is
wi der than the second channel portion.

In an enbodi nent, the first channel portion
conprises the portion of the channel between its inlet and
the opening (s) of the entry port(s) of the reservoir or
opposing pair of reservoirs closest to the inlet.

In an enbodi nent, the second channel portion
conprises the portion of the channel between the
opening (s) of the entry port(s) of the reservoir or
opposing pair of reservoirs closest to the inlet and the
opening (s) of the entry port(s) of the next closest
reservoir or opposing pair of reservoirs.

In an enbodi ment, where the apparatus conprises
four reservoirs arranged about each channel, the next
cl osest pair of reservoirs to the inlet is also the pair
furthernost fromthe inlet.

In an enbodi nent, the at |east one channel
conprises a third channel portion.

In an enbodi nent, the second channel portion is
wi der than the third channel portion.

In an enbodi ment, the third channel portion
conprises the portion of the channel between the
opening (s) of the entry port(s) of the next closest
reservoir or opposing pair of reservoirs and the
opening (s) of the entry port(s) to the follow ng closest
reservoir or opposing pair of reservoirs .

In an enbodi nent, where the apparatus conprises
six reservoirs, the first channel portion is shorter in
l ength than the second channel portion.

In an enbodi nent, the third channel portion is
shorter in lengths than the second channel portion
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However, in an enbodi nent, where the apparatus
conprises four reservoirs, the first channel portion is
in length than the second channel portion.

In an enbodinent, the third channel portion is
shorter in lengths than the first channel portion.
In an enbodi nent, where the apparatus conprises

cl osest reservoir or opposing pair of

each channel, the follow ng

reservoirs to the

of the present

inlet is also the pair furthernost from the inlet.
According to a fourth aspect

invention, there is provided an apparatus for feeding

molten nmetal to a plurality of noul ds,

t he appar at us

conprising a plurality of reservoirs for supplying nolten

met al
| east
plurali

nmol t en

to the plurality of noulds under

gravity and at

one channel for supplying nolten netal to the

ty of reservoirs through an entry port in each
reservoir, each channel having an inlet through which
metal may enter the channel and an opposing end
wal |, wherein the end wall conprises an angular portion
for reducing backflow of nolten netal
In an enbodi nent, the angular portion is

triangul ar shaped.
In an enbodi nent, the angular portion extends

towards the channel inlet.
The apex of the triangular shaped angul ar portion
may project in to the channel, preferably towards the

channel

inlet.
In an enbodi nent, sides of t

fromthe end wall.

he angul ar portion

are formed by entry ports of an opposing pair of
reservoirs.

In another arrangenment, a side of the angul ar
portion may be forned by the entry port of a reservoir.

According to a fifth aspect

of the present

invention, there is provided an apparatus for feeding

nmol t en

metal to a plurality of noulds,

t he appar at us

conprising a plurality of reservoirs for supplying nolten

met al

to the plurality of noulds under

gravity and at
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| east one channel for supplying nolten metal to the
plurality of reservoirs through an entry port in each
reservoir, each channel having an inlet through which
nmolten nmetal may enter the channel and an opposing end
wal |, the reservoirs |ocated on one or both |ongitudina
sides of one of the channels, wherein the entry ports of
the reservoirs which are closer to the inlet of their
respective channel are narrower than entry ports of
reservoirs further fromthe inlet of that channel
According to a sixth aspect of the present
invention, there is provided an apparatus for feeding
nmolten netal to a plurality of noulds, the apparatus
conmprising a plurality of reservoirs for supplying nolten
metal to the plurality of noulds under gravity and at
| east one channel for supplying nolten netal to the
plurality of reservoirs through an entry port in each
reservoir, each channel having an inlet through which
nmolten netal may enter the channel and an opposing end
wall, the reservoirs |ocated on one or both |ongitudinal
sides of one of the channels, wherein the entry ports of
the reservoirs which are closer to the inlet of their
respective channel have a longitudinal extent which is
closer to the perpendicular with respect to the
| ongi tudi nal extent of that channel, than entry ports of
reservoirs further fromthe inlet of that channel
According to a seventh aspect of the present
invention, there is provided an apparatus for feeding
nmolten netal to a plurality of noulds, the apparatus
conmprising a plurality of reservoirs for supplying nolten
metal to the plurality of noulds under gravity, and at
| east one channel for supplying nolten netal to the
plurality of reservoirs through an entry port in each
reservoir, each reservoir being in fluid comunication
with their respective nmould through a feed tube, wherein
at least a portion of at |east one of the reservoirs has a
cross-sectional area which is 20 to 80% of the cross-
sectional area of its respective feed tube
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Preferably, at least a portion of nost of the
reservoirs has a cross-sectional area which is 20 to 80%
of the cross-sectional area of its respective feed tubes.

Preferably, at least a portion of all of the
reservoirs has a cross-sectional area which is 20 to 80%
of the cross-sectional area of its respective feed tube.

Preferably, the entire at |east one reservoir has
a cross-sectional area which is 20 to 80% of the cross-
sectional area of its respective feed tube.

