
CASTING FUNNEL BACKGROUND This disclosure relates generally to a
castingassembly and, more particularly, 5to a funnel that
communicates molten material to a die during the casting process.
Many components are cast, including components of gas turbine engines
and other machines.During the casting process, molten material is
typically communicated from a crucible to a shot tube. A piston is
then actuated to move the molten material from the shot tube to the
die or (mold). The molten material 10solidifies within the die to
form the component.       As shown in Figure 1, in a prior art
arrangement, molten material M is poured from a crucible 10 into a
funnel 12 that delivers the molten material M to a shot tube 14. The
temperature of the molten material may exceed 1500 degrees Fahrenheit
(816 degrees Celsius). The molten material M drops through the funnel
12  15 impinges directly on the shot tube 14 at an area A. The molten
material M does not impinge on the funnel 12. Over time, this
impingement of the high-temperature molten material M can stress the
shot tube 14, and particularly area Ap of the shot tube 14. The area
Apmay become cracked in as few as 10 to 20 casting cycles. Replacing
the shot tube 14 is expensive. A normal impingement angle on the shot
20 tube 14 may lead to air mixing with molten material. SUMMARY
A molten material funnel according to an exemplary aspect of the
present disclosure includes, among other things, a first outlet lip
of a molten material funnel, and an opposing, second outlet lip of
the molten material funnel. The first and second  25 outlet lips are
configured to both contact molten material communicated through the
molten material funnel.       In a further non-limiting embodiment of
the foregoing molten material funnel, molten material may move in a
direction D into the molten material funnel. The first outlet lip and
the second outlet lip may both be angled relative to the direction D.
30 In a further non-limiting embodiment of the either of the
foregoing molten material funnels, an angle of the first outlet lip
relative to the direction D is greater than an angle of the second
outlet lip relative to the direction D.  



In a further non-limiting embodiment of any of the foregoing molten
material funnels, an angle of the first outlet lip relative to the
direction D may be greater than 40 degrees, and the angle of the
second outlet lip relative to the direction D may be less than 40
degrees. 5In a further non-limiting embodiment of any of the
foregoing molten material  funnels, an angle of the first outlet lip
relative to the direction D may be about 40 degrees, and the angle of
the second outlet lip relative to the direction D may be about 25
degrees. In a further non-limiting embodiment of any of the foregoing
molten material 10 funnels, the molten material may communicate from
the molten material funnel to an opening in a shot tube. The opening
may extend radially from a bore of the shot tube.       In a further
non-limiting embodiment of any of the foregoing molten material
funnels, molten material may move in a direction D into the funnel.
The direction D may be normal to a tangent of the bore. 15In a
further non-limiting embodiment of any of the foregoing molten
material funnels, the opening may include a first portion and a
second portion. The first portion may extend from the bore along an
first axis that is angled relative to the direction D. The second
portion may extend from the first portion along a second axis that is
angled relative to the first axis. 20In a further non-limiting
embodiment of any of the foregoing molten material funnels, the first
outlet lip may be configured to directly contact the shot tube in the
second portion.       In a further non-limiting embodiment of any of
the foregoing molten material funnels, the first and second outlet
lips are configured to reduce an impingement  25 angle of the molten
material at a location where the molten metal first contacts the shot
tube to less than 60 degrees from a tangent of a bore of the shot
tubetaken at the location.         In a further non-limiting
embodiment of any of the foregoing molten material funnels, at least
one of the first and second outlet lips may comprise a replaceable
30 sheet.       In a further non-limiting embodiment of any of the
foregoing molten material funnels, the replaceable sheet may comprise
a steel, a superalloy, a refractory metal, ceramic or a hybrid
material.  



In a further non-limiting embodiment of any of the foregoing molten
material funnels, the first outlet lip may extend from a first wall
of the molten material funnel. The second outlet lip may extend from
an opposing, second wall of the molten material funnel. 5In a further
non-limiting embodiment of any of the foregoing molten material
funnels, molten material may move in a direction D into the molten
material funnel. The first wall and the second wall may be aligned
with the direction D.       A casting assembly according to an
exemplary aspect of the present disclosure includes, among other
things,a supply of molten material, a shot tube 10 that communicates
molten material to a die, and a funnel having at least one outlet
lip. The funnel is configured to communicate molten material from the
supply to the shot tube such that the molten material impinges on the
at least one outlet lip.       In a further non-limiting embodiment
of the foregoing casting assembly, the at least one outlet lip may
comprise a first outlet lip and a second outlet lip. The 15funnel is
configured to communicate molten material from the first outlet lip
to the second outlet lip, and then to the shot tube.       In a
further non-limiting embodiment of either of the foregoing casting
assemblies, the at least one outlet lip may comprise a removable
plate. In a further non-limiting embodiment of any of the foregoing
casting 20 assemblies, a piston may move the molten material from the
shot tube to the die. In a further non-limiting embodiment of any of
the foregoing casting assemblies, the die may comprise a mold cavity
for a turbomachine component.       A method of communicating molten
material according to an exemplary aspect of the present disclosure
includes, among other things, impinging a flow of 25 molten material
on a surface of a funnel prior to communicating the molten material
to a die cavity. 



