1 Conposite Core for Use in Precision Investnent Casting Background of the
I nvention [0001] The present invention relates to investnent casting cores,
and in particular to investnment casting cores which are forned of a
conposite of ceramic and refractory netal conponents. [0002] Investnent
casting is a commonly used technique fof forming netallic conponents having
conpl ex geonetries, such as turbine blades for gas turbine engines which
are widely used in aircraft propulsion, electric power generation, and ship
propul sion. [00031 Iﬁoauﬁmﬁ%govﬁ@bpﬁéméﬂgﬂﬁenéﬁ%$ﬁ@%ﬁﬂbﬁ§?gefficiency is a
prime objective. Inproved gas turbine engine efficiency can be obtained by
operating at higher tenperatures. However current operating tenperatures
are at such 3Baklegrehind hthe Inventioe turbi ne section, the superalloy materials

used have lim mechani cal properties. . Consequently, it isS.a genera
practice to @@gf de ait ecpé%ﬁepﬁav "glf”n {:egaﬁ%sc%%énﬁf %ml B ctaﬁtén\é Cﬁ{)etstaé@tm portions of
gas turbi ne eagcwiest inwpineal daytingrotddevhidhrddd foems®oefd @mposioodfi deghndis  provi ded
by flowing relatively cool air fromthe conpressor section of the engine

t hrough passé ?ﬁ?ﬁo%ﬂga@dPBWﬂ@mgbnponents to be cooled. It will be

appreci ated {duak] cool nguaeTRSstMk idh @mnAmHOeed teRfni§RSor Fim@gi ne
efficiency, and consequently, there 1is a strong desire to provide enhanced

speci fic cooMeHia OMPRAKILIIA &S REPEEEPDCIOES: StHEF (HBinB&lREeS for 85t ai ned from a
gi ven amount (0fin€ 00 dAGviH are WARBAlse /W diRrdfirbiuiGoD e REER RRE, vanes are sone

of the npbst inportant conponents that are cool ed, other conponents such as
combust i on clgeneation, andghipprepidsiout er air seals al so require cooling, and the

i nvention ha M@FPIicathg@ﬁﬁ?B%%Eimﬁﬁggﬁgngg iQ%CQﬂég%@r%HW?%ﬂ%hgifaCt to

all conplex cast’ artic onalty cor use
manuf act ure dhpaved gislhgbinavngige éfGkienay cac dw bitteiesd bhepeatinghakighdreen f abri cat ed
fromceram c_nater ially the
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advanced core 1ﬁséﬁ'§§%?ébff%§f8 @ﬁﬁﬁfglﬁprgéfe 8861|%g ’
turbine section, the superalloy materials used have limited mechanical properties.
Consequently, it is a general practice to provide air cooling for components in the
hottest portions of gas turbine engines, typically in the turbine section. Cooling is
provided by flowing relatively cool air from the compressor section of the engine
through passages in the turbine components to be cooled. It will be appreciated that
cooling comes with an associated cost in engine efficiency, and consequently, there
is a strong desire to provide enhanced speciﬁc cooling to, maximize the amount of
cooling benefit obtained from a given amount of cooling air.
[0004] While turbine blades and vanes are some of the most important
components that are cooled, other components such as combustion chambers and
blade outer air seals also require cooling, and the invention has application to all
cooled turbine hardware, and in fact to all complex cast articles.
[0005] Traditionally cores used in the manufacture of airfoils having hollow
cavities therein have been fabricated from ceramic materials, but such ceramic cores
are fragile, especially the advanced cores used to fabricate small intricate cooling
passages in advanced hardware. Such ceramic cores are prone to warpage and
fracture during fabrication and during casting. In some advanced experimental
blade designs, casting yields of less than 10% are achieved, principally because of

core failure.



passages in advanced hardware. Such cerami c cores are prone to warpage and
fracture during fabrication and during casting. In sone advanced

experinental bl ade designs, casting yi2lds of |ess than 10% are achi eved,
principally because of core failure. 100061 Conventional ceram c cores
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are produced nmol dj.n .OcCess usin a ceram.c slurry and a shaped di e;
both injecti dﬁ‘*ﬁ& di ngba%cﬁ’g&‘?fﬁ‘ﬁ%%‘?‘-c | a?rﬁ@m%%e? i%jﬂé&‘“ﬁ&{ﬁ"ﬁ% S8l oyed. The
pattern mat erad@taniisslolg kndCOsHAPSH die;Wath iAjeétloawgdding habtransfer-nlodihgrel ti ng- poi nt
netal s, and qrgani c co oqus U%H as urea,  have also been enpl oyed. The
shel | nold i SCPBIHEIHSIG °y€§1 B85 Betiernapaterial IsnoRy eommgnly gy alt ‘B@ét her

