METHOD AND SYSTEM FOR DI E CASTI NG A HYBRI D COVPONENT BACKGROUND
5This disclosure generally relates to casting, and nore particularly
to a nethod and systemfor die casting a hybrid conponent.

Casting is a known technique used to yield substantially net shaped
conponents. For exanphETHOPANTSYSTEM FUR DIEAFASTIVEEd i n the gas
turbine engine industry to manufacture near net-shaped conponents,
such as bl ades and vanes 10 AaNMYBRIDERCONMPONENDnpl ex shapes.

| nvest nent casting involves pouring nolten netal into a ceram c shell
having a cavity in the shape of a component to be cast. Investnent
casting can be relatively |abor BAIKEROGUND e consum ng and
expensi ve. _Anot her known casting technique is die casting. De
casting i nvol vddis dipdesure genemlbyaislatasttaicadingeand mojeragicalarbite ahethed e
to yield I - . .. D e casting has typically
been usedgggS‘ﬁ@%ﬁt@{]&gg%}%g&?&gﬂ{f%gﬁ%oenﬁot require high thernmnal
mechani cal per f@itignce. a Fofovax asgingquedusedC ast ¥ibld isGbstamany| et Usie@ed O
produce conponents used fromrelatively |ow nelting tenperature
nat eri al s PRRENGYS FRytexamplss By eptgcak easipg i ofigpaied by bg gapydunmpmgme
A net hod f; L,&nC i ri o] i.ncl [

cavi ty w thy s g RRhAduR, R A ShRORaRborch MAAE 1R M ygnes
cavi t y0 Milateg refetiadly camplegabdped. Imtestnidnecadtiag alveiven pourlipemoiiéd miietal
metal is solidified within the cavity. tqQ cast the hybrid conponent.
The spar &8%0afh|GCERUE Sé’r‘fiﬁi11‘*?t"é‘?‘ghél CayEty i ﬁweawet?fea nogenisto Be cast
conponent .1 Jken&R@AstinBchi 96 §el§ci\}él391*abMBEethe,ttﬁH@@JréﬁM{ng eﬂiﬁteﬁf)érﬁivet hat
defines a first nelting tenperature greater than a second neiting

t enper at ur e of Arvgharoknaeyn reestilg technique lim dinotastng. exBimpleastipg involves
enbodi nment., . a,(.die(gt sting.syst mi.qcl udes a dig co .ri ed of gt | east
one die elWFEHE UGB LTeCtly B1Q o8 1EYsablE &gy 10 Yield nspn, dgT-hapRT n
the diig cavhippnerds. SRS cdstiR@hhStybitafl) Beh cRIMY ?fc_fd%&ﬂ QMpinkhts te ddikt
cavity. A 30 shot tube plunger 1s noveable within the shot tube to
communi catrequarerfsgh tigrmalimagchppicd pererrdineec ot exanipde, déseasangigtnomgnonly
conponent . . es | i she internal ,structure of the hybrid
conponent %4 B E88GccCabenTRESs A Pa TRy 3 b ahih fofirdpiBapahias
st ruct ur e thdt atdwotlrypoded t€ exrpneRhpestass. equi axed structure.

20 SUMMARY
A method for die casting a hybrid component includes defining a cavity
within a die element of a die and inserting a spar into the cavity. Molten metal is
injected into the die element. The molten metal is solidified within the cavity to cast
the hybrid component. The spar establishes an internal structure of the hybrid
25  component. The spar includes a high melting temperature material that defines a first
melting temperature greater than a second melting temperature of the molten metal.
In another exemplary embodiment, a die casting system includes a die
comprised of at least one die element that defines a die cavity. A spar is received
within the die cavity. A shot tube is in fluid communication with the die cavity. A
30  shot tube plunger is moveable within the shot tube to communicate a molten metal
into the die cavity to cast a hybrid component. The spar establishes an internal
structure of the hybrid component. At least one of the internal structure and an outer

structure of the hybrid component is an equiaxed structure.



The various features and advantages of this disclosure will becone
apparent to those skilled in the art fromthe follow ng detail ed
description. The drawi ngs that acconpany the detail ed description can
be briefly described as foll ows. 5BRI EF DESCRI PTI ON OF THE DRAW NGS

Figure 1 ill ustihatvafio@feattddiPdrd £iventaastdMBisSHSA®re will Fé@cCapphrent
illustrates a die casting systemduring casting of a conponent.