Preferably, the portion of the at |east one
reservoir has a cross-sectional area which is 30 to 70% of
the cross-sectional area of its respective feed tube, nore
preferably 40 to 60% nore preferably approximately 50%

In an enbodi nent, the at |east one reservoir is
non- concentric wth its respective nould bel ow

According to an eighth aspect of the present
invention, there is provided an apparatus for feeding
nmolten netal to a plurality of noulds, the apparatus
conprising any conbination of the first, second, third,
fourth, fifth, sixth and seventh aspects of the present
i nvention.

In an enbodi nent, the apparatus also conprises a
primary trough for supplying nolten netal to the at |east
one channel .

The nolten netal may be supplied to the at |east
one channel fromthe primary trough through each channel 's
inlet.

In an enbodi nent, the primary trough has at | east
one nolten netal feed position at which nolten netal is
fed into the primary trough.

In an enbodinent, the primary trough has two
nmolten netal feed positions, |ocated preferably at either
end of the trough.

In an enbodi nent, the width of the channel inlets
i s dependent on their proximty to the at |east one nolten
nmetal feed position of the primary trough.

In an enbodi nent, the width of those channel
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inlets closer to the at |least one nolten netal feed
position are narrower than those channel inlets which are
further fromthe at |east one nolten netal feed position.

Brief Description of the Draw ngs

Enbodi nents of the present invention will now be
descri bed, by way of exanple only, with reference to the
acconpanyi ng draw ngs, in which:

Figure 1 is a perspective view of a prior art
apparatus for feeding nolten nmetal to a plurality of
nmoul ds ;

Figure 2 is a cut-away side view of a
conventional direct chill continuous casting nould
connected to a reservoir for supplying nolten netal to the
noul d;

Figure 3 is a plan view of an apparatus for
feeding nolten netal to a plurality of noulds according to
an enbodi nrent of the invention

Figure 4 is a perspective view of an apparatus
for feeding nolten netal to a plurality of noulds
according to another enbodinment of the present invention;

Figure 5 is a perspective view of an apparatus
for feeding nolten nmetal to a plurality of noulds
according to another enbodi nent of the invention; and

Figure 6 is a perspective view of an apparatus
for feeding nolten nmetal to a plurality of noulds
according to a further enbodinent of the invention.

Detail ed Description of Enbodi nents

Referring to Figure 3, an apparatus 10 for
feeding nolten nmetal to a plurality of noulds according to
an enbodi nrent of the present invention is shown. The
apparatus 10 conprises a plurality of reservoirs 11 for
supplying nolten netal to the plurality of noul ds under
gravity and a channel 12 for supplying nolten nmetal to the
plurality of reservoirs 11 through an entry port 13 in
each reservoir. It is noted that the reservoirs 11 may be
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referred to in the art as "refractories” . In the
enbodi nrent shown in Figure 3, the apparatus 10 conprises
six reservoirs 11, arranged on both |ongitudinal sides of
the channel 12. However, in variations of this enbodinent,
the apparatus nay conprise nore or |less reservoirs
arranged on one or both |ongitudinal sides of the channe
and at one or both ends of the channel. The apparatus 10
may be used in the casting of any suitable netals
i ncluding alum nium rmagnesium and their respective
al | oys

Wien the apparatus 10 is used in a direct chill
casting system noulds are attached to each reservoir 11
in an arrangenent the sanme or simlar to that shown in
Figure 2. The nmould 15 shown in Figure 2 conprises top and
bottom sections, but may be forned as a unitary nould. The
reservoir 11 is arranged in fluid communication with the
nmould 15 through a feed tube 16, which is often referred
to in the art as an "orifice plate” or a "transition
plate” . The mould 15 may al so incorporate a graphite ring
17 as well as a gas and/or oil distribution system 18 as
shown in Figure 2. It is noted also that Figure 2 shows
the reservoir 11 conprising a |ower connection portion 19,
whi ch connects the reservoir 11 to the feed tube 16
(orifice plate) .

Level A is typically the level of nolten netal
during the run phase of the casting operation in the
reservoir 11, Level B is typically the level taken to be

the reservoir full level at cast start and Level Cis the
typical level or position of the top of the starting head
inside the mould 15 at cast start. The space between

Level C and Level B is the space that constitutes the
initial nould fill.

At cast start, the nmould 15 is closed from bel ow
by a starting head with the top level of the starting head
typically set at level c. The reservoir 11 is filled by
the incoming nolten nmetal to a typical |evel marked by
level B. Wen this level is reached the cast start
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procedure is actuated and after a pre-set tinme delay the
starting head is |lowered and the withdrawal of the cast
product with a solid surface |ayer commenced. Filling of
the reservoir 11 to a pre-set level (typically as
indicated by level A) continues with the nolten netal flow
then being controlled to maintain this |evel throughout

t he cast.