ceram c part igidsgés, Wﬁ&;iﬂﬁéoiﬂ?m%ld{ﬂnﬂ@r afiiclcbmpoundls 5Bk ared/Whvahlgen na
silicates. 100071 To briefly describe the investnent casting process for

produci ng a beefr nrlevast dée shedlimge)d i fempediistng @sploidy sisp hinder te 8 havi ng t he

geonet ry desigethet Oramicthartcs FHB m&HRlahRnP TR AIGSordisall Affidla i N @ netal die
whose wal |l s surround but are generally spaced away fromthe core. The die

is filled w tsHicategli sposabl e pattern material such as wax. The die is

removed, 'ea‘é[hqtﬂmt he cgp gﬂ%@ &L rfhe SRRAARL | &sﬁngo;g}%éﬁsggoﬁhg{dﬂ%iﬁgge out er

shell nold i n forne out the wax pattern pattern in a
ceram ¢ sl ur riyrbamdladbesingp pdrgmivgotean gaamicadose hawing theqgepactry désesd foo t he

slurry. This pro esz i§.terned sticc iggPtﬂQF s&ucco d wax Qggyern

cont ai ni ng t H&° MEGFL S PREFFY RN THE LT WELS™ 35 process %peat ed to
provi de the gendril®cspadedlaway flolcthyvedrt. Thy dik REBIsd whth atdigpssabiei pattesthhe nol d is

t horoughly dried. and heated_ to .an elevated tenperature to renove the wax
material and “%act‘?ré”iﬂichéﬁwtaﬁe“&"e‘?‘afﬁr'&mo‘f?ﬁflé?‘i“éﬁ t.%e i‘?56‘6§f°‘1°rf‘éno'1ﬁ€§iﬁ’1 s a
ceramc nnld\@&qka&ﬂimﬁeau&amanh@kggﬂ@nﬂhh@@mkmtmeamhba@ﬁhepdggﬁgne a nold
cavity. It wll be understood that the exterior of the core efi nes the

passageway t dhbRatEH iRagerrmic hancadithengralynedareer ¢y cerapyic partiglepdo difel | nol d

gg: iengfl | he exts! nals HbdXBNS tPRSd Qlicchihe. THPRERLLPYa LAt BordiAntig tpede. The
core, is then dried and the stuccoing process repeated to provide the desired shell

mold wall thickness. At this point the mold is thoroughly dried and heated to an
elevated temperature to remove the wax material and strengthen the ceramic
material.

[0008] The result is a ceramic mold containing a ceramic core which in
combination define a mold cavity. It will be understood that the exterior of the core
defines the passageway to be formed in the casting and the interior of the shell mold
defines the external dimensions of the superalloy casting to be made. The core and
shell may also define casting portions such as gates and risers which are necessary
for the casting process but are not a part of the finished cast component.

[0009] After the removal of the wax, molten superalloy material is poured
into the cavity defined by the shell mold and core assembly and solidified. The mold
and core are than removed from the superalloy casting by a combination of
mechanical and chemical means such as leaching.

[0010] As previously noted, the traditional ceramic cores tend to limit
casting designs because of their fragility and limitations regarding acceptable casting

yields, especially with cores having small dimensions.



shell may al so define casting portions such as gates and risers which are
necessary for the casting process but are not a part of the finished cast
conponent. 10009] After the renoval of 8he wax, nolten superall oy materi al
is poured into the cavity defi ned by the shell nold and core assenbly and

solidified. T d core are t repoved from the superall oy casting
by a conbi nat[pﬁlrﬁg 9{5?{|t%aYef%°ﬁaFt ?1 PH RS, 1R E Og][FérHCtﬁgy 'B‘étéﬁhi ng. 10010]
As previ ousl yeldn@n8dor isBen Edrésdivdsiipaiucaie H&H}éfra@ﬁf)elﬁetbﬂd]dnér@s danMelusedcast i ng
desi gns becauselgf their fragility and |imtations regar g acceptable

casting vyiel%&e é{é‘bféraeb(rewlmrnblear%wﬂlalb?f@arglﬁﬁlernea SR 3 [0011] In

order to overgaEBsifeh@hlsiapproadhl i9 BScribeddn USE PakntRbliG#HLANG. U8t al el enments for
use in cores was introduced. The refractory netal elenments can be used

ei ther by t he@R8¥PYB30QA1; whigh itspvigner shthareramphassigaeefi the RE®ENt s to form a

conposi te. Thwenaapgﬂmncﬂﬁl&%g)wt&%éunbﬂe@mﬁ@tent Publ i cation No. US
2003/ 0075300 Al, which 1s assigned to the comobn assi gnee of the present

i nvention and0®Ri]ch i sOnpelthpproatead thwe hasibeerbsncpefiardwahk usq @oddctatne of t he
probl ems t hatr?%{ﬂsefe%ﬁﬂ l?ﬁgtb?’s“ﬁﬂo‘?ﬁ kﬂ‘ﬁnbé} o‘t’??ra?tfogf S&Eﬁe%n%#s is Tlddleq®! €ments is

that, as the nunber ractory met l'enents 1's increaséd, so do
t he conpleximbdsﬂmkommkaﬁwﬂgfbmﬂmghhéﬂhmhggﬂhmnnbﬂoaa$¢cmamed ceramc

