REFRACTORY METAL CORE BACKGROUND OF THE | NVENTI ON [ 00011 The preslllent

i nvention relates to a refractory netal core for use in a casting system
[ 0002] Refractory netal cores (RMCs) are nmetal based casting cores usually
conposed of nolybdenumw th a protective coating. The refractory netal

provi des nore ductility thaRERRQUVPORYOMETAJECOREC core materials while the
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metal core of the present invention. asting systemfor formng a
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the ceramic core and have been employed for small feature sizes and complex geometry due

to its increased ductility.
[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
[0006] 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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[ 00091 The present invention is also directed to a casting system for
formng a gas turbine engine conponent conprising a netal wall having an
airfoil shape and a refractory nmetal core adjacent the netal wall and

havi ng a shape corresponding to the shape of the nmetal wall. 1 [0010] Still
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configurations. In one enbodi nent, the refractory netal core conprises a

r ef r act eenfigyetigns. ba)ne@mbodnnqm,l thtt)wfw:tpry peal care comprises adefnuitery metile
refract nmet al. cor an |nt f|IIe Wi th pressurized inert
gas, ﬁﬂ}' 0og,or pUloR YV ﬁh gjons Prn Z"écc')[&‘ %f[ﬁ% corethas ap yptergel or y et al
core COE@%tbrflﬂEdvaﬁ‘;rEs%ﬁhﬂiMnﬁlﬂgﬁst sdift éllcePQﬁk%WwﬁQF nWskbrd eMtlo@iinent,

internal |y supported by ribs of honeyconb 111 G her detalls of the
refract tileyemfajy MGpreamnmists :as:fnatthqr shobj memlshoélnw aaky with dieples at t endant
t hereto lset h in the foll W|ng detail ed description and the
accorrpam ﬁ ‘r‘i];tg' HEYPRR: ref erence nuneral s depict |ike

el ement I%EE: Bt fgﬂ'ag(:)rﬂ_ H@apaﬁWﬂ%liﬁ% 0objcfts ahd | latgva% a%gbemit ~

representatlon of a refractory nmetal core formng a tur engi ne
conponeattendantithegetopart setdortie ant the dallowing dahildd dBscription aad sleheospanying
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form ng 'éwfllﬁsb'flﬁé""éHS‘f FrlerenpeIwmerals deRie 1ks 51MegSs eat ures; [00141 FIG 3 is
a schematic representation of a two piece refractory metal core for form ng
a turbine engine conmponent; 100151 FIG 4 is a schematic representation of
a solid refractory net BRIEBDRESCRIPAIONCDFRITHE BRAWINGSie engi ne conponent ;
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EMBODI MENT(S) [0018] As previously nentioned, a casting systemfor formng
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[0014] FlG. 3 is a schematic representation of a two piece refractory metal core for forming a
turbine engine component;

[0015] FIG. 4 is a schematic representation of a solid refractory metal forging for forming a
turbine engine component;

[0016] F1G. 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, alloys
thereof, and mixtures thereof. One material which may be used for the core 10 is a
molybdenum-rhenium alloy. Preferably, the refractory core 10 is coated with a ceramic

matenal such as an oxide coating.



[00191 FIG | illustrates a first enbodi nent of a casting system In this
enbodi nent, a ‘'refractory netal core 10 is used. The core 10 is fornmed from
a nmetal sheet of refractory netal selected fromthe group consisting of

nol ybdenum tantalum tungsten, niobium alloys thereof, and m xtures

t her eof {00ZOEThedwe ilahayﬁlieﬁﬂingﬁﬁgé)@m&@m,fﬁhiﬁ@ed‘g@ ipBrtib 145 ad a central _
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coolin ¢ heeddor pravisingfilm ¢evliog ep dheesurfac¢sog2lg canipaiesti r ed, ot her features
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core 10&’?&0@%“ f%tr'?ri fﬁg‘gﬁ&ﬁ’ﬁyg’elﬂr@fﬂ% b)fﬂg‘%%‘ftipﬁﬁloélﬁgf th et q.'i‘ﬁ%s an