Referring again to Figure 3, the channel 12 has
an inlet 20 through which nolten netal may enter the
channel 12 and an opposing end wall 21. The channel 12
reduces in wdth fromits inlet 20 to its end wall 21. In
t he enbodi nrent shown in Figure 3, the wwdth of the channe
12 reduces stepwise fromthe inlet 30 to the end wall 21.
However, in other enbodinents, the width of the channel 12
may reduce continuously fromthe inlet 20 to the end wall
21. Advantageously, the reducing width of the channel 12
reduces the volune of nolten netal which can be held in
the apparatus 10. Furthernore, the reducing width of the
channel 12 "accelerates" flow of nolten netal fromthe
channel's inlet 20 towards it's end wall 21 and thus to
the reservoirs 11 furthest fromthe channel inlet 20. As a
result, the reducing wdth of the channel 12 reduces the
time taken and the differential in tine taken between
reservoirs 11 to fill with nolten netal

The channel 12 conprises first, second and third
channel portions, 22, 23 and 24 respectively. The first
channel portion 22 is wider than the second channe
portion 23 which is wider than the third channel portion,
thus providing the step-wise reduction in the width of the
channel 12. The first channel portion 22 is shorter in
I ength than the second channel portion 23. The first
channel portion 22 should be as short as possible to

reduce overall fill time of the apparatus 10 but not so
short that an undesirably large fill time differentia
between reservoirs |l is created. The third channel

portion 24 is shorter than the second channel portion 23.
Advant ageously, this reduces the fill tine differentia
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between the reservoirs 11, in particular those in the
m ddl e and those furthernmost from the channel inlet 20.

Each entry port 13 has an opening 25 in the
channel 12 for nolten netal to enter the entry port 13
from the channel 12. The first channel portion 22
conprises the portion of the channel 12 between its inlet
20 and the openings 25 of the entry ports 13 of the
opposing pair of reservoirs 11 closest to the inlet 20.
The second channel portion 23 conprises the portion of the
channel 12 between the openings of the entry ports
opposing pair of reservoirs 11 closest to the inlet 20 and
the opening of the entry port of the next closest (ie.

m ddl e) opposing pair of reservoirs 11. The third channe
portion 24 conprises the portion of the channel 12 between
the openings 25 of the entry ports 13 of the mddle
opposing pair of reservoirs 11 and the openings 25 of the
entry ports 13 to the furthernost opposing pair of
reservoirs 11 fromthe channel's inlet 20.

The entry ports 13 are designed to have a height
to accommodate the desired operational nolten nmetal |evel
for the apparatus 10 including adequate additional height
to allow for variations in the nolten nmetal supply to and
outflow from the apparatus 10.

Conpared to conventional apparatuses for feeding
nolten nmetal to a plurality of noulds, such as that shown
in Figure 1, the entry ports 13 of the reservoirs 11 are
significantly narrower. The ratio of the width of each
entry port 13 to the width of its respective reservoir 11
is less than 1:1. Preferably, the ratio is from1l:1 to
1:10, nore preferably 1:3 to 1:8, nore preferably
approximately 1:5. The narrower entry ports 13 reduce the
volume of nmolten nmetal which can be held in the apparatus
10 (as conpared to a conventional apparatus for feeding
nolten to a plurality of noulds) . The width of the entry
ports 13 is designed to provide the appropriate nolten
netal flow rate to their respective reservoirs 11, given
the diameter of that reservoir.
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The |ongitudinal extent of each of the entry-
ports 13 is tangential to the perinmeter of its respective
reservoir 11. In the enbodiment shown in Figure 3 the
reservoirs 11 are circular in cross-section and the
[ ongi tudinal extent their respective entry ports 13 are
tangential to their respective reservoir's circunference.
This feature of the apparatus 10 encourages |amnar flow
of the nolten nmetal into the reservoirs 11, reducing
turbul ence and the associated problems with turbulence in
the nmolten netal. This in turn reduces the tine taken to
fill the reservoirs 11.

The end wall 21 conprises an angular portion 27
for reducing backflow of nmolten nmetal from the end wall
21. The angular portion 27 is triangular shaped and has an
apex which projects into the channel 12 and extends
towards the channel inlet 20. The sides of the angul ar
portion 27 are formed by the entry ports 13 of the
opposing pair of reservoirs 11 furthernost from the
channel inlet 20. The angular portion 27 reduces the
backflow of nmolten nmetal from the end wall by directing
any flow of nolten netal towards the sides of the channel
12 and nost advantageously into the reservoirs 11
furthernost from the channel inlet 20. This not only
reduces the turbulence in the nolten netal in the
apparatus 10 (and hence the formation of oxides) but also

improves the rate of flow of nolten netal into the
reservoirs furthernost from the channel inlet 20,
consequently reducing the tine taken to fill these

reservoirs wth nolten netal.

Referring now to Figure 4, an apparatus 110 for
feeding nmolten nmetal to a plurality of nmoulds according to
anot her enbodiment of the present invention is shown. The
apparatus 110 has simlar features to the apparatus 10
showmn in Figure 3. These simlar features have been given
the sane reference nunbers but are prefixed with the
numeral 1.

The apparatus 110 of Figure 4 conprises a
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plurality of reservoirs 111 for supplying nolten netal to
the plurality of moulds under gravity and a channel 112
for supplying nolten netal to the plurality of reservoirs
111 through an entry port 113 in each reservoir 111. Each
channel 112 has an inlet 120 through which nolten netal
may enter the channel 112 and an opposing end wall 121.
The reservoirs 111 are |l ocated on both 1ongitudi nal sides
of the channels 112.

