5 XYe3el R OLh6PT59 CORES FOR USE | N PRECI SI ON | NVESTMENT CASTI NG Backgr ound
of the Invention Field of the Invention 5 The present inventi

i nvestment casting cores, and in particular to investment! cas@m%mmlﬁg““mr
which are formed at least in part fromrefractory metals. 2. Backgroun
Information I nvestnent casting is a commonly used techni que for f%?grﬁgng

netal lic conponents havi | ex geonetrie especially holl ow
conponents, and is SORKRE N I : VIESIIMEND] CASTENG ¢ ur bi ne
engi ne conponents. The invention wll be described in respect to the v

production of superalloy castings, however it w |l be understood that the
invention is not so limted. Gagﬂ‘hﬂmoﬁﬂ?ﬁlﬂé(enhﬁé wi dely used in
aircraft propul sipn, ¢igqtdrithe PV iogener ation, and ship propulsion. In all
gas turbine engine applications, efficiency is 15 a prime objective,

| nproved Yas t ur biheepresryitievestionaelatrsyo investeeniispeingeepres and én nagticylaat

hi gher te”pefoaih%ﬁﬁenpﬁé’ﬁi{g%ofe%ﬂﬁm aRABFAEY H@e&&@%ﬁtf%rﬁ%f%&o melEh a

| evel that, i1n the turbine“section, the superalloy terials used have
limted mechani cad pr &askgroand Informatiomt |y, it is a general practice to
provide air cool 'Iﬂgeitﬁ{en?QasﬁﬁgP@Q%&dniy Las t'@&ﬁﬁi@éé f&Qthrhi(Pl%Srn@cfallQ?‘s

turbi ne engines, typically in“the turbine section. Cooling i's provided by
f1 owi ng rel at9MRPRENDRAVIAE complin gerEcEiefp PSSty SOHOVHPMFONERE, argisne

through p@assagRSinitRe tdbeichE6R bR JePAIRRER IS Hife B iROBbRHondrts WIhd inRention
appreciated that cooling cones with an associ ated cost in engine

ef ficiency, WdhBegesrbryin resped tp sheprodusiign absinesaliqy bngw BOWRKeHE Bl

speci fic coobé ifderd@olBKAhE iMentiba ifABAtlikftec00l i ng benefit obtained from
a given amount of cooling air. Ref e{ﬁ{ei ng to Fi gas t&ll‘ bi ne engine 10

) FiL.g. 1, a ga
includes a conpr €$3BMrRINE eRBIERBTRY lyusechipqiarattPrmia clogfic HAVFT o
axi al 'y thr oggterdthe, 988 tshipnsropdisidrd, Inailidsatbuiné igzife gpplecalions, Affidiencpas |
known in_the art, gir 18, conpressed in the 30 conpressor 12, is mxed with
fuel whib i§p5m%%’de‘itwet he combustor 14 and expanded in the turbine 16,
t hereby rotating Inijgrotved gaserbimheangirdrafficiagyt daa leahpainsd by operatiBgtah t he

conpressor 12 and the turbine 16 are c rised.of rotatin nd ,stationary
2 rToil s 20, Riger (epiratirc Piwen Ry SPretfa Sner s fikA0ar e feba ™

t he 35 tur bi that,i6 thavebselspenire the speegiktyi thateealshsedhhvelinlited gneshdsicalnv del y
rangi ng t ratures _an ressu 0 1.d.t mal_. d o the
airfoils, eagﬁ}%)alrtrl%sbi Onfgq |er?@lyulffess!l g?\?eé%ir%%gtgéggf)ipgg‘%ggfa 3r°§?ﬁ’3§ {CE)r FIG 2,
the airfédl e@nperdinigizsthe Hotzeli prytiedpef 26 tarkinaengingd Fypicadigge thatukirendi ng

froma root ?&ﬂoigcﬁgliﬁ%g n@rg@\%eﬁhﬁ;ﬁ%in@}gla y&'g%gggéei?;%ﬁb %;H%t%gl;ﬁ*@%iopg egge

cool i ng passage ' thi'n the®l eadi ng. airfoil
havi ng radi apPqcjionef Erangine dopngl pesgagesdnies irbinesompenents|te Raicagleddie

inlet 46, fowmee\&fgﬁ@cﬁtém\apk@éﬂ B4 AR ah Bsdoltaked %Hm@{;\g%%éfﬂeieﬁé)t,h the
channel 42. A pluraljty of |eadi ng edge crossover holes 48 formed within a

| eadi ng edgecPrsguglynaare b0r seeng desiTs o PreVidA sRhICed sPe@iif €P9liBgdi ng edge

exhaust passagRimZin@iHehdlif ot CoSRR bed@fifbbtalle@Trdha ghanaabudtoi@ofih®w
into the | eadi ng edge exhaust passage 52. A trailing edge cooling passage

