DIE CASTING TO PRODUCE A HYBRID COMPONENT BACKGROUND This disclosure relates
generally to die cast components and, more 5particularly, to a die casting system for casting a portion of a
hybrid component. Die casting involves injecting molten metal directly into a reusable die. Die casting
has typically been used toffducer¢RiBPEHHHS thatgonatyeavetgrBRie@ mechanical performance.
For example, die casting is commonly used to produce components made from relatively low melting
temperature materials that are 10not exposed to extreme temperatures. Die casting is particularly useful
for producing parts having intricate geometrieBACK GkaaUibine engines include multiple components
that are subjected to e , a dyyi ergtion. Far ex compr r section and
turbine section of the gﬁ%@%&%ﬁéir&%@%hﬂ%&%ﬁ b adé]sear%%anes 82% %@fioﬁﬁ%at 15 are
subjected toorelaRfybRplait e derhpting gysienTioe tadeRati 0ankt s Areritheemerensecialized materials
have been developed 16 WihaiathiBRRS IRERREAREREN hieseimals iate eadlRenroally and heavy.

SUMMARY 20An example die casting system includes a die that defines a cavity having a first section
and a second s€@THRI THE MRICALE (RENSUSEH G UPERTYES SORIRRNS YR SBb AR AW MR B nt. The second
section is configthechtd nessbivecal rpeftemanateridon Beatlisd) alidsdist ngdkenmmabéenalissithe molten
material solidifie form cond portion of C onent. 25An ex I mpo has a first
portion and a seé@%&%&ﬁ%ﬁ&m% ﬁ%{ep%ﬂ?gﬁé‘;%r\ﬁ%ﬁl%g @%ﬁgqqﬁ%ﬁqﬁ“uﬁ%%%@ﬁﬂﬂ %%%rueon comprises a
second mat€rial nh@ipaskrieextiaae terprretuieatétia castecfisspatiettanytheetédonarpdueiod, or both are die

cast within a diepJhe st PottieRdyssaird to the second portion within the die.

Gas turbine engines include multiple components that are subjected to extreme

temperatures during operation. For example, the compressor section and turbine
section of the gas turbine engine each include blades and vanes having portions that
15 are subjected to relatively extreme temperatures. The blades and vanes are made of
specialized materials have been developed to withstand these temperatures. These

materials can be costly and heavy.

SUMMARY

20 An example die casting system includes a die that defines a cavity having a
first section and a second section. The first section is configured to receive a first
portion of a component. The second section is configured to receive a molten
material. The die holds the molten material as the molten material solidifiesto form a
second portion of the component.

25 An example component has a first portion and a second portion. The first
portion comprises a first material. The second portion comprises a second material
that is different than the first material. The first portion, the second portion, or both
are die cast within adie. The first portion is secured to the second portion within the
die

30 An example method of forming a turbomachine component includes holding a
first portion of a component within afirst section of a cavity and die casting a second

portion of the component within a second section of the cavity. The first portion



30An example method of forming a turbomachine component includes holding a first portion of a
component within a first section of a cavity and die casting a second portion of the component within a
second section of the cavity. The first portion comprises a first material and the second portion comprises

a second materighthif<ss difiesemiind He Hespai8 ki on cofipf 8HCEIRRIHARS AHadyantages of this
disclosure will becé)me aﬁ%%ﬁ%néto thosiikilled in the art from the following detailed description. The

drawings that 5 SFﬁ'E)ta{ Eats scription can be briefly described as follows. BRIEF
DESCRIPTION OF THEh®WASSNGDresgntadvahiags ahtkisatisgiesingwitl becoperepérent to  Figure 2

shows an example i iized t%@%ﬂr?ﬁ%}%ﬁﬂ%ﬁ%h@&lg%@ig nybrd &%@g@% Figure 3

shows an example portion of the Figur onent. shows an example portion of
another hybfd carepiopRiy:tEigetr efrdessorisopaan hetbies! bxdgsapieeg eafelatsanother hybrid component.
Figure 5 illustrates an example die casting system used to cast the Figure 1 15 hybrid component.
Figure 6A illustrates the die castér% ééstem incorporating the Fi(a;ure 2 die during casting of a component.