Fi gure 2Bt thogeslilledi the @rtdreradhg ofowina danilpdalesaapianatlibesrdwioss that
cast conp i . i Str i . t a die of a
di e casti ﬁg&@%a{’ ég@ ‘%l‘%%fi ?ehér%plltllﬁég %ﬁ g‘?g@e@n&es%%pgle&eg f%@ér“ﬁsonent cast
with a die casting system Figure 5 schematically illustrates an

exanpl e inplenentation of a die castilrllg syrstem Fi gures 6A and 6B
illustPate exanpl e spBRIEFPESCRIGHQNOKIHE DRAWINGSt em 15

DETAI LED DESCR . i ] / a die casting system
10 i ncluding aIFr? u‘ég,]é\tltl)llluestlr }ega}izfgﬁg@ie#bé %lsg?%é}gfeﬁtﬁy of die elenents 14,
16 that functi digwre2AaBtstatasaniionmsnhg iystdms dotingsastihg ofiy bormporeatrponent
15 depicted in _Figure 4, for exapple). A though two die el enents

2014, 16 are d@ﬁ%‘fe@ Blustatssy & @E GEPUh SUTTEM bBP U dE2E 108 d P Ha e fask
die 12 coybghpbfiniude nore or fewer die elenents, as well as other

parts and configurations.
10 Figure 3 illustrates a die element of a die of a die casting system.

Figure 4 illustrates an example component cast with a die casting system.
Figure 5 schematically illustrates an example implementation of a die casting
system.
Figures 6A and 6B illustrate example spars for use with a die casting system.
15
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 component 15 (such as the
hybrid component 15 depicted in Figure 4, for example). Although two die elements

20 14, 16 are depicted by Figure 1, it should be understood that the die 12 could include
more or fewer die elements, as well as other parts and configurations.

The die 12 is assembled by positioning the die elements 14, 16 together and
holding the die elements 14, 16 at a desired positioning via a mechanism 18. The
mechanism 18 could include a clamping mechanism powered by a hydraulic system,

25 a pneumatic system, an electromechanical system and/or other systems. The
mechanism 18 also separates the die elements 14, 16 subsequent to casting.

The die elements 14, 16 define internal surfaces that cooperate to define a die
cavity 20. A shot tube 24 is in fluid communication with the die cavity 20 via one or
more ports 26 that extend into communication with the die element 14, the die

30 element 16 or both. A shot tube plunger 28 is receded within the shot tube 24 and is
moveable between a retracted and injection position (in the direction of arrow A)
within the shot tube 24 by a mechanism 30. The mechanism 30 could include a
hydraulic assembly or other suitable mechanism including, but not limited to,

hydraulic, pneumatic, electromechanical or any combination of systems.
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The die 12 is assenbled by positioning the die elenents 14, 16
together and holding the die elements 14, 16 at a desired positioning
via a nechani sm 18. The nechani sm 18 coul d i ncl ude a cl anpi ng
mechani sm powered by a hydraulic system 25a pneumatic system an
eIectronechanidmbshm&mbaaanﬂp@mmnmbeoraxs&enmokahﬁmnﬁﬁmanhﬁmmmgﬁﬁﬁo
separ at es ie elenents_14, 16 su sequ nt to, casting

di e el emen Sacgl 515 S Helof 1k &R f MEe Wihg2 aa%a?la%eeartyolﬂwrr ne
a die cavidgilc i Siting HOEaRe o Sndifib ki bl AP hhkdi g
die cavity 20%@Fa one 3¥£nnré% Srts 3 Iﬁat ex?g%g#?nto connunicatfon
wi th t he dickval ¢orthetshotitube R4, nhpleadﬁig tait em’ehmlt% tcurvabmmm ind&c‘éd)mtnettiﬂge

| 28 ded within .the sh bet
B o0t St alpeling SEAnBel bR A0sneTsRn (KH RUAE danromeBREdPrtRy ore
W thin t heostRiplddids Wihiathe scope RAThiS Mis3fbsurkh erl{éelﬁbﬁéﬂ SHaB ﬁ@h@cﬂby

