CERAMIC METALLIC INTERLOCKED COMPONENTS AND METHODS OF MAKING AND USING
THE SAME BACKGROUND The invention relates to composite elements having ceramic and metallic
components, and more particularly to ceramic and metallic components that are interlocked and
methods of making and using the same. Various types of sensors have been used to measure the
distance between two objects. For example, a turbine has a number of turbine blades that are
disposed adjacentiGRAMMNO METALEIHARTHERDEIGICED QliEVI GINENTIS reNbladEd HOdDthekhroud varies

depending on various factors, such aMIMB%%%%mePM’ load, and age of the

turbine. It is desirable that a gap or clearance between des and the shroud be
maintained for safe and efficient operation of the turbine. A sensor may be disposed within the turbine
to measure theP QiSRS een the turbine blades and the shroud. The measured distance may be
used to direct movement of the shroud to maintain the desired displacement between the shroud and
the turbine bladbs. iSvrshicenslorestipiceiipasitepidymens rhivingioerahin el imeipdc cpamiaatmponents.

The metallic compansptsarR-RaIAYY dispasedithingie cempitaRMARNSAL ihupisalby tha metallic

components and the ceramic components are held together by braze joints. However, since such
clearance sendbthede finaking aidyriedssHafsh environments (such as inside the engine), the high
operating temperatures and pressures are challenging for the sensor components, and the braze
joints. If the brazeijointypesidé stalyriaiisvd irag thel apenatinng therdilsaacesienidére tmetalijiectsr ceramic
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exists for providing a seénsor that employs ceramic and metallic componen hich’will not liberate into

the engine duriepapefdroricdraneshgtalen ivacaeha tugrntbledgsrovidbeahrend variecdmesidibge method
of making such,Q SeNRRr HABIRONRA asHRIEHRRERIS, HaelaeRe RENOHERICHhdCcOBPRItE

element is provided. The compasite element includes a ceramic component defining a cavity having a

first end and a'SEUBRhdbRdesHable thatagep ShpeHantecitR o AR S nbing bades c Apieut o
portion of the hediaitheRiafig.campanaaitisstispiosad thdhasiavitys asskdnenbgad dfspaeedomponent

is disposed on the.fir tenc%of the cavity. A cross-sectjonal area o orti) n,of the hody is greater than
an area of the Wﬂﬁ%rﬁ&? I lﬂ?et%éPg?ﬁfX&eaﬂﬁ TG %%%%’nteﬁr?ts&gﬁnfn g&r1 c?gkaengi. 916 shiod]
The measured distance may be used to direct movement of the shroud to maintain the

desired displacement between the shroud and the turbine blades.

Such sensors typically employ a combination of metallic and ceramic components. The
metallic components are partially disposed within the ceramic component. Typically, the
metallic components and the ceramic components are held together by braze joints.
However, since such clearance sensors are primarily employed in harsh environments
(such as inside the engine), the high operating temperatures and pressures are challenging
for the sensor components, and the braze joints. If the braze joint accidentally fails
during the operation, there is a risk of the metallic or ceramic component being liberated

into the engine, and possibly damaging the engine.

Accordingly, a need exists for providing a sensor that employs ceramic and metallic
components, which will not liberate into the engine during operation. It would also be
advantageous to provide an economically viable method of making such a sensor

component.



In another embodiment, a method of making a composite element is provided. The composite element
comprises a metallic component interlocked with a ceramic component. The method includes
providing a ceramic component defining a cavity having a first end and a second end, disposing a
degradable material in the cavity, and disposing the ceramic component in an investment. The method
further includes removing the degradable material from the cavity, disposing molten metal in the cavity,
and solidifying the molten metal to form the metallic component. The metallic component is interlocked
with the ceramic component to form the composite element. The method further includes removing the
composite elerpentfrgspsbeipeoienn yet another embodiment, a method of making a clearance sensor
part is provided. The method includes providing a ceramic component defining one or more cavities for

a metalic component,defng one. or more caviies for 4 Sencor 356, A0A FIIE AR FErA'
component, and disposing a degradable material in tHe one or moré cavities for the metallic
component andethesesmopagst dafiringethodsukivirgndiusiendmpbsisryané aukamcageapbeent in an

investment, remﬂyag&n%&%gf@ﬂ?%béeh%tgﬁ@umm RIS A phRh GMlieBoap rdinpasingignolten

metal in the one or more cavities. Tn another embodiment, a composite element formed using the

method of the FPERSRENGIEHIBRSRII tha<aY DR AW ks iheisthe soryrrscistdisnossd 98t and
advantages of & prassmhivaRtioAwibhesemadeliar sndpssiRactmnerbias folewieg bgtaied