56 is forned®ithin the trailing edge 28 of the airfoil 20 having radially
extendi ng, connecR&rrENRIEES1, aGa6 Guditk éngifidld indlidRggRompredsobL2, a

combustor 14, and a turbine 16. Air 18 flows axially through the sections 12, 14,
and 16 of the engine 10. Asis well known in the art, air 18, compressed in the
30 compressor 12, is mixed with fuel which is burned in the combustor 14 and
expanded in the turbine 16, thereby rotating the turbine 16 and driving the
compressor 12.
Both the compressor 12 and the turbine 16 are comprised of rotating and
stationary airfoils 20, 22, respectively. The airfoils, especially those disposed in the

35 turbine 16, are subjected to repetitive thermal cycling under widely ranging
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formed wthin the platform34 and in fluid communi cation with the channel
58. A first plurality of trailing edge crossover holes 66 is formed within
a first trailing 15 edge wall 68 and a second plurality of trailing edge
crossover holes 72 is forned within a second trailing edge wall 74 to allow
cooling air fromchannel 58 to flow through an internedi ate passage 78 to a
plurality of trailing edge slots 80. A ceram ¢ core 120, as depicted in
Figs. 3 and smnegatuseé@nﬁrprﬁwr%rﬁﬁea\&lﬁﬁhqﬁg\abdé@eg%t% e@iéolly e3hiadobo and

defines the j@qhugwegﬁl\fé@lap&cﬁﬁgr ein. A ceramc core 20 | eading edge 126 and
a ceramc core trailin F? 8 correspond to the |eadi ge 26 and

ng ed
trailing edge 28 % G#rma taiti% ot the girtaileddiaeltdows {ead mgc%igﬁr%% @ndartaailipgt 130

and a tip 136%ig‘é(2'8re€2€e?ﬁﬂ%fr9mté"?oo’%'eﬁ&@b'to 5@&?{[323%91@%69&11‘1& Qgﬁﬁforﬁl empect i vel y.
Ceram c core passages channe ,and |nI ets

146, 162  edpedingeesy coQlisier RassraRit s formechyabirthe l%ﬁw efgecipnfibe airipp
58-60 and i rdoqtasnﬁgﬁrao@;aly Sltetdifig 2RndkbkQichand s PREL aN&LyeadP@gSé&gqeﬁleézs and

78 of the airfoil tTarrespond to channel s 152 and 178 in t eranlc core.
Pluralities f6fmedwgeha ﬂ1€zmlatf95te 34ppsl i fluidh gongrinigaionaith aneld2y
plurality ofplarOfs ey RadhY &kedBossbfer Holed 4B foh@ediwifth la 1&liing Qégkefgisbé/ y. A
core tip 19 e core passages 140, 156 by neans

h d
182-185, to ‘gfﬂiB? P%%gaf%éf%%éd rpmialgading efsﬁexlmsém%ﬁ%%@ e@?mﬁr s

handl e 3 1%%olifigatrifasiede alhartd@e%w@omnaﬂolth@geaaﬂ%eecﬂg%&xhgust@amge B A
purposes. A core extension 196 defi n a coo passage. at &g\%\rooft to the
YRR R

airfoil 20. CRHP&RABHEXIEGNEAESAOIR ‘F%ﬁﬂji‘éﬂ FEUge e ngers
148, 166, 172(1 hafveﬁ m‘ctlan/;ewena&th @)r{fn@étléd@ﬁaﬂﬂieaﬁ$6@ﬁlﬁh N &ldmpddpesAlResDf t he

nost 1 nport e co ot her ony uch

conbus{rlp on ]%1‘6@”83{4&“‘12‘ fﬁ’éﬁi Foglé‘ﬁirgc%ng‘ow‘%%&hﬁ &@ B%I?ﬁ%r Ay, and
the inventi oﬂirshﬁmralmpldfmaﬁlhﬂg\edgk c&bd;soeeloll\@ds baisibrmeedat thivas Brst amadlirign f act
t6 all c Qres suc Figs. 3
a4 o BTl SaRL et R RILFEY Y kBB bRt R 2 W Peka
fragile, es pwdhai 4 secbhd taduenedgt wall 84 t<5a1usxedod>lmg‘ @b frooattensriElf toiflew i cat e
coolin ass I e prone to
carphos and TRaT Th RRUAREEATALCHATE 1o Sl Ll SOEATNE SR 8830 P