out er WanhingQhé &sr880. froma netal or netal alloy such as a nickel based
superal loy. To provide cooling features, a skin core 32 is forned froma

sheet ReferrimgynomatodilGal, thecasting pystann inshulds anlpelcewsll 80 farmediitom aal
surface 34, of t [l .30. T heet form ng.the core 32 be de from
any of TR Syt Bt spenngh ik DR spbdH o d 568 CSolle esd 138 1 1 om
FIG 2, cdré182 SKofinéfrém 33hba Bf fefraglodp MalhialihdGo pbRERRAG dcntltd §n SHERA _
defined by the outer wall 30. [0023] To provide cooling features, the skin

core 3% Prolghe wall3@. iihe ishect formieg the fcore 2 maubemad: from aggof theng cool i ng

passage ne d | perease convection, 1f desir the ski core 32
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coat i NGshapé)aBith cdfiesponds toNnBe Sipé aainvabyahseuttnwillge a metal lic internal
conponent 38 having a shape corresponding to the shape of the wall 30 and
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mat er a&ntg(%)w di‘,ﬁmilg antg'passageways needed to increase convection. If desired, the skin
core 32 may have its exterior and/or interior surfaces coated with a ceramic coating.
[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 to 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 Iisted 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
joiming may be used to join the sheets 40 and 42 together. In the system of FIG. 3, the
internal component 38 may be omitted. H 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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[ 0025] Referring nowto FIG 3, the casting systemincludes an outer wall
30 having a shape corresponding to the shape of an airfoil portion of the
turbi ne engi ne conponent. As shown in the figure, a refractory netal core
32 having a shape corresponding to the shape of the airfoil portion is
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0026] Referr no hi s enbodi nent casting system
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cer am cmpybeiprovided Wldr@pla@llmﬁdlmpbﬁtané/m pmtesiofis he structure 50 is
accessi from.the tsi de ter the cas rocess i s over ch as
pot t om (9928) ¥ 3ute ossile' sy Ducoieamtionaped effe By e board rried 80PE . "ot
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provided wth a plurality of dinples and/or protrusions 52. is al so
possi bl shapiog drtyzpressingnieheswaen élh&]a’etd intefmpbewvirey. wbisas eqm‘vzdemtw ﬁmmnms 60 by

:N:]aEFIG &)é}uhl tgd fcarmdl)oarg paék%flgr 25k ]yusmgt r%%ra(%(r)rc})funqga]ashggtg ru((:):trurt]:c 'cr)&)r(n as shown
have a plurality of dimples 62 internally supported by ribs or honeycomb 64. Use of this
approach is likely to save core leaching time. Once the volume of the core material is less
than the core cavity, it is also possible to oxidize the core material, 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.



shaping it by pressing it between dies with internal cavities. This is

equi valent to formhng corrugated cardboard packing material using
refractory netal sheets. Each structure may have a plurality of dinples 62
internally supported by fibs or honeyconb 64. Use of this approach is
likely to save core | eaching tine. OnagMshe volune of the core material is
|l ess than the core cavity, it is also possible to oxidize the core

mat er i awhafﬁ%mél%f vol unetric expansion of the oxide conpared to the
parent netal. [00291 It is apparent that there has been provided in
accordance with the present invention a refractory netal core which fully
satisfigs tAcasthigasybtem fOF fomin saahbaiteAgme cBffpohdit i | cRfirRIg: Wil e
t he present inveng?on has beerﬁgehscri bed ?’ﬁ]gt hg'bgont’e%{digg&?peci fﬂlg{:n%

enbodi ment sa shaped sractorymetad shegt hying/epluralitclof featates dosforming apurabityiafns wi | |

become appaggnt to those ski.lled in the.art having read the for.eqoing
descri pti onfiﬁ'A%%oglrngipﬁgﬁaﬁs’ pqid fesaﬂirﬁstrgeﬁ%@"flsd EBWHF&%%‘OWHB%[ @?@%ﬁﬂ’&ﬁ ves,
nodi ficati ogpg.ofesid sheii ations as fall within the broad scope of the
appended clains. 4 CLAIMS Wiat is clainmed is: 1. A casting systemfor

