3pMR1007 REFRACTORY METAL CORE BACKGROUND OF THE | NVENTI ON [0001] The
present invention relates to a refractory nmetal core for use in a cas
system [00021 Refractory netal cores (RI\/CS) are nmetal based castl H@*[ @@?es
usual | y conposed of nol ybde coating. The refractory
metal provides nore ductilit5 o ceram c core materials
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[0005] Blade outer air seals (BOAS) and low pressure turbine {LPT) blades are two
components that may not require large cooled sections but could benefit from either

improved cooling or lower cost potential afforded by RMC technology.

SUMMARY OF THE INVENTION
[06006] Accordingly, it is an object of the present invention to provide a refractory metal core
which may be used in the casting of gas turbine engine components such as BOAS, LPT
blades, and turbine airfoils.
[0007] The foregoing object is met by the refractory metal core of the present invention.
[0008] A casting system for forming a gas turbine engine component is provided. The
casting system comprises a shaped refractory metal sheet having a plurality of features for
forming a plurality of film cooling passages, which features are formed from refractory metal
material bent out of the sheet.
[0009] The present invention is also directed to a casting system for forming a gas turbine
engine component comprising a metal wall having an airfoil shape and a refractory metal

core adjacent the metal wall and having a shape corresponding to the shape of the metal wall.
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engi ne conponent conprising a netal wall having an airfoil shape and a
refractory netal core adjacent the nmetal wall and having a shape 30 MAR 7007
corresponding to the shape of the netal wall. 1 3 g- MAR ?U07 [0010] Still

further resent i.nvention relates to novel refractory netal core
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[0013] Elt&adadt thirefo, IFENQIBIICIn B PRI 2lEtMe PdesdrifRmond (RIRQLLRRIngf a
refractory metal core for formng a turbine engine conponent with cooling

f eat ur edrawioga whergindikeIrefeserge someras depictdikeetammndt.i on of a two pi ece
refractory netal core for formng a turbine engine conponent; [0015] FIG 4
is a schematic representation of a solid refractory netal forging for

formng a turbine engi griIEPMEEPTIONWIGITHE GrRAWINGEStrates a refractory

nmetal core in the formof a balloon or pillow structure; and [0017] FIG 6

i |1 ustr 8U2] FlGel rsacichematietepreseniporhal/l regragtonomeiad eprs fehtppaing pmETiAne ED
{DESCRI PT]| Ol\leé]: THI%3 FﬁEVFER(BEOI EI\thlﬁleNEI\rr( S) [0018] As previously nentioned,
a casti ﬁﬁggy e e R e b o = engi ne conponents such as BOAS and LPT

bl ades [G013] PYGIBE DychbietiPrepsRbitatidy 61 s20nd dhBodiarhi Hh RHatOR) el be used
to provide the gas turbine engi ne conponent with cooling features if

desi r edcofedorLBymme tugbing Paging eqraponent MitBcoelblyPWEt of a casting system
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turbine engine component;
[0015] FIG. 4 is a schematic representation of a solid refractory metal forging for forming a
turbine engine component;
[0016] FIG. 5 illustrates a refractory metal core in the form of a balloon or pillow structure;

and

[0017] FIG. 6 illustrates a refractory metal core having a honeycomb shape.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
[0018] As previously mentioned, a casting system for forming turbine engine components
such as BOAS and LPT blades is provided by the present invention. The casting system may
be used to provide the gas turbine engine component with cooling features if desired.
[0019] FIG. 1 illustrates a first embodiment of a casting system. In this embodiment, a
refractory metal core 10 is used. The core 10 is formed from a metal sheet of refractory
metal selected from the group consisting of molybdenum, tantalum, tungsten, niobium, alioys
thereof, and mixtures thereof. One material which may be used for the core 10 1s a
molybdenum-rhenium alloy. Preferably, the refractory core 10 is coated with a ceramic

material such as an oxide coating.



nmetal selected fromthe group consisting of nolybdenum tantalum tungsten,
ni obium alloys thereof, and m xtures thereof. One material which By Qe
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[0024] The casting system may also include a metallic internal component 38 having a shape
corresponding to the shape of the wall 30 and the skin core 32. The component 38 may be
formed by any suitable metallic material known in the art.

[0025] Referring now to FIG. 3, the casting system includes an outer wall 30 having a shape
corresponding fo the shape of an airfoil portion of the turbine engine component. As shown
in the figure, a refractory metal core 32 having a shape corresponding to the shape of the
airfoil portion is provided. The refractory metal core 32 may be formed from any of the
materials listed hereinbefore. As can be seen from the figure, the core 32 may be formed by
two sheets 40 and 42 of refractory based material joined together at two locations 44 and 46.
Any suitable joining technique known in the art, such as welding, bonding, or mechanical
joining may be used to join the sheets 40 and 42 together. In the system of FIG. 3, the
internal component 38 may be omitted. If desired, each of the sheets 40 and 42 may have its
internal and/or exterior surfaces coated with a ceramic coating.

[0026] Referring now to FIG. 4, in this embodiment, the casting system includes an outer
wall 30 shaped in the form of an airfoil component and a refractory metal core 32 having a
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airfoil portion is provided. The refractory nmetal core 32 nmay be formed from
any of the materials |listed hereinbefore. As can be seen fromthe fj gur ey
the core 32 may be fornmed by two sheets 40 and 42 of refractory based
materi al joi ned to%et her at two |ocations 44 and 46. Any suitable joining
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approach is likely to save core leaching time. Once the volume of the core matenal is less

than the core cavity, it is also possible to oxidize the core matenial, in spite of volumetric
expansion of the oxide compared to the parent metal.