The entry ports 113 of the reservoirs 111 which
are closer to the inlet 120 of the channel 112 are
narrower than entry ports of reservoirs further from the
inlet 120 of the channel 112.

Furthernore, the entry ports 113 of the
reservoirs which are closer to the inlet 120 of the
channel 112 have a longitudinal extent which is closer to
the perpendicular with respect to the |ongitudinal extent
of the channel 112, than entry ports of reservoirs further
fromthe inlet 120 of the channel 112.

Both of the above described features reduce the
time differential between filling of the reservoirs 11
which are located at different positions relative to the
channel inlet 120. Wthout wishing to be bound by any
particular theory, fluid flow dynamcs are used to
determine the width of the entry ports 113 and the
arrangenment of the longitudinal extent of the entry ports
113 relative to the longitudinal extent of the channel 112
are designed so as to enable the volunetric flow rate of
the nolten netal into each of the reservoirs 11 to be
closely simlar. As a result the tine taken to the fill
each of the reservoirs 11 is simlar and the tinme
differential reduced.

The arrangenent of the entry ports 113, in
particular their openings 125 in the channel 112 relative
to the central axis of their respective reservoirs 111, in
t he enbodi ment shown in Figure 4 is dependent on the
position of each reservoir relative to the inlet 120 of
the channel 112. The arrangenent of the entry port
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openings 125 is designed to mninmse the generation of
whi rl pool type turbulence in the reservoirs 111. Such
turbul ence can create a vortex within the reservoirs 111,
whi ch may subsequently entrap oxides and other
contamnants within the nolten netal entering the nould.
For those reservoirs closest to the channel inlet 120, the
entry port openings 125 are further away from the channel
inlet 120 than the central axis of their respective
reservoirs. Conversely, for those reservoirs which are
furthernmost from the channel inlet 120, the entry port
openings 125 are closer to the channel inlet 120 than the
central axis of their respective reservoirs.

The apparatus 110 shown in Figure 4 has
reservoirs 111 which are restricted in volume as conpared
to the conventional cylindrical reservoirs such as those
shown in Figure 1. This shaping of the reservoirs 111
reduces the volunme of the nolten nmetal which can be held
in the apparatus 110. As a result, the tenperature
differential across the apparatus 110 during casting
operation is reduced. Furthernore, as less nolten netal is

required to fill the apparatus 110 (and the reservoirs
111) , the tine taken to fill the reservoirs 111 and the
time to fill differential betweeen the reservoirs at the

start of casting operating is also reduced. An additional
advantage from the reduced volunme of nolten netal is the
reduced thermal |oad placed on the apparatus 10.

The restricted volune of the reservoirs 111 is
such that at |least a portion, but preferably the entirety,
of each reservoir is 20 to 80% of the cross-sectional area
of its respective feed tube. Preferably, the portion of
each reservoir 111 has a cross-sectional area which is 30
to 70% of the cross-sectional area of its respective feed
tube, nore preferably 40 to 60% nore preferably
approximately 50% It is also noted that the reservoirs
111 of the apparatus 110 shown in Figure 4 are shaped such
that they are not concentric with their respective noulds
below as is the case conventionally. This does not



WO 2009/036503 PCT/AU2008/001381

10

15

20

25

30

35

- 16 -

adversely affect the characteristics of the cast billets,
nor the casting operation using the apparatus 110.

It is noted that any one or nore of the features
shown and di scussed above in relation to the apparatus 110
of Figure 4 may be incorporated in the apparatus 10 of
Figure 3 and vice versa.

Referring now to Figure 5, an apparatus 210 for
feeding nolten nmetal to a plurality of nmoulds according to
anot her enbodi nent of the present invention is shown. The
apparatus 210 has simlar features to the apparatus 10
shown in Figure 3. These simlar features have been given
the sanme reference nunbers but are prefixed with the
numeral 2. The enbodinent in Figure 5 shows a variation in
which the entry ports 213 are curved, as opposed to being
linear as is the case for the enbodinents shown in Figures
3 and 4.

Referring now to Figure 6, an apparatus 300 for
feeding nolten netal to a plurality of noulds according a
further enbodinment of the invention is shown. The
apparatus 300 is designed for feeding nolten netal to a
much greater nunber of noulds than the apparatuses 10, 110
and 210 discussed above in relation to Figures 3 to 5.

A plurality of the apparatuses 10, 110, 210 of either
Figures 3, 4 and/or 5 formunits or nodules of the
apparatus 300 of Figure 6. The apparatus 300 also
conprises a primary trough 301 for supplying nmolten netal
to the channels 12, 112, 212 through each channel's inlet
20, 120, 220.

Flow to each of the channels 12, 112, 212 from
the primary trough is controlled by gates (not shown) on
the channel inlets 20, 120, 220 as would be known to a
person skilled in the art. Generally, during cast start
using the apparatus 300 of Figure 6, the gates are cl osed,
preventing any flow of nolten netal from entering any of
the channels 12, 112, 212. Only the primary trough 301
receives nolten metal at start-up until a specified Ievel
or "head" of nolten netal is attained in the primry
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trough 301. The gates on all of the channels 12, 112, 212
are subsequently opened to enable nolten netal to flow
into the channels 12, 112, 212. This nay or nmay not occur
simultaneously for all of the channels 12, 112, 212. In
some enbodi nents, it nmay be necessary to have staged
opening of the gates.