Figure 6B illustrates the die cas HEAGREG ARG HeF B%%'H@%pon separation from a die cast

component. Figure 1 shows an example hybrid component.
Figure 2 shows an example die used to cast at least a portion of the Figure 1
10  hybrid component.

Figure 3 shows an example portion of the Figure 1 hybrid component.

Figure 4 shows another example portion of another hybrid component.

Figure 4A shows yet another example portion of another hybrid component.

Figure 5 illustrates an example die casting system used to cast the Figure 1

15  hybrid component.

Figure 6A illustrates the die casting system incorporating the Figure 2 die
during casting of a component.

Figure 6B illustrates the die casting system incorporating the Figure 2 die
upon separation from a die cast component.

20
DETAILED DESCRIPTION

Referring to Figures 1-3, a cavity 10 is established within an example die 14.
A first section 18 of the cavity 10 is configured to receive a first portion 22 of a
hybrid component 26. A second section 30 of the cavity 10 is configured to receive a

25 molten material, which solidifies within the cavity 10 to form a second portion 34 of
the component 26.

The example component 26 is a blade assembly. The first portion 22 of the
component 26 includes an airfoil 38 of the blade assembly. The second portion 34 of
the component 26 includes a base 42, or shroud, of the blade assembly. Other

30 examplesinclude other first portions and other second portions. Still other examples
include more than two portions.

In this example, the first portion 22 is investment cast and then placed within

the cavity 10. Inanother example, the first portion 22 is die cast in another cavity that
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20 DETAILED DESCRIPTION Referring to Figures 1-3, a cavity 10 is established within an example
die 14. A first section 18 of the cavity 10 is configured to receive a first portion 22 of a hybrid component
26. A second section 30 of the cavity 10 is configured to receive a 25molten material, which solidifies

within the cavity3Qji9cfernsereREVRYIION S ohie SRIMRRASARZ fhcludeTdie xaRyPierramponent 26 is a
blade assembly. The first ﬁl?értlon 22 of the component 26 includes an airfoil 38 of the blade assembly.

The second portiSH8% WHHNA RS FNER AT JEGHLR B Qe EoU! APLRT ST FoHPHIENd L sembly. Other
30examples inclisdematédtofisepadoond pord ot hepaeobadepartmosedttd] other examples include more than

two portions. In thig,e irst_porti is.inye t.cast. c ithin the cavity
10. In another examplé the first %%)Prt%l)éﬁézé?iéﬁ dci@téig!fs?ng’g{not f?g cé@%tjlﬁa%qg?%‘fpé?eﬁfﬁgn the cavity 10.

Still other eXam FANPISFIHNORNIRE e RgcaT opEtich itthsReadihemotes meepdrtion 22 could

also be a used GogReAGNEABIIERONAS BRI BNEVhESIRBThROMIQUAS PRELRIALGRAIbRHERedure. A
mechanical bond at an interface 44 secures the first portion 22 of the 5 example component 26 to the

second portion 33T WNEL 25 AR /e Aloffis RO T8I RO e WA N 32%RY SBiidh 22 near the
interface 44. Thaowtchacacay hondilstHeandauiecias 80e area 45 of the first portion 22 solidifies within the

S o 0 ot 08 Ff S 650 T A R s ol 21Dl ! forming the
10 material forming the second portion 34. The example component 26 is considered a
hybrid component because the component 26 comprises more than one type of
material.

In one example, the material forming the first portion 22 is a cobalt alloy, and
the material forming the second portion 34 is a nickel alloy. In another example, the

15 material forming the first portion 22 is a nickel aloy, and the material forming the
second portion 34 isacobalt alloy. 1n another example, the material forming the first
portion 22 is a cobalt alloy of one composition, and the material forming the second
portion 34 is a cobalt alloy of a similar or different composition. In another example,
the material forming the first portion 22 is a nickel alloy, and the material forming the

20 second portion 34 is a similar or different nickel alloy. In yet another example, the
material forming the first portion 22 is a columnar or single crystal cast directionally
solidified material, and the material forming the second portion 34 is a less dense
nickel material. In yet another example, the material forming the first portion 22 isa
columnar or single crystal cast directionally solidified material, and the material

25 forming the second portion 34 is a cobalt material. The materials selected may be
adjusted depending on desired performance, cost, etc.