I ts. Furth f th t t I d
Fragile so  Aeieond e oyt e At CHp SRy eP At R Jrerrat o

[0013] Anot hek tbedabi®danfgodarall tReteby rellucs tehyicorasi te cor es is that of
properly locating and nmaintaining their position within the die prior to the
filling of tIA¥ie wi fRothenproblen a %Se%t%wethﬁgchwaglpa%&ﬁﬁﬁ.ISsth%t& by the use of

so cal |l ed " pryréferly Bthng an@rmm&mnﬁ%el%@ibn WitﬁmQPfé (?1@ §h@ﬂ§ tlféfﬁlhﬁgaoicer ani ¢
core which extend beyond the cavity that is to be led with

General |y, tHee digmiBvagndlereirfateitein Bassrcqnplished h.‘{éh?mﬁe@f Be Pq%lpéumr@thas been
very limted Hgeali$endds, %vhféh Bl &E&qﬁ&%&ﬁfﬂ?&k‘érahﬁ@&ir& %béh%&teﬁéf'ﬁeyoﬁ@ﬁém c

material which i’s necessarily in a cantilevered disposition.
cavity that is to be filled with wax. Generally, the number and locations of these

ceramic printouts has been very limited because of the brittleness and fragility of the

ceramic material which is necessarily in a cantilevered disposition.

Summary of the Invention

[0014] Briefly, in accordance with one aspect of the invention, the number of
refractory metal elements used in the core is reduced by the combining a plurality of
refractory metal elements into a single refractory metal element. In this way, the
cost of manufacturing is substantially reduced because of the reduced number of the
refractory metal elements and their need to be individually located and attached to
associated ceramic elements.

[0015] In accordance with another aspect of the invention, refractory metal
elements that are small and fragile are replaced by other refractory metal elements
that are extended to their locations so as to serve the purpose of both refractory
metal elements. In one embodiment, this is accomplished by replacing a refractory

metal element from the tip of a ceramic element by extending the refractory metal



~Summary of the Invention [0014] Briefly, in accordance with one aspect of

the invention, the nunber of refractory netal elenents used in the core is

reduced by the conbining a plurality of4 refractory nmetal elenents into a

single refractory netal elenent. In this way, the cost of manufacturing is

substantial |y, reduc uceq ref e?ct ory netal
o]

ol enent s and LR atﬁﬁ%aﬁlnﬁc?ﬁgeeofﬁ%?e\ﬁ%ﬁﬁﬁ m 88’&?%‘@‘“%%“%?{?%?8?%8

associ at ed CGﬁl&ﬂthl@bEﬂl’fEBérSmlc[eﬂ)eﬁﬂdﬁl In accordance vvlth anot her aspect of the

i nvention, r tory el enents that are s and fragjle are

oot aced by SR oY AeRirgenis A g tranbe el Tt VOB et e

| ocations so mdalleRnfei 348 sties RUTRRERL B exddidthgliedeyasd BE Yrea BEthakavglyement s. I n
one enbodi nent, this is acconplished by replacing a refractory nmet al

el ement from!i® Wéi cprt}&‘ﬁ#x‘a‘“é@r‘%ﬁ?ﬂ%d for Byrapges B@rn@se%wm@atteﬁé PEPf act ory met al
4 elenment atfg tphﬁ‘él'p‘nﬂﬂ;u%@ﬂf%n@fnt& élﬁ‘ac@ﬁre@é@s% fleRBT Bhhahe ﬁé%ﬁdagss'oﬁt o that
area associated with the tip of the ceramc elenent. 100161 I n accordance
wi th anot her lesspgiandeholdigg the Rerejimpasiiion during:the eex gestiog procemst al el enent can
Serves as a F[gélr')'? out by, Jﬁ?&ﬁ@ﬂl@@gs hdreil? PH&cﬁﬂ% gfn%i%rrgﬁ eﬁlBGdlﬁl@Xt'lgy in which
the wax will 'be inserte or rposes of making a wax pattern. In one form
pl ural pri nt clgpistedxtosgseri vurouadperamﬂ@tigl@smd@lterh@c etnstradilvascan btehe process
of Iocatrnga hol. di cor Siti.0 urrn e _wax casting
process. | OOM ther t?'l gout}agpartm efror%te}@grun 51?1{1{1 an% gl)f&he nVCéltIIODIIS_; eferred

enbodi nent is depr ct ed; however vari ous ot her rmdr fr catr ons and alternate
constructions, ¢ reto without departing fromthe true spirit
and scope of H‘gqreﬁ‘mﬂ“r'ﬁthehﬁr%“@r 8Description of the Drawings [00181 FIG 1
is a conposit[@o®pr e af FRY. IMeX caidisdsité1ebré Mited aRCEHHAE & Mk bdarB evithesibodi nent  of

the invention. [0019] FIG 2 is an isonetric view thereof showing a tip and
trailing edgembadimentef thagyeion.
[0019] FIG. 2 is an isometric view thereof showing a tip and trailing edge

portion thereof.