The primary trough 301 has at |east one nolten
nmetal feed position 302 at which nolten netal is fed into
the primary trough. The primary trough 301 of the
apparatus 300 of Figure 6 has two nolten netal feed
positions 302 at either end of the trough 301. The wdth
of the channel inlets 20, 120, 220 may be determnmined by
their proximty to the nolten nmetal feed positions 302 of
the primary trough 301. In such an enbodinment, the width
of those channel inlets closer to the nolten netal feed
positions 302 of the primary trough 301 are typically
narrower than those channel inlets which are further from
the nolten netal feed positions 302. Advantageously, this
feature acts against the channels closer to the nolten
nmetal feed positions 302 of the primary trough 301 during
normal casting operation of the apparatus 300 from
starving the channels further away from the nolten netal
feed positions of nolten netal.

EXAMPLES

Exanple 1
A nodel apparatus which was simlar to the

apparatus 10 shown in Figure 3 was constructed for use in
water flow nodelling. The reservoirs of the nodel
apparatus had a dianeter of 152mm Table 1 bel ow provides
details of dinmensions A-G for the nodel apparatus as

indicated on Figure 3. All values are in mllinetres.
Table 1
Mould A B Cc D E P G
diameter
152 60 50 50 30 240 485 585
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Water was released into the channel of the node
apparatus from a predeterm ned head hei ght
The resulting fill time for al
across the nodel apparatus showed a fill tinme difference
of less than 5 seconds. Table 2 below provides fill tinmes

for reservoirs 1 to 6 (as indicated on Figure 3).

of the reservoirs

Table 2
Water Time to £ill individual reservoir number
headheigh (seconds)
t (mm) 1 2 3 4 5 6
76 3.8 3.7 4.8 4.8
97 5.4 | . .
110 5.2 5.3 3.1 3.7 3.2 3.0
Exanpl e 2
A nodel apparatus for feeding nolten netal to a
plurality of noulds was nodelled on a conputer using Flow

apparatus was simlar to the
ten nodul es

3D software. The nodel
apparatus 300 shown in Figure 6 conprising
each having six reservoirs connected to a primary trough.
Such an apparatus may be referred to in the industry as a
60 strand nmould table. The reservoirs of the node
apparatus had a dianeter of 152 mm and each nodul e had the
sane geonetric dinensions as the nodel apparatus discussed
in Exanple 1.

The channel inlets for each of the nodul es was
the same and the nodul es were spaced eguidistantly apart
along the primary trough.

The primary trough of the nodel apparatus was
filled with nolten netal to a height of 70 mmoprior to
rel ease of the nolten netal sinultaneously into each of
t he channels of each of the nodules through their
It is noted that this height may be varied according to
requi rements. The sinultaneous release of the nolten netal
of the nodules is achieved using conventional

inlet.

to all
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nmol ten nmetal control technology typical of which is
hydraulic or nunerically activated sliding refractory dam
system

The conputer nodelling was run for only one half
of the table to reduce processing tine. Table 3 bel ow
provides fill times for reservoirs 1 to 6 of nodules A to
E (as indicated on Figure s).

Table 1. Results obtained from the Flow 3D nodelling of

the half table (At = maxinmum tinme difference)
Module At -
A | B | ¢ | o l E between
Mould Mould £ill time - seconds modules
No.
1 4.4 5.2 5 5.8 5.6 1.4
2 5 5 5 5.2 5.6 0.6
3 5.6 6.8 6.4 7.2 7.2 1.6
4 6 5.8 6.4 7.2 7.2 1.4
5 4 4.2 4.4 4.4 4.4 0.4
6 4 4.2 4.4 4.4 4.4 0.4
At - 2 2.6 2 2.8 2.8
within
module
At - across 3.2
table

The conputer nodel was shown to closely follow
the flow patterns and fill tines observed in the water
nodel I ing described in Exanple 1 above.

The fill time differentials within a single
nodul e, between nodul es and across the entire apparatus
were all less than 5 seconds. Upon further nodelling, the
fill times for reservoirs 3 and 4 were reduced by reducing
the length and/or wdth of the entry ports for these
reservoirs.

Further studies using the conputer nodel also
found that the fill time for an individual reservoir is
dependent upon the nolten netal head height in the primry
trough prior to release of the nmetal from the primry
trough to each of the nodules and the width of the channe
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inlet of each nodule. A head height of approximately 80 mm
was found to provide an acceptable conprom se between
reservoir fill time and turbulence during the reservoir
filling process. A netal head greater than 100 mm provi ded
a shorter reservoir fill time but with excessive

turbul ence, whilst a head height of less than 70 nmm gave
an unacceptably long reservoir fill tine.

Addi tional studies found that the channel inlets
needed to be greater than 50 mm for the nodel apparatus
based on the 152 mm dianeter reservoirs to achieve
acceptable fill tines.