advanced exper i mehtedantit afate H@&Sgi@l@a@ iri Figs\3 aldié 1$)ﬁse|dels§h¢ Mnumﬁmr@ e
achi eved, pgfxg)%s%‘%lf ltl])( d&i%ﬂ&‘ 56 aRl JeAhEs Eh%'ho%&r ca@&i’é\é‘%ﬂéﬂe&”% c&ﬁ{? cores

are pr OdUCG rocess usin ceramc slurr y an ﬁape
die; bot¥ i nlgeé@mgcﬂdgﬁﬂ%mn@ aaﬁ@mlﬁaﬁ@fwlhmﬁdgm&&mpwm theye

enpl oyed. Th@d taq{dwrﬂ%greagé 28 %%ﬁrf&?%“%@%ﬁéc&@éﬁ a'AtJé?é%HH: chaﬁ)to't ‘§§O | ow

mel ti ng- poi nt t ani ¢ conmpound as” urea, have al so been
enpl oyed. Th@l%ﬁéplw%waemonrﬂotp @awgqﬂnrg)oa?)o il HBiSdalesReGtively- SieRRIBIC CF bi nd

t oget her cergisgg @elrzmlﬁb%tﬂ\@h&meﬂmzbmai%ma@aan&idlé@a% 2k e@pe(aw@ 15

alum na silicates. The invest sting pr ur bi ne
bl ade, usi ng“ArEBPAMIR PRAES ‘%EP “B@‘%B?S?‘ ﬁZdﬁ §§ é@?‘g{’d "rté26 22 ‘é{tgi*n c core
having tie gsiefs} féﬁp@teﬁneryedvd‘s@dgetsbz ahdUSI’OBEHe azﬁ@illcagegﬁﬁﬁagehamsemi@ced ‘in

Core. The ai 89 L4 IPE B e aPHOUAR e TRET I 200 24 B PARSE s wax

The die is rm@dnﬂe@mer‘;guth&y@etwmweehb&saairﬁdd:edm he airfo¥dX0,pattern. The

pat torn in o BEFAEL of GPre i PREA syl e Prece G TeEPLARNIES 11 ol os

to the sl urrfingérhkil82 @Bi)mesislbﬂ&ettbe owrd 120 attheitipgl 32Then sttecabedtamésharati¢ er n,

cont ai ni t en drle n £ 1eTH)! ess, repeated to
provi de ?ﬁe g%lsl?r%{et C}fgs e‘ffo q‘ad F(?getﬂz% énggs m@tgp‘? |8§es ?)Sl‘n 8t he nold is
t hor oughl y dextedsiamd9théefired at@oking phssage etitheenpetiodhe aefdleOr dramberlinerel Wax
material and, ram c nold
Cont ai ni ng. ! Ser SRR PR bR SRS fers TAEQEETA redsud V1 ©, ¢

wi || be under st ooWhiledurtihebledeeandvands arbeorepbtheshostémportenB@mpeersatevay
to be for mdtﬂa@a{éﬂ'&)o efacﬁtok}(bg ARG Plﬁts sﬂEl@E Xmb st1t Iﬁec}%ﬁ'ﬁéérs %ﬁéglaﬁgfoh@eﬁﬂs the
external dinensions o e sup Fa oy cas I'ng o b e core and
shel | may aI 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. After the renoval of the wax, nolten superalloy material is
poured into the 35 cavity defined by the 2hell nold and core assenbly and
solidified. The nold and



3 core are than renoved fromthe superalloy casting by a conbination of
mechani cal and chem cal neans. As previously noted, the currently used
ceramic cores |limt casting designs because of their fragility and because
cores with dinensions of |ess than about 5 0.012-0.015 inches cannot
currently be produced with acceptable casting yields. Accordingly, it is an
object of this invention to provide cores for investnent casting which have
i nproved necHapfatsdlsyregyiercraking jandjthe mwnHer happrplicagpnitp all codled tubing o

provi de cor egardiia6é agdhin Bat FREE chipldti ARertitips. cknesses than current ceramc
cores. 10 It is another object of fhe invention to provide cores which are

resistant to ftherq;ﬂﬁlre%t%?,q{‘e%ﬂ%d‘r?é ?féh@&’ﬂlpﬁ@gsp?’@ééé{sa.fe fabricated fsmer obj ect
of the i nventdraRidAaRHAMIHIR sGEH EFaiid &died @G HHAIRLELSRy B JBALLY &tedthi Ch
cannot be achieved in ceramc cores. It is another object of the invention
to provide cetesdodprigatesmahintemte cagdingpaseraasinad vndse hashprex (@Esngn

