CASTI NG FUNNEL BACKGROUND This disclosure relates generally to a
castingassenbly and, nore particularly, 5to a funnel that

communi cates nolten material to a die during the casting process.
Many conponents are cast, including conponents of gas turbine engines
and ot her machines. During the &as3THYGpFYAENEL nolten material is
typically communicated froma crucible to a shot tube. A piston is
then actuated to nove the nolten material fromthe shot tube to the
die or (nold). The nolten materiBACIOs@IOUND es within the die to
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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-limting enbodi mrent of any of the foregoing nolten
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 |ip relative to the direction D may be | ess than 40
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20 In 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-limting enbodi mrent of any of the foregoing nolten
material funnels, the first outlet |ip my extend froma first wall
of the nolten material funnel. The second outlet |ip may extend from

an opposing, second wall of the nolten material funnel. 5In a further
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to a die ¢@¥jrdYutlet 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.
30 In 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.



In a further non-limting enbodi ment of the foregoing method of
comuni cating, the nethod may include inpinging the nolten materi al
on both a first outlet |lip and a second outlet |ip of the funnel.
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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.
15 Figure 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
20 Referring to Figures 2-4, a casting assembly an example funnel22 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



15Fi gure 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
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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
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In this exanple, the funnel 22 includes a first wall 38 and an
opposi ng, second wall 42. Afirst outlet lip 46 is secured to the
first wall 38. Asecond outlet lip 5 50 is secured to the second wal l
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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.



When the funnel 22 is used with the shot tube 14, the nolten materi al
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di scl osure. Thus, the scope of |egal protection given to this

di scl osure can only be determ ned by studying the follow ng clains.
CLAIMS W claim 1. Anolten material funnel, conprising:



5a first outlet lip; and a second outlet lip, wherein first
and second outlet lips are configured to both contact nolten materi al
comuni cated through a nolten material funnel. 2. The nolten
material funnel of claiml1, wherein _nolten material noves in a
10direction Dinto the nolten materf&A™MAnel, the first outlet lip
and the segqng,;putlet lip both angled relative to the direction D.

3. The nolten material funnel of claim2, wherein an angle of the
first outlet lip relative to the direction Dis greater than an angle
of the second oPtIet |ip.relative.to 15the direction D. 4. The

mol t en rrat]er!}’é’iotP‘Elﬂ’ﬁEqnagf“nBF]aF‘?ﬁ’@}“%er ein an angle of the first
outlet slip relaffMeodtRtiipeadli rection D is greater than 40 degrees,
and the angle of the second outlet lip relative to the direction Dis
| ess than 40 deysesesd o@iet 1i§, wittreimidist andl seaomt dwlet fipnael configakditarb&th
wherein an _apgle f the first outlet lip.relative to.the djrection D
e about - AonehPalits st iRt R SRR AR EEh ol atve
to the direction D is about 25 degrees. 25 6. The nolten materi al
funnel of claim1, wherein the nolten material comunicates fromthe
mol t en matZerThe molten enategalafmaglenf spimnl.awberein mobfen maerigpaayesgin a
ext e nqlong cfu%gﬁ:ﬁl byint r&@lﬁ‘%lpe%r eat%tialt tkﬁgn %hff‘lte ﬁrgtbc?utl.et }15 'ana_ LE'l‘(lae srg?:l)}lc? Butlet
material funnel of "¢l arm : Wherefn  hor't en Hat eraf? fbVes F5o%

30di r ect i dip Both Bii@ed Ftativeltd ek divkesd Bl funnel, the direction D nornal
to a tangent of the bore. 8. The nolten material funnel of claim7,
wherein the opening includes first portion and a second portion, the
first portqg i G te : I an. f] i I.S1:
angled r eljéﬁh\?gﬁ%ga{tngjge |a¥ ectl gﬁf%%rlﬁh% ‘g@%gﬁgmp%ﬁr@% 82){%‘?(?%% I ﬁléts*nr)om
t he first rplativé tonthaldorgicn Pas gredtcaxian dnhatgld of the géedd roatlet lipy eeldtivettbe
first axis g 9. Be nolten material funnel of claim@8, wherein the
first 'gut B¢ ¥$4opd-configured to directly contact the shot tube in

t he second portion.

