DIE CASTING OF COMPONENT HAVING INTEGRAL SEAL BACKGROUND This disclosure
generally relates to die casting, and more particularly to die 5 casting components with integral seals.
Gas turbine engines generally include a compressor section, a combustor section, and a turbine section

circumferentially disposgpabadiraN € Rete SRIETNRRTNPA S \RESNPESRNIPIESAQr section and the
turbine section include alternating rows of rotating rotor blades and static stator vanes. As airflow is

communicated through 10 the gas turbine engine, the rotor blades increase the velocity of the oncoming
airflow. The stator vanes convert the velocity BacCRressuuNand prepare the airflow for the next set of rotor

blades. ~ Gas turbin ﬁi@%l?sec%%Wr%%@eeﬁ‘é?aﬁg“ré?gt&%“%ﬁ‘&t%%‘ga@ar#g”rré‘ LAY SN Giding
machining operations, forging operafions or casting operations. Gas turbine 15 eéngire components are
often manufactugedtindagrinpesentsivihsbiegiateeads. Investment casting involves pouring molten metal

into a ceramic shell hayjpg a gEvLY ghg}%gheggepgﬂpqmg&ogeeéﬁqpp@sgaﬁ&rﬁ@amﬁmﬁg{%,seal, such as

a honeycomb seal, can be brazed onto the gas_path side of a gas turbine engine component to improve
the seal betweeSGRECGa S5 e BINGIRE SR At ISR RSLABRYY 20 EBSIPBTENEEBMMARY
A method of die aasting feaempenenidrasity sectivegliad seaénsiedes thelidegadirsitipgrionsof a die

cavity of a die to_include an opep cell structure. A second 25 portion of the die is defined without the open
call e, MO LRGBS A e Y RRE e B 8 R e, the e
cavity to folf théhegapdndindaogigehdentepradledes incagsrdosity mplheyoneviienaiiow die casting

machine includega digepmprisechalerPiHeAtoehyins srReaRRRIARIRG AR FAYInE St tube in fluid

30 communication with the die cavity, and a shot tube plunger moveable within the shot tube. The die
cavity includes afikSt pB1RI0N3RAng an open cell structure and a

Gas turbine engine components can be manufactarednumber of ways
including machining operations, forging operationgasting operations. Gas turbine

15 engine components are often manufactured in ansiment casting process.
Investment casting involves pouring molten met#d s ceramic shell having a cavity
in the shape of the component to be cast. An abladseal, such as a honeycomb
seal, can be brazed onto the gas path side of dugaige engine component to
improve the seal between the gas turbine enginepoonent and any surrounding

20 components.

SUMMARY
A method of die casting a component having argiatieseal includes defining
a first portion of a die cavity of a die to include open cell structure. A second
25 portion of the die is defined without the open sttlicture. Molten metal is injected
into the die cavity, and the molten metal is sdikdi within the die cavity to form the
component having the integral seal.
In another exemplary embodiment, a die castinghmacincludes a die
comprised of a plurality of die elements that defandie cavity, a shot tube in fluid
30 communication with the die cavity, and a shot tphenger moveable within the shot
tube. The die cavity includes a first portion mayian open cell structure and a

second portion without the open cell structure.e Bhot tube plunger is moveable



second portion without the open cell structure. The shot tube plunger is moveable within the shot tube to
communicate a molten metal into the die cavity to die cast a component having an integral seal. The
various features and advantages of this disclosure will become apparent to those skilled in the art from

the following detgitath dredilialnd Hs EbanGRHalDARIRM PARTR dftaladiaschitionsean be briefly
described as follows. BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 illustrates a simplified

cross-sectional HRRRAE L HAYDY FLLERIFhE A gine. 10Figure 2 illustrates a cross-sectional view of a
portion of the gas turbimaeengiinesititiass iandigdiadtag o tBidl dittnddes beomepbpaliencasting system.
Figure 4 illustratgs . le die f e Wj ie casti o i Jllustrates an insert
having an open %ﬁ?gﬁ@% Iig#%:z_igr{t g@%g@%ﬁ&'ﬁ‘ﬁ'ﬁe@ﬁﬁ g?s‘%%?d%o . Tlﬁl‘—glL(‘%{Jl%le\;3 Iéq%utts%a{etes another
example dieSfor aseowipR e el etasipadepstariiont Fig e Biefbeghigdresfallowisates a component having
an integral seal that can be cast using the die of Figure 4 or Figure 6. 20