changes w t h@ihmih@r&egd F?&@%Rb%_a@@ﬁhﬁ!ra%&ﬁ‘& Hﬁﬁnﬁm%rﬁ){a%ﬁ%ﬁ&%urﬂ closure
of Invention To achieve the foregoing objectives and to provide otfier

benefits, incatngckoiommedvanced expreiperiabblade dosgns esting gields oflessdbarr i bed

whi ch i ncl udeny efe ReIeY, prAd@pals) BdrNiSof &3gé fAIGk@ry netal s include
nol ybdenum tantﬁéum ni ohi um tungsten, and alloys thereof. For purposes

of this inventiorORVFBUPRFLFEI4RICCIES GG PHRAUSPS bY i NPLAANE Brasessftig $t ood t 0

i ncl ude 1t ecereinal dliney aaHRGKAPS BasBEthaRjehien hvl@ggiand tesi@ihaeiy y
nmetal s. Accor |ng to on eHngjgdl E of the |nver]t| on, wires of these
refractory nECIMGUETRAEREETRRYS Ratteen mpterdal i moslsAnyRoni v &% ed

mechani cal pdildmifglh!;ﬂ%ﬁcb,ﬂb@&ﬁ@lﬁﬂg;}ﬁtﬁnwgbﬁéﬁaﬁﬂ begaﬁ@mmﬂ' dili&[ttfs sothbbarea, .
i nvention, a ceranc core na r out a sheet of refractar

mt orf al b BV SEE BB AtET o ot e e ¢ AR e | east
a portion of tobiad tegtihdredratic pagiderihich rhay be slantanailios tibconioimer

enbodi e vetntion a refractory wire or sheet netal elenent nmay

of, the i.
forma p rti%lﬁmd?aalﬂﬁ%Fse' and may be exposed to the nolten netal during the
casting process. Theinvestment casting process to produce a turbine blade, using a ceramic

core, will be explained briefly here. A ceramic core having the geometry desired
for the internal cooling passages is placed in a metal die whose walls surround but
are generally spaced away from the core. The die is filled with a disposable pattern
20  material such as wax. The die is removed leaving the ceramic core embedded in a
wax pattern. The outer shell mold is then formed about the wax pattern by dipping
the paftern in a ceramic slurry and then applying larger, dry ceramic particles to
the slurry. This process is termed stuccoing. The stuccoed wax pattern, containing
the core, is then dried and the stuccoing process repeated to provide the desired
25  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.
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
30 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.
After the removal of the wax, molten superalloy material is poured into the
35 cavity defined by the shell mold and core assembly and solidified. The mold and



A n accordance with enbodi nents of the invention, the refractory netal core
35 conponents may be coated with one or nore |ayers of protective materi al
to 4 prevent the refractory constituents frominteracting with the nolten
metal during casting. In accordance with another enbodi nent of the

i nvention, investnent casting cores may be fabricated frommultiple ceramc
and refractory netal conponents. 5 The present invention nmay be understood
by ref er encecare athhahobmowed frodr thwi sugpsrallmyansting by a hembuiationioh meghaziciled
descri ption. ggtﬁgn&gﬁﬁ%&ﬂtren of the Drawings Fig. 1 is a sinplified, -
broken away el evation o as turbine engine; 10 Fig. 2 is an enlarged,
cross-sectional eAepmvnml)oﬁot@d, @Ermmehtlafuseﬁeerga‘sc tereplimet engngdessgndi g. 1;
Fi 3is an r [ for
mant act ur | noRere paE Hages ShBetag Br T R AAGS SHeRIRTRARI T
and Fig. % i80&- Gﬂb%gmeetcarm@atueeeﬁbabe prodafced h*etlteqcamab ectesténg yiklsts. i n t he
direction 15 of 4z E t I n of
a ceramc core takée%r?'r?lrrtllél}g1t ‘3??8‘? C%ﬁf%Fq%ﬁ&ﬁaﬁﬁ‘ﬁg{éldﬁgégh%&fﬁ%@ of
t he i nvent i ogasting whécls havesinmeroivad incerhanicelqoiperitesschenes; Fig. 7 shows a
refractory metal el oifdadied of tﬁeqﬁotrﬂ&natog%veettt)?ét gk kigbehpBs age.
Detail ed Description the nventi on As viously note convent i onal
ceramc coreﬁllalﬂ%rtbwkneﬂﬁtﬂf’r shaaqurlrﬂntperrgnﬁemrer in the desi gn of advanced
conpl ex_gyiper al | oY AdGh S RLCAURENLAor BRASEI R RoMsTBASH ARAkaiblaf LAt | 0N
on casting desrgn Frg/si ustrates various embodi ments of the present

