DIE CASTING SYSTEM AND METHOD UTILIZING SACRIFICIAL CORE BACKGROUND 5This
disclosure relates generally to casting, and more particularly to die casting system utilizing a sacrificial
core. Die casting involves injecting molten metal directly into a reusable die to yield a net-shaped

component. Die casting has typicglihegBti$ed & BigMCReNReNAaas that do not require high thermal
mechanical performance. For exampier digAaaging siEcommerdyesed to produce components made
from relatively low melting temperature materials that are not exposedto extreme temperatures. Gas

turbine engines include multiple components that are subjected to extreme temperatures during
operation. For example, the compressor sectiBA @HdGRGIIMNDsection of the gas turbine engine each
include blad§s and vanﬂ.ﬁsth -%@(fsﬁ@j?&gqgsto éﬁergh?ti?%ggﬂﬁ WP&{FM% Lﬂgh(ﬁé temperatures
exceeding approximately 1500F/815C. Typlcal?y, gas turbine engine components of this type are
investment cast CRAESHFLTIE Chihiide foraes el ifiemolten metal into a ceramic shell having a cavity in

the shape of the compesieBhipmeirAskeE 18 BV MBNE FRRERY MIPERSSIFIab R SVPielime
consuming and eﬁ%r;%\%a%éo SUMMARY A met%od for di castir#t; a component includes inserting at

least one sacrifi& 5%839[&/ dP'g GREUBADAROP te& fpo?r8%ugfeﬁ?éﬂ?§.nﬂ?}ﬁen metal is
injected into the thiet cawityt fElg@innditgh tnetakisnsedickindchiypdrioniee diercanatyite 28idorastihg somponent.
The plurality.of di t disa dfr m nt : st one sacrificial core is
destructivetl%//oreriég\rﬁeﬁ%ynitﬁéﬁ:o{rﬁpﬁ%%m% a%not é?%@gm&%%egﬁ%%%‘%m%ﬁne%%am replacing a
baseline compotRRPRidEn eatabRIsdhdraABhEXRORRIES BBteMIAIAY EEo0ling scheme

Gas turbine engines include multiple componerdsdine subjected to extreme

temperatures during operation. For example, thmptessor section and turbine
section of the gas turbine engine each includedslahd vanes that are subjected to
15 relatively extreme temperatures, such as tempest@xceeding approximately
1500°F/815°C. Typically, gas turbine engine corgoas of this type are investment
cast. Investment casting involves pouring molteziahinto a ceramic shell having a
cavity in the shape of the component to be cadte ifivestment casting process is
labor intensive, time consuming and expensive.
20
SUMMARY
A method for die casting a component includesriirggat least one sacrificial
core into a die cavity of a die comprised of a ality of die elements. Molten metal
is injected into the die cavity. The molten measasolidified within the die cavity to
25 form the component. The plurality of die elemeatge disassembled from the
component, and the at least one sacrificial cordetstructively removed from the
component.
In another exemplary embodiment, a method for adph a baseline
component with an equiaxed component includes h@té@rg a cooling scheme
30 required for replacing the baseline component it equiaxed component. The
baseline component is comprised of one of a siaglstal advanced alloy component
and a directionally solidified alloy component. sAcrificial core is configured to

provide the equiaxed component with an internalngetoy that provides the cooling



30 required for replacing the baseline component with the equiaxed component. The baseline component
is comprised of one of a single crystal advanced alloy component and a directionally solidified alloy
component. A sacrificial core is configured to provide the equiaxed component with an internal geometry

that provides the;eQohR0  SEHRCEMRIHRR QBRHHRE ROBRANRALISHIR R VTR ShtetRjelBRlggRMetry using

the sacrificial core. The baseline component is replaced with the equiaxed component. In yet another

exemplary embGRRHUARILAE: cABERFSHURSAIAMABR SIERID R 8B XSGR FAMPEREL components
that define a die cavity|ra gatcefiotakbearremigasived buitiinetie aaldycassioé tubadudka shaletube plunger.