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 illustrates a simplified cross-sectiovielv of a standard gas turbine
engine.
10 Figure 2 illustrates a cross-sectional view of atipn of the gas turbine
engine depicted in Figure 1.
Figure 3 illustrates an example die casting system
Figure 4 illustrates an example die for use witheacasting system.
Figure 5 illustrates an insert having an open sglicture that can be used
15 with the die of Figure 4.
Figure 6 illustrates another example die for ugé tihe die casting system of
Figure 3.
Figure 7 illustrates a component having an integgal that can be cast using
the die of Figure 4 or Figure 6.
20
DETAILED DESCRIPTION
Figure 1 illustrates a gas turbine engine 10, sagla turbofan gas turbine
engine, that is circumferentially disposed about emgine centerline (or axial
centerline axis) 12. The gas turbine engine 1ludes a fan section 14, a compressor
25 section 15 having a low pressure compressor 1@dngh pressure compressor 18, a
combustor 20, and a turbine section 21 includimggh pressure turbine 22 and a low
pressure turbine 24. This disclosure can alsonexte engines without a fan, and
with more or fewer sections.
As is known, air is compressed in the low pressorapressor 16 and the high
30 pressure compressor 18, is mixed with fuel and dxliin the combustor 20, and is
expanded in the high pressure turbine 22 and thepli@ssure turbine 24. Rotor
assemblies 26 rotate in response to the expandimmg the low pressure and high

pressure compressors 16, 18 and the fan sectionThé. compressorsection 15 and

2



DETAILED DESCRIPTION Figure 1 illustrates a gas turbine engine 10, such as a turbofan gas
turbine engine, that is circumferentially disposed about an engine centerline (or axial centerline axis) 12.
The gas turbine engine 10 includes a fan section 14, a compressor 25 section 15 having a low pressure

compressor 16 QHQ ﬁjFBGTéﬁ’é@ﬁéHrQlcﬂmprﬁﬁﬁ%é%It@rﬁﬁm{@Uﬁiﬁfs%Qatﬁ%dr@tBﬂrBiaae%eQ@OQr%l i_ncluding a
high pressure turbine 22 and a low é)ressure turbine 24. This disclosure can also extend to engines

without a fan, artdaiRISHGFYYPGEWEr sections. As is known, air is compressed in the low pressure
compressor 16 and thathipb 3@ peeaadeestondpiiestsiisl 8iaw nsdiec wdidio flie tapddvideed badiee combustor

20, and is expange F%tg?]%iﬁ‘gho?%%s%f&%r U822 agl% TG ANL R {?ﬁ%urgntéjng}etgéllilﬁl‘t)t%eassemb"es 26
rotate in response to the expansion, driving the Tow pressure ana high pressure compressors 16, 18 and
the fan section 1disqipgucemphissdinciestinexteadd tendlltbigas detine2angingsidlidealtyitding rows of
rotating rotor bl Aficangratatic stator vanes 30. It should be understood that this view is included

simply to provide a basic understanding of the sections of a gas turbine en(%’ine_ 10 and not to limit the 5
disclosure. This disclodU Extdfitliie st ghb e esm & ErgRies 18 & hisypeawiesPhications.
Figure 2 illustratpsrégpordiemcaéthésgas: turigimepestgioe 1Qribmthig Bx@mye, theipertiipihepicted is the high

pressure turbine ¢, af e, gas furing enaing 19 tiewexsudiis AROSWR st LTIed, fp gplications
within the high pressuré turbine 102 , and Could Bxtendf o Other sections apgas tUrbine engine 10,

including bl®no2@mized eoitk exie pidosolketusbiiio s ofrrl daEReTessdP skelietinbbut addition,
selected featuregRitdReHiBR MRSPHEIHP NP ShRWREHBEBH Larder® isyatashapecific details

and are not shown to the scale they would be in operation. The high pressure turbine section 22 includes
a rotor assemblf?lgq{‘é%ﬁ@aé”res of the high pressure turbine rB2shown enlarged in order to