description is read with reference tqQ the accompapnying drawings in which like characters represent like
parts throughoﬁrteﬁwgg;%ﬁﬁﬂgeél, A CEREMY %&%F&%%ﬁ?ﬂﬁ%&?f’fﬁﬁﬁ%g rfogclf ez(:dr’[urbine having a
clearance sensor, in accordance with embodiments of the present technique; FIG. 2 is a

cross-sectionalpenstkastivakedimerta eonsholmpking af corlpesisn elesientds, moaidsrdabe with
embodiments ghihe,QreseRMaRNRIHErEC - HidtAne Scheppatic faneAbarka farimetads.afignaking

composite elements, in accordance with embodiments of the present technique; and FIG. 5 is a

cross-sectionaf SRROWE of 2 s BeditBdidniePotidmssa LHPR IR SMeoRsRE de{inpgofiShEl with
embodiments ahiie reeariiecnniguectd BAdl BishbngGRIZFA@Me material in the cavity, and

disposing the ceramic component in an investment. The method further includes
removing the degradable material from the cavity, disposing molten metal in the cavity,
and solidifying the molten metal to form the metallic component. The metallic
component is interlocked with the ceramic component to form the composite element.

The method further includes removing the composite element from the mold.

In yet another embodiment, a method of making a clearance sensor part is provided. The
method includes providing a ceramic component defining one or more cavities for a
metallic component, defining one or more cavities for a sensor case on a side of the
ceramic component, and disposing a degradable material in the one or more cavities for
the metallic component and the sensor case. The method further includes disposing the
ceramic component in an investment, removing the degradable material from the one or

more cavities, and disposing molten metal in the one or more cavities.

In another embodiment, a composite element formed using the method of the present

invention is provided.



As discussed in detail below, embodiments of the present invention relate to composite elements
having interlocked ceramic and metallic components and methods of making and using the same. In
particular, the present technique employs a composite element that does not rely upon a braze joint to
hold together the ceramic and metallic components. In certain embodiments, the composite element
includes a ceramic component having a cavity with a first end and a second end, a metallic component
having a head and a body, wherein at least a portion of the body of the metallic component is disposed
in the cavity, wherein the head of the component is disposed on the first end of the cavity, and wherein
a cross-sectionghareana;@ portion of the body is greater than an area of the first end to provide
ceramic and metallic components that are interlocked with each other. In one non-limiting example,
the composite glement MaY.be.am. éoxgdeé?saa‘%l'&%@gﬁ 285 %ie @%%%l'%t@%%‘%%ﬁf‘ﬁ&é%@50r
functions to provufe A accurate medsurement of Clearafice between two o Jects in various systems
such as powerleftbinesi¢fsioed arhgnethstéeltnvoing alsteilir despapiiontivbead svith apleratcetyiies), a
generator, a méeé?;&saha?ﬂggd@m FONRRACHE WeFRQI HpfelChe Ll A SR IIRSIRGBachine,
such as a turbine 10, wherein the Clearance sensor of the present technique can be incorporated to
measure cleardFeEREsSFtating and stationary components. The steam turbine 10 includes a
rotor 12 disposed within a stationary housing 14. A plurality of turbine blades 16, which may also be
referred to as HiGkeisjsare difgrenhtmticel rafostiRiom oferdtidninthbablages tBaascsubjasteditn steam or
air at a high te ich C [zqges 16 to rotate about an axis. The
blades 16 rotatge‘l'lg ﬁﬁﬁﬁéﬁ‘g@ﬁﬁ?gﬁ %%%Igﬁgeoé}gﬁeﬁggé%ﬁ hat is positioned radially and
circumferentially around the blades 16. A relatively small clearance exists between the blades 16 and
the shroud 14 1 a RAETRSLASHOGFRETBREERS NEWIH A SRR e TETo R} AR PrE Sy
excessive leakiagr @rdasceilirgniuiimcatssié g pesii feelinigas the blades 16 and the shroud 14. In
the illustrated example, one or more clearance sensors, such as represented by reference numerals