The shot tube iSéBnﬁ'ﬁ}%&’@P&“ G R t%ﬁ]r%e ﬁé‘X@’.;pﬁﬁ%@Q%&“@%R"ﬂ’égf?é‘%ﬁf{&%Y%% e within the
shot tube to communicate a maolten r’r'yetal into the (?le cavity. e various features and advantages of
this disclosuUre witldedsshwithpsptre merdth @sehsiillebeirpiiteaa s mlung el olvin g et diled ekscription. The

drawings that 10ageappAHBSidRAIerHESTERIMEATRE BRGHY peRgabes RsvelBsyRIMEF
DESCRIPTION OF THE DRAWINGS Figure 1 illustrates an example die casting system. Figure 2

illustrates a sacrifigialebiPRFUSIIRHNCAIE RABAKG ST @hBEE GRS A illustratesa die casting system

during casting of a compeneniotsdetesBsibnstralesrnadiesasishitg dyisiavill bpoorse piairentftom a cast
component. those skilled in the art from the following detdildescription. The drawings that

10 accompany the detailed description can be briefcdbed as follows.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 illustrates an example die casting system
Figure 2 illustrates a sacrificial core for us¢haa die casting system.
15 Figure 3A illustratesa die casting system duriasting of a component.
Figure 3B illustrates a die casting system upopas#ion from a cast
component.
Figure 4 illustrates an example component cast avilie casting system.
Figure 5 schematically illustrates an example engntation of a die casting

20 system.

DETAILED DESCRIPTION
Figure 1 illustrates a die casting system 10 uticig a reusable die 12 having
a plurality of die elements 14, 16 that functionctsst a component 15 (such as the
25 component 15 depicted in Figure 4, for examplelthadugh two die elements 14, 16
are depicted in Figure 1, it should be understbad the die 12 could include more or
fewer die elements, as well as other parts andgumattions.
The die 12 is assembled by positioning the dienelds 14, 16 together and
holding the die elements 14, 16 at a desired positg via a mechanism 18. The
30 mechanism 18 could include a clamping mechanismampbropriate hydraulic,
pneumatic, electromechanical and/or other configuma. The mechanism 18 also

separates the die elements 14, 16 subsequenttilmgcas



Figure 4 illustrates an example component cast with a die casting system. Figure 5 schematically
illustrates an example implementation of a die casting 20system. DETAILED DESCRIPTION Figure 1
illustrates a die casting system 10 including a reusable die 12 having a plurality of die elements 14, 16

that function to cast a e{BRAEMEMerkEUEh a8 idide FRERRANEMbadiRriptadiibigefiRdtafareexample).
Although two die elements 14, 16 are depicted in Figure 1, it should be understood that the die 12 could

include more or FANEf &k e‘}eﬁhahig?%@f}va|i%é'%&?@ﬁ?t@&&ﬁﬂ%h’ffg%%&ﬁglty 20412 & 95 is
assgmbled _b_y pmiiiie_rpjngstlm mbe_a&&zmnm He &Femgathgr aawtﬁm@ﬁmgwercmmlem@mt 14hel 6 ata
desired positionifyg yig amechanisind fdiie 38 techapism, L& Gouldnrluds. acampingmeghanism of
appropriate hyd auﬁ , pneumatic, eFectromec anical and/or other con%guratlons. he mechanism 18 also
separates the dianslenieslion possisnbsrdierdirectiastiag arrowmvéhiie brRrakeisube 28 dofide internal

surfaces that cogpesigikmaaiine prdientaibngth Aehuiddmdtde iRdtyid aeBumuYCaficmuHh the die

cavity 20 via one or more ports 26 located in the die element 14, the die element 16, or both. A shot tube

plunger 28 is reGRASvitNSERBTURD: tuBEWA B iOhovAbId PR e B WIFa ct @3 It fnjection
position (in the ditectiomed sl A)rveitlyindhdislhadbiube 24y a mechanism 30. The mechanism 30 could
include a hydraulic as r%bls% otrt%weerziuljstable.mecainism includin?!FuleeIi not limited to%hgljgﬁfa\ulic,

: osifjonég to re e a.m rom a meltin .
pneumatic, electromec anlca?, or any com |na{|0n ereo?el%e sho éé?ls posﬁlon to receive a

molten metH) froA2 asuetiag anitracitde, fichxasnwleruclivie, Malindu@iplmayhetifizeltany U8R may utilize
any known techriguaifRl-msHtipR BAdNAPLRGReIaliMRteHRl I arBRAIEE DosRem et ipraelivery to the

shot tube 24, including but not limited to, vacuum induction melting, electron beam melting and induction

skull melting. TheeHYGRERREPROhTRRE P by BTE AR REL NS 4P 2 RHHBHALE ISR EPRFRR from the shot