[0020] FIG. 3 is a front view of the tip and trailing edge potion thereof prior
to casting.

[0021] FIG. 4 is a top view thereof.

[0022] FIG. 5 is a tip portion of a composite core in accordance with the
prior art.

[0023] FIG. 6 is an alternate embodiment of the present invention.

[0024] FIG. 7 is an isometric view of an airfoil resulting from use of the

present invention.

[0025] FIG. 8 is a cross sectional view thereof as seen along lines 8-8 of
FIG. 7.

[0026] FIG. 9 is an alternative embodiment of the present invention.

[0027] FIG. 10 is a sectional view thereof as seen along lines 10-10 of FIG.
9.

[0028] FIG. 11 is a sectional view thereof as seen along lines 11-11 of FIG.

9.



. [00201 FIG 3 is a front viewof the tip and trailing edge potion thereof
prior to casting. [00211 FIG 4 is a top view thereof [0022] FIG 5 is a
tip portion of a conposite core in accofdance with the prior art. [0023]
FIG 6 is an alternate enbodi msnt of the present invention. [00241 FIG 7

is an |sorret C \u ew sulting fromuse of the present
i nventi on. tgepge *f}e}g@ g’é’lﬁn}onal vi ew t hereof as seen al ong
lines 8-8 of [0«F2913 7 Re@aME nblvGo F&. I shéinvédtiof isshbive gesrdincit mead  of the

present invention. [00271 FIG a_sectional yiew &/? ereof _.as seen al ong

0
lines 10-10 GPPYRICEe a cempaspserf ! il“@w?‘ﬂd‘r‘ S 3 cgats & 2 REPLYY as seen
along lines Mletditie@afenFi3c 9. 5 Description of the Preferred Enbodi nent
[ 00291 Referring nowto Fig. 1, the invention is shown generally at 10 as
applied to a [@Qﬁ%ﬂ)oa teAééfrtépl?Lai eI vesteent rsEngPeessaiiccst smiased 12 and a

refractory ngial a flRIERWHDSE mBlQQ?LQJouﬁ@thb Sork ¥RA &Rl ?ch EherdbRividdy RSt ment
casting process, the core is placed hin a net di e whose nol ds surround

the core and filled withavax. Hhed@b%thmeqmqvgd arfd|thq @inpgsitercoikl isembediied in s t hen
renoved and t [ enbedded in a wax pattern 14 as is
RS LS, -

shown in Fig seen in Figs. 1-4, the conposite core
el enent 11 hd803] ti p Adg@ll b@seamih Bips. dd, Elucenmposutaicbxiem@mdgbl Hagatip slot 18 is

(or e . Dbt B R ORI 40 o e GBEL S S

| eadi ng edge al@hdv@q aFigided as to rbcfb@veSd fednt ddgelly odithg réﬂactory metal element
13. The refractory metal element leading edge 19 is secured in the slot 18 by any of
various methods such as by an adhesive or the like. Figs. 3 and 4 show the
combination of the ceramic element 12 and the refractory metal element 13 prior to
the casting process, and Figs. 1 and 2 show the combination after the casting
process.
[0032] As will be seen in Fig. 2, most of the refractory metal element 13 is
disposed within the wax pattern 14, but there are portions which extend beyond the
wax pattern 14. That is, trailing edge portion 21 extends beyond the trailing edge 22
of the wax pattern 14, and a tip portion 23 extends beyond the tip edge 24 of the wax
pattern 14. The trailing edge portion 21 and tip portion 23 are referred to as
“printout” and are used for positioning and securing the composite core in position
during the casting process. In this regard, it should be recognized that a single
refractory metal element 13 provides both a trailing edge portion 21 and a tip portion
23, with the two extending in substantially orthogonal directions, to be used for this
purpose. This provides not only improved positioning and holding capabilities but
also improved strength capabilities.
[0033] As will be seen in Figs. 1 and 2, the tip portion 23 of the refractory
metal element 13 includes a portion 26 which is embedded in the wax pattern 14 and
another portion 27 that extends beyond the tip edge 24 of the wax pattern 14. The
non-embedded portion 27 serves the purpose of locating and holding the core as