Referring now to Figure 4, in another example, a first portion 22a is secured
relative to a second portion (not shown) by their respective geometries. For example,
the first portion 22a may include extensions 46 each having an enlarged head 48. In

30 such an example, the molten material of the second portion flows around the
extensions 46 as the molten material is moved into the second section 30 of the cavity
10. After solidifying, the extensions 46, and their enlarged heads 48, prevent the first

portion 22a from moving relative to the second portion.
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10 material forming the second portion 34. The example component 26 is considered a hybrid component
because the component 26 comprises more than one type of material. In one example, the material
forming the first portion 22 is a cobalt alloy, and the material forming the second portion 34 is a nickel

alloy. In another examiplgrethglSoadatigliie URinsh A IER PRI AR lE shnigkehallays ardithe material
forming the secondgpor_tion 4 is a cobhalt a”% In another example, the materifl_ formin%gthe first portion

22 is a cobalt alib{ GPBILEG MO8 AANK JRFRVESLYUIAN G HIRRY 3HE LIRS HIbA SERL cobalt alloy of
a similar or diffe pant @o84bosithersctor@hpbitene3dntpleéd tisorbasaifourtingrtiiediirsttipwrtien 22 is a nickel
alloy, and the m@ﬁ%ggi fp&&kﬂgé?g ?glsecond portion 34 is a similar or different nickel alloy. In yet another
example, the material forming eeflrst'portion 22 is a columnar or single crystal cast directionally solidified
material, anfl the mateRgfddinging/ttie Hermlvptrontivyead rgfrssacaembvie kel mdte Aafting yet another

example, the majpgiah s miadias iy slodorian ol aranloreRs QesivrieLrysipbeasidigaionally solidified
material, and the material 25 forming the second portion 34 is a cobalt material. The materials selected

may be adjustecFBR NN TRYOPYLSTY SE RS HARAERHEP: et thoudiwe Bha 6B Figefe 4, in another
example, a first partiopi @& isssealitdd vatiisteds thaseie@dic pouid(imotuglzanore by filvedr tispective

geometries. For example, the first portion. 22a may.include extensions 46 each having an enlarged head
48. In 30 such aﬁe'e%(grﬁsp%, ﬁl%cﬁeﬁ r%ré?éra'?glctﬁ}ft'ﬁg@ég‘%shd portion flows around the extensions 46 as

the molten Haterial is nMibectiedthi thassaibed Beetdhopdo thrdicarpats Mtadtsoudifgng)dhe extensions

46, and their enlggaeqyhpadiciGeRERest 1B first RAHQNR3A AR RUNGERIRYR b thersecond portion.
Referring now to Flgure 4A, another example first partion 22b includes a rail 47 configured to be slidably

received within ISR 0B LRl Hag ey etigRtpe R R AR AiS I could also be
cast about the rgghdufriait ed ébronsdithahilyar epelivingttibe daiti pirgiensing ROwdehEngniesd wih continued

reference to Figure 1- die casting,system 50 includes the die 14 having a plurality of die elements 54,
56 that function {0 (%as?ﬁr?éei%gn %ﬂg?tlggh%l% u%ng?ﬁ)p?gﬁ?{anr% 26. Although two die elements 54, 56 are

depicted, itlShould be Jr’ﬂ@_ef@t@tﬂmm %eﬂéﬁ@@bﬁ%é’mﬂ@cﬁﬁ@t@MHdﬁ@ toldehiets, as well as
other parts and eanfiqEAEE PRI GardieAtyS a5seRBIgddRs R ASTHIRIRE I GIFSASATR 54, 56 together