i nvention. rmBI uﬂii‘@ the sagingeproresial el evation as in Fi g. 4 with
various ill USt rat l'tYsear{cﬁIftéxa&%&ft oﬂﬁteélhv@rttmtp%ovﬂa%fc%fés'vﬂlﬁicﬂﬂ%é edthélried®
which illustrates enbodinents of the invention, one or, nore refractory
metal wires 20diepiyrepwhicheumelbaprehipyed MeesspEScore to 30 provi de

strength and reSIﬁt@é}ﬁﬁhéx%wéc@@ktﬁwnmlot@roqiraglde%tmumhsh@wr}apﬁi circul ar
ed. Wre 202 may

in cross sectlon ot her s section
al so be F%cat‘%ﬂlegtﬁnéaém‘wtcﬁ@ %ff erign g‘@"&ﬁ? n@‘f’u&gtfé‘efﬁd SRPIBRSPSHY ovi de” a
core surfacetdbifg@ul.processes.

Disclosure of Invention

To achieve the foregoing objectives and to provide other benefits, in
20  accordance with the present invention, cores are described which include refractory
metal elements.

‘Refractory metals include molybdenum, tantalum, niobium, tungsten, and
alloys thereof. For purposes of this invention, the term “refractory metals” will also
be understood to include intermetallic compounds based on the foregoing

25  refractory metals. According to one embodiment of the invention, wires of these
refractory metals are embedded in ceramic cores to provide improved mechanical
properties.

In accordance with another embodiment of the invention, a ceramic core
may be formed about a sheet of refractory material which has previously been cut

30 and shaped to conform to at least a portion of the required core geometry.

In accordance with another embodiment of the invention a refractory wire or
sheet metal element may form a portion of a core and may be exposed to the
molten metal during the casting process.

In accordance with embodiments of the invention, the refractory metal core

35 components may be coated with one or more layers of protective material to



~Refractory nmetal sheet elenents may also be utilized. Refractory netal
sheet 35 elenents 204 nmay be | ocated at the surface of a core elenent; or a
shaped refractory 5 sheet el ement 206 may be shaped to forma radius and
corner of a core element; simlarly, a refractor y netal elenent 208 nay
formthree sides and two corners of a ceramc core elenent. Refractory
sheet netal elenent 210 may be | ocated largely within a core el enent,

ext endi ng f rgverdh scﬁffmyw@narwm@rfror@rntfe@rcgagm&yt}ecm@lt@ metahdnring12 may
be | ocat ed e&ghﬁﬁey within a~core elenent. The trailing edge 128 or any one
or nore core el nts of the core 120 may be formed entirely froma
refractory netal 18Reesrdercegyish poethgr embadisnerns of sheingariion, Widstrentisheting

properties t d r nts or
Bt e cor e may B R e oy T HeRLR) et RORuBR SR
refractory netal SThegirazent uswengovmaydmumdrﬁrmad hywefea@iqago thesfol pwireg

wel ding, T1 i B@@% 1g. The previously

descri bed ercr%r\gg}llr'r%nt Eegm Flglfjoslﬁwgtng\geewgﬁﬁgbgor esigner . may use any one
or nore of these enbodinments in a core design, utilizing them as
appropriate in view of the spggifbes&PtforlSSindDrakinks 9- 6 shows how a thin
refractory sheet metal trailing edge core conponent an be used to forma
part of an over alfiigiliyasimphified Rsekanpwar devatinn efif gasitethiae ergipenet al

el ement @P0 can kg atit akRAMArEQ, cRR s GEERINAL clROAH PO A2ArBY 0P HRVE Aithihife
refractory netal corrponent Wth regions 224 which protrude or tecessed
pockets 226 §1§eeig ¥he ceramic around this protruding el ement, and / or

into the pockets f2 39 aRleRMaf6n Bf %@ﬁﬁﬁb@@ﬂedeﬂ% WRE pabdigesRI-am C

el enment and t he ract or%/ ft@aﬁtgfel enent . qul I | ustrates how refract ory
netal core @ F@%(Pé haipetl i die- tzcﬁcF?FﬁW&%tl RIPSERETVENESHIAHg hol es

wi thin the vval I s dickdRisketidral HegatidiDof thefckrehie kireahrdreitthddb-exdends
bet ween fo%g 2% nd the shell 234. Refractory element 220 25 will form
a convol H assage in the wall of a turbine conponent, a cooling
passage whl ch coutigl mme\ éresmduhyalea&hhagoﬂsicagnﬁewemm’te@nalth@ore