In the clains which follow and in the preceding
description of the invention, except where the context
requires otherwi se due to express |anguage or necessary
inplication, the word "conprise" or variations such as
"conprises" or "conprising" is used in an inclusive sense,
ie. to specify the presence of the stated features but not
to preclude the presence or addition of further features
in various enbodinents of the invention.

It is to be understood that, if any prior art publication
is referred to herein, such reference does not constitute
an adm ssion that the publication forns a part of the
common general knowl edge in the art, in Australia or any
ot her country.
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CLAIMS

An apparatus for feeding nolten netal

to a

t he apparatus conprising a plurality

of reservoirs for supplying nolten nmetal to the plurality

of noul ds under

t hr ough

channel
t he chan
wal | .

2.
rati o of

gravity and at |east one channel
supplying nolten netal to the plurality of reservoirs

f or

an entry port in each reservoir, each channe
having an inlet through which nolten netal may enter

and an opposing end wall, wherein at
nels reduces in width fromits inlet

An apparatus as clainmed in claim 1, wherein

| east

to

t he

its end

the width of the entry port to the width of
respective reservoir for at |least one of the reservoirs

|l ess than 1:1.

3.
rati o of

from 1:1

4,
rati o of

1:3 - 1:

5.

preceding clains, wherein the |ongitudina

| east on

An apparatus as claimed in claim 1, wherein

the width of the entry port to the width of
respective reservoir for at |east one of the reservoirs

- 1:10.

An apparatus as clained in claim 1, wherein

the width of the entry port to the width of
respective reservoir for at |least one of the reservoirs

8.

An apparatus as clainmed in any one of the

ext ent of

e of the entry ports is tangential to the

perineter of its reservoir.

6 .

circul ar

An apparatus as clained in any one of the
preceding clains, wherein at |east one reservoir is

in cross-section and the | ongitudinal

ext ent

t he

its

t he

its

t he

its

at

of

one of

is

is

is
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its respective entry port is tangential to that
reservoir's circunference.

7. An apparatus as clained in any one of the
preceding clains, wherein the width of at |east one of the
channel s reduces continuously fromits inlet to its end
wal | .

8. An apparatus as clained in any one of the
preceding clains, wherein the width of at |east one of the
channel s reduces stepwise fromits inlet to its end wall

9. An apparatus as clained in any one of the
preceding clainms, wherein the at |east one channel
conprises a first channel portion and a second channel
portion, the first channel portion being w der than the
second channel portion.

10. An apparatus as clainmed in claim 9, wherein the
at | east one channel also conprises a third channe
portion, wherein in the second channel portion is w der
than the third channel portion.

11. An apparatus as clainmed in either clainms 9 or 10,
wherein the first channel portion is shorter in length
than the second channel portion.

12. An apparatus as clainmed in claim 10, wherein the
third channel portion is shorter than the first and second
channel portion.

13. An apparatus as clainmed in claim g9, wherein the
first channel portion is longer in length than the second
channel portion.

14. An apparatus as clained in any one of the
preceding clains, wherein each entry port has an opening
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in one of the channels for nolten metal to enter the entry-
port from that channel

15. An apparatus as clainmed in claim 14 when
dependent upon any one of clains 9-13, wherein the first
channel portion conprises the portion of the channel
between its inlet and the opening (s) of the entry port(s)
of the reservoir or opposing pair of reservoirs closest to

the inlet.

16. An apparatus is claimed in either claim 14 or 15,
when dependent upon any one of clains 9-13, wherein the
second channel portion conprises the portion of the
channel between the opening (s) of the entry port(s) of the
reservoir or opposing pair of reservoirs closest to the
inlet and the opening (s) of the entry port(s) of the next
cl osest reservoir or opposing pair of reservoirs.

17. An apparatus as clainmed in any one of clains 14-
16, when dependent wupon claim 10, wherein the third
channel portion conprises the portion of the channel
between the opening (s) of the entry ports (s) of the next
cl osest reservoir or opposing pair of reservoirs and the
opening (s) of the entry ports (s) to the follow ng closest
reservoir or opposing pair of reservoirs.

18. An apparatus as clained in any one of the
preceding clains, wherein each channel has an inlet
through which nolten nmetal may enter the channel and an
opposing end wall, and wherein the end wall conprises an
angul ar portion for reducing back flow of nolten netal
from the end wall

19. An apparatus as clained in claim 18 wherein the
angul ar portion extends towards the channel inlet.
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20. An apparatus as clained in either clainms 18 or
19, wherein the angular portion is triangular shaped and
t he apex of the triangular shaped angular portion projects
into the channel .

21. An apparatus as clainmed in any one of clains 18-
20, wherein sides of the angular portion are formed by
entry ports of an opposing pair of reservoirs.