include a hydraulic assenbly or other suitable mechani smincl uding,
but not | ithd mhlngmnlth%ﬁdatmlop@tlonpthéﬁﬁmppagate drae arsbocivhedtt ead thy diary.
conblnathg q shot 1

d, t
Cone vat LRl SN e meting nnil BF MRy ¢ BroRER LOPE Ipditube

for exanpha. toﬁ’e@ud@f&hb ire@hitedi ttandfer Waﬂéblﬂet\i&n&ﬂb’ nkdl&ﬂﬂn&t@phlﬂi eHéeshber
nelting an ingot of netallic material to prepare a nolten netal for
y

del i vé fghber shot tube 24, including but not limted to, vacuum
i nduction melti I r. [ .

ol 1ing. Gt her ReriRE FEHHR B Ebh (P Bie 142 B b 24 n
scope of tal‘itrsmdl mahm umh afpeuring tlmmﬂhémineteﬁ il 4 pelirthyld B inmetet sihng

unit 32 at a | ocati that is separate froma shot tube 24 and th
die 12. ﬁuheré“s %)@‘éﬁgﬁ“‘éﬂ apREntRf] &Fﬁj‘ ek is FOMYTUINGHEGd NG Shot o2

proxi m ty tb Gilf fhe Hdes e KRot" ey
di st ance between th eVl ten n%t @ﬁ%ﬁﬁhgggﬁagg%%%ﬁ%% 24. iﬁk]no¥ﬁé
nmol t ed5 netnadtali wder pmm‘ueer freth theshot tobe @élmﬂortge drei ¢avB® 20dotchse thbhbybridibe

24 k , t he, npl t tal int ;
ol e 33 | HoTREIgnae ; cosr T Sifing S ansinotpdery (SRR B e
comuni categdingyfemnBurivd cohﬁ?@rea/ﬂo £t Fdultdpld BSnSbRn&aY hikdhghhot he

shot tube plunger 28 is actuafed to |nject the nolten 15 netal under
pressure from tAdthosplbnotnegessay, ptricast o ﬂvertmneaf ém/dlwa&mgtsastelaslt@ migebe

hybri d conponent, 15, . Al t hough t a S|n one

Gopi ot eq. TPRUORHA Miged r R, WHFREERY B Bl daeEt BB P
conponent Satwind iSapidice is hﬁstvacuum chadbbhD4gh thelvaliRGESSREY 35 & rdn@@sd a
portion of the die casting system 10 nay be positioned within a
vacuum ch@Agien 3k caging pecedes The viaeudm duurbee 395pronidey a aewrtenctive
applied i h 4 t a
vhbuum di anehEpaf SUTLERIE G M |DFRKTEHNTE, TSR, hudinbBLIFSE
non- r eact ioteer eouditiondrenat chbald dedneémelitelle affeitnge jyslitgrofliBe tchet congduess

reaction, contam nation or gther conditions that could detrlnentally
affect t hé“ﬂhé*? PX§PSHPORORILY o5&} ﬁﬁﬁtﬁ%?omﬂ‘ﬁﬁﬂt that 6%t BRI 38 RoisFYlY; obt
the dbg caz b RIS hAb1eC MR VAE Ryl Y faifthiné®afX SHEE
to air. ne exanple, the v cuun1cha i's nalntalneé
pressure ﬂnetwwerﬁﬂk)f(ﬂ’@r TO1666 (Paﬁ%) Mdaﬂ() erir (xQ@ 3F dtes¢D), Ozﬂﬁhibﬁgn

| at e The act

Pascal al .t hough ot her essur r
rocaur e O meskulh O eRuemaRedy Thd PSR o RuELE s oRcrRe Pomherott

conponent JaRivagy BASH upSBRGyHE va‘éorﬁ};%@h{ bARS ARk At AhS- cohaltffohfz and
illustrated exanpl e, each t e ne ng unit 32, the shot tube 24
and factors. In the 111ustrated example, each of the melting unit 32, the shot tube 24 and

30 the die 12 are positioned within the vacuum chamber 34 during the die casting
process such that the melting, injecting and solidifying of the metal are all performed
under vacuum. In another example, the vacuum chamber 34 is backfilled with an

inert gas, such as argon, for example, to provide partial or positive pressure.