illustrated specific details and are not showrhtodcale they would be in operation.
The high pressure turbine section 22 includestar rassembly 26 having a
15 plurality of rotor blades 28 (one depicted) extewgdioutwardly from the
circumference of the rotor assembly 26. The rbtades 28 extend between a rim 27
of the rotor assembly 26 and a blade tip 40.
An outer casing 42 extends circumferentially abtbiet high pressure turbine
section 22 at a position radially outward from tbéor blades 28. The outer casing
20 42 includes a plurality of blade outer air seal©f5) 44 positioned between the
blade tips 40 of the rotor blades 28 and the ocdsmng 42. The BOAS 44 includes
an integral seal 46, such as an abradable setlntbeacts with the rotor blades 28 to
mitigate gas leakage. During operation, the rblades 28 rotate about the engine
centerline axis 12 and at least partially wear aagortion of the integral seal 46 to
25 seal and mitigate gas leakage around the compongthis the high pressure turbine
section 22. In the illustrated example, a pord@&nhas been partially worn away by
the rotor blade 28.
Figure 3 illustrates a diecasting system 48 feradisting a component, such as
the BOAS 44 or other seals. However, this disal®ssi not limited to the die casting
30 of BOAS, and it should be understood that any amrtcal or non-aeronautical
component can be die cast with an integral seabrdogy to the example

methodologies of this disclosure.



15 plurality of rotor blades 28 (one depicted) extending outwardly from the circumference of the rotor
assembly 26. The rotor blades 28 extend between a rim 27 of the rotor assembly 26 and a blade tip 40.
An outer casing 42 extends circumferentially about the high pressure turbine section 22 at a position

radially outward from_t!‘l@]éQﬁfH blaglrs g%tgﬁﬁ&lﬁﬁlm R dhiBaliEema RPN PLPade outer air
seals (BOAS) 44 positioned between the blade tips 40 of the rotor blades 28 and the outer casing 42. The

| p \
BOAS 44 includ§ €8 itetfaPEclth UIRGHIN A SASLAPS LA LREMMALSINREIE JIRMENS Gor blades 28
to mitigate gas |cdkagaldpivied iafaitiorns, ihehautl hdagledetdbatate adlzob0 twikhigtiedeemiedine axis 12

and at least partjally yeatr. rtion of the | ral se to 25 seal and mitigate gas leakage
BN .%‘]’elvr%%e@]%gé% W agbfﬁﬁ%% s %hﬁ%igaﬁn%

around the components with _ pressure turbine section 22. In the illustrated example, a portion
45 has beerbpartially widre diRdyOop ersestbleslayepesitionipgytie dimettcatss adliegathieigasisstem 48 for

die casting a compaRRNtnaUgle a8dhrROAS BhORONReSHBIS daeNiavVE nBEhaHISIRSHEE ISRt limited to

the die casting 30 of BOAS, and it should be understood that any aeronautical or non-aeronautical

component can BEEMEUSEY vath SPHAidg R 4R af aCERRIRG 1B B NS MR TPRITRBU IS ETRY! 6t this
disclosure. Pheutiaitastikgsysiechaticachidizsr aotresabligiad 0 aying:enphitalitg®faie elements
52, 54 that funct:ison 59 ﬁ?ﬂ tg%lcoerp one t élt?&)uggstgv%gri] .eleg18ents 52, 54 are depicted in Figure 3, it
should be under2f66d that ﬂ1e die 50°Cou 05 clide more or "éﬂ\lrcvper die elements, as well as other parts and
configuratidfls. 5The diEhs0die gizBriikBhphsisitioaiiniciealdicrédbasdorpsrmis4acipimpahe holding the

die elements 52 a6i9tsk AOSERG RASHIT MGaITE CoRTHRIMicRidiliEHRCGRACISTY 38 Grplshingiude a

clamping mechanism of appropriate hydraulic, pneumatic, electromechanical and/or other configurations.
The mechanism™B8&188"5p3r qHdiRecfitelsmey B4 RBEHGERNP It LRy A §TMREIRE elements
52, 54 define intpinajeudacesdbailyeaopiaiatio gedneiBedEs aavily dhblesheivebde 53dgdathdid

communication with the die cavity.58 Qr? rée é)r more %Qrts 60 I%%tﬁd%hn t@ﬁé{iﬁh%lgn%%n%& the die

element 54 or bSth Ang%o?guggsp SHg Y 625s r'([:-%%tf\%d Within the’Shot tube is mov)éa{ible between a