and holding the die elements 54, 56 at a desired positioning via a mechanism 58. The mechanism 58
could include a SRR FaMirANS: ApPEpESHRRIIaeried pRRAE S et sthe@Rfifcal and/or other
configurations. Tdneraedsasidmin8 also separates the die elements 54, 56 subsequent to casting. 15The

die elements 54, 56 defing Al BHES %1 8 2V PR R ULE M54 and is moveable
20  between aretracted and injection position (in the direction of arrow A) within the shot
tube 64 by a mechanism 80. The mechanism 80 could include a hydraulic assembly
or other suitable mechanism, including, but not limited to, pneumatic,

electromechanical, or any combination thereof.
The shot tube 64 is positioned to receive a molten metal from a melting unit
25 82, such as a crucible, for example. The melting unit 82 may utilize any known
technique for melting an ingot of metallic material to prepare a molten motel for
delivery to the shot tube 64, including but not limited to, vacuum induction melting,
electron beam melting and induction skull melting. The molten metal is melted by the
melting unit 82 at a location that is separate from the shot tube 64 and the die cavity
30 60. In this example, the melting unit 82 is positioned in close proximity to the shot
tube 64 to reduce the required transfer distance between the molten metal and the shot

tube 64.



die cavity 60 portion of the cavity 10. A shot tube 64 is in fluid communication with the die cavity 60 via
one or more ports 66 located in the die element 54, the die element 56, or both. A shot tube plunger 68 is
received within the shot tube 64 and is moveable 20 between a retracted and injection position (in the

direction of arrow A) withinHareshatiy PRt _dMRFR aRisHa BRy Ihe speshirniss BBt include a

hydraulic assembly or other suitable mechanism, including, but not limjted to, pneumatic
electromechaniﬁﬁ@W&ﬁWﬂ%ﬁﬁ%iﬁPﬂ?@%ﬁﬁpgﬁbvﬁ?ﬂé%ﬁ?ﬁpﬁlgﬁﬁ%@' 5&%3@9@%molten metal
from a melting uedt, 2& 82arspieh Assafiteieibiedomtexanofikn el nsgitiogdimitodRenshgt tiblezé4any known

technique for meling aR-IpaoL gfnetalieoalRliBlie AIRRAIS:E AR LI fRLARIuGIG the shot tube

64, including but not limited to, vacuum induction melting, electron beam melting and induction skull

melting. Thémometaimenerispresstsel ipithéheehftigtuhet 8 it beadiercanty i$edpasate hem the shot tube

64 and the die cayip3enf9e6!n KHBR¥ANIRCHIRGNGITENG I %&iﬁ)ﬁQﬁitiﬁé‘%grﬁfbﬂeﬁeﬁ Gimity to the
shot tube 64 to reduce the required transfer distance between the molten metal and the shot tube 64.

The molten metSER FethJRE ARSI ASIRIRAGUNT BOIYTHASH 3P RSk BA RIS KBRS Snner, such as

pouring the molterardetie htw. a pour hole 63 in the shot tube 64, for example. A sufficient amount of

molten metal is poured.into the shat tube 64 to fill [ ity 60. The shot tube plunger 68 is actuated
to inject the molten 5 drﬁ@(%a Swgﬁeergﬁ?éégﬁg ?Ygr%n}%}e?gdﬁéﬁ%ﬁg gﬁlszljrr\?(;% t'ﬁéﬂ m%@‘(ﬁt?%ﬁ%%%ast the
componentl96. ARHGLIGE uteoastivid esh sesiingie RRbigiaNtler tamponepiond i od 5¢ efefsicudendde die casting

system 50 couldiheyepiias i die eashguiBlRiFRBRCREN N 8 H6S0Ri THevartRE iR die casting

system 50 depicted in Figure 5 is illustrative only and 10 could include more or less sections, parts and/or
components. Thf&HRRSIFB%xtends to all forms of die casting, including but not limited to, horizontal or
vertical die casting systexamplEHe/ienidicupipdnghtidecnapsadntcltisuebbiaabiifer autirlasmachine, such