described hereinabove. The embedded portion 26 serves as a portion of the ceramic



various nethods such as by an adhesive or the like. Figs. 3 and 4 show t he
conbi nation of the ceramc elenent 12 and the refractory netal elenent 13
prior to the casting process, and Figs6é 1 and 2 show the conbination after
the casting process. [0032] As will be seen in Fig. 2, nost of the

refractory netal ele nt 13 i Qsed withip the wax pattern 14, but
there are porPi°oM¥ ﬁreée&vsiay E)L?;?E*H'&E RIS Qthe e ke fosms a FAVILYPHIEHIN ; 5

trailing edgenhdiptraldy cadtieX RN\Gder@NPM stohicidcdbol ihtEnRRa&ddrtidal26 he wax
pattern 14, and a tip portion 23 extends beyond the tip edge 24 of the wax
pattern 14. Trlsrenseis Made todhig Brigrdtidesian ssishawd in Fig- Sortion 23 are referred to
as "printoutipozypd ar eAk'§lﬁQvJ19'F1g°@§§£éc9ﬁBoE‘19e &Péizssr?%h%bcﬂﬂd‘ir{@w%”pos' te core
in position durlng the casting process. his regard, it should be
recogni zed t tpattern 28 hh¢ eomposity ¢oee mp}yldmcararre&t ereplemed %rwdﬁd@fsacm h a
trailing edg A ding in
substanti al | ﬁné;@t eI(I)ﬁgﬁ%(l%tnﬁL ]3.@%8% éoér%)srgagﬁ’l QIBg%th\Mrgg BEQSdggﬁrhg%E@g Thi s
provi des not 3énﬂ"jae 'rerﬁ[actm/)etdetpkrésvmanom isqttaaheld hnhdccmgntcapatnldmdnt gbathuyt al so

i nproved str seen in 1 and 2, the
LD porti on S3egRe FRBYRarb bl wOHir oo i ey BT plA Ll st Ton 56
which is enbeadgaem ofithd diwam\ﬁ)éor[aalehehmllélt @nbtherafcwetﬂmareerpmmtmepn&ﬁrﬁ hat extends
beyond the ti e t.he ttern non- e d. portion 27
oo ves the polHBSECLA DEa s aRaRIGPBIcRGS pitishdorey SScemEd Pk
her ei nabove. d{ﬁgg@mﬁggggcggrnglpmes% serves as a portion of the ceramc 6
core which, when renoved by a | eaching process or the like, fornms a cavity
within the J0RS al | oyRefsaingrgain tothe pesssns desim a skove) gdiies: Ednt@ilbbe t hi s
embedded POr tbafnddne refrsét&ry%qﬁ eleelPHor t;ggprsh@meﬁ WAl aBlhedd6HieOn as shown in
Fig. 5. [00341 As shown in . osite core 28 is enbedded in a
wax pattern@@mlqﬂ@n@ﬁ@péégq?é @dnl@hdﬁéhlﬁ@e@ @nileveed poror ¥, élaenent 31 and a
refractory .a tip edge 33
ggé?égdﬂrﬁg%mh?ﬁ@ed Ft%n% ?{He?e a% o?‘y ﬁ%t%ﬂ@l%}%.gg%%?

and a traili ractor tachedtothe
ceram c cor e peésememtenBdn. &Ehis pation 26 is the robust portlon that is disposed between a

substantial main body of the refractory metal element 13 and the rather robust non-
embedded portion 27 thereof. In this way, the single refractory metal element 13
provides for an extension to the ceramic core element at its trailing edge while, at
the same time, extending beyond the tip edge 16 of the ceramic element 12 to
replace the refractory metal element 32 which would otherwise project from its tip
edge 32.

[0036] It should be recognized that the refractory metal element 13 may use
any of a variety of shapes to create pedestals, trip strips, pins, fins or other heat
transfer enhancement features in the final casting. As shown in Figs. 1-3, an array
of small cylinders 37 project from the main body for this purpose.

[0037] As shown in Figs. 1-3, the tip portion 23 of the refractory metal
element 13 is a single projecting element. Fig. 6 shows a variation thereof wherein
the tip portion 23 includes a pair of spaced extensions 38 and 39 with each having
embedded and non-embedded portions as shown.