retracted ahll injetethpissitiéd-(infthe diksttiotisot dfoepi vitbilrrithasilit eiseBBlycs DERTechanism 64.
The mechanism& g9udidhaghide m Myiattiaste MBYIRT RN ehsHirRkie rarchamisthdAkiLdEg. but not

limited to, pneumatic, electromechanical or any combination thereof The shot tube 53 is positioned to
receive a molterPRESAMRINRECHEIBRPUnit 66, such as a crucible, for example. The melting unit 66 may

utilize any known 20 teeinigiiee fiasardtingpaiiiogetiabmetalie aatemstio frseparmandiearmetal for
and incuction scBft SHERr T IBHEn BAcRAr DRRGIll By tARE R OV CLE R & el natfs
separate fra3fth thedhogtebéobIratiththewdiengot lof thisiel@mplaettad prefiarg unilied isptaditioned in
relatively close Qfgﬁqmyt(sotmeshot tube 53, including but notited to, vacuum induction melting,
electron beam melting and induction scald meltifidhe molten metal is melted by
the melting unit 66 at a location that is sepafaim the shot tube 53 and the die 50.
In this example, the melting unit 66 is positionedelatively close proximity to the
25 shot tube 53 to reduce the required transfer distéetween the molten metal and the
shot tube 53.
Example molten metals capable of being used tecakéa component include,
but are not limited to, nickel base super alloyshait alloys, titanium alloys, high
temperature aluminum alloys, copper based alloysn ialloys, molybdenum,
30 tungsten, niobium, or other refractory metals. sTdisclosure is not limited to use of
the disclosed alloys, and it should be understbad any high melting temperature

material may be utilized to die cast a componefs used herein, the term “high



25 shot tube 53 to reduce the required transfer distance between the molten metal and the shot tube 53.
Example molten metals capable of being used to die cast a component include, but are not limited to,
nickel base super alloys, cobalt alloys, titanium alloys, high temperature aluminum alloys, copper based

6_1"93/5. iron a”OYﬁ\éTﬂi‘Pu_'ybt@%bé?hté’rFé Waesiar, RIGRRHEY %h#{dﬁﬂ@@ﬂ&r’smﬁ?é@ﬂﬁg Tﬁ“ﬁw@iﬁﬁ@sure is not
limited to use of the disclosed alloys, and it should be understood that any high melting temperature

material may be'GIPEAYY YRS BRI BRI He0 ABi2ed ABRILHENRe term "high melting temperature
material” is intended toTineloddtenaterial ssheamsfeaanetivng ttesmpenaigrecoioapprexonatedy/sB500F/815C and
higher. The molten is transferred fr i i ot tube 53 in own
manner, such agl &ﬁ"’u"rﬁg t%r{rﬁgl euna); méeﬁ?%?ﬁg%%u%ﬁ%%gg%%eéghﬂﬁ%%(ggy &e f%ﬁéé@agrgple. A
sufficient anfour®dffaictampletalAssodivieniricaeeatiaionpkeshsiet bensBubitHtaskintie b@/aYB8. The shot

tube plunger 62 {§RCBAIEHIPHYCGHRREVRPERN MRERSHBHRIHUSHSUES IORH05:eH b iHecPfigto the die

cavity 58 to cast the component. Although the casting of a single component is depicted, the die casting
system 48 could B EBHRGIHEINGE KERTUIG IEPEO MRE oI (U RS S enEeRV Y SBIfRotRT HBt necessary,
at least a portiorcomienesamplgcigicastingsyisieoh 4Siogre a2 mpsito degdivib)nte Weltastiogamber 70
that includes a vaCL{gmgg%cuq 72. AV cuunc}{% ggglied 'kn Lhe vacu{%Jmn gham%eggoq.by the vacuum source

systém bé configure t multipje Sin .
72 to render a va(y,uum Ie casting procgss. he vacuum 8 ambér d provu?es a non-reactive

environmedffor the dieAihotiol Bpsranes8anatatdeasics pedinbakdenmaleiatiastorgsyssened8onditions
that could detrimepially Rifari b8 AHAIMAAIIbSAREhaRBRPREMRItER 85/8XGERS KRRy Lf e cast

component that occurs as a result of exposure to oxygen. In one example, the vacuum chamber 70 is
maintained at a BRES8IHRRALRH IXTE- YA ARNRINBES TOPYaHRSUGNSOHER prédeuridsre