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
30  direction D into the molten material funnel, the direction D normal to a tangent of the

bore.



10. The nolten material funnel of claiml, wherein the first and
second outlet lips are 10 configured to reduce an inpingenent angle
of the nolten material on a shot tube to |l ess than 60 degrees froma
t angent of a _bore of the shot tube. 11. The nolten material funnel

of claim 1% Th’?cmakﬂffm@amélr BinRelaf qlaimsT, \Wéeladhff epeninginshidpy fise yogion
repl aceabl ﬁhﬁﬁgﬁ?d é}égP& Zhe ?Fb‘? Bpg Ce%% egﬁ'[glﬁrﬂ‘(ﬂlll e Llloﬂfg afi i t%}(i]sjtléat

wherei n bo ‘and eet conprisesa s

super al | oyis amgtedf rebativorty thetdaadectum Denhersecond ]_:a)rﬂimbexténcﬂmg dfdnalthe Z0¢t3.
The molten material funnel of c erein the fijrst outlet lip
ext ends fr%l%?lpp%?swg%ﬁsﬂ?aﬁés ?’Hﬂkt'derﬁ%?@'ihﬁlﬁrﬁt&ﬁﬁel, and the
secondsoutl et |ip extends from an opposing, second wall of the nolten
mat eri al funnel 14. The nolten material funnel of claim13,

wher ei n nf.tlde m@lt@rmaﬂeriaid‘heml iofi chir® Rgl iwherdin the st mittlet tipaés omifitgered to

material funnel .l ,and the second wall aligned with the
di rection %Fecgyc %Ah%ﬂ’é)% "wa“ég?egﬁ’fﬂ‘\?p ('Stb(?fbrl sing: a supply of
nolten material ; 30a shot tube that communicates nolten material to a
di e; and a funnel having at |east one outlet lip, the funnel

confi gured® Ehe@mlmhmﬁé@éﬂ fineleef daimet.ivelierdin éim ﬁﬂséaIEiLq@p(nyl euslet lips arhot

t ube ch t ol ten material n l,east ,on
out | etsl o On% H?f%ée casft lmplggslgﬁ% a;gl'%!)ef oqtetﬁg éf éatl &t %PtOt ?"g’gstf’
one out | etleésltﬁalﬁﬁﬂwgrée%ﬁm ﬁtarngéntmﬂalb%te b thc ainsl abesecond out | et i p,

the funnel configured to conmunicate nolten material fromthe first
outlet lip to the second outlet |lip, and then to the shot tube. 5

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.

20 13. 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
25  direction 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;
30 a 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.
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17. The casting assenbly of claim15, wherein the at |east one outl et
lip conprises a renovable plate. 18. The casting assenbly of
claim15, wherein the die conprises a nold cavity for a 10

t ur bomachi ne conponent. 19. A nethod of conmunicating nolten
material, conprising: inmpinging a flow of nolten material on a

surface of [ '

di e cavi tylé%g%%ing%ée%bli ﬁf glgmglvgiﬁr#@gﬁ | nc({m tuﬁE‘tl Qﬁﬁr%%lﬁségg lﬁﬁ

mol t en mat@rieallipomdotsecand§ outhtt lipytthe thudriep canﬂglﬁed;e@@:bmno.uﬁctzﬁé malfgnof
usin t hy ee

t he funnel The hod of cl ai 19, as
di stinct fHASEF faqméhﬁé}ﬁ %@ft B (e SRR OEa’FtehHrBP tamnﬁ%@srs % upe at

| east tshree distinct areas of a shot tube.

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

20  communicate molten material to at least three distinct areas of a shot tube.
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