[0038] In the process of forming the airfoil with superalloy materials, after

the wax pattern has been removed and replaced with the molten superalloy metal the



tip.edge 33 as shown and has a portion 36 that is cantil evered out over the
trailing edge 34 of the ceramic core elenent 31. It will therefore be seen
that the prior art design includes a ffagile cantilevered portion 36 which
is very susceptible to being damaged during the casting process. [0035]

Referring again to the p _en esign as shown in it wll be
seen t hat théo‘i“%‘?sr‘tﬁﬁ?rﬁ’rlyd F’OtgIﬂl?rf‘@mm%‘ﬁera?mPp‘btheﬂ')efgaﬁﬂrl‘:ﬁ‘e%s attached to

the ceramc e&hﬂmemterém@vea%ga 1&:3hiB R Procéts bHe tik@ THeAGdIheCaibil Is@ver ed portion
36, was repl aced be t he enbedded portion 26 of the refractory netal el enent
it

13 of the Jévher%themf%lﬂdvctlvdﬁﬁaze%slph@ gssBeer- Psrtion that is

di sposed bet Wé‘(ﬁfh Rir t%%ﬁeadﬁﬁe@lntmle &8 ¥a Ry hierfyRicEdrdddMnget al el ement 13
and the rather robust non- enbedded portion’27 théreof. In this way, the

si ngl e ref r acefeactprympetal el@h@ﬁéﬁﬁndlmassqspé&ﬁh@i@lse?flwotaﬂﬁ extension to the ceramic
core el ement [@89Lt S trl@l'ﬂl %gthglc‘i:QFshWnla icésgl%ectl&bgs ﬁ%m&\ %8%& t%l ng beyond

the tip edge t he cetam c el enent ace t erefrac ry metal
el enent 32 V\determmmbmimmﬂberewmefeqtm@j%dms tﬁeiemmcotpgratadpo reldgeth82. [ 00361 It
shoul d be reco a%?qttetat t e Z @Cctr%e I dc{ ment 13 may use any of a
variety of sl‘?gg R Rt STt a4 e r”ig%e ufmﬁgng"berﬁlgmn?lns or other heat
t ransf er enhaoakticst (1feeaﬁ¢mﬁ§ovem of the bfadaad a eadt ofifgctiohal whaenwitthEi gs. 1- 3,
an array of snall nders 37 project fromthe main body for this purpose.
[0037] As shHWH“g?PrT%F g the tip portion 23 of the refractory netal

el enent 13 i goea0pi ngl eRaE@hg%wr&gF@L ENtherefis Showd HBA¥Serfood@hdndbf On t her eof
wherein the tip portion 23 includes a pair_ of spaced extensions 38 and 39

with each haerRiesceipeationVarainfsamepiedersslesnt thishadn Hewiporsteb3sl I n the

process of forpiAgphhien ﬁJrEfbi%{dla al‘m i a§91%[1%4ti%}{ 4&%@5 bBlfSm ﬁ&{l&{ 46.t he wax
pattern has been rermve and replaced wth the nolten superalloy netal the 7

conposi t e corlée plafeinuplirtien lebedursehis thﬁép@mp@WéiCb nermes taserurdibe blefle eat ory net al
el enent, are [EAONE QY ol 6 3Gk 1t BERGS S $nPlontddbitd dofiCelenmfi 43€SUl ti NG

airfoil is as
includes both a ceramic element 47 and a refractory metal element 48. The

combination of the two, which forms the composite core element 43 is embedded
within the wax pattern 49.

[0041] As will be seen, the ceramic core element 47 is a single element that
includes both the airfoil portion 44 and platform portion 46. Further, rather than
each of the airfoil portion 44 and platform portion 46 having its individual refractory
metal portions, a single refractory metal element 49 extends through the airfoil
portion 44 of the ceramic core element 47 and then outwardly in an orthogonal
direction to pass through the platform portion 46 of the ceramic core element 47 as
shown in Fig. 10. In this way a single refractory metal element 48 serves on both
the airfoil portion 44 and the platform portion 46 such that the final blade will have
exit slots on both the platform gas path surfaces as well as on the blade gas path
surface. Since the platform leg of the refractory metal element 48 would be tied to
the blade portion thereof, the platform portion would be held directly to the ceramic
core element 47 for increased casting stability.

[0042] As shown in Fig. 11 the refractory metal element 48 has its one end

52 secured in a slot 53 of the ceramic core element 47 the refractory metal element



shown in Fig. 7 wherein the airfoil 41 includes a tip exit slot 42 as shown.
"The cooling air therefore passes into the internal cavity formerly occupied
by the refractory netal elenment 13 and8 passes out the tip exit slot 42.
[0039] In Fig. 8, there is shown a cross section as seen along lines 8-8 of