In a further non-limiting embodiment of the foregoing method of
communicating, the method may include impinging the molten material
on both a first outlet lip and a second outlet lip of the funnel.
30In a further non-limiting embodiment of the foregoing method of
communicating, the method using at least three distinct funnel
orientations to communicate molten material to at least three
distinct areas of a shot tube.  DESCRIPTION OF THE FIGURES The
various features and advantages of the disclosed examples will become
apparent to those skilled in the art from the detailed description.
The figures that 5accompany the detailed description can be briefly
described as follows: Figure lshows a cross-section view of a prior
art funnel and shot tube. Figure 2 shows a schematic view of a
casting assembly. Figure 3shows a perspective view of a portion of an
example shot tube.           Figure 4 shows a section view of
anexample funnel used to introduce molten 10material to the shot tube
of Figure 3. Figure 5 shows a section view of the funnel of Figure 4
in another orientation. Figure 6 shows a section view of the prior
art funnel of Figure 1.      Figure 7 shows a section view of another
example funnel used with another example shot tube. 



15Figure 8 shows a perspective view of the funnel of Figure 7. Figure
9 shows a side view of the funnel of Figure 7. Figure 10 shows a
front view of the funnel of Figure 7. DETAILED DESCRIPTION
20Referring to Figures 2-4, a casting assembly an example funne122
delivers molten material from a supply 10, such as a crucible, to a
shot tube 14, which then communicates the molten material M to adie
cavity 24 within a die 26. The molten material M hardens within the
die cavity 24 to form a component 28. In this example, the formed
component 28 is an airfoil, such as a blade or a 25 vane, from a
high-pressure compressor of a gas turbine engine or another type of
turbomachine. Molten material M may harden within the die cavity 24to
form other types of components in other examples. The shot tube 14
includes an opening 30. The funnel 22 is partially received within
the opening 30. The opening 30 extends radially from a bore 34 within
the 30 shot tube 14. Molten material M(delivered from the funnel
22)enters the bore 34 through the opening 30. A piston 36 is then
actuated to push the molten material Minto the die cavity 24. The
example funnel 22 is configured to deliver the molten  material and
through the opening 30 to the bore 34 in a way that lessens the
stress on the shot tube 14. 



In this example, the funnel 22 includes a first wall 38 and an
opposing, second wall 42. A first outlet lip 46 is secured to the
first wall 38. Asecond outlet lip  5 50 is secured to the second wall
42.        When the molten material M is poured from the crucible 10,
the molten material M moves initially in a direction D that is
vertical and is normal to a tangent T of the bore 34. The first wall
38 and the second wall 42 are aligned with the direction D. The first
outlet lip 46 and the second outlet lip50 are angled relative to  10
the direction D. The first outlet lip 46 and the second outlet lip 50
cause the molten material M to change direction.       In this
example, the first outlet lip 46 is bent such that the molten
material M impinges on the first outlet lip 46 prior to entering the
bore 34 and prior to contacting any portion of the shot tube 14. The
first outlet lip 46 isgreater than 40 degrees in  15 some examples.
In a specific example, the first outlet lip is angled about 40
degrees from the direction D in this example.       After the molten
material has flown along the first outlet lip 46, the molten material
M impinges onto the second outlet lip 50. The second outlet lip 50 is
less than 40 degrees in some examples. In a specific example, the
second outlet lip 50 is  20 angled about 25 degrees from the
direction D. Notably, in these examples, the angle of the second
outlet lip 50 relative to the direction D is less than the angle of
the first outlet lip 46 relative to the direction D.       The molten
material M then flows along the second outlet lip 50and moves through
the remaining portion of the opening 30 into the bore 34. The molten
25 material M passing through the funnel 22 thus contacts both the
first outlet lip 46 and the second outlet lip 50 before entering the
bore 34, and before contacting any portion of the shot tube 14.
Impinging the molten materials directly on the first outlet lip 46,
and then the second outlet lip 50, instead of directly on the shot
tube 14 slows the movement of  30 the molten material, and lessens
the stresses exerted on the shot tube 14 by the molten material M.
The example funnel 22 directs the molten material M through the
opening 30 into the bore 34 in a direction that has an angle A about
60 or less from the tangentT   of the bore 34. The first and second
outlet lips 46 and 50 are configured to reduce an impingement angle
of the molten material on the shot tube 14 to less than 60 degrees
from a tangent T of the bore 34 of the shot tube 14. The molten
material M swirls within the bore 34 when directed into the bore 34
in this way. The swirling lessens 5 the impact velocity exerted on
the shot tube 14 by the molten material M. The swirling is generally
swirling about an axis of the bore 34. 