tube 24 and the éliecikdnIbekirnthiei@xgameinthe noalérgiung Bade pasitéanadtin slasetptokyniiy to the shot

tube 24 to reduce the requjred transfer distance. between the molten. metal and the shot tube 24.
Example moltennpﬁgfg%gagasogeag)? b%|Crzilg'0uns£§;|d’i HS & %Egét}%qcfg%%%%%hjp ?Lg f’n%fb%ﬂ? ﬂl[ea%g'njﬂ limited to,
nickel basetbsuseis karsptiatiarmaliogsy high226 feraitersdiioss| ymoxioniyalfots sbppthieadéd alloys, iron

alloys, molybdengr. JHRgSHRN Y aRL MM RPef deliRcBRRE AR A M BSFIARY 1 AS Mt {THed to the

disclosed alloys, and it should be understood that any high melting temperature material may be utilized
to die cast the c@fhponent 15. As used herein, the term "high melting temperature material” is intended to

include materials havirexami#édingolten metalscapable of being used tocdi a component 15
include, but are not limited to, nickel based sup#oys, titanium alloys, high

20 temperature aluminum alloys, copper based alloysn ialloys, molybdenum,
tungsten, niobium, or other refractory metals. sTdisclosure is not limited to the
disclosed alloys, and it should be understood #rat high melting temperature
material may be utilized to die cast the compor@nt As used herein, the term “high
melting temperature material” is intended to ineuchaterials having a melting

25 temperature of approximately 1500°F/815°C and highe

The molten metal is transferred from the melting 82 to the shot tube 24 in
a known manner, such as pouring the molten meialkimpour hole 33 in the shot tube
24, for example. A sufficient amount of molten alés poured into the shot tube 24

to fill the die cavity 20. The shot tube plungé 8 actuated to inject the molten

30 metal under pressure from the shot tube 24 into diee cavity 20 to cast the
component 15. Although the casting of a single ponent is depicted, the die

casting system 10 could be configured to cast pialtomponents in a single shot.



25temperature of approximately 1500F/815C and higher. The molten metal is transferred from the
melting unit 32 to the shot tube 24 in a known manner, such as pouring the molten metal into a pour hole
33 in the shot tube 24, for example. A sufficient amount of molten metal is poured into the shot tube 24 to

fill the die cavity 20. ThepRabHR6: PIEOEGAR i ARALRILAJRION e 3R MaGIArBE pressure

from the shot tube 24 into the die cavity 20 to cast the component 15. Although the casting of a single

component is deEEN AR AR YIL RIAMBPE S M N RRF HU oSOt Frit Rt V@G HiBnents in a
single shot. iAlHppligh inahbecessany.aieast 3 partienvelctotmdie 3585 ingnsigstevat Gumayide positioned
within a vacuum b atincludes a v rce 35. A um is applied i yacuum
chamber 34via tﬁ%el}%@gétﬁfpn%%%%r@ %S/ %g urlén(jé?eﬁ}‘lziTll \%gt%lré %l\é%c%%%%:%}@ci\gp %@9\5{;&%@5 r%echam ber 34
provides a rfon-rdigcagstisavisiene itGoheie ed Wiescatielip By SMHAID {144t PERIceNdt@NdnAt

contamination, G RfaeiARBHRIGAREEPIHE dalImesHaly adsabBifAtalivPAiNeEast ¢RiyaRpent, such

as excess porosity of the die cast component that'can occur as a result of exposure to air. In one
example, the vallidfi® HENtESE SATPANG RIS §Heds e DERDERIPISYG-40T8iF alld PR€0-4 Ton,
although other pseasuies are caniemptatedbdihsfaisuahpiessedeaebdpréhpataeaumctabern34 will vary

based upon the t of component 15 being cast, among other conditions and.factors. In the.illustrated
example, each OF ReHag U LD QP (U 2 SR IR TS TS0 S ARl ST R vacuum
chamber 32Qurihg trcdisncabantpercdevd!isvaly thagatapasiting, tfjeenngrent dolibHiiagrasthe metal are

all performed unglei,MgcuiHRl dondifoRXaRRIe-EIESaSHNhSYRRM LLAGHICIeA R Bigwke Adrillystrative only