contemplated. Thecaatdateressitiegobioeasacuunhehamben 7 Bnaitvasyzoreed Apahthaatyive of

component being 20, cast, smongoher condijons and Jacigrs Jndhe listrated example, each of the
melting unit 66, the shot tube B3 and the“die 50 ave positione Wﬁﬁl{ﬁe vacuum cham erhié)during the die

casting protess stnett mqm@nadmmcw@cdagiqudwm w&mt&hareaaﬂ perfpaneat.under
vacuum. In anothgriexanaplehe yachyartharelsr Shisdrsiiias vith andogi gassbiiésArgon, for

example. 25 The example die casting system 48 depicted in Figure 3 is illustrative only and could include

more or less se i NHaRLAR GV BBIRPIFYRE VY RIS RASRSE @ IBIaRIRIs A0 FRTHES diNe8Asting,
including but notilmitadrien kerdzoxtal4inainesthbyghticalclipreastifte syatemplatddurgbiliesieates an
example die 150 for use with a die casting systen), such 30, as the die casting system 48 depicted in
Flaure 3. 1 this BESREGrY) Nes ARRDR G PR Y APRANLFOXPA o R PRHEL R rals centifed
in multi_ples?.af 1©asigaif50Qﬁghﬂtwrmﬂiﬂﬁ@ﬂea&m@éaﬁﬂmower,tmmmmm@ﬁ om:remmlpa_e
embodiment may, bt comiined WD SPSCIGHA RS OB S5HBOIRLASPARIN GRS alli i 150 may

be used to die cast a component, such as a BOAS having an integral seal, or any other component.
chamber 70 during the die casting process such ttieatmelting, injecting and

solidifying of the metal are all performed undercwam. In another example, the
vacuum chamber 34 is backfilled with an inert gash as Argon, for example.

25 The example die casting system 48 depicted inr€igus illustrative only and
could include more or less sections, parts and/orponents. This disclosure extends
to all forms of die casting, including but not lied to, horizontal, inclined or vertical
die casting systems.

Figure 4 illustrates an example die 150 for usth widie casting system, such

30 as the die casting system 48 depicted in Figurdn3this disclosure, like reference
numerals signify like features, and reference natsedentified in multiples of 100
signify slightly modified features. Moreover, setlefeatures of one example

embodiment may be combined with selected featuresher example embodiments.
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The die 150 includes a die cavity 158 that is defined by a plurality of die elements 152, 154. The die cavity
158 includes a first portion 80 and a second portion 5 82. In the illustrated example, the first portion 80
and the second portion 82 are openings within the die 150. Although the example die cavity 158 is

depicted as inclutipGiiwveseorianeeilsbavidhe ddersingdhaiiaerse BOIRSHROMIGAR Mesgrgfine the die

cavity 158. Also, the size of shape of the first portion 80 and the second portion 82 will vary depending
upon design spetific BaPMAIERE FRMRARG but not 10limited to, the type of component being cast.  In
this example, the first podianie3Q 50 theldiecavityel 6&vis/ cobdighaedsatdidive plurabgrioB4id he insert 84 is
generally sized and. s imlar Sfir rti In t m i the insert 84 is a
honeycomb sea rlﬁg(%ﬂgfﬁ;% él?éé% Aﬂ%%%éé%\g&r%gﬁ ﬁ%el Q}eg%e@;r)%?i%e?e% ﬁ&;%g?%ﬁﬁ%t m?ﬂﬁﬁes an open
cell 15 struchure &5 tHat ihefitlestiaitd sxamRipgtopdiitigrrs®theanshweesosdcposiiotididote shaped

openings (See Figuranal QHMRH eetiz haying AlifleRi sl cionia eAnptaswIrted aebging within the
scope of this disclosure. The insert 84 is positioned within the first portion 80 of the die cavity 158 either

manually or autdHeHREAMMQBATHERH ANAHE P ForRIEIFIBR BTRFRLESSROHRNSAMEY GRINE die cavity
158 does not inchslelithe ppenicdl siisutre Bieradorshdpe sefimdhpariorsdareptrsesisanyoid or

opening within the die 1 gth tis sized and shaped to corres onFF {0 the component being cast. The
cmcontt portion S ihcTa a1 e R SR SR B S TR B B8 s e
die castingXdystdimizgldetdiledyab®fcmmenenidieingl deshjected 25 into the die cavity 158 via the shot