22. An apparatus as clainmed in any one of the
preceding clainms, wherein each channel has an inlet
t hrough which nolten netal may enter the channel at an
opposing end wall, the reservoirs |located on one or both
| ongi tudi nal sides of one of the channels, and wherein the
entry ports of the reservoirs which are closer to the
inlet of their respective channel are narrower than entry
ports of reservoirs further fromthe inlet of that
channel

23. An apparatus as clainmed in any one of the
preceding clains, wherein each channel has an inlet
t hrough which nolten netal nmay enter the channel and an
opposing end wal |, the reservoirs |located on one or both
| ongi tudi nal sides of one of the channels, and wherein the
entry ports of the reservoirs which are closer to the
inlet of their respective channel have a |ongitudinal
extent which is closer to the perpendicular with respect
to the longitudinal extent of that channel, than entry
ports to reservoirs further fromthe inlet of that
channel

24. An apparatus as clained in any one of the
preceding clains, wherein each reservoir is in fluid
comuni cation with their respective nmould through a feed
tube, and wherein at least a portion of at |east one of
the reservoirs has a cross-sectional area which is 20-80%
of the cross- sectional area of its respective feed tube
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25. An apparatus as clainmed in claim 24, wherein the
entire at |east one reservoir has a cross-sectional area
which is 20-80% of the cross-sectional area of its
respective feed tube

26. An apparatus as clained in either claim 24 or 25,
wherein the portion of the at |east one reservoir has a
cross-sectional area which is 30-70% of the cross-
sectional area of its respective feed tube

27. An apparatus as clainmed in any one of clains 24-
26, wherein the portion of the at |east one reservoir has
a cross-sectional area which is 40-60% of the cross-
sectional area of its respective feed tube

28. An apparatus as clainmed in any one of the
preceding clainms, wherein the at |east one reservoir is
non- concentric wth its respective nould bel ow.

29. An apparatus as clainmed in any one of the
preceding clains, wherein the apparatus also conprises a
primary trough for supplying nolten netal to the at | east
one channel through each channel's inlet.

30. An apparatus as clainmed in claim 29, wherein the
primary trough has at |east one nolten netal feed position
at which nolten netal is fed into the primary trough.

31. An apparatus as clainmed in claim 30, wherein the
wi dth of the channel inlets closer to the at |east one
nolten netal feed position are narrower than those channe
inlets which are further fromthe at |east one nolten feed
posi tion.

32. An apparatus for feeding nolten nmetal to a
plurality of nmoulds, the apparatus conprising a plurality
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of reservoirs for supplying nolten netal to the plurality
of moul ds under gravity and at |east one channel for
supplying nolten netal to the plurality of reservoirs
through an entry port in each reservoir, wherein the

| ongi tudi nal extent of at |east one of the entry ports is
tangential to the perineter of its reservoir

33. An apparatus for feeding nolten netal to a
plurality of nmoulds, the apparatus conprising a plurality
of reservoirs for supplying nolten nmetal to the plurality
of moulds under gravity and at |east one channel for
supplying nolten netal to the plurality of reservoirs
through an entry port in each reservoir, wherein the ratio
of the wwdth of the entry port to the width of its
respective reservoir for at |least one of the reservoirs is
| ess than 1:1.

34. An apparatus for feeding nolten netal to a
plurality of moulds, the apparatus conprising a plurality
of reservoirs for supplying nolten nmetal to the plurality
of nmoulds under gravity and at |east one channel for
supplying nolten netal to the plurality of reservoirs
through an entry port in each reservoir, each channel
having an inlet through which nolten netal may enter the
channel and an opposing end wall, wherein the end wall
conprises an angular portion for reducing backflow of
nolten nmetal fromthe end wall

35. An apparatus for feeding nolten netal to a
plurality of noulds, the apparatus conprising a plurality
of reservoirs for supplying nolten netal to the plurality
of nmoulds under gravity and at |east one channel for
supplying nolten nmetal to the plurality of reservoirs
through an entry port in each reservoir, each channel
having an inlet through which nolten nmetal nay enter the
channel and an opposing end wall, the reservoirs |ocated
on one or both |ongitudinal sides of one of the channels.



10

15

20

25

30

35

WO 2009/036503 PCT/AU2008/001381

- 27 -

wherein the entry ports of the reservoirs which are closer
to the inlet of their respective channel are narrower than
entry ports of reservoirs further fromthe inlet of that
channel

36. An apparatus for feeding nolten netal to a
plurality of nmoulds, the apparatus conprising a plurality
of reservoirs for supplying nolten nmetal to the plurality
of moulds under gravity and at |east one channel for
supplying nolten netal to the plurality of reservoirs
through an entry port in each reservoir, each channel
having an inlet through which nolten netal may enter the
channel and an opposing end wall, the reservoirs |ocated
on one or both Iongitudinal sides of one of the channels,
wherein the entry ports of the reservoirs which are closer
to the inlet of their respective channel have a
| ongi tudi nal extent which is closer to the perpendicul ar
with respect to the longitudinal extent of that channel
than entry ports of reservoirs further from the inlet of
t hat channel

37. An apparatus for feeding nolten nmetal to a
plurality of noulds, the apparatus conprising a plurality
of reservoirs for supplying nolten netal to the plurality
of noulds under gravity, and at |east one channel for
supplying nolten netal to the plurality of reservoirs
through an entry port in each reservoir, each reservoir
being in fluid communication with their respective nould
through a feed tube, wherein at |east a portion of at
| east one of the reservoirs has a cross-sectional area
which is 20 to 80% of the cross-sectional area of its
respective feed tube.
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covers only those claims for which fees were paid, specifically claimsNos.:

4. I:I No r.equi red add_itional_sear.ch fees were timely paid_ by the applicant. Cons_equently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant's protest and, where applicable,

the payment of a protest fee.