technol ogy. The refr and Ware comrercially
avail abl e i an Ctlo ﬁ%&rgh ﬁ‘bé’glwr?técgﬁbe?ﬁg%ttmmm ch can be cut as
needed to form cd’rlg\,sﬁ ﬁ@wsne@aprcabm&meGthmsl aser cutting, shearing,

pi erci ng and phot S ng and
twi sting. The st afg%{ ?iw"&ga reyggto? tnee%%:lggfeu%% (.f]g ol mr%p{@ocf“’%yutggg h
passage32®m|p¢$8agﬂduce turbul ent airflow. Holes can be punched into sheet to
produce posts or turning vanes in passageways. Refractory netals are
generally prone to oxidize at el evat ed terrperatures 35 and are al so
somewhat soluble in nolten ddefailad Deg : entionf r actory 6 met al
cores require a pA@ﬁ&@tdu\ég/e &@a'a&av&&umawea&m%@%f@&r@ém edrmﬁitmg

nolten netal, Refractor core elenents can coated wWith or nore
thin conti nu@ﬁ@ré}ﬂﬂ“@r‘iﬁﬁtg“déﬁmﬁchﬂ%%‘% 6‘#Pfﬁ?‘%‘t>3éélttlcéﬁ§ Dbegyise e mRasaNni cs

include 3| |&1@ner@idﬂ1€l l"h@utaﬁbﬂié:@rmbﬁs’tmgme a Figl |111h§t€at@§daﬁlﬁfs@n%od?ﬁ1@ﬁ%r ably,
the coeffi CI(SL{% 5 thermal expan C T. he refract 4Tt ﬁ‘l and

the ceranic e?F‘??FP%I‘InVE‘@é(P% 183 ée?ﬂfﬁl gl§vaonetain b

el ect rophor e&drﬁous&ﬂdstﬁéliveﬁ@ﬂraét@ﬁﬂiété]'éﬁziinerft@|tl ple layers of differ ent

ceram cs may be | oyed. Individugl .layers wll i cal l 1.to 1 ml
t hi ck. y el{reeer ng now to# . w%ichl ustrates embod)(nQents of ¥he invention, one

or more refractory metal wires 200 may be embedded within the ceramic core to
30  provide strength and resistance to cracking and warping. Although shown as
circular in cross section, other wire cross sections may be employed.
Wire 202 may also be located adjacent the surface ceramic of core 120 and
may provide a core surface contour.
Refractory metal sheet elements may also be utilized. Refractory metal sheet

35 elements 204 may be located at the surface of a core element; or a shaped refractory



10 Metallic layers of Pt, other noble netals, G and Al nmay be applied to
the refractory netal elenents for oxidation protection, in conbination with
a ceramic coating for protection fromnolten netal erosion. Refractory
metal alloys and internmetallics such as Mo alloys and MbSi 2, respectively,
which formprotective Si02 |layers may al so be preferred. Such 15 materials
are expected to all ow good adherence of a non-reactive oxide such as

al umina. |t sheetiglemest Hcnanke skipadcta foimaghdia aodicdendr of aepse dlement; ve in

t he presence.of;.ni,C eq- |4 i.n.l ayer .of
ot her nonr ea%ﬁl\egybé;féére%g@g\%%g?X%eﬁﬁbgrﬂég);rrfe&ﬁl oﬁ\gﬁé %??“éi,\écr{a rea£| grs ot

di f f usi on botegamig cohe element.oRéfdectory sbiretasetal eleineat 21} miap e hedatddt lergel0 For

pur poses of | gl JUEBLI Al BHA g BALRLAL B0t dnslebldr Qe g@b bener s,

preci pitation strengtheners an persion strengtheners are c d as

al | oys. A | oglement N may be tiwateMntirelFowithin agcopgelzmend. 04% C, bal M), and
| ant hanat ed Moly N j 389 b Ly
noted all oys are % mﬁﬁ%%gééé%?r\gdme;@?%téﬁggw é% Oﬁgﬁ%g&ﬁi%@k{%ﬁb.
After the cdstfongegeotesly fiom eoefphatory mptal sheet fo prodidsor thismer coengdemdnt The

shel | is EXtﬂtﬂ%aﬁ’i@grg}gés}tti.@@t}{a%%‘ﬁf%o@%m%‘é'%@?é&&ﬁce@%ﬁé}ﬁ 5%1%9563‘( the

ceramc away fromth I ng, followed as necessary em cal neans
usual Iy invol vi ng-86 elemmets poenting caresansyt also bebuilt wp fromnmudhépleshepedar t |