tube 53 and the shot tyhepliRgghPreanskisingligifiedvifinthe-digacRYivsE58. dhigigipigndnetal M locally

bondswith the insert 84 at an interface | during solidification of the molten metal M to cast a component
having an integrdi &%E, A7 dBSEFRdrdd NP dNSsRh Sdnisris e alirRaf s imdar 84 dreloy
overcasting the poriparsat (g exionptekaiiedimdne srchiddpodinondfcé@blrdnmadeiniegral seal (the
locally bonded insert cated in the first pqrtion 80) in a single ration. Figure 6illustrates another
exermoiany cie 208 RS, P lagh i Ta e e LIRS 25
depicted allove. STivstdie B50hat géfiines wallie Tabosicompomtitheichrweeimtegral seaiasuottdas a BOAS

having a honeycgbesealolefRIaTale. PiliFeagonaslita! Ht AdbAGIRARNICa GaTIagnapts may also
be cast using the die 250. The die 250 includes a die cavity 258 defined by a plurality of die elements 5

252, 254. The diePBIRMP 'S @sribRis & WS Bt iy 2o ANl dseen d b ifisRro82 iarASgASHore or fewer

portions may begefinaedexitsiptieotiaCayie2S8. ke, iatezerehshapecadimikstantirR80 and the
second portion 282 v.vw var qe endinrch ypon design specific parameters including, but not limited to, the
e b il

type of componeanst \%lng € KIS example, the first portion 280 of the die cavity 258 is pre-defined

with 20 The second portion 82 of the die cavity 158 doetsimclude the open cell
structure. Therefore, the second portion 82 remtssa void or opening within the

die 150 that is sized and shaped to correspontidgccomponent being cast. The
second portion 82 of the die cavity 158 receivestenometal M from a die casting
system, such as the die casting system 48 detailede.Molten metal M is injected

25 into the die cavity 158 via the shot tube 53 ane $hot tube plunger 62 and is
solidified within the die cavity 158. The molteretal M locally bondswith the insert

84 at an interface | during solidification of theolben metal M to cast a component

having an integral seal. In other words, the conemo is die cast against the insert
84, thereby overcasting the component (the portiirdified in the second portion

30 82) having an integral seal (the locally bonde@ih84 located in the first portion 80)

in a single operation.

Figure 6illustrates another exemplary die 250 tmaty be used with a die

casting system, such as the die casting systemepgitdd above. The die 250 is
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an open cell structure 285 that corresponds to a desired structure of an integral seal. That is, the first
portion 280 of the die cavity 258 is formed with design features, such as a honeycomb, open cell
structure, that are automatically form corresponding features within a cast component once molten metal

is injecteo_l ir_1to thﬁilﬁ:‘@cﬁ%’ i_B(e25§st1§ do‘?np@ﬁéﬂﬁ%ﬁﬁﬁéﬁ?d@%@@%ﬂ@%ﬁp% ﬁeﬂéKE;CHH\ﬁr?ggﬁ may be_
formed within the first portion 280 of the die cavity 258 in any known manner. The first portion 280 defines

the integral seal Y BYEYXRE: S&FhIBhERRMPIeTHRIBEE AFHOPEHHSR' PBB REMUIHMUEHiGRR A BISen cell
structure. Theretaes, 4hsd $ecousl psiripth@Brepdesents a void or opening within the die 250 that is sized

20 and shaped to correspond tg.the ¢ ent bejng. ¢ he s rtigp 2 f ie cavity 258
is made larger by a disisrrai]%g% %% d'er}lcr?éat%%r}ﬁr@'te p%ér}’lﬂo% %%%Eﬁvﬁqgﬁc t@%sg fI-h/eglﬂ&e‘%%’élfl)egllelﬁ"%a(ralitgortion of the
castcomportent. Z87at384enldig)itlig thrvie cthid qsiitiem 2 8psblant?aik vaiy BB podisrarZé2 X allows the

integral seal to baHifiGRThER: diTaiEE Ritlm s ABHMERLMENHITRE dié EaFi2RI0cHSS, drSubsequent

to melting, molten metal M is injected into the die cavity 258 and is communicated to both the first portion