Fig. 7 wherein a counter-paore type fe has been, |ncor orated to
reduce the (bt tpl"‘ﬁf’sé‘ FH@“{*\"FP“EWI“ ?hﬂgllieﬁorB% fQi E duri ng

engi ne runni Migen peQYea tht BB the(WaxPatt&iBakd ﬁgnméea&teailoﬁ be m@&@eﬁm a result of
frictional contact with the mating surface.) [0040] Referring nowto Figs.
9-11, there "eRHEWFXPABERAP hmar%mﬁdWreﬁlh@dp*fl@stemupiewvehmﬁ@h wherein a
conposite CohRRq &E@éf?a@%orfn%eﬁﬁel&h&%@sh% el RaMHRE BLEH padsaleQvinaws 1dtfol ern for a
bl ade and has an airf oi ortion 44 and a platformportion 46. The platform
portion, of élmﬂ%ofqoghmgfmtthp@wwgh whi ch serves to secure the blade to a
rotating nme uch a | ement 43

i ncl udes borﬁ&g:;ier am %lﬂg[i gnentlﬁ\%g{l%ﬁ%@gg%ne%a -rln-talg'l[aglygﬁ ﬁid[ £arF1 &Fgéﬁr)g‘r?]t 48. The
conbi nat i on ofithtreferenowoto tmrcﬁanédaamltbﬂmete@mbpdlmente as Olustratédeimint 43 i s
enbedded w thin th a 1 be Sgen eramc
core et ement i e PRk T of 8o PR plthet s SRR BT Bor ¢ on
44 and pl atf maylbp@fféatahthé@m vﬁu’rohhdﬁpamhgﬁhmrthé ﬂnmplr&aﬁdns@be bhtaeai rf oi |
portion 44 and platfor rt 46 having its individual refractory netal
portions, a St tl“glqséif’g]%eg't% bﬂ?r]r%‘ el ement 49 extends through the airfoil
portion 44 of the ceramc core el errent 47 and then outwardly in an
orthogonal direction to pass through the platformportion 46 of the ceramc
core elenent 47 as shown in Fig. 10. In this way a single refractory netal
el ement 48 serves on both the airfoil portion 44 and the platform portion
46 such that the final blade wll have exit slots on both the platformgas
path surfaces as well as on the blade gas path surface. Since the platform
|l eg of the refractory netal elenent 48 would be tied to the blade portion
thereof, the platform portion would be held directly to the ceramc core

el ement 47 for increased casting stability.



[0042] As shown in Fig. 11 the refractory netal elenent 48 has its one end
52 secured in a slot 53 of the ceramc core elenent 47 the refractory netal
el ement 8 48 than passes through the wax pattern 49, which will becone the

airfoil wall, and then projects through the wax pattern 49 to formthe
extension 54. Subsequently, when the wax pattern 49 has been renoved and
repl aced wit e &R®iperalloy metal, and the refractory metal el enent 48 has

been | eached out, ja pagssgifositecbres Us€fr pré®icingtal enibh®Wabity Q@ i Ng air
t her et hrough. 10043] Al t hough the invention has been particularly shown and

descri bed mﬂmﬁﬁm@ﬂ 8ﬁ@¢“ﬁ@”ﬁh@ipreferred and al ternate enbodi ments as
illustrated in thscer%w%thavtmqwneaa?edfgﬂgg; il Pt ARG Ikked Tn the

art that various changes I n detal be effecte erein out
departing from t herefragierisipetel dleragnd attashgsieo odid céremici elaneant irailingedgdahd ned by t he
claims. 9 V%X&%&%£¥m%ﬁPéagggggéhﬁgwpore for_use in producing an internal
cavity in an "1 nv MERt “casti ng,” conprising: a ceram c el enent having a tip
edge disposed in a plane and a trailing edge; a refractory netal el enent

attached to said ceram,c elenent trail.li edge.and .extendi t hr qugh sai d
b edge plane. 25 A chipBeivE cuses S orde SRR s AR R it G a ¢
refractory nefedlent &tedtendt oakttbiddgh &@f tipddgy plahé Buialo Faktér tHrgughdge pl ane but
al so further througp the. space In which the internal cavity will be

di sposed upodP¥F iy hich drjipgalravity wilisstispegedipp fiaadl cagings orth in claim 1
wherein said refractory netal elenment extends substantially normally from

said ceramc elenent trailing edge and extends through the space in which
the internal cavi8y w flcomposife spregeset fstrin tlahmll wheresn sapdyefractor metposi t e

core as set fQpfhy éxﬂznﬁé ﬂb%&iamﬂgﬁﬁﬂy%kpsaffgefa@rﬁg glre%em'at}a%ng edge and

extends through the space in which the internal cavity will be disposed upon final

casting.

4. A composite core as set forth in claim 2 wherein said refractory metal
element extends substantially normally from said ceramic element trailing edge and
extends through the space in which the internal cavity will be disposed upon final

casting.

5. A composite core for use in an investment casting process to produce
a wax casting with the composite core embedded therein, comprising:

a ceramic element having a tip edge disposed in a plane and a trailing edge;

a refractory metal element attached to said ceramic element trailing edge and

extending through said tip edge plane.