and could include more or less sections, parts and/or components. This disclosure extends to all forms of
die casting, inclURG B EotIfhiteRE184 RO st AEidQi AR AN dRE LA SFRAARET AfHleast one
sacrificial core 3gumay the réiectaedithiockis diectanibi 2tktaggMhjrroshisausd solRiRahgedmeiry within the
component 15. In one exar plgﬁtrrl%géxcﬂf'ciral C@JS%G is preassembled to one (or both) of the die
elements 14, 16rBe%re 8 e eiements ﬁ YEarE positioned relative to one another. In another
example, ti® die elemdiite @Xanplanicthastagrifisiteinndie dpitehisEitititatiusiiativaradyisiydOne or more

portions of the sagfiCiAkEACHEE 8% YRS BaAY SIRRIANRS PRIDYiseR a5PElatsfisurfaces of

one or more of the die elements 14, 16. For example, one or more perimeter portions of the sacrificial
core 36 may be EapiURIETOA 4B GaRERC dRGpLkEdMSNG tildie B8 sHEES ralI\sits™e the
ultimately cast carapasen. Hpenson of ordinary skill in the art having the benefit of this disclosure would

gg ak_JIe_ to affix_ the sacﬂéig(iaagls oorsefs%vgvrilé‘jﬁ%fhﬁe? rdeie3 ar\{]itég(%og E}c‘% Iggmfg%%lg{%)g?%@% Qéacrificial core
within the die cavity 201iSdeSign-dépendent on numerou orsincluding, but nat fimited to, the type
of componéfit 1prodvseamt. intetnabngeorzetiylayvithndibeslconepadht, 18 obitiee ekarmplardige-heated
subsequent to Inserionpitie SBCUNGBLCLMBRIMS A8 U7 NérRer FXARNRnEe 4186 before
the die elements 14, 16 are positioned relativenwanother. In another example, the
die elements 14, 16 and the sacrificial core 36aasEmbled simultaneously.One or
more portions of the sacrificial core 36 may beteegml and retained in position by
25 associated surfaces of one or more of the die eieniel, 16. For example, one or
more perimeter portions of the sacrificial core 1®@y be captured in associated
compartments of the die cavity 20 so as to falkiolat the ultimately cast component.
A person of ordinary skill in the art having thenbkét of this disclosure would be able
to affix the sacrificial core 36 within the die @égv20. The configuration of each
30 sacrificial core 36 within the die cavity 20 is dgsdependent on numerous factors
including, but not limited to, the type of compohéhb to be cast.
In one example, the die elements 14, 16 of the Ifleare pre-heated

subsequent to insertion of the sacrificial cordr@é the die 12. For example, the die

4



12 may be pre-heated between approximately 800F/426C and approximately 1000F/538C subsequent to
insertion of the sacrificial core 36 and before injection of the molten metal. Among other benefits,
pre-heating the die elements 14, 16 reduces thermal mechanical fatigue experience by these components

5during the injecfipn ofikie meken Heldeated I IWEWEHSIrABBORMAXE]PlesBBEEfGIalGrre 36. In this
example, the sacrificial core 36 is a refractory metal core. The refractory metal core includes a refractory

metal alloy such® P IRINRIEIYFRON /3P Btfre P LOREMHE TefARSH TRRRY SAHHIGHTHE S, AMl optionally, a
protective coatingefaxamjeti@iractang meladcoresalO maoingclotiesakltasipb@¥eatimyoteebdieeight of one

A i T

another example, the sacrifiCial core 36 could inclu
refractory metal doiiegSustabreiivotetctiveraolgingaiaterials for the sacrificial core 36 could include, 15 but

are not limited to, silicagg|yminayzigaria. Geosrampilldg-anedatae. ThessdnaianaR atgdot intended

to be an exhaustive list of coatings. A coating is not necessary in all applications. The sacrificial core
@%‘é

36 is shaped an83558kihearqiddir s GEACRY PB'® fof § HREAaMIBSIAl GeEHBEY IRt a
component 15. FefraxampiestalheieytbachOacomnpoNS)tTIS id/fmhetisyiiabie nded oudtlyimeatgasiturbine

engine, the sacrifieg) goge. 36 may Pe-chaRRd and pesiiipned o he.dis caulty 20,19 fogm nternal
cooling schemes 0 a gas tur ihe engfl)ne urbine'blade, such-as microcircuit cooling schemes similar to
those desctibed ity rivatedel ctaie a8 A% rothe e dareigitahprendie sattafitiay cortas is formed from a