30 the die 12 are positioned within the vacuum chanber 34 during the
di e casting process such that the nelting, injecting and solidifying
of the nmetal are all perfon-ned under vacuum |In another exanple, the
vacuum chanber 34 is backfilled with an inert gas, such as argon, for
exanpl e, to prdhedeapaletdialcagimgpystetd V@ dppieted tyeFigure 1 is illudtheivexaipl e

di e casting,system 10 depicted by Figure 1 is illustratiye only and
coul d | ncRUAEoREEee malier Euet y%ﬁel?sa P&t EnhAIBRPREHS o Hf dsclagis
di scl osur exRxEeRdal fRmlol dfedtnQfindhiing Bt hitdimitQClol fbRbnbiit inBifed,
limted to, horizontal, inclined, vertical or other die casting

syst ens. S¥ticaldiretiedramerusingd systeb®. of the die 12 can be preheated

before_injecti f the nolte al,. r exanple, the die 12 y, be
preheated bet nglﬁ%éepﬂﬁ%ﬁ?tﬁﬁ%’eﬁ/gg%ﬁ é}egé(gf%ﬁ?f &E‘bﬁ%’)@l br?g‘?rg 15 ection' 0Pt
1600F/ 8716noldAOAGa0t FEF e@RAE] the. diPrehBa} bBPrémiatedi RtRb@NBIPrSxitdielyl 6
reduces thermal nechanical fatigue eXferl enced bﬁ t hese conponents

during t h@0DAYLCEiand approxiveatelyl A HELIEC. Aromigeihesbenafianpred@ting the
illustrate;. i ons ;of i.e casting system 10.during casti (ki gure
o) “and afl oo nf, e STRGRR, PEhGIRE Rt Mg o] B’ etk

mol t en netcampsMdntddfringghavinjdvtion af tienlaxihatal?0, the die el ements 14,
16 are _disassenbled relatjve to the hybrid conponent 15 by opening
the dil@ via th&igHehani ad 2B, lashpte postinssel agﬁtcaﬁmg Bestep il during

the die el t (% . i 21 pr.i Ron A
achi eve a%ﬁ% (g}gju ?eeizégég& gﬁgf%%%@gén?c}kté%%ﬁo 1@%@%2? icj?'véA b ﬂf‘%e
di e 12 postoleal metd | whitlifees. within a Heguawaty3 20] lthistdiate@anans eddand erdi e

el enent 114 of ie 112 that can.be incorporated into a die castjng
system T ésaaﬁe@%éq%eﬁf‘éﬂtveﬂoﬁbee&{;v@swglp@ﬁsﬁt % Wnoprieg the dagta ghe

hybrid conpopgiiim 18. G@¥ict¥leald dfG%n{ RALyBd a-g%lietdn@ thld @ie%llé?ﬁ%?st IZF;JI% dt9n 20

{he dls 10 I Tipeios painjagicon mhuve defimpiraclvotd GhIpOREHAMGIHBICTS
e di . 05 @ inj8Giopa edesi rae nc

Figure 6A)., The 3 aé. q?n be ﬁﬁ rally T-shaped (Figure 3), or can

i ncl ude ot H&YER %é ' TEREPE 'ggﬁt“ﬁbner al Iy straight body (See Figure

6B). The spar 36sreys AuS@atbdah Ud8mBlLORt dlBHem 1 1uSeL aFdigun e B8 cdnhsd

protects the 25 spar 36 fromextreme tenperatures. In addition, a

coating catromporgisédntod digalabtengasystate qlae dibelsthenel Werreivhe aspar 3@&

and the I n I, int,r oduc into the_die.casting system T
coati ngs n%ﬁé/e? 6% Iggrrs% ?‘ a*ry|bf‘8 , LR g%lltb A 5 ?‘éla?’n? C lsoﬁonge(i (%%encﬁf’ iegeﬂl%t tﬂf i gos e

and ovber redivieahé sparBbemhakpar 36han @arhd Ycrobs £ ailithiae S8PANR Ee | IDNTRE
conmbined with a die cavity 120 of the 30 die 112. For exanple, the
cavity 50 SE¥ndbeankabni ddeci hbellowerogiien 83Seg Figwe 6tHe Shasp@scanabe be