as a turbine blad[e glarqe%}urg%? as?u?fii%ré of agas turbi egn i(Qne.i rll-éo%\\;\?r etrh% igiaclqcs)urr% ,g 15 not limited
to the casting of blades. For example, tﬁ%cexamglgaaie casting system 50 of this disciosure may be
utilized to cest aePbhanigdabdbenssivetes Matiesingpbrxae®) &dhe sxavmd dstcrpiagsisteiabe outer air seals,

or any other CompoREH MRIFRREPHN ARG EAIE SR IGS IMAR BAH LRI OREIR! IAlS Usi AF Bltes Including
non-aeronautical components. 20Figures 6A and 6B illustrate portions of the die casting system 50 during
vanes, combustor panels, blade outer air seals, or any other component where

performance associated with multiple materials is desired, including non-aeronautical
components.

20 Figures 6A and 6B illustrate portions of the die casting system 50 during
casting (Figure 6A) and after the die elements 54, 56 separate (Figure 6B). After the
molten metal solidifies within the die cavity 60, the die elements 54, 56 are
disassembled relative to the component 26 by opening the die 14 via the mechanism
58.

25 Features of the disclosed examples include a hybrid component that is at least
partially die cast. Die casting a portion of the hybrid component is less expensive and
faster than investment casting the entire component. The hybrid component has a
blade that is a different materia than its base, for example. Another feature is that
materials can be selected depending on the desired properties for particular areas of

30 the component.

This same technique can be used to repair or replace a given die cast
component. That is, during an overhaul and repair process, the salvageable section of

the hardware can be removed and the locking feature can be machined into the
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casting (Figure 6A) and after the die elements 54, 56 separate (Figure 6B). After the molten metal
solidifies within the die cavity 60, the die elements 54, 56 are disassembled relative to the component 26
by opening the die 14 via the mechanism 58. 25Features of the disclosed examples include a hybrid
component that jatghlepsigariitalingiegrs! dPiecasiifera R estianrahihed iy erpareaeRkis less
expensive and faster than investment casting the entire component. The hybrid component has a blade
that is a differenPHRIBFENHE FIBELESD ple. Another feature is that materials can be selected
depending on the desifEt pposwedies tespdstionlas aseasptdrZOrtiieecahgpohienting i mats@me technique

can be used to regpair. [ j ' ' nd repair
process, the sal?éagﬁé% E]eg %@@%?rﬁ%@ﬁ%%&v%ﬁe& ggﬁgéﬁﬁ%ﬁﬁﬁ%&%%ﬁ&%%cm be
machined info thiltedaiim &ep s HetrdoTiek Recessil lvf drRatdiApd Hehesphre @ phi Fed EtasUffen be die cast
onto the eXiStingﬁﬁg,'ﬂ%&%?&ﬁ%ﬁﬁ%btectioﬁ%&ﬁ%%@@&ﬁ%@%ﬁﬁb@%@éﬁﬂﬁé&@r than limiting in
nature. Variations and modifications to the disclosed examples may become apparent to those 5 skilled in
the art that do nSUFESEE iR AP EIFEH the essence of this disclosure. Thus, the scope of legal
protection given to this disclosure can only be determined by studying the following claims. CLAIMS

1. A die casting system, comprising: a die that defines a cavity having a first section and a second
section, the first 5 section configured to receive a first portion of a component, and the second section
configured to receive a molten material, wherein the die holds the molten material as the molten material
solidifies to form a second portion of the component.