metal sheet 25 ghpaf@cionnpfiaknEnsexfeI¢ SREMECIARRISARRAS Bdrading pdogmapien 37, a

trailing edge portion 39, and a central portion 41 extending between the leading edge portion 37 and the
trailing edge porG¥AYETIRE Saerficial (Yre386crdY sds BIVSR ST HRHNEGHFEHRIS RIHEAS in the
vicinity of the leadiageteggoppriemaicbréhe bent portions 43 and 45 form film cooling passageways that

define a desired cooling 30 scheme. The sactificial core 36, if desired, ma 0 have a plurality of bent
portions 47 and 49 anr%gl;J '%ﬁg%é)ﬁﬂ%lcﬂ\é?tig%%ﬁg[o o?rerﬁ'aslﬁl %rtﬁ%? 1iire égg{%é‘%&g@%g@gﬁ,me number
and locatioh%of thetbaret pairiionied 30 45i]idd, d@mieaa firaotichofibe Mebiteididehafiyhe Toesgonentbeing

formed and the pegd forsPLoyidinoifihaealing g9 e &Hgﬁgﬁ%gﬁ%ﬁﬂw%%ﬂn@e@r%t other

features may be provided by cutting out portions of the metal sheet forming the sacrificial core 36. The
sacrificial core 3BESSSRABMIbBHRRRHERIRAZCtOry metal cores including, but not limited to, two-piece

refractory metal cores, TiadlaarificRill@orstaecisrendped, and positiondtiinvthe die cavity 20 to
form a desired internal geometry within a componEsit For example, where the
20 component 15 is to be implemented within a gasrierbngine, the sacrificial core 36
may be shaped and positioned within the die ca2@lyto form internal cooling
schemes of a gas turbine engine turbine blade, asighicrocircuit cooling schemes
similar to those described in greater detail below.
In the illustrated example, the sacrificial co&i8 formed from a metal sheet
25 of refractory metal. The example sacrificial c8@&has a leading edge portion 37, a
trailing edge portion 39, and a central portioneslending between the leading edge
portion 37 and the trailing edge portion 39. Therifiaial core 36 may have a
plurality of bent portions 43 and 45 in the vicyndf the leading edge portion 37. The
bent portions 43 and 45 form film cooling passagesnhat define a desired cooling
30 scheme. The sacrificial core 36, if desired, map ddave a plurality of bent portions
47 and 49 along the central portion 41 to fornl stiher film cooling passageways.
The number and location of the bent portions 43,445 49 are a function of the gas

turbine engine componentbeing formed and the nexeprrbviding film cooling on the

5



53D shapes using refractory metal core as sides), and refractory metal cores having honeycomb shapes.
Figures 3A and 3B illustrate portions of the die casting system 10 during casting (Figure 3A) and after die
element 14, 16 separation (Figure 3B). After the molten metal solidifies within the die cavity 20, the die

elementfs 14, 165%%%@&6?%%%91Egﬁ@rﬁti\@d@sﬁi@d%mBP?@dlhilé/@é%@ﬂmtbﬁ" Qtiﬁti?aé ¥id t_he
mechanism 18. A die release agent may be applied to the die elements 14, 16 of the die 12 prior to

injection to achi@BRLFOHIEE AR ENGAHO R EIGFRA B FRISRE to the die 12 post-solidification. The
cast component 15 mayhadedefiaialecpriess siuldtengupposeidiébagonetal cotdd includiagtill other

structures. An equiaxed.str e Is one that 15includ r ly orient in_structyre having
multiple grains. bt éo ﬁo‘ﬁ#g%t gebgﬁrgt o"ralggf {%}é%é}g rglé%n%te%r%ts %%%rh?e? ﬁaﬁ}é:mg(%?nurggwegr%ttjﬁlgmay be
de-cored to destPlcreneenrivg el aciorfithetabreB6asopida R itaponemeaB! Exmsdlarindecoring
techniques inclugdg, @dostieivehpeemoving the core by chemical leaching (e.g., alkaline and/or acid

leaching). The cast component 15 may then be 20subjected to finishing operations, including but not
limited to, machining, SURYIES Yy Bl EENDBHEE Rsifgh ingSHIBrafofUrng A new
sacrificial core 36aistingegFigucass/aghdcafieparierdldmente, thensamifi¢rijonre3By. isakenaked, the
component 15 is left with an jnternal geometry within the compgonent..such as a microcjrcuit cooling
scheme for atur%%%eﬂla@gP8L asggg‘lés tﬁ’?glﬁr@ﬁ%indé? Cavlft %ﬁﬂﬁﬁ%tr%?e@eﬁse eféar%éeaé%mponent 15
that may bé@astissipspthblesdaipivaiie dasthogspseth 19 kicoprtieddih ddevimtiisisnechapimthe die cast