7o kgl g L4 ol e b o Tt
si nmul t aneastrsilglit body (See Figure 6B).
The spar 36 may also include a coating 39 (See Figure 6B) that protects the
25  spar 36 from extreme temperatures. In addition, a coating can be used to enable an
adequate bond between the spar 36 and the molten metal introduced into the die
casting system. These coatings may be metallic, ceramic, organic or a combination
of these and other suitable materials.
The cavity 50 can be separate from or combined with a die cavity 120 of the
30 die 112. For example, the cavity 50 can be machined into the die cavity 120. The
spar 36 can be inserted into the die element 114 before the die 112 is assembled.
Alternatively, the die 112 and the spar 36 are assembled simultaneously.

The spar 36 is captured and retained in position by associated surfaces of the

die element 114. For example, the die element 114 can include one or more locking
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The spar 36 is captured and retained in position by associ ated
surfaces of the die elenent 114. For exanple, the die elenent 114 can
i nclude one or nore locking features 52 that capture the spar 36 and
mai ntain a positioning of the spar 36 within the die elenment 114.

Addi t i onalftaturea Spohidticaptucd the sparsiraind3faimeayn heosigiphing ed tixyspas 36aiidiied
compartments of the die elepent 114 that fall outside of the

ul'timat el e 4 el&@ﬁ%i}%; A “t%’ﬁ‘é}&na @Pﬂ&nq?#ﬁwfpék#&m% beaprired by
havi ng thesbeneld &odgéar@n'%n‘és of feSgik Qph &t%lh'th?cefaﬁ%ﬁsi&ﬁ of H?eeﬁﬁirx{at@y
spar 36 within the die elenent 114 in a fixed manner The actua

conf i gur atcagncapiponkes. spaper8é wi tondinaryhskildliie tied ertemvingl thei lenefits b this

dependent on. nul ti factors ingluding but, .n l.Limted to the

of hbeidd%8HEBﬁéWﬁ1§%aﬁﬁaP'P%“Eﬁ?ﬁ?aﬁﬁé‘@~ ??%%dgﬁﬂmﬂgﬁc 6%%5&§$ a
hi gh nel t inighnke MPIRY Rkl @oMdu@iticl of th®Epat 86 SN ANPHR. dit BRmSRET 1436 deqh d

include a material such as a refractory netal, a ceramic material, a

ceram ¢ naep¢nderionposittvlerdaerns ainclyding het apt dmtiteidxtoc drep et ef hybrid

materiall.'CO pgﬁggls?%ﬁﬁﬁamﬁhe term"high melting tenperature
material” 1Ts*intended to include materials having a nelting

tenperature of TapppaxBerheby chnpoRiFoHaSidh ﬁl@lﬂin@itgﬂﬁﬁérafu@e aieerRXampt e,
the spar 36 and the die elenent 114 are nmade fromthe sane )
15nmat éPi alegample, the spap3¢ sapldJaclpde a mgiaipl sheh pos refrastay matelhp serapdc

die elenme ' i r i .
component s G Al bhdsth Saflal SRkl bRl oo

i mpl ement exb wdetl thiereig tha serinufiginmelingi tampertahee apssriaBbisdarenbdel hiaplade
and positioned %@thin the die element 114 to form an internal cooling

scheme 200Ratg1s Raving B ing{§mRerafyis pf ?@1‘%1@&@_ y 190000_ F/A$8° v e higher.
struct ur e 19f,Jehgc e i e %?HP@@%H %‘xg) dik - Gemerdt Pﬁé&pQFet Qe Pont gﬁe camd

conponent that surrounds the spar may 1 nclude an equi axe
st ructllir e mgdemalsol i di fication, or could include other structures. An

equi axed structyre is,one.th i hcl udes . a .randoni. rie ar
tructure havi dderBr 10 Retgpal i Toringp Qb eHe sBmenhL e dibtin
non- equi ax@dinfdidl CitibRire AN aCRYHrAX ESSdHHE Y 5 eForae)&ﬁg)jé]B\ifﬁérE Ithe hybrid
structure or could include other structures. igure 4