D The additional search fees were accompanied by the applicant's protest but the applicable
protest fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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The international application does not comply with the requirements of unity of invention because it does not relate to
one invention or to a group of inventions so linked asto form a single general inventive concept. There are 7 different
inventions asfollows:

1 Clam 1lisdirected to an apparatus for feeding molten metal to a plurality of moulds, the apparatus comprising
aplurality of reservoirs for supplying molten metal to the plurality of moulds under gravity and a least one
channel for supplying molten metal to the plurality of reservoirs through an entry port in each reservoir, each
channel having an inlet through which molten metal may enter the channel and an opposing end wall, wherein
at least one of the channels reduces in width from its inlet to itsend wall. It is considered that the above
integers comprise afirst "special technical feature'.

2. Claim 32 isdirected to an apparatus for feeding molten metal to a plurality of moulds, the apparatus
comprising aplurality of reservoirs for supplying molten metal to the plurality of moulds under gravity and at
least one channel for supplying molten metal to the plurality of reservoirs through an entry port in each
reservoir, wherein the longitudinal extent of at least one of the entry ports istangential tothe perimeter of its
reservoir. It is considered that the above integers comprise a second "special technical feature'.

3. Claim 33 isdirected to an apparatus for feeding molten metal to a plurality of moulds, the apparatus
comprising aplurality of reservoirs for supplying molten metal to the plurality of moulds under gravity and at
least one channel for supplying molten metal to the plurality of reservoirs through an entry port in each
reservoir, wherein the ratio of the width of the entry port to the width of its respective reservoir for at least one
of the reservoir is lessthan 1:1 It is considered that the above integers comprise athird "special technical
feature”.

4. Claim 34 isdirected to an apparatus for feeding molten metal to a plurality of moulds, the apparatus
comprising a plurality of reservoirs for supplying molten meta to the plurality of moulds under gravity and at
least one channel for supplying molten metal to the plurality of reservoirs through an entry port in each
reservoir, each channel having an inlet through which molten metal may enter the channel and an opposing end
wall, wherein the end wall comprises an'angular portion for reducing backflow of molten metal from the end
wall. It is considered that the above integers comprise a fourth "special technical feature".

5. Claim 35 is directed to an apparatus for feeding molten metal to a plurality of moulds, the apparatus
comprising aplurality of reservoirs for supplying molten metal to the plurality of moulds under gravity and at
least one channel for supplying molten metal to the plurality of reservoirs through an entry port in each
reservoir, each channel having an inlet through which molten metal may enter the channel and an opposing end
wall, the reservoirs located on one or both longitudinal sides of one of the channels, wherein the entry ports of
the reservoirs which are closer to the inlet of their respective channel are narrower than the entry ports of
reservoirs further from the inlet of that channel. It is considered that the above integers comprise a fifth
"special technical feature'.

6. Claim 36 is directed to an apparatus for feeding molten metal to a plurality of moulds, the apparatus
comprising a plurality of reservoirs for supplying molten metal to the plurality of moulds under gravity and at
least one channel for supplying molten metal to the plurality of reservoirs through an entry port in each
reservoir, each channel having an inlet through which molten metal may enter the channel and an opposing end
wall, the reservoirs located on one or both longitudinal sides of one of the channels, wherein the entry ports of
the reservoirs which are closer to the inlet of their respective channel have a longitudinal extent which is
closer to the perpendicular with respect to the longitudinal extent of that channel, than the entry ports of
reservoirs further from the inlet of that channel. It is considered that the above integers comprise a sixth
"special technical feature".

Form PCT/ISA/2 10 (extra sheet)(July 2008)
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7. Claim 37 isdirected to an apparatus for feeding molten metal to a plurality of moulds, the apparatus
comprising a plurality of reservoirs for supplying molten metal to the plurality of moulds under gravity and at
least one channel for supplying molten metal to the plurality of reservoirs through an entry port in each
reservoir, each reservoir being in fluid communication with their respective mould through afeed tube,
wherein at least a portion of at least one of the reservoirs has a cross-sectional area which is 20 to 80% of the
cross-sectional area of its respective feed tube. It isconsidered that the above integers comprise a seventh
"specia technical feature”. '

The common concept linking-together these groups of claims is relate to an apparatus for feeding molten metal to a
plurality of moulds, the apparatus comprising aplurality of reservoirs for supplying molten metal to the plurality of
moulds under gravity and at least one channel for supplying molten metal to the plurality of reservoirs through an entry
port in each reservair. '

However, this concept isnot novel in the light of:

DIl US 6848497 B2 (SALE ET AL.) 1February 2005
D2 US 7059383 Bl (TREMBLAY ET AL.) 13 June 2006
D3 US 6491087 Bl (TILAK) 10 December 2002

This means that the common feature can not constitute a special technical feature within the meaning of PCT Rule
13.2, second sentence, since it makes no contribution over the prior art.

Since the common feature does not satisfy the requirement for being a special technical feature, it cannot provide the
necessary technical relationship between the identified inventions. Therefore the claims do not satisfy the requirement
of unity of invention a posteriori.
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