component 15 is;8 bladgsfesia-aashing £ sinsp e B Ak Liada fosaseraing seplipn of a gas

turbine engine. However, this disclosure is hot limited to the casting 30 of blades. For example, the
example die casthiIeFEIMAGOTEYR 8isHvE6Fd FREPBLLITBEPIS Hake deidsuit e slispbhents
including bladespystssiidittativisiorpansist bhaisondiar @ mepriétaaslgdarey Sitvetreraponents that

could be sublected igyexirems enyiienmente Jacuaind pop.aeronauiicalcpmpanents. oo (e die cast
component 15 inGUdEs AN IhBria geometry g meé within'theC mponenfji (le.e.,(%ﬂe component 15
is at least gdrtialiychidizsng.raihdoimiy orig njedraestity 3858 e ieendfipletbeaiscrificial core 36 is destructively

removed from the compgiiLSsdp R BMAIS diBc:iBiEnR 9a0me EyIG Sefinee A Micrsycuit 5

cooling scheme for a turbine blade. However, the internal geometry 38could also define othér advanced

cooling scheme®&rdfiiRgretde E%EUrdght FRaGUaINRPRtES TR 304188) SrofrsrrRisRklres.

Exemplary decoring techniques include destructivelyjoving the core by chemical
leaching (e.g., alkaline and/or acid leaching).e Tast component 15 may then be

20 subjected to finishing operations, including but fimited to, machining, surface
treating, coating or any other desirable finishipgration.

A new sacrificial core 36 is used to cast each pmment 15. Once the
sacrificial core 36 is removed, the component 1feis with an internal geometry
within the component, such as a microcircuit caplscheme for a turbine blade of a

25 gas turbine engine.

Figure 4 illustrates one example component 15 thay be cast using the
example die casting system 10 described above.thifh example, the die cast
component 15 is a blade for a gas turbine engireh as a turbine blade for a turbine
section of a gas turbine engine. However, thisldssre is not limited to the casting

30 of blades. For example, the example die castistgeay 10 of this disclosure may be
utilized to cast aeronautical components includitepes, vanes, combustor panels,
blade outer air seals (boas), or any other comgentirat could be subjected to

extreme environments, including non-aeronauticaipanents.
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Figure 5 schematically illustrates an example implementation 100 of the die casting system 10 described
above. The exemplary implementation 100 involves 10 replacing a baseline component, such as a single
crystal alloy component or a directionally solidified alloy component of a gas turbine engine, with an

equiaxed component. $iRglgieryséal RRYFRMPESeRERRIES AMpt: e TR @himAisrial that
includes no grain boundaries in the material, while a directionally solidified alloy component includes

grains that are pRRFATENENhIR I Gre e SUTRANAR dolp GHFRSAi AGIL Wy stISYE @Wnponents and
directionally solidé@deihpg&isrfpaonedtafanetnenaalficiziarereissatsivetizepy odumorad fnpardtto equiaxed

components. (igr?r‘{sé’%sn‘?”% ComRRRent ebetﬁgpf&%?ﬁaWié:%ﬁ};}e;@‘é@ﬁ‘ﬁé%CS'HPE’.‘?)%E}%QE" the

replacement cou wolve replacing mating c mponents as w he example implementaton 100
includes determi¢nning csbRmesttemturegeirelader titowguRixdiiez0adgapmesit EBeviddielate equiaxed

component to regiarg ARG EAERANRNSNENRESISHARIGIRARS SIRRGOREH R0 itigRsRIock 104, a

sacrificial core is configured to provide the equiaxed component with an internal geometry that defines the
cooling scheme (NexYORAULpBISEIO2OB HE R quiaxed component is die cast to include the cooling
scheme using the sacriigiakecerecizénmhtchapdinsraasronerbispepdapctatidh theoesfuinxaticcomponent