i 11 ust r at eomapanek dapb ¢o hg bnplgmesniedonidnn alss ttirdineranginge theespar 3G icargba
di e casti system .l.n this, e le, th rid co nent 15 is. a
bl ao’f or WaTHahERoghndn AR He AR 1 1Y BY iSRRG bodtie' St e

secti Qo ofofa ggaturbide bh#ife RINGINBB1ade. However, this disclosure is not
limted to the casting of blades. For exanple, the exanple die
casting syst emADoBEr spcurg afcthe hypiad compendgsé 19tG-p+ Headpqrgor #8the cast

cefoneut oy SRIPIREI 3y AL YOy Ly HONBEwPaREh S BR0R-EU ol
non- aer onaulidifiahticap wp eveldt iaclods ober casdturebn Ahieguiaxed structure is one that
includes a randomly oriented grain structure having multiple grains. The spar 36 can
25  include a non-equiaxed structure, an equiaxed structure, a non-metallic structure or
could include other structures.

Figure 4 illustrates an example hybrid component 15 that may be cast using a
die casting system. In this example, the hybrid component 15 is a blade for a gas
turbine engine, such as a turbine blade for a turbine section of a gas turbine engine.

30 However, this disclosure is not limited to the casting of blades. For example, the
example die casting system 10 of this disclosure could be utilized to cast aeronautical

components including blades, vanes, panels, boas and any other structural part of the

gas turbine engine. In addition, non-aeronautical components can be cast. In this



di scl osure, the term"hybrid conmponent™ i ncludes conponents that are
made from nore than one type of material. For exanple, the
hybrid conponent 15 includes an internal structure 60 (defined by the
spar 36) and an outer structure 62 (defined by solidification of

mol ten 5 dixcRisure] tHel terrd ‘GiyBrid SUBPodentt hthdiee cdhpofess tHabatt ROy Eom
t hat surrounds the internal structure 60. The outer structure 62 can
i ncl ude am&gthanees taei@maietlor ot her structures, while the internal

structure 60 c i e = i siqg u N I V=3 tg‘gﬁ]g@!
structure coul geglegglw%éltﬁedgggrﬁ@?ghﬁéggg %5{ lﬁg&%%-arrrle?g?ﬂf@c Struct ?Jor e,
such as a(defmadibg thd gpar 8&eandl aa. outar sonetusx@nfokfned tesalidiferatieh of molten

structyure 60 .is a hollow structure 10 to. reduce ight of the hybrjd
Conpondnt ™l A Gibrstish of e lﬁtlé%d%ﬁcr&eg&gf’m)\gﬁﬁ(fuﬁf%n@x@% jpernal
beyond t hguQutRr 6Gt Itifel Hiiter SRuRSt 6§%§ﬁ ind {ﬂ(;]es aP YgliaQ SRARR HEpmyed

usi ng known techni ques. Figure 5 wth continued reference to

Fi gures 1sttyctechewpild thalihtgrnal bostturatt@scan nn@wdmp hen-eqphetsttuaturonTAO 0

f the di i t d bed above. The 15
il cment PR 1R ELROTE Hab e i g TR R PO g SR SHEhES
such as t Reralifribde:GaiONENSncldx afPRS thi fbrdd) Q¥ BetuRr 6088 Y HNIBR! sthtyfrd d

conponent . The inplenmentation 100 begins at step bl ock 102 by
def i nilfg & resire yeight Af Hediylirid cempaeet 16f Zapeiition oAthesmégynd|ssortut0d) a
spar is i r i 0t Vi efined at step.block 102. Next t
sFep bl ochisoe e Rbat 18k S i et fied i BPEOa s Esieibyedh
step bl ocksih@&nowheedimiguen netal is solidified within the cavity to

forma hybrid conmponent. The hybrid conponent is then renoved from
the die at stepiBIreekvithgontyned spfarenee togepieh d<t, sehamptisplhaillusrateaceur