When the funnel 22 is used with the shot tube 14, the molten material
M is directed primarily at an area A1 of the shot tube 14. The
stresses on the shot tube 14 are thus concentrated at the A1. Over
multiple cycles of casting, the first outlet lip 46 10 may become
worn due to the molten material directly impinging on the first
outlet lip 46, particularly the area Al. After sufficient wear on the
funnel 22, the funnel 22 may be replaced with a funnel 22a(Figure 5)
that directs the molten material to an A2 of the shot tube 14. The
area A2 is different than the area A1. When the funnel 22a is used,
the stresses on the shot tube 14 are concentrated at the area A2.
Selectively 15 utilizing the funnels 22 and 22aintroduces the molten
material M into different areas (A1 and A2) of the shot tube 14,
which spreads out the stresses on the shot tube 14 and may extend the
life of the shot tube 14. Notably, the funnel 22a may be funnel 22
oriented in a different orientation. After additional cycles, the
first outlet lip 46 of the funnel 22a may become 20 worn. The funnel
22amay then be replaced with a funnel 22b (Figure 6). The funnel 22b
focuses the molten material M onto an area A3 of the shot tube 14.
Three different types (or orientations) of funnels 22, 22a, and 22b
thus may be used to focus the molten material M to different areas
(A1, A2,and A3)of the shot tube 14. The life of the shot tube 14 is
thus extended because three areas, rather than one, are first 25
contacted by the molten material M when introducing the molten
material M to the shot tube 14. Replacing the funnel, rather than the
shot tube 14, is less costly replacement then replacing the shot tube
14.        The shot tube 14, in this example, is made of steel. In
other examples, the shot tube 14 made of a ceramic, silicon nitride
etc. In another example, the shot tube 30 is 14 made of hybrid
materials.      The molten material M is typically steel, but could
be a nickel alloy, bronze material, etc.      The funnels 22, 22a,
and 22b may be made of steel, superalloy (Ni, Co alloys), refractory
metals (W, Mo alloys), ceramics (Si3N4, SC etc), or hybrid materials.
Referring to Figure 7, another example funnel 52 includes a first
wall 54 and 5 an opposing, second wall 58. A first outlet lip 62
extends from the first wall 54. A second outlet lip 66 extends from
the second wall 58.       The shot tube 14a in this example, has an
opening 70 that is designed to accommodate the funnel 52. The opening
70includes a first area 74 and a second area 78. The first area 74
extends radially from a bore 34a in a direction DI that is 10
approximately 45 clockwise from the direction D. The second area 78
extends in a direction D2 that is approximately 45 counter-clockwise
from the direction D. The second area 78 that is machined into the
shot tube 14 to accommodate the first outlet lip 62. The first outlet
lip 62 may directly above the shot tube 14 in the second area 78.
15When introducing molten material M into the funnel 52, the molten
material M first impinges against the first outlet lip 62, then the
second outlet lip 66 before moving into the bore 34a. The impingement
angle on the funnel 52 is less than the impingement angle on the
funnel 22. Thus, the temperature on the first outlet lip 62 may be
lower than if the molten material were introduced into the funnel 22.
The 20 molten material M also may be less prone to build-up on the
first outlet lip 62 than the first outlet lip 46 of the funnel 22. 