18, 20 and 22 pfgglispespd gmfﬁaiﬁcr%wlmreu%@ themialionanushroushishsir brilsirajed

example, each of the clearance sensors 18, 20 and 22 may include a plurality of probe tips configured
to generate sigiardusreyihembedsnenterlsby prersmh éehiniditedpbnding to the blades 16. In an

exemplary embodiment, the clearance sensors 18, 20 and 22 are capacitive probes and the sensed
parameter is cRfacianeerdssanctibadlexdenyitsy; te claapasicectanaordigs2d iardn2adlie edely current

sensors and the se0see RARMENSLISALINCGRE SULLEDL AR the sensors 18, 20 and 22 may be
configured to generate a signal indicative of a radial and an axial position of the blades 16 with respect

to the shroud 14 at their respective circumferential locations. FIG. 2 illustrates an example of a
clearance sen Bé)%%g?;l%lectrode tips 30, 32 within a casing 33, and disposed in close
proximity to the turbine blades. The electrode tips 30, 32 may be a single piece formed by casting a
molten metal assviishmsed dsclélradbiclaetainhidimegardftthé-1BSe8 arvdndiontrelaketorodtepigies0, 32

define vias 3% Abei Rauine i DALIEBASHAY 15 R VBRGAR ah S hand A binikiR, cavlly o

form electrodes. The diameter of the vias 34 and 36 typlcallﬁ/ndepends on the diameter of thé cables 38
and 40, and thndasingitheatrthte kHe partiews. sheaeaiibtechnique employs a composite element

that does not rely upon a braze joint to hold together the ceramic and metallic
components. In certain embodiments, the composite element includes a ceramic
component having a cavity with a first end and a second end, a metallic component
having a head and a body, wherein at least a portion of the body of the metallic
component is disposed in the cavity, wherein the head of the component is disposed on
the first end of the cavity, and wherein a cross-sectional area of a portion of the body is
greater than an area of the first end to provide ceramic and metallic components that are

interlocked with each other.



A ceramic component 42 is used to house a portion of the electrode tips 30, 32. The ceramic
component 42 may comprise a high temperature ceramic such as alumina. The ceramic component
42 along with the electrode tips 30, 32, forms a composite element having interlocked ceramic-metallic
components. Typically, the electrode tips of such sensors are brazed into a ceramic component.
During operation, if the braze joint fails the electrode tips may slide through the ceramic component,
and possibly bénacuideortdimilingratenhpiettbeengimmsitel elementemas|pethmslonpd of thdwkgotode tips
30,32 of the pieseg! (ggBNe ARRES {0 SlRek AR ARIQP A IRE AR e D dhg ereamie gomponent
42. In other words, the Shape“of the eIectrooTe tip 30 prevents the tip 30 from liberating into the engine
during operaticicanea Seaveeiie abiefisHa Epans E¥RIBsIVCB2nBRecRidivgs (friaatels that is
greater than thg&rass-geotinnatanssvel theRRENINgiAS.in dheitliamierpmronaticimeraigheprevents
the electrode tip 30 from coming out of the ceramic component 42. The electrodes are connected
electrically to ar%ﬂﬁéé%&%‘é“ga?ﬁgﬁféf&tgupplying a positive or negative voltage on demand. In one
example, one electrode is polarized to a positive voltage and other to a negative potential relative to
the outer metalfil6casdBgaséstheotatingomaching, spehatieriuthne dhrahrreis dresdeaBnercsenseesiihe
distance betwagp fhatin dAIRNGPROGEIIR SRS HGURR Meatmtl RARGFEGIES I onitoring

the capacitance of the air gap between the two. An example Process of operating a clearance

measurement SRNAINENTRRDFBEiviS ApARPBrsIGhneysHh 2 eiisbt iSRS e Bittore probe
tips. The signaigasadgieseniativeObrSERs 68 RARIBIRIDebyaaRhiishpal SBEerRraliests (for

example, between the turbjpe hlades and th roud). In one odiment, the sepsor is a capacitive
orobe and the SHFIEE HA/AISLIS EASHE L oLh AEPHE B, NP REGY HUBRC Ay ST comaor
and the sensedipatramigteteinpeminciuarchotssen) whiphucatitysahesihaddtalteoustiatdasist eh sensed
parameters are-fanmed. INn.one.example, each simultaneous subsef i €s sense r ters from
D lemst o prae B B G B e

based upon edeld efrthinironiielheagunstithscibadisti €. sénesdatipeliasmelb plchonserxigibbetwipvia a
processing unifdi,cRdaly emPediseais: @ IRPkURRDIB AR 6RIY BIRRCUERi RhaRARaNical table,

or a calculation, or combinations thereof may be employed for estimating the clearance based upon
the sensed paldmBtaie. 250 BEYSaIHRE Htdsis ket et he HAEENSa Bui uben LALLM all the

probe tips. FIGgsileistiRiBR@sam planhsi@psud B method of making a composite element in
accordance with embodiments of the present technique. In the illustrated embodiment, a ceramic