W! thint h_%xﬁ*){ ki SHBARESH laf.f)to%Jr th%oéiizdci E*&%tsgé?&nszgggcrﬁ)@@aﬂoogl uf'l’:fes a
high nelting tenperature material that defihes a Irst nmelting
t enped at urgemjilagy mgll¢reentattdral 00 ol hededizzd naider ¢aat a hgiviid gorap&eeagidch

melting tenperature that is_less than the first nmelting tenperature
of the hi QEHW&YEDP%}O@QH% 15 drerhed %’9"3! Orgnyfeer aid cEBponsRany| e,
the nol ten net %e%ﬁie%én&@iwq@o%@gﬂéhﬂé’c{eﬁ %cﬁg@% ??r&%ﬂﬁg?%sda%g%thin

alloy such as titanium cobalt, a nickel base oy, ass, bronze,
st eel , castdi¢ elomentofot dier Aateprbiladk. 10The spass insgred idtocthapevigndefimey at

then 30 be bj.e d .o finishi operations at step.block 110,

i ncl udi ng Sﬁafbtiﬂ%}i (ib?m ][%8’6" b S?%@ﬁflﬁﬂﬁa tF’F‘aﬂ?%taf Fsegﬁ’?(ﬁﬁi,c “E?)ég? e or
any obber cf@sdnt. allt Sep bick NDBGLO BRIRA nfifal is solidificinRithiQ HIRIQIVRY to form a
description shall be interpreted as illustrative and not in any
limting $&bheécompensnkefhotyboddionmoyensis then rgmaeved fenm theali¢ at step block
under st anqoéhat certain nodifications could cone wthin the scope of
this discloSure. For these reasons, the

The spar establishes an internal structure within the hybrid component after

solidification. The spar includes a high melting temperature material that defines a

25  first melting temperature. The molten metal includes a material having a second

melting temperature that is less than the first melting temperature of the high melting

temperature material of the spar. For example, the molten metal could include an

oxidation and damage resistant alloy such as titanium, cobalt, a nickel based alloy,

brass, bronze, steel, cast iron or other material. The cast hybrid component may then

30  be subjected to finishing operations at step block 110, including but not limited to,
machining, surface treating, coating or any other desirable finishing operation.

The foregoing description shall be interpreted as illustrative and not in any

limiting sense. A worker of ordinary skill in the art would understand that certain

modifications could come within the scope of this disclosure. For these reasons, the
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followi ng clains should be studied to determ ne the true scope and
content of this disclosure. CLAIMS Wiat is clained is: 1. A nethod
for die casting a hybrid conponent, conprising the steps of 5defining
a cavity within a die elenent of a die; inserting a spar into the
cavi ty; i rMpkevinggldimstshouldeicadtudiad @ téermine ted @0€BEdpe and content of this
solidifyiR@s he nmolten nmetal within the cavity to formthe conponent,
wherein t ‘%ﬁ@?-establishes an internal structure of the hybrid
conponent, and 10wherein the spar includes a high nelting tenperature
material that defines a first nelting tenperature greater than a
second nelting tenperature of the nolten netal. 2. The nmethod as
recited in claiml, conprising the step of: applying vacuumto the
die. 15 3. The nethod as recited in claim1l, wherein the spar
includes a refractory netal.



4. The nmethod as recited in claim1, wherein the spar includes a
ceramic 20material. 5. The nethod as recited in claim1, wherein the
spar includes a ceramc matrix conposite. 256. The nethod as recited
inclaiml, wherein the nolten nmetal includes one of cobalt, a nickel
based al | g.AaStitanium 7.The nmethod as recited in claim1, wherein
an outer structure of the hybrid conponent is an equi axed

st ruct ur e VA IS Hamedtsr nal structure is a non-equi axed 30structure.
8. The nethod as recited in claim1, wherein the spar includes a

hol | ow porti on. 9. A die casting system conprising: a die that

i ncludes at | easmethné fahi die conpgadybrid bahpaeht, cespasidp ehecsastistof; a spar
recei vgd W t hi \%Fft? .gorti an of ,saicfj df e cavj t(¥,;. 5a shot tube in fluid
conmmunt cat i on 1§08 3icVigy withigyy iy element of adien ot ¢ ube pl unger

nmoveabl e wi t hi lihsgﬁing a%?ggin{y@gcgﬁt}pommni cate a nolten netal into
said die cavity to Cast a hybrid conponent, wherein said spar

est abl i shes aninjedtegmadlteptmetaltintoghefliesdéndettybri d conponent, and
wherein one of sajd.internal structure .and an outer structure of said
hybri d conponeﬁ‘?h(i‘g“% ﬂg‘?qﬁ?(gg?éldm?%& u‘@’? e&‘e Cavity o form the component

wherein the spar establishes an internal structure of the hybrid component, and

10 wherein the spar includes a high melting temperature material that defines a first

melting temperature greater than a second melting temperature of the molten metal.