form ng a gas turbi ne engi ne conponent, said systemconprising a shaped
refractory tal sheet having.a plurality. of.features for formng a

ol ural i £y of R EEm RerRed sl 1 whenkinsaid sFadofansigl st RBaT r om
refractory mRding ed®iMidinas a pRAlity 8EberR bofdn a§R&SH saidlealing@fd. N9 system
according to claim1l, wherein said refractory nmetal sheet has a |eading
edge and has a plurality of bent portions adjacent said | eading edge. 3. A

casting,system.according tq.claim1l erein.sajd refractory nmetal sheet
has & Feadh EREeen irdrfiedyf ey d. VBFERMERt P nRE S8 heen: oo ¢
| eadi ng edagadiigledgdl 8 traflingicliid) dn@ d @ntrah Portidn Beiwedh kiid 1QiMeAke R ddi®ns in
said central portion. 4. casting systemaccording to claim1, wherein
sai d ref r acraibne edaeaandshplaralitysoff benhpertiony insridskepbdgottinnor a nol ybdenum
alloy. 5. A casting systemaccording to claim1, wherein said refractory
metal sheet is formed froma material selected fromthe group consisting

of tant4l un cistingisystemtadBg8ingno claim 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, niobjum, 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 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 wall has a

plurality of integrally formed cooling features.

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

said refractory metal core.



al l oys thereof, and m xtures thereof. 6. A casting systemfor formng a gas

t ur bi ne engi ne conponent conprising a netal wall having an airfoil shape
and a refractory netal core adjacent said netal wall and having a shape
corresponding to the shape of said netal wall. 7. A casting system

accordi 8g t & abtiigsyStem/iessing t8aldimree Whaeidsyd refaalory\ielal b&e igformbdir al i ty
of integrally forned cooling features. 8. A casting systemaccording to

claim6, fufomdwoqussss phshest matgaeland seid piaces ef shaetanstadial beinggeined r ef r act ory
metal core. ﬁ%{-ﬂf"ﬁrﬁ'ﬂﬁf’kq%aﬁx’% em according to claim®6, wherein said
a S ]

refractory core ormed fromtwo pieces of sheet material and said
pi eces of sheet material being joined together at multiple | ocations. 10.
A casting systemaccording to claim6, wherein said refractory netal core
is for Arcasting systemopocrendifigrig chiim e vhersinosayd refaetiory metal gore issformed syst em

accordi ng tf}or%laasigwfj?%r \{\l/{ngﬁogeribt?%%%iy%bck@f ractory netal core is forned froma

mat eri al selecte I sting of nol ybdenum tantalum

ni obi um tungsten, alloys thereof, and m xtures thereof. 12. A refractory
metal core for use in a casting system conprising an outer surface forned
from a 1ef r Acesing system acperdingitaclaig &, whenginesaidigfrhaetory nietal ¢vireip fermédht er nal

cavity fillgd wth.an_jner erial sel.ected fromthe gro cansi sting of
pressuri zed PREPAEE ,Se%glﬁﬁffmma%& g@@p&ﬁpgstwﬁgqu%nuw, E’é‘f#&ﬂtﬂ? et al
core accor diuﬁ%stélgagbfgtmrggf,aﬁ@gﬁﬁhﬁsgﬁ}@fput er surface has a plurality of
protrusions. 14. A refractory netal core according to claim12, wherein

said outer surface has a plurality of dinples. 15. Arefractory netal core
for usezqn castin st.em conpri si a_honeyconb. structure . fqornmed froma
rof ract By SreB el o Tof P Tl ey NOP OB Rini i Ailes sSrtysedpaRact  of
di npl es i nt pomal ktfacioiyRadthiafatbial] saRPoutér surface defining an internal cavity filled

with an inert material selected from the group consisting of pressurized inert gas, sand,

and ceramic powder.

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 a honeycomb structure
formed from a refractory sheet material, said honeycomb structure having a plurality of

dimples internally supported by ribs.