component 5019‘9@%Wﬂlf‘s"f‘r‘éittéﬂse%ﬁ%l@oé’ﬁgegﬁ GEAYER 22 ARGINOYEILo auss alilqgst a

portion of the metallic component that forms the electrode tips. Each of the cavities 52 have a first end
54 and a secofffcsenes Bumpals Hdh 2@ Rt 22aeit cdishosef thcarRmniabynponed 1o S8EAYned by the

desired shapegfgptiae) metalticGARRARANKIMPR, CARIPESIHR RiIBIRaRE &a1destrbes Mﬂﬁf shape of
the metallic component may. be such that the metallic component is not able to pass through the first

end 54 of the LA URHE Of B5ePs i ARdEIRE IS ERT RIS TRPRSSCREE i AdFsTt is a
tapered shapepdrauetsietonsspotidiseapntrchdiael othelmshapeampitgadinboditedanie aiéarimpoeand can
be employed in the ¢ site.element. A disposaple pajtern 58 of the metallic component. may be
disposed in thgega‘eﬁ%igg@ alnﬁlg i%ﬁc?o%11 f(g 1pat é(?ﬁeéé) Irl?qtaf?} & made 6 zf% |sl@|osocsaz§’6f§a nr%%ﬁér}gl, such as
a wax, polymesquﬂa;stitxamx_darﬂtﬁ redeiwarscthesreof sThe d_ﬁspoéa’ll@larpastddm@&qnawbs)f@ranédhefor _
example, using. g0 Gl URPLOGRSAAIOIS Mot RPN En IS CURNP S ROl e, die

cast prototype, or combinations thereof. Injection molded and die cast prototype are more economical

and can be ersprsigaetbiogzansratcshugia indicaily o efayadidd andcrnyapnd protinyhigedladas ity

automated ProgRRSLPH&IERih IR AR edP&sH Y totimRtenddIforsg68SSES include three
dimensional (3D) printing, fused deposition modeling (FDM), multi jet modeling (MJM), thermojet

modeling, stergplihography. (St A, and selestive faver siniseng, (B3, Rifrentiings ot apid
prototypes may béemp oyedato cast'comp icated s apes for t metatiic component. Inone
embodiment, thk withosalsksinntidrread disppisd forrledeoprovdnatyntoréhpdrbing thledisistrBied
embodiment, (e disROSAOR PR B8 5 SRUTRSHILLRANCIRR (SrshdieathEReA B PR fPpeT he head
60 and the body 62 may be joined together after disposing the body 62 in the cavity 52, and the head
60 on the first end 54 of the cavity 52.



Further, in the illustrated embodiment, sprue-forming patterns 66 are coupled with the disposable
pattern 58 so as to leave a passage 67 to introduce molten metal 68 in the cavities 52 after removal of
the disposable pattern 58. The sprue-forming patterns 66 may be constructed of any lightweight
structural material, such as aluminum, magnesium, zinc, steel and other similar metals or their alloys
plus selected plastics. The basic considerations for sprue-forming patterns 66 are weight, surface
smoothness, relesiritiziitiy, datalloeithpatiilite WHHSNYesthderifliedckottonatgndloBthdefiisposable pattern.
Next, investmeqt 644s di 0 rami e i ISRPAS ttern 58.
P26 1 RBaRE hRHRbNm 5 e AhR SeRe dhafippcakinmg

The ceramic mold employed as inves uced by repeating steps inclu coating,

stuccoing, andfheraestigdesoating disagise olditspiins deand Ahiipicairisnerd S rbs tHemas it posable

pattern 58 intoglighpRf iReelacipaHYaterial ¥ad allewing exee$RslrEyila drain off, such that a
uniform surface is produced. The fine refractory material provides a smooth surface finish and

reproduces fing, details. In the sec ste e ceramic component 50 having the,disposable pattern
58 is stuccoed%vffﬁr%nggacr%%lpcoélr%lﬁ?cg 6%1&?8&{%&?88&% (r)néy %egléecg?ﬁ%ﬁ%#&i%f%’er o'rmln% one or
more of dippingeiratwia ¢lritiseehbé2 npipcrmynrisa adifgbdemperasnisyceaplidngdhescdurgagpatibcles
manually. SubseaUERT IR HUEERIRS 1BRCHIAMIE CRAIRAdSBIANESIRIMIS o iBeHERR MY De
repeated until the investment 64 gains t%e required thickness. In one embodiment, the thickness of the
investment 64 basingénterlockethectraie-arsliic samPaRRedUt 15 mm. An alternative to multiple dips is to
dispose the ceramic component 50 having the disposable pattern 58 in a container and then pour
liquid investmengpitaibyjathintel dbreodetiasnef. sachneewsmisoglienbrizath entordacammnraydpepoiisrated (or
otherwise agitated) to allow entr. d air.to esc and h |<P tp iglv stmenk mg’;ﬁ'@ I:iél in,all of the
details. Suitab eurﬁ)é%e?%%a or ir%vfatﬁe;%%rgﬁ? 64 rﬁ%i/?slort% u%%cg%t are Snotaﬁnsltllrlt%d to, silica, ziréon, alumina,