6. A composite core as set forth in claim 5 wherein said refractory metal
element extends not only through said tip edge plane but also through said wax
casting to provide a handle for placement of the composite core during the casting

process.



el enment extends substantially normally fromsaid ceramc elenent trailing
edge and extends through the space in which the internal cavity will be

di sposed upon final <casting. 5. A confésite core for use in an investnent
casting process to produce a wax casting wth the conposite core enbedded

therein, conprising: a ceram.c elenent having a tip edge d| sposed in a plane
and a trailing edde: 4 CPBPPSECHERS sRfufh ‘élc@%ﬁt‘”h&feﬂlh@l‘fb@ ragoyanedelcer am ¢

el ement trai |eleﬂﬁ:n€é§<%d§§lﬁ)sta@t¥éll§rﬂl@hﬁ%ﬂlytfm&%m%lg elelRn@F9IthdRldgosnd 6. A
conposite core as set forth in'claim5 wherein said refractory netal

el enent ext ed§ndrdhrogen spid Wrrbeagtngs'aiper vides haadle fsipdasempniof tresempeiilugh sai d

wax casting ch%dBﬁHg/{hg%as%ngﬁﬂﬂEs%. for placenent of the conposite core during
the casting process A conposite core as set forthin claimb

wherein said refractory netal el enent extends substantially normally from

sai d cerar ¢ el engnt tA3ph b GA%, A% BKLANS HILAHAN ARMINR G0 10 tO

provi de a handl e tTor place core casting
process. 8. Alenmnpmmnﬂes@suamaals nseﬂxallfycfrmhsalmcetﬂnac Mefhemhmildaigredgaanﬂi refractory
metal el ement, ext st ant |1y fro sal eram c. el ement
[railing edodvsitr MBRRLIICTPT PlGHo S e enda S P S ReM o BT BRSE handl e 1 or
pl acenment of coreGlap@thkcasting prokeuri ng the casting process. 9. A conposite
core as set forth in claim5 wherein said ceramc elenent conprises a first
portion and a second portion, with said first portion extending generally

in one direction and Sﬁ'cng@s@tQ@greQQEét'f&ﬂl iR¥fafR Y ivi@reimsafd Grdrict | ON
substantial |y orthogonal ereto, and further wherein said refractory netal

el ement is Sigmsnegempaisesy @S@?ﬁﬁé‘cﬁnéﬁdecéﬂ pertign. tHithoaigHirsaoRiosai d first and
sai d second QQ{eﬁdlf?é‘g neljaﬂ?; if b UIRARN G d b SecB ogfl ja&édal Mn §laftbdiion wher ein

said first portion airfoil portion an Second portion is
pl at f or m por tsilestantially orthogonal thereto, and further wherein said refractory metal element is

substantially L-shaped and extends through both said first and said second portions.

10. A composite core as set forth in claim 9 wherein said first portion is

an airfoil portion and said second portion is a platform portion.

11. A composite core as set forth in claim 9 wherein said refractory metal
element extends not only through said composite core but also through said wax
pattern to provide a handle for placement of the composite core during the casting

process.

12. A composite core for use in an investment casting process to produce
a wax casting with the composite core embedded therein, comprising:

a ceramic element having a first portion and a second portion, with said first
portion extending generally in one direction and said second portion extending in a
direction substantially orthogonal thereto; and a single refractory metal element

attached to both of said first and second portions.



‘11. A conposite core as set forth in claim9 wherein said refractory neta
el ement extends not only through said conposite core but also through said
wax pattern to provide a handle for plldacenment of the conposite core during
the casting process. 12. A conposite core for use in an investnent casting
process to produce a wax casting with the conposite core enbedded therein,
conprising: a cerafic BlcamentitesaiFian setdorth ipstaim 42 pihgieinasayl rafragderdnd porti on
with said firgdal RHehi QQuiihBNHIiNehagenerally in one direction and said
second portion extending in a “direction substantially orthogonal thereto;
and a single refractory netal elenent attached to both of said first and
second portions. 13. i : t im 1.2 wherein
said refractory %%'t al ﬁéf@ﬁ@ﬁ@?@ atgg tg%lﬁ{l?gaf‘ﬁgk Iﬂhg{?g%gg{.]ﬁﬁwnégnposi te
core as set faprirfoiliportgdngindsdi@ seord pértiorsiaiagldtforrs pogpiont i on is an airfoil
portion and said second portion is a platformportion. 15. A conposite core
as set forth in claim12 wherein said refractory netal portion passes

t hrough sai d fi rsti5andAsem@odteporetas st Sorthlif .clahn d D mhoirt @idrefrectas set forth in
claim15 wherein said refractory. al, portion. further passes through said
wax pattern WﬁmﬂPBGPBQaﬁeﬂgﬁHﬁéé?%EgéﬁFﬁgﬁﬁ@ﬁ?nﬁp&the conmposite core during

the casting process.
16. A composite core as set forth in claim 15 wherein said refractory
metal portion further passes through said wax pattern to provide a handle for

placement of the composite core during the casting process.