The first outlet lip 62 may include a sheet82. When molten material
moves through the funnel 52, the molten material M directly impinges
on the sheet 82 of the funnel 52. Over multiple cycles of introducing
the molten material M to the funnel 52 25 the sheet 82 may become
worn.The sheet 82 is replaceable and, if worn, be replaced with
another sheet, rather than replacing the entire funnel 52. Replacing
the sheet 82 is often less expensive than replacing the entire funnel
52.The sheet 82 may be made of steel, superalloy (Ni, Co alloys),
refractory metals (W, Mo alloys),ceramics (Si3N4, SC etc) and hybrid
material. The second outlet lip 58, may also include a 30replaceable
sheet.      Because the opening 30a of the shot tube 14a is rotated
slightly (relative to the opening 30)and interfaces with the bore 34a
at a lower vertical position than the interface of the opening 30
with the bore 34, the bore 34a has a lower potential fill  area than
the bore 34. In this example, the fill ratio of the shot tube 14 A is
below 30%. In the shot tube 14, the fill ratio of the bore 34 is
about 80%.      Features of some of the disclosed examples include
reducing the velocity of the molten metal and the angle of
impingement onto the bore of the shot tube by  5 directing the molten
metal to impinge onto the two outlet lips of the funnel first before
impinging onto the inner bore of the shot tube, the. As a result, the
heat damage onto the shot tube is reduced and the life of the shot
tube, which is significantly more expensive than the funnel, is
extended. In some examples, the angles of the two outlet lips may be
designed to reduce the angle of impingement of 10 the molten metal
onto the bore of the shot tube without inducing excessive splashing.
In some more-specific examples, the funnel is designed to reduce the
impingement angle of the molten metal to less than 60 degree from the
tangent of the bore.      The preceding description is exemplary
rather than limiting in nature.Variations and modifications to the
disclosed examples may become apparent  15 to those skilled in the
art that do not necessarily depart from the essence of this
disclosure.Thus, the scope of legal protection given to this
disclosure can only be determined by studying the following claims.
CLAIMS We claim:    1. A molten material funnel, comprising: 



5a first outlet lip; and        a second outlet lip, wherein first
and second outlet lips are configured to both contact molten material
communicated through a molten material funnel.    2. The molten
material funnel of claim 1, wherein molten material moves in a
10direction D into the molten material funnel, the first outlet lip
and the second outlet lip both angled relative to the direction D.
3. The molten material funnel of claim 2, wherein an angle of the
first outlet lip relative to the direction D is greater than an angle
of the second outlet lip relative to 15the direction D.  4. The
molten material funnel of claim 2, wherein an angle of the first
outlet lip relative to the direction D is greater than 40 degrees,
and the angle of the second outlet lip relative to the direction D is
less than 40 degrees. 20  5. The molten material funnel of claim 2,
wherein an angle of the first outlet lip relative to the direction D
is about 40 degrees, and the angle of the second outlet lip relative
to the direction D is about 25 degrees. 25 6. The molten material
funnel of claim 1, wherein the molten material communicates from the
molten material funnel to an opening in a shot tube, the opening
extending radially from a bore of the shot tube.   7. The molten
material funnel of claim 6, wherein molten material moves in a
30direction D into the molten material funnel, the direction D normal
to a tangent of the bore.  8. The molten material funnel of claim 7,
wherein the opening includes first portion and a second portion, the
first portion extending from the bore along an first axis that is
angled relative to the direction D, the second portion extending from
the first portion along a second axis that is angled relative to the
first axis. 5  9. The molten material funnel of claim 8, wherein the
first outlet lip is configured to directly contact the shot tube in
the second portion. 



10. The molten material funnel of claim 1, wherein the first and
second outlet lips are 10 configured to reduce an impingement angle
of the molten material on a shot tube to less than 60 degrees from a
tangent of a bore of the shot tube.  11. The molten material funnel
of claim 1, including wherein at least one outlet lip comprises a
replaceable sheet. 15  12. The molten material funnel of claim 11,
wherein both the funnel and replaceable sheet comprises a steel, a
superalloy, a refractory metal, a ceramic or a hybrid material. 2013.
The molten material funnel of claim 1, wherein the first outlet lip
extends from a first wall of the molten material funnel, and the
second outlet lip extends from an opposing, second wall of the molten
material funnel    14. The molten material funnel of claim 13,
wherein molten material moves in a 25direction D into the molten
material funnel, the first wall and the second wall aligned with the
direction D.    15. A casting assembly, comprising: a supply of
molten material; 30a shot tube that communicates molten material to a
die; and       a funnel having at least one outlet lip, the funnel
configured to communicate molten material from the supply to the shot
tube such that the molten material impinges on the at least one
outlet lip.  16. The casting assembly of claim 15, wherein at least
one outlet lip comprises a first outlet lip and a second outlet lip,
the funnel configured to communicate molten material from the first
outlet lip to the second outlet lip, and then to the shot tube. 5 



17. The casting assembly of claim 15, wherein the at least one outlet
lip comprises a removable plate.       18. The casting assembly of
claim 15, wherein the die comprises a mold cavity for a 10
turbomachine component.  19. A method of communicating molten
material, comprising:      impinging a flow of molten material on a
surface of a funnel prior to communicating the molten material to a
die cavity. 15  20. The method of claim 19, including impinging the
molten material on both a first outlet lip and a second outlet lip of
the funnel.      21. The method of claim 19, using at least three
distinct funnel orientations to 20communicate molten material to at
least three distinct areas of a shot tube. 