{0029] It is apparent that there has been provided in accordance with the present invention a
refractory metal core which fully satisfies the objects, means, and advantages set forth
hereinbefore. While the present invention has been described in the context of specific
embodiments thereof, other alternatives, modifications, and variations will become apparent
to those skilled in the art having read the foregoing description. Accordingly, it is intended to
embrace those alternatives, modifications, and variations as fall within the broad scope of the

appended claims.



than the core cavity, it is also possible to oxidize the core material, in
spite of volunetric expansion of the oxide conpared to the parent netal
[0029] It is apparent that there has been provided in accordance with the
present invention a refractory metal core which fully satisfies0tHd 1007

obj ects, neans, and advantages setCLAIM% herei nbefore. Wile the present

i nvention has been described in the context of specific enbodinents

t her ebhat isichidmediist er nati ves, nodifications, and variations will becone
apparent to those skilled in the art having read the foregoing description.
Accordingly, it is intended to enbrace those alternatives, nodifications,
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ref r agh@FrY B8Rt St of IRHGREA! bent out of said sheet. 2. A casting system
according to claiml1l, wherein said refractory netal sheet has a | eading

edge and has a plurality of bent portions adjacent said | eading edge. 3. A
casting, system according to claim wherein said refractory .netal sheet has
27T eatih g8 ST Aesorte o Bisg A W acra AR RSP F | TRELE B S o | eadi ng
edge @ipd ah@hds 4 pRkdlity 8f BAE PortioRD ddjacdk sHidldatidgQldgbent portions in said
central portion. 4. A casting systemaccording to claim1l, wherein said
refractory netal sheet is formed from nolybdenumor a nol ybdenum all oy. 5.

A casti stem according to.claim1l, wherein said fractory netal sheet
s T ot it TP B I AR nd o LB o htreina CEegp Bl feb CieRg %™ anc al um
ni obi gpe, 4 HAMUGE 6fge, dhd @¥enttdl QbRIGh befdn sHidNEAHRSedoANe 9hid tRilind «ast i ng
systemfor formng a gas turbine engi ne conponent conprising a netal wall
havi népdenpluralifyopl beshpgréionhi said eehiralqrostign. net al casting core adj acent said
nmetal wall and having a shape corresponding to the shape of said netal
wal | . 7. A casting systemaccording to claim®6, wherein said refractory

et al 4.coestinaSysterd abdordiing Yo him 1, wherein said refractory metal sheet is formed from

molybdenum or a molybdenum alloy.

5. A casting system according to claim 1, wherein said refractory metal sheet is formed from a
material selected from the group consisting of tantalum, niobium, tungsten, alloys thereof, and

mixtures thereof.

6. A casting system for forming a gas turbine engine component comprising a metal wall
having an airfoil shape and a refractory metal casting core adjacent said metal wall and having

a shape corresponding to the shape of said metal wall.

7. A casting system according to claim 6, wherein said refractory metal core has a plurality of

integrally formed cooling features formed by cut-outs.

8. A casting system according to claim 6, further comprising a metal structure internal of said

refractory metal core.

9. A casting system according to claim 6, wherein said refractory metal core is formed from
two pieces of sheet material and said pieces of sheet material being joined together at multiple

locations.
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integrally fornmed cooling features forned by cut-outs. 8. A casting system
according to claim®6, further conprising a nmetal structure internal of said
refractory netal core. 9. A casting systemaccording to claim6, whetsi mg
said refractory netal core is formed from two pieces of sheet material and
said pieces of sheet material being joined together at nultiple |ocations.
C y " BAAdastin@sysfent asdordidg Sy SIhis a0E@Eidishd rkRactbii mietal cotd &Y feifle b
refractory netal cqre is %ormed froma solid forging of refractory netal.
11. ¢ lidtformng okretastapc®e@lng to claim 6, wherein said refractory netal
core is formed from a material selected fromthe group consisting of

nol ybdenum tantal um niobium tungsten, alloys thereof, and m xtures

t her ebF. Al&astidg petemmat@rdinged dbinc 65 whdrein saidaefractaryaasthi duge Byfotmed Gampri si ng a
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i nert iRt . sl LGS eyt he group consisting of pressurized inert gas,
sand,aa d cera’ma?f(? povﬁesr. 13. Arefractory netal core according to claim 12,

wherein said outer surface has a plurality of protrusions. 14. A refractory
met al ,core .accor di r;? to claim12, wherein said outer surfacE has a plurality
of diip“} pedractpey matal gore fo% Bieyn ASAYINE SYHEMCEMPHENE A FagNECAT AYYIRg & em
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o ey 2B S S N AR, vcorb
st r uctavitg fillad iwith s ipértimeakdriay sadéctet]l frpheabe group cordidtingodpposurestd hyerr gdss. 16, A
refract a‘regl nmet al, corg according to claim15, wherein said honeyconb
st r uctAIPeAnd FEHARIF PRI casting core. 17. A casting system according to claim
6, wherein said refractory netal casting core contacts an internal wall of
said netal wall. 6

13. A refractory metal core according to claim 12, wherein said outer surface has a plurality of

protrusions.

14. A refractory metal core according to claim 12, wherein said outer surface has a plurality of

dimples.

15. A refractory metal core for use in a casting system comprising means for casting an
object, said casting means comprising a honeycomb structure formed from a refractory sheet

material, said honeycomb structure having a plurality of dimples internally supported by ribs.

16. A refractory metal core according to claim 15, wherein said honeycomb structure

comprises a casting core,

17. A casting system according to claim 6, wherein said refractory metal casting core contacts

an internal wall of said metal wall.