within the gas turhine engine at step block 108, For example, a single.crystal allqy turbine blade of the
turbine section o(fa}ﬁénaa Err?ngbegﬁﬁ%'cgﬂogg%%laﬁhf V\ﬁﬁ? @H’%%ﬂ)@ézaﬁ%?dg}?w(%\'/?r\{é)%eéesired cooling
scheme. Inlftherepeingtite basatiselcnmpasieiie sycivpasd Ta3inHsiativiipylgomppitnbaseline

component is MaggRBRsIRjesIRRIP AR HPEmM: torthe ARl disRashme ki fllaxegvith

advanced cooling schemes. Therefore, the equiaxed component can survive at temperatures that

traditionally onlyCRRRIREY- affNeh S0 QRO FANPONenisU SREESI AP LS SPRIA Shanae Mterpreted as

illustrative and n@lainienydevitiogsenspufdaaseEihaherdiariatiik ivitbeianawosttidineegtand that certain
modifications could come Y\/.ith'nﬂ[]he scorpsetﬁgghis discltﬂsp{e. For these reasonfs the followinr% claims

should be studied [ordetermine the e scope and &oRAien :oyk}ﬁrs%ﬁ’lgglgéﬁ?eq FJEE&RW%P "X Thethod for

die castingl® coifipairenrystahptisingahwstgngsofind directionaltyidified alloy components are
generally more expensive to produce compared t@meed components.

The baseline component may be replaced with araeegh component, or the
replacement could involve replacing mating comptsess well. The example
implementation 100 includes determining a cooliolgesne required for the equiaxed

20 component to enable the equiaxed component to aepdiae baseline component,
which is depicted at step block 102. At step blb6K, a sacrificial core is configured
to provide the equiaxed component with an integeametry that defines the cooling
scheme. Next, at step block 106, the equiaxed oaemnt is die cast to include the
cooling scheme using the sacrificial core.

25 The baseline component is replaced with the egdiaomponent within the
gas turbine engine at step block 108. For exanapéingle crystal alloy turbine blade
of the turbine section of the gas turbine enginelmareplaced with an equiaxed blade
having a desired cooling scheme. In other words,dibwnselecting of the equiaxed
component in place of the baseline component isenpadsible for certain parts due

30 to the ability to die cast metallic alloys with @hced cooling schemes. Therefore,
the equiaxed component can survive at temperatbegdraditionally only advanced

alloys have survived at.



(a) inserting at least one sacrificial core into a die cavity of a die 5comprised of a plurality of die elements;
(b) injecting molten metal into the die cavity; (c) solidifying the molten metal within the die cavity to
form the component; (d) disassembling the plurality of die elements from the component; and

_10(6)_O|GSUUCtiVe|)_/ femfPWé‘Qfdh,f‘gé‘ih %@s‘éﬂstﬁﬁpgﬁﬁi%@f&é _F@tﬂlﬂlﬁ&’dﬂéﬂ?@%ﬂd%EﬁﬁlrﬁﬁWQd as_recited
in claim 1, comprising the step of: (Oapplying vacuum to the die. 15 3.The method as recited in claim 1,

comprising the SIBBI88 E5aHeathg/O4ia"sBL SR SKYHTLIRE waud Yndersiand BihpsHaK, wherein a

new sacr_ificiall Cmed'ﬁfim&)cmhm mtieg{\mhmemsombmmmréomamametkmbassr,ettiéed in claim
1, wherein said §4ap (&) Ingludes, RETTTEANG A6 G S RATEING P HAUQLL IR M LG s AbleaRt one

sacrificial
5 disclosure.



core. 5. The method as recited in claim 1, wherein said step (e) leaves an internal 25 geometry within
the component. 6. The method as recited in claim 5, wherein the internal geometry defines at least one
cooling scheme. 307.The method as recited in claim 6, wherein the at least one cooling scheme is a
microcircuit cooling scheme. 8. The method as gcitggig claim 1, wherein the at least one sacrificial core
includes at least one refractory metal core. 9. The method as recited in claim 1, wherein said step (a)
includes: 5applying a die release agent to the die. 10. The method as recited in claim 1, wherein said

step (a) includest. pﬁaine&tblgfmeiiéi_e&lb@emuentﬁmmstet_tmgﬁmmtcjne sacrificigl core into the
die cavity. 11. The meé od as ggﬁllted in ﬁ@é%lo rygh B%Hfi%%{fj S‘%‘?Q (Il%)[ énglu Si'ty Ofmg]tm the molten

metal separate from the die prior ton%jectlr)g e molten metal into the die cavity; and Injecting the molten
metal into tHe dieaapligediof a Bhodlbbel gieraiements; The method as recited in claim 1, wherein the

component is an equiagsd CORRARRI Fnolten metal into the die cavity;
(c) solidifying the molten metal within the die cavityp form the
component;

(d) disassembling the plurality of die elements from tomponent; and

10 (e) destructively removing the at least one sacrifictare from the
component.
2. The method as recited in claim 1, comprising tle@ sif:

)] applying vacuum to the die.
15
3. The method as recited in claim 1, comprising tle@ sif:
)] repeating said steps (a) through (e) to dist @asecond component,

wherein a new sacrificial core is used for theingsbf the second component.