ceranic Rpre&e@fsfély%y?éfl{a)eété TRuSH é&%;%&gls&%%trfoﬁs%QétH&lsoi%?lud%% RRiHpdeT

condi tions of elevated nperaturés and pressures i1 n an autoclave. To the
extent that VRingdm weldiosr wazimgeapddiffusiorybendingi ¢, the sane caustic

sol ution core re rel R J4eSHARYMBEiIaII Y@ ustrativEN €'hE @bFfeatdsQinkr Met al
portion of the invention cores nay be renoved from superal |l gy casti ngs by

aci d treat neREE UsEaRy enaapmere phthesherpeodmnends B $9re s ghi eikming tisat a3 | oy,
we have usedaﬁgopﬁggesnldmsoggle@yegﬁc |6'81%Qi“esi§?i.i| H20 at tenperatures of 60 -
100C. 5 For refractory netal cofes of relatively |large cross sectional
di monsi ofS. t her maTEGANGAYS 5t GARTIEESO hper BIFY ol B PR BFoF B ForEPanent
vol ati | e oxi &g be usello Eaines patt sfiml dvefdiDinsestffeht 8atsing\WBrdl AR thitieattoey nal
oxfation Loy bey | 0etLP6LIVEL, A9 NLER: ot e, beced O 1 e metals 0. M.
t hese mnet al srefiaetopy efeeslrcechpdhent with regions 224 which protrude or recessed pockets
226 injecting the ceramic around this protruding element, and/or into the pockets
20  to provide a mechanical lock between the ceramic element and the refractory metal
element.
‘Fig. 7 illustrates how refractory metal core elements 230 can be used to form
small diameter cooling holes within the wall of an airfoil. In Fig. 10, refractory
element 300 extends between the core 232 and the shell 234. Refractory element 220
25  will form a convoluted cooling passage in the wall of a turbine component, a
cooling passage which could not be formed by casting using conventional core
technology.
The refractory alloys of Mo, Cb, Ta and W are commercially available in
standard shapes such as wire and sheet which can be cut as needed to form cores
30  using processes such as laser cutting, shearing, piercing and photo etching. The
cut shapes can be deformed by bending and twisting. The standard shapes can be
corrugated or dimpled to produce passages which induce turbulent airflow. Holes
can be punched into sheet to produce posts or turning vanes in passageways.
Refractory metals are generally prone to oxidize at elevated temperatures

35 and are also somewhat soluble in molten superalloys. Accordingly, refractory



.In the clains w1l. A conposite core for use in an investnent casting
process to produce an internal passage in an investnent casting which
conprises a) a ceramc elenment (120), and b) a refractory netal el enent
(200) attached to said ceramic 5 elenent. 2. A conposite core as in claiml
wherein said ceramc elenent (120) is an oxide ceramic. 3. A conposite core
as in claim1 wherein said refractory netal elenent (200) is coated with at
| east one oxinetal icores repiist aptotetiyricnatingiceprevent oXidaimpasid exosion yasolten

claim1l wher ﬂe&l Sﬁé?a&&y r?lgga? Egre@é'xﬁéntg iﬁﬁ eI:oa%)c{rWlﬂh cgtmé)x%qﬁlt one wire

(200). 5. Ac Fein said ractory nmet al
el enent corrpmrmelsloas atlleersnt @manszﬂeyeers (@(prptecﬁonASmbamies¢mm1csaneluds siliga,cl ai m

1 wherein Saﬁllﬁn{}ﬁg @Qgﬁaycﬂfg}r\% nqul(ﬁ@md ﬁ%t?t r%fe\%{?i? qﬂEQOéfﬂ ceramic

el ement (120 te doreas in eI n Sald re ractory
met al el eirenthe(mebﬁ)xnasaam(ﬁah%aot thetrbfzacioryf laceal ohd tieceramirdre simhidarent
(120). 8. A PARST | ;{ZP Is a
mechani cal atétgac rsclglwkgﬁghp%cg% etm (!%re ase?%éri:r glger%?s[?&\%g n said
attachnent |@Chmqheém cal bond. 9 10. A nol d-core assenbly useful in the

prodict{on of | ngsIHDL RS RV AL Lok AgRIZBR Bl
(120) ; will typically be .1 to 1 mil thick.

10 Metallic layers of Pt, other noble metals, Cr and Al may be applied to the
refractory metal elements for oxidation protection, in combination with a ceramic
coating for protecﬁon from molten metal erosion.