280 and the secBik8 BbRIINS 8> BEfIEHROEIAN &L aNG RS READN AR 3PSt ABNANHIBYie cavity 258

to form a compoment bavigg epeicitegpal serteBeralntiibedivingrrtion, 268 igpdedineshvpithem open cell
structure, once snoéi(rz]lifigg the molten metal forms a component having an 30integral seal with a desired
structure, such as a%oneycomb seal structure, for example. Figure 7 illustrates a component 29 that
may be diel€ast using théhisgxmpttiethe S0sBY Hus28Pa HisodayithasCowm pomdatinedndgiides a body

portion 31 and ag nisgral Patrds o tihe e peRRN k@Bl iiedneeralSaakgmmanPe made

from nickel based super alloys, cobalt alloys, titanium aI_Io&s_, high temperature aluminum alloys, copper

based alloys, iroﬁ%‘d%%ﬁf%ﬁ@ﬁl%,%ngaﬁ,drﬁ?o‘fﬁ&! SIS P eRigRIE ARy R hbination of
such materials. Agyahigbnagiting teopeeraidiresmatarial may heditiinesio Wercaskibspoampgnent 29. In
this example, 5 the compgpent 29 is a seal having an integral seal 33 with anopen cell strycture 35,
although other cSREN Ay A B R T e A et e a0 S8 NGB hmted to
BOAS, innébair isealsainsdH2 sealsdiiredntedral aeal 88lisitren28sycwyibabiaeetwitvaltbach that

contact with a rogar iR, R AR hESINIRSAY SERGRNAET Ne fiersaqina lescsigsion shall be

interpreted as illustrative and not in ane/ limiting sense. A worker of ordinary skill in the art having the
benefit of this diS@HResENRADIBIELSERIAD thet E@SHSRMABM K ations could come within the scope of the

disclosure. For these rgasosscdhe fllavingseladnaeminauidibe studiegdp seietunele thertitdeescope and
content of this d%?lc(:elosse%roehd%lbﬁl%szw represents a void or openitign the die 250 that is sized
20 and shaped to correspond to the component beingTdas second portion 282 of the
die cavity 258 is made larger by a distance X tfindethe first portion 280, which
forms the integral seal portion of the castcompanérhat is, enlarging the second
portion 282 of the die cavity 258 by a distancellgves the integral seal to be die cast
as a feature of the component during the die aagtiocess.
25 Subsequent to melting, molten metal M is injedted the die cavity 258 and
is communicated to both the first portion 280 ane $econd portion 282 of the die
cavity 258. The molten metal solidifies within thtke cavity 258 to form a
component having an integral seal. Because tbegortion 280 is defined with an
open cell structure, once solidified, the moltentahérms a component having an
30 integral seal with a desired structure, such asneycomb seal structure, for example.
Figure 7 illustrates a component 29 that may leecdist using the example
dies 150, 250 described above. The component@9des a body portion 31 and an
integral seal 33. Each of the body portion 31 talintegral seal 33 may be made
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1.A method of die casting a component with an integral seal, comprising the step of: 5(a)defining a first
portion of a die cavity of a die to include an open cell structure; (b) defining a second portion of the
die cavity without the open cell structure; (c) injecting molten metal into the die cavity; 10(d)solidifying

the molten metajytithimdle dig sy Bl foH] c?ae eempaﬂawmmmeaumwa}hi gajerddiatmethod as

recited in claim 1, wherein said step (a) inclu __positioning an insert that defines the open cell
structure within ﬁ"'@’ﬂl’%i"ﬁ'oﬂlB‘rﬁSlS:BPH?é Grsed\AlPYS T AL AV S B JYAYSIE M PIQRPein said step
(d) includes: ddteillyelﬁendmg tinetarsest it tdfmmﬂnwonem tgevide . thaep migbneritwigh the integral

seal. 20 4. Theelg%rfi‘ %tﬁ? %%Prﬁ'é‘ equ %) t('j‘g @a%?&h‘%&o%”?%ﬁomr? Aadeahip seal- 5. The

method as recit claim 1 ereln & step inclu
5 the component 29 is a seal having an mtegral 3eatith anopen cell structure 35,

although other components may also be cast usiage#tample dies 150, 250,
including but limited to BOAS, inner air seals ah@ seals. The integral seal 33 is a
honeycombabradeable seal such that contact withoa Iplade partially wears away
the integral seal 33.