2. The method as recited in claim 1, comprising the step of:

applying vacuum to the die.

15
3. The method as recited in claim 1, wherein the spar includes a refractory
metal.
4. The method as recited in claim 1, wherein the spar includes a ceramic

20  material.

5. The method as recited in claim 1, wherein the spar includes a ceramic matrix
composite.
25 6. The method as recited in claim 1, wherein the molten metal includes one of

cobalt, a nickel based alloy and titanium.
7. The method as recited in claim 1, wherein an outer structure of the hybrid
component is an equiaxed structure and the internal structure is a non-equiaxed

30  structure.

8. The method as recited in claim 1, wherein the spar includes a hollow portion.



10 10. The die casting systemas recited in claim9, wherein said
spar includes a refractory netal. 11. The die casting system as
recited in claim9, wherein said spar includes a 15ceramc material.
12. The die casting systemas recited in claim9, wherein said spar
includes a ceramic matrix conposite. 2013. The die casting system as
recited in claim9, wherein said spar includes a netal matrix
composi t e 14. ThElCGrEINESY Py CUYRESHS as recited in claim9, wherein
said outer strucs ' o Rp ' . 25
15 “The di o cattiagtPLEE £ OKEEACUECTRANRAL HOBMASS SOOI o1 er
structure of saisdathygbrive wohpanenton ofdaidddis cavity; ckel - based al | oy.

16. The die castjn stemas recited in claim9, wherein said spar
i ncl _udgs a hi gﬁ%@‘%‘@ﬁ%ﬁ@@éﬂ‘ﬁ%ﬁ%?%ﬂ Whtpé?’l% 1° t4Y4Y> defines a fi rst
r;g: E ' ng n; enper Al HbCBE BRIGEr HBAGLR WREANG IS g tb SoMBRAIHHS AblSRI d

metal into said die cavity to cast a hybrid component, wherein said spar establishes
an internal structure of said hybrid component, and wherein one of said internal

structure and an outer structure of said hybrid component is an equiaxed structure.

10
10.  The die casting system as recited in claim 9, wherein said spar includes a
refractory metal.
11.  The die casting system as recited in claim 9, wherein said spar includes a

15 ceramic material.

12. The die casting system as recited in claim 9, wherein said spar includes a

ceramic matrix composite.

20 13.  The die casting system as recited in claim 9, wherein said spar includes a

metal matrix composite.

14.  The die casting system as recited in claim 9, wherein said outer structure of
said hybrid component includes cobalt.

25
15.  The die casting system as recited in claim 9, wherein said outer structure of

said hybrid component includes a nickel-based alloy.

16.  The die casting system as recited in claim 9, wherein said spar includes a high
30  melting temperature material that defines a first melting temperature greater than a

second melting temperature of said molten metal.

17. The die casting system as recited in claim 9, wherein said spar includes a

hollow portion.



17. The die casting systemas recited in claim9, wherein said spar

i ncludes a hollow portion. 18.The die casting systemas recited in
claim9, wherein said internal structure is a non-equi axed structure
and said outer structure is an equi axed structure. 519. The die
casting systemas recited in claim9, wherein said internal structure

is a non-netalljc structure, 20.The dje casting systemas recited.in
claim9, wher eini‘eééﬁ PSR SR ?ﬁffcg?/‘g’c“e‘?lﬁl}% -aVReEl gAdaniernal siryche is

system 1Q non-equiaxed structure and said outer structure is an equiaxed structure.

5 19.  The die casting system as recited in claim 9, wherein said internal structure is

a non-metallic structure.
20.  The die casting system as recited in claim 9, wherein said die casting system

is a vacuum die casting system.

10
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