20 4. The method as recited in claim 1, wherein said @gmncludes:
performing a core leaching operation to remove ahdeast one sacrificial

core.

5. The method as recited in claim 1, wherein said g&pleaves an internal

25 geometry within the component.

6. The method as recited in claim 5, wherein the m@kgeometry defines at

least one cooling scheme.

30 7. The method as recited in claim 6, wherein the astlene cooling scheme is a

microcircuit cooling scheme.



13. A method for replacing a baseline component comprised of one of a single-20 crystal alloy component
and a directionally solidified alloy component with an equiaxed component, comprising the steps of:
(a) determining a cooling scheme required for replacing the baseline component with the equiaxed

component;  g0) configuriighbaagssiiie@l&Pin drovides Sauiaxes fBAPReMMiLdran internal
geometry that defines the cooling scheme; (c%?le casting the equiaxed component with the internal

geometry using INEWESiALISRELPEERIACOMIMRIBIAIHY the baseline component with the equiaxed

component. 3014.The method as recited in claim 13, wherein said step (c) includes: vacuum die casting

the equiaxed cogmlponem.e gtH% 9§S9ggﬁgﬁ_i (?gqm,l?gvrnglrgﬁn%@ %gspﬁiﬁhgf@s.ed of a plurality of die

components that define a'die cavity; a sacrificial core receive & cavity; a shot tube in fluid
communicatfon with sa@Prlidneaeidie Seletrs agsatpritedifoveable within said shot tube to communicate
a molten metal into said die cavity. 16. The die casting system as recited in claim 15, wherein said

sacrificial core includes a refractory metal core. _ ) _
10. The methodas recited in claim 1, wherein said &gncludes:

preheating the die subsequent to inserting theast one sacrificial core into
the die cavity.
10
11. The method as recited in claim 1, wherein said @i¢pcludes:
melting the molten metal separate from the dierpio injecting the molten
metal into the die cavity; and
injecting the molten metal into the die cavitytwit shot tube plunger.
15
12. The method as recited in claim 1, wherein the camepo is an equiaxed

component.

13. A method for replacing a baseline component coredrisf one of a single-
20 crystal alloy component and a directionally soletif alloy component with an
equiaxed component, comprising the steps of:
(@) determining a cooling scheme required for replacithg baseline
component with the equiaxed component;
(b) configuring a sacrificial core to provide the ecudd component with
25 aninternal geometry that defines the cooling sehem
(c) die casting the equiaxed component with the integeametry using
the sacrificial core; and

(d) replacing the baseline component with the equiaxedponent.

30 14. The method as recited in claim 13, wherein saig &tgincludes:

vacuum die casting the equiaxed component.

10



10 17. The die casting system as recited in claim 16, wherein said refractory metal core includes a
protective coating. 18. The die casting system as recited in claim 15, wherein said sacrificial core
15includes a ceramic core. 19. The die casting system as recited in claim 15, wherein said sacrificial core

includes a hybrid gore mgk@qgagtim?g{@{g}ﬁ,r@@,t,%lrig?,@:refractory metal core.
a die comprised of a plurality of die componehtt tlefine a die cavity;
a sacrificial core received within said die cayity
a shot tube in fluid communication with said davity;
5 a shot tube plunger moveable within said shot tobeommunicate a molten

metal into said die cavity.

16. The die casting system as recited in claim 15, wihesaid sacrificial core
includes a refractory metal core.

10
17. The die casting system as recited in claim 16, wihesaid refractory metal

core includes a protective coating.

18. The die casting system as recited in claim 15, aihesaid sacrificial core

15 includes a ceramic core.

19. The die casting system as recited in claim 15, aihesaid sacrificial core

includes a hybrid core including a ceramic mated tefractory metal core.

11