10 The foregoing description shall be interpretedllastrative and not in any
limiting sense. A worker of ordinary skill in thert having the benefit of this
disclosure would recognize that certain modificagi@ould come within the scope of
the disclosure. For these reasons, the followiagns should be studied to determine

the true scope and content of this disclosure.



25pre-defining the open cell structure in the first portion of the die cavity. 6. The method as recited in
claim 5, wherein said step (a) includes: forminghoneycomb design features within the first portion of the
die cavity. 307.The method as recited in claim 1, wherein said step (c) includes: melting an ingot of
material to prepare the molten metal; communicagipg ffygsmolten metal into a shot tube; and injecting the
molten metal into the die cavity with a shot tube plunger.” 8. The method as recited in claim 1, wherein
the component is a seal having an integral honeycomb abradeableseal. 9. The method as recited in
claim 1, comprising theAsteptiobdS¢e iesdisting sheotipoitbin aidacuinteyanhbesnildisirfetheethod as
recited in claim Jsté/%h&[ein the first portion and the second portion of the die cavity are openings within the
die, and the first portion defines the integral seal and the second portion defines the component. 10 11. A
die casting $ystem, cof@risirftgfiningaalfssrapiesed ¢f diploaaiiy dfalidebelpdaanspem erifine a die
cavity, wherein agifstpertion of said die cavity includes an open cell structure and a second portion of

said die cavity is without said open cell structure; 15a shot tube in fluid communication with said die
(b) defining a second portion of the die cavity withabe open cell

cavity; and
structure;
(c) injecting molten metal into the die cavity;
10 (d) solidifying the molten metal within the die cavityp form the

component with the integral seal.

2. The method as recited in claim 1, wherein said @gmncludes:
positioning an insert that defines the open dalicture within the first portion

15 of the die cavity.

3. The method as recited in claim 2, wherein said &lgmcludes:
locally bonding the insert with the component toyide the component with
the integral seal.
20
4. The method as recited in claim 2, wherein the insgra honeycomb

abradeable seal.

5. The method as recited in claim 1, wherein said @gmncludes:
25 pre-defining the open cell structure in the fpsttion of the die cavity.
6. The method as recited in claim 5, wherein said @gmncludes:

forminghoneycomb design features within the firsttion of the die cavity.

30 7. The method as recited in claim 1, wherein said &gmcludes:
melting an ingot of material to prepare the moltestal;
communicating the molten metal into a shot tulpel, a

injecting the molten metal into the die cavitytwit shot tube plunger.

9



a shot tube plunger moveable within said shot tube to communicate a molten metal into said die cavity to
cast a component that includes an integral seal. 12. The system as recited in claim 11, wherein said
component includes one of an 20outer seal and an inner seal. 13. The system as recited in claim 11,

where@n sa@d in_t@ral _SfFﬁbi%th@_B%@éEhe%bWe%WQ,Sﬁ/ﬁler%ﬁﬂ-ﬂ'\gl'&%%% %‘ézﬁ?ﬁﬁ@ﬁm@aﬁ{a?m 11,
wherein said die castlnﬁqsystem is positioned within a vacuum chamber 15.The system as recited in claim

11, comprising dAfEBHNEGeE RARTREAIEPEAhortion of said die cavity, wherein said insert defines

said open cell structure.
9. The method as recited in claim 1, comprising tleg sif:

5 (e) positioning the diewithin a vacuum chamber.

10. The method as recited in claim 1, wherein the fisttion and the second
portion of the die cavity are openings within the,cnd the first portion defines the

integral seal and the second portion defines thepoment.

10
11.  Adie casting system, comprising:

a die comprised of a plurality of die componerttattdefine a die cavity,
wherein a first portion of said die cavity includes open cell structure and a second
portion of said die cavity is without said openl slucture;

15 a shot tube in fluid communication with said davity; and

a shot tube plunger moveable within said shot tobeommunicate a molten

metal into said die cavity to cast a componentiti@tides an integral seal.

12. The system as recited in claim 11, wherein saidpmrant includes one of an

20 outer seal and an inner seal.

13. The system as recited in claim 11, wherein saielgiral seal is a honeycomb

abradeable seal.

25 14. The system as recited in claim 11, wherein said @lsting system is

positioned within a vacuum chamber.

15. The system as recited in claim 11, comprising aerinreceived within said

first portion of said die cavity, wherein said insgefines said open cell structure.
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