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DI E CASTI NG OF COVPONENT HAVI NG | NTEGRAL SEAL BACKGROUND

This disclosure generally relates to die casting, and nore
particularly to die 5 casting conponents with integral seals.
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seal, can be brazed onto the gas path side of a gas turbine engine component to

improve the seal between the gas turbine engine component and any surrounding

20  components.

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

second portion without the open cell structure. The shot tube plunger is moveable



second portion wi thout the open cell structure. The shot tube pl unger
is noveable wthin the shot tube to communicate a nolten netal into
the die cavity to die cast a conponent having an integral seal.
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10 Figure 2 illustrates a cross-sectional view of a portion 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 with a die casting system.
Figure 5 illustrates an insert having an open cell structure that can be used
15  with the die of Figure 4.
Figure 6 illustrates another example die for use with the die casting system of
Figure 3.
Figure 7 illustrates a component having an integral seal that can be cast using
the die of Figure 4 or Figure 6.
20
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 and a high pressure compressor 18, a
combustor 20, and a turbine section 21 including a high pressure turbine 22 and a low
pressure turbine 24. This disclosure can also extend to engines without a fan, and
with more or fewer sections.
As is known, air is compressed in the low pressure compressor 16 and the high
30  pressure compressor 18, is mixed with fuel and burned in the combustor 20, and is
expanded in the high pressure turbine 22 and the low pressure turbine 24. Rotor
assemblies 26 rotate in response to the expansion, driving the low pressure and high

pressure compressors 16, 18 and the fan section 14. The compressorsection 15 and
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DETAI LED DESCRI PTI ON Figure 1 illustrates a gas turbine engine
10, such as a turbofan gas turbine engine, that is circunferentially
di sposed about an engine centerline (or axial centerline axis) 12.
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An outer casing 42 extends circumferentially about the high pressure turbine

section 22 at a position radially outward from the rotor blades 28. The outer casing
20 42 includes a plurality of blade outer air seals (BOAS) 44 positioned between the
blade tips 40 of the rotor blades 28 and the outer casing 42. The BOAS 44 includes
an integral seal 46, such as an abradable seal, that interacts with the rotor blades 28 to
mitigate gas leakage. During operation, the rotor blades 28 rotate about the engine
centerline axis 12 and at least partially wear away a portion of the integral seal 46 to
25  seal and mitigate gas leakage around the components within the high pressure turbine
section 22. In the illustrated example, a portion 45 has been partially worn away by

the rotor blade 28.
Figure 3 illustrates a diecasting system 48 for die casting a component, such as
the BOAS 44 or other seals. However, this disclosure is not limited to the die casting
30 of BOAS, and it should be understood that any aeronautical or non-aeronautical
component can be die cast with an integral seal according to the example

methodologies of this disclosure.



15 plurality of rotor blades 28 (one depicted) extending outwardly
fromthe circunference of the rotor assenbly 26. The rotor bl ades 28
extend between a rim 27 of the rotor assenbly 26 and a bl ade tip 40.
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temperature aluminum alloys, copper based alloys, iron alloys, molybdenum,

30  tungsten, niobium, or other refractory metals. This disclosure is not limited to use of
the disclosed alloys, and it should be understood that any high melting temperature

material may be utilized to die cast a component. As used herein, the term “high
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this disclosure, |like reference nunerals signify like features, and
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enbodsarent s.  Figure 4 illustrates an example die 150 for use with a die casting system, such
as the die casting system 48 depicted in Figure 3. In this disclosure, like reference
numerals signify like features, and reference numerals identified in multiples of 100
signify slightly modified features. Moreover, select features of one example

embodiment may be combined with selected features of other example embodiments.



The die 150 may be used to die cast a component, such as a BOAS
having an integral seal, or any other conponent. The die 150
includes a die cavity 158 that is defined by a plurality of die

el ement s TB2die 156 mallte W@ tcdivichyt alddhponedtUsies asafBOAS hpdhi ke nt8galand
a second portion 5 82. In the illustrated exanple, the first portion
80 and t h¥2k QEFHHOBS MHINEE- are openings within the die 150.