2. The die casting system of claim 1, wherein the component is an aircraft 10 component. 3. The die
casting system of claim 1, wherein the component is a gas turbine engine component. 154.The die
casting system of claim 1, wherein the component is a blade assembly. 5.The die casting system of claim
4, wherein the first section forms at least a blade ppRiqp®f the airfoil assembly, and the second section
forms at least a shroud portion of the airfoil assembly. 20 6. The die casting system of claim 1, wherein
the first portion of the component comprises a cobalt alloy. 7. The die casting system of claim 6,
wherein the secand poatidie odistivey Azseom@mnaid apmprises a nickel alloy. 8. The die casting system of

claim 6, wherein the fir ' C Eslplp‘gq.g N[ISES: IQQ} '|| epnse:than the second
portion of the comppnegr:ctf %@gﬁgﬁ%&cﬁﬁl g s;}sgg?nwc%[ cﬁ%ﬁr‘nalr,gl\?v%a%rem tﬁe%%&lr?s%ﬂsgﬁé?(l)hg?s investment
cast. 10.Thédieealein Gasyisteief 30 crRepya alihdraaitipre ghaltempoanstianeeliori rereadssrsifll section melts
some of the first paffiRied 14 r&SHNPABRES RABNAISNHEein the die holds the molten material as

the molten material solidifies to form a second portion of the component.

2. The die casting system of clam 1, wherein the component is an aircraft

10 component.

3. The die casting system of claim 1, wherein the component is a gas turbine

engine component.
15 4 The die casting system of claim 1, wherein the component is a blade assembly.

5. The die casting system of claim 4, wherein the first section forms at least a
blade portion of the airfoil assembly, and the second section forms at least a shroud
portion of the airfoil assembly.

20
6. The die casting system of claim 1, wherein the first portion of the component

comprises a cobalt aloy.

7. The die casting system of clam 6, wherein the second portion of the

25  component comprises anickel alloy.

8. The die casting system of claim 6, wherein the first portion of the component

comprises ametal that is less dense than the second portion of the component.
30 9. The die casting system of claim 1, wherein the first section is investment cast.

10.  The die cagting system of claim 1, wherein the molten material held in the

second section melts some of the first portion.
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a component having a first portion and a second portion, the first portion comprising a first material and
the second portion comprising a second material that is different than the first material, wherein at least
one of the first portion or the second 5portion are die cast within a die, and first portion is secured to the
second portion within theceigachént! Bhgerapgnent of claim 11, wherein the first material is a cobalt alloy.
1013.The component of claim 11, wherein the second material is a nickel alloy. 14.The component of

claim 11, wherein the fH<OPRRSR BB LFLRGHODY 28I 4RESUC AR 818 R RO Bonent of claim
11, wherein the se@prid npatioa oten Hsasl shesecbst prnibafcaryridmgasetohdymat i a Hetdemponent of

claim L1, wherei e fyshaarion i 4 ol amRrieing.p celmnat o sigals o aigLanfiguration firs
material and the second portion is a 20shréud comprising a nickel die cast second material, the shroud
less dense than PRI ey, die7cashavicbimBotiendist BrAnRort OlviseedH el ditse seeanw PO stment cast.

2518.A method gfifiQfaiag;a turbomachine component, comprising

12.  Thecomponent of claim 11, wherein the first material isacobalt aloy.
10 13.  Thecomponent of claim 11, wherein the second material isanickel aloy.

14.  The component of claim 11, wherein the first portion comprise an airfoil of a

blade assembly.

15 15.  The component of claim 11, wherein the second portion comprises a used

shroud of a blade assembly.

16.  The component of claim 11, wherein the first portion is an airfoil comprising a
columnar or single crystal configuration first material and the second portion is a
20 shroud comprising a nickel die cast second material, the shroud less dense than the

airfoil.
17.  The component of claim 11, wherein the first portion is investment cast.

25 18. A method of forming aturbomachine component, comprising
holding afirst portion of a component within afirst section of a cavity; and
die casting a second portion of the component within a second section of the
cavity, wherein the first portion comprises a first material and the second portion
comprises a second material that is different than the first material.
30
19.  The method of claim 18, including melting a least some of the first material

using the second material.



holding a first portion of a component within a first section of a cavity; and die casting a second
portion of the component within a second section of the cavity, wherein the first portion comprises a first
material and the second portion comprises a second material that is different than the first material. 30

19.The method gpclaintiSmirdddine A HiBg I RAsy RYRARf thecBrasenaienpbasinggtRagecond material.

20.The method of claim 18, including repairing the component by securing a new second portion to a
used first portior?econd portion to a used first portion.