Refractory metal alloys and intermetallics such as Mo alloys and MoSi2,
respectively, which form protective SiO2 layers may also be preferred. Such

15  materials are expected to allow good adherence of a non-reactive oxide such as
alumina. Itis understood that silica though an oxide is very reactive in the
presence of nickel based alloys and must be coated with a thin layer of other non-
reactive oxide. However, by the same token silica readily diffusion bonds with
other oxides such as alumina forming mullite.

20 For purposes of the invention, metals containing solid solution
strengtheners, precipitation strengtheners and dispersion strengtheners are classed
as alloys.

Alloys of Mo include TZM ( .5% Ti, 0.08%2r, 0.04% C, bal Mo), and
lanthanated Molybdenum Alloys of W include W-38% Re.

25 The previously noted alloys are by way of example and are not intended to
be limiting.

After the casting process is complete the shell and core are removed. The
shell is external and can be removed by mechanical means to break the ceramic
away from the casting, followed as necessary by chemical means usually involving

30 immersion in a caustic solution.

In the prior art, ceramic cores are usually removed using caustic solutions,
often under conditions of elevated temperatures and pressures in an autoclave.

To the extent that the invention cores are partially ceramic, the same caustic

solution core removal techniques may be employed.



5 b) arefractory netal elenment (200) attached to said ceram c el enent, the
external contour of the conbined ceramc and refractory netal elenents
correspondi ng essentially to the contour of the desired predeterm ned

i nternal passage along with gating and feeding elenents; 10 c) a ceramc
shell mold surrounding said core, and spaced away fromsaid core to define

a cavity; and d) neans in said shell nmpold for filling said cavity with
mol ten netal . 11 Th@ refraetony ekl @opker A heriprendion ceresavay bepaparddijomody
whi ch cont a' Q§hSEH 5’&&t&%ﬂhéﬂt@ckdﬁe&mn@lé%%nw}%%%'cb% fRedy, said
conposite co risin a ceram c el enent b) a refractory netal

el ement atta@ﬁlé%l Sﬂée@ﬂpﬁl’ wenave gsesi @Ws HiNG ?@maéfsdéﬁoabﬁltﬂ&atof t he
conmbi ned cerg r&h?%ecﬂ%ﬁ CQ@(Fogspondl ng essentially to the contour of the
desired predeterm ne nternal passage along with gating and feeding

el ements.512. A dowpesacterycmetal feres QgeelatnveilmiﬁégQ frioRs sasonqlshmenpsions

superal | oys, th%%eréﬁaa%raéarﬂ&f@éedqe%eﬁso@m&wﬁi&rfe% 6 Lefiesdaat i mest one
refractory netal el enent sald core having at feast a el ement having
a di nensi on @fres @fs%nélh@ﬁssa%U@nS/M%hﬁchﬁééd thegmahpxigiatien ée be inséeetiveoy
article having amyi RbeANQrePBeadn thawididls MSINB 19100 T arl Ryt BaRegbout
0.012 inches. 14. A core producing a _superalloy investnent casting

i ncl udi ng a #leng adthoinjermetaliic eprerRds baser ey thase metaly ragrefaged ( 128) of
said core. 10 15. A core and shell assenbly for use in producing a
superal l oy i nvestnent casting including at | east one refractory netal

el emrent (230) attached to said core (232) and to said shell (234). 11
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5. A composite core as in claim 1 wherein said refractory metal element

comprises at least one sheet (204).

6. A composite core as in claim 1 wherein said refractory metal element

(200) ié embedded in said ceramic element (120).

7. A composite core as in claim 1 wherein said refractory metal element

(200) is attached to the surface of the ceramic element (120).

8. A composite core as in claim 7 wherein said attachment is a

mechanical attachment.

9. A composite core as in claim 7 wherein said attachment is a chemical
bond.
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10%2z& (1o- f 5K} KKKKKKKKbC1QY), 10 @REPA& shitl mdid%asrduhding said core, and spaced

away from said core to define a cavity; and
d) means in said shell mold for filling said cavity with

molten metal.

11. A cast article which comprises a cast superalloy body which contains
a composite core captured within said superalloy body, said composite core
comprising
a) a ceramic element, and
5 b) a refractory metal element attached to said ceramic element,
the external contour of the combined ceramic elements corresponding essentially to
the contour of the desired predetermined internal passage along with gating and

feeding elements.

12. A composite core for use in investment castings of superalloys,
comprising at least one ceramic element (120) and at least one refractory metal
element (200), said core having at least a element having a dimension of less than
about .015 inches.

13.  Anas cast superalloy article having an internal passage having a

dimension of less than about 0.012 inches.

14. A core producing a superalloy investment casting including a

refractory metal element forming the trailing edge (128) of said core.

10
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