Al t hough t he e1 4 i LY i LGt i pel.udi .
portions, it gﬁ%ﬂ% 1bi‘eB glr? e}%s:ao%é%tgwgf lsrggfé&olrg egg%d ggra?ﬁ{ol{lhgi&m\g@ die
defi ne t heledems ¢ &¥iltSy. The dieAdlasty 15 mchideea itst phajpa 80fantl heetdndgiortion

portion 80 and the second portion 82 will vary dependi ng upon design
speci i ¢ %zﬂ hedllusirae lfégtﬁglfea Bt Pisobortm G vad the; SecPRE p@ﬁﬁ@ §F e

conponent ohet g widsih the die 150. N Alifhbagte ¥R Pl agpld R édvﬁt?tlsl%qrstdeg{hte%oasof
the die cavity 158 is configured to receive an insert 84. The insert

84 i s genechiding tsiozmitiensdit shapeé be sindérbtapd thmt ntvee b7 lest pgrtipns way 8éfind n
t he exanpl e enbodi , Lthe jnsert 84 is hopeyconb al de of

N ckel A G0 BRI T AW dBF SR CLRSePEHr BehRORPR . BHODe e e
an open cgdrtiod B2SkALCAYT RpSRIidd dport @bdi e Sppid ParBrhelRpY IRthdaReBungst 88
t her ebet ween, such as di anond shaped openings (See Figure 5). O her

i nserl®  hhmitedtod theftEpeeii costponent pewg caste cont enpl at ed as being within
the scope of this.disclqgsure.. The i.nsert i s positioned wdthin the
st porti on Hotst SFiu: B8t B BE g0 e, S RRTA 3P & cdhidathdh o

aut omat i CRlctiye af wedertasst. WTdlindert 8RA§ gededillyexiadiphl shAPIhSinfRE @nehe first
portion 82 of the die cavity 158 does not include the open cell

st ruct ur ePortipR 81 &t te expaPiccrhindipeitt theinwrt §ldppdvaprosmy spali madsof a
he. conponshe! Burg” caut e BRlaesBbg SR P O RAGRA hRuGRLAERN (oL

recei ves smictea 8aetialdefihdsrvedtise8 Tdhavinpagienings 8§ sShethetwert) sach dshiardoel

casting system 48 detajl ed above. Molten netal. Mis jhjected 25 into
the die cévap@g] OPSBINGY A5¢hd 1EHBt utét 573 IGHS t Iingh difqr e eStpictige 1% 2

and is Soééﬁé@élﬁﬁd% m‘hg wiftn ﬁi,eesc&ﬁevéftt}{isjo%}osi!{&? R ih& §BLFHosMoned
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84, thereby overcasting the component (the portion solidified in the second portion

30  82) having an integral seal (the locally bonded insert 84 located in the first portion 80)
in a single operation.

Figure 6illustrates another exemplary die 250 that may be used with a die

casting system, such as the die casting system 48 depicted above. The die 250 is
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10In this exanple, the first portion 280 of the die cavity 258 is
pre-defined with an open cell structure 285 that corresponds to a
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cavity 258. The molten metal solidifies within the die cavity 258 to form a
component having an integral seal. Because the first portion 280 is defined with an
open cell structure, once solidified, the molten metal forms a component having an
30  integral seal with a desired structure, such as a honeycomb seal structure, for example.
Figure 7 illustrates a component 29 that may be die cast using the example

dies 150, 250 described above. The component 29 includes a body portion 31 and an
integral seal 33. Each of the body portion 31 and the integral seal 33 may be made
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CLAIMS 1. A nmethod of die casting a conmponent with an integral seal,
conprising 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 pofibhORidkEl bheddipet aubyy, bk odlloyk hBtaAREAN aqaeyé, 18ikh UeinpbRiure
(c) injecting nolten nmetal into the die cavity; 10(d)solrdifying the
nol t en mefBmigys [lays; sepRir daged, pligyst or gHews: molviepone imesien miekiam,

i nt egr al o] reci i I . wherei n_.sai d.step
(a) incl (SR reffuctd}y rH&BIE’ogﬁ |%ﬁ?%8}n§ﬁ°+ 0r bl Reberiafl° I Shigfl atelgg
cel | st ruaimjreeatwvictrhateridl igay be afiligedrtdiddncakbefe dofigpoderdt 20avintthis eXarhpr,
met hod_as recited in claim?2, wherein said step . (d) includes:

local 1Y bEWEMPORER 29mser sealhaving pp integrpbtrahs3 met prigelt pgucture 35,

CpTPonET it et BB SRal 2035 TIPS 5. 2,
including but limited to BOAS, inner air seals and 1-2 seals. The integral seal 33 is a
honeycombabradeable seal such that contact with a rotor blade partially wears away
the integral seal 33.

10 The foregoing description shall be interpreted as illustrative and not in any
limiting sense. A worker of ordinary skill in the art having the benefit of this
disclosure would recognize that certain modifications could come within the scope of

the disclosure. For these reasons, the following claims should be studied to determine

the true scope and content of this disclosure.



5. The method as recited in claim1l, wherein said step (a) includes:
25pre-defining the open cell structure in the first portion of the
die cavity. 6. The nethod as recited in claim5, wherein said step
(a) includes: form nghoneyconb desi@gpaie&tures within the first
portion of the die cavity. 307. The nethod as recited in claim1,
wherein said step (c) includes: nelting an ingot of material to

prepare the nolt t g{mgn ta into a
t ube; andql nj ec ?lr%tg%?ho?dr%%l en rrée?g#‘b e dimge%gi\%etay RPHSEE tE%t
tube plungepof: 8. The nethod as reC|ted |n claim1l1, wherein the
conponent is a seal having an integral honeyconb abradeabl eseal. 9.

The nmethod as f¥ci t efiHipg é|f5ﬁtrﬁ01t101be%fh%¢aﬁ§ypﬁ@ di¢ épingtude an open cell
5(e) posi tht‘?&l{t\'ﬁg the diewithin a vacuum chanber. 10. The nethod as
recited in claim1, wherein the first portion and the second portion
of the die cavil)y add”mmgm rerendM golnion oliethelidée cavidy twitholit ttisd opear tceldn
defines the integral seal and the second portion defines the
conponent SY@ue 1. A die casting system conprising: a die

conprised of a@l ur&liédimeMolthendATRBNROER k@), define a die cavity,
wherein a first portlon of said die cavity incl’udes an open cell

strucl@re and &)seceoltfifyorg iton obltepaimbtali withavithy dis evithowt femi dhe

open cel | &%{;&%tn%' ith the integral seal.

2. The method as recited in claim 1, wherein said step (a) includes:
positioning an insert that defines the open cell structure within the first portion

15  ofthe die cavity.

3. The method as recited in claim 2, wherein said step (d) includes:

locally bonding the insert with the component to provide the component with

the integral seal.
20
4. The method as recited in claim 2, wherein the insert is a honeycomb
abradeable seal.
5. The method as recited in claim 1, wherein said step (a) includes:
25 pre-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.
30 7. The method as recited in claim 1, wherein said step (c) includes:

melting an ingot of material to prepare the molten metal;
communicating the molten metal into a shot tube; and

injecting the molten metal into the die cavity with a shot tube plunger.
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15a shot tube in fluid comunication with said die cavity; and
a shot tube plunger noveable within said shot tube to communicate a
nolten netal into said die cavity to cast a conponent that includes

an integrgl seghe methdd alhecifMShRIMNAS, Mafckdifthd Cortdcdem ik b seiBfv@iigan
sai d conponent includes one of an 20outer seal and an inner seal.

13. The sipsagsahhaseycembiabideabledeal. m 11, wherein said integral seal is
a honeyconb abradeabl e seal. 2514. The systemas recited in claim11,
wherein said die casting systemis positioned within a vacuum
chamber . 45. Thehsmetheag secitein @8ni N cﬁh‘@ﬁ@inglhe @@FBEi sing an insert
received within said ti_rsé%q%orti on of said die cavity, wherein said

i nsertd def i nes(e3ai drespemingthp diewathén gyecuum chamber.

10.  The method as recited in claim 1, wherein 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 system, comprising:

a die comprised of a plurality of die components that define a die cavity,
wherein a first portion of said die cavity includes an open cell structure and a second
portion of said die cavity is without said open cell structure;

15 a shot tube in fluid communication with said die cavity; and

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

20  outer seal and an inner seal.

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

abradeable seal.

25 14 The system as recited in claim 11, wherein said die casting system is

positioned within a vacuum chamber.

15.  The system as recited in claim 11, comprising an insert received within said

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