and aluminum itiasent, Tind ipeasiitly dst Bitlentadly diksraseiltin cbmpheiaty diivarageasipeisd for
drying the inveéﬁﬂ@%tf@@yefifws&%e Soe IP3ieiie s iR UARiIRMESIBRR R4 IR Q8% & Rogiment, the

investment 64 may be dried for a time period in a range from about 10 hours to about 50 hours. Drying

may be facilitalBEIRFkeshithG e GaRIFCOmRARGRTiS T glR-Riheh Virs AinibA shiane s dhs clesmededp

investment 64 fpsrbeansfarmpierbatriastatidndithaceipmicoanparenicn0, Aisessaepaitern 58
and sprue-formi tterns 66, the inyestment 64 is then.suhjected to a treatment for removal of the
sprue-formingn%éggﬁ‘g 8@?5%%%%%@ DERST eI Tal T €glﬁeir‘ltﬁaenrter%(g\r/(z)ﬁsbf the
disposable pattecticndlfrona the therapeinn b dnahe Steave sdepondnt At oshih gnavests Tihe
sprue-forming galieins #eeLiNe sishesabls Aelier a8 mande emoved by any conventional
technique. In one embodiment, the invéstment 64 may be heated in an inverted position to allow the
sprueforming pattern 66 to be removed and the material of the disposable pattern to flow out. The
sprue-forming patt&IRCEBAES P Hfe SRRRSERH FigriTatNe PR YOUABT SHRTES FPRAYE iChAURPIEAS dmoved
from the invesppant&4r Adgatitbe oituigs sulidesard the Gy wrataple]Gpalienodsns polyriedaoated with a
thin coating wax or. with a film release agent tq.facilitate. the removal .of the patterns 66. In.certain

em bodiments,qﬂ%urﬁ%f[eoritaaﬁgfa geOt |§]|E)to°s%1t51|3 %};ﬁ? r%tt%%{?/?tr)% arté‘r’ﬁ(\){%%cﬁ)y %}2%8%?% atsaeirglélé)sfrtment 64
in a furnace onlauteckave to dnedipetatiandior vizprrize skmson AR rimasfndscthii sheisats detattemthafter
removal of the dis . t ic 0 iti 3. The
desired moIteﬁ%]éﬁ%%%?gggrﬁgﬁl%%&%%%rﬁr@é& h??’erl?gg‘r;i%{]f&%?g % ﬁ?e\ﬂ(;:lg\x?itties nZﬁilg?nd 53in
the form of a reaacTaBcAfitha #HcN hetysercthel&¥@ single metal, a metal alloy, or a combination of
metal alloys. In particular, for applications relating to high temperature clearance sensors, the molten
metal 68 may el preetioy sfasydridimp aitiearagronRanatatsmngaia)inckidel asdtiigha Pt-Ir.
Lower tempera Ure, Sensors can tﬂ% fal:glricezaahtseoc}_lygit‘rllnllowe|re tem err%turr%brgeéaés, s‘L%%h as %Izs;lig}ess steel,
nickelcobalt-fefrous lloy ffglr]examp e, Kovar ma),aﬁd%e fike Th ohe exa ple, the Cavities 52 and 53
may be filled withrepaitetiven efah aesep pargmserativoveeasSove and anenhérobieatpléortisafiihey of the
cavities may bg.ASSIHed LY, ARRY HEROINYERY re, yacHE sl A fe PGRRH G apsisted

pouring, centrifugal cast, or centripetal cast. In the embodiment where the molten metal is
centripetally c&3pPaghaveEorseRshand thaisRmed RIRIGe A RRASEAREHt BUSRAIYSY ifhs PSAYE A about
100 to about SQyFarhigh RRMsahe thelshatgradhrenviias d2uia imedence, placditseoof the high
speeds any sudden change in direction of the molten metal, or any gas obstruction present in the
cavities 52 and 53 may shorten the distance the molten metal can flow. However, by decreasing the
RPM or reducing the speed of the machine, the moltgn metal may enter the cavities 52 and 53 in a
smooth even flow, and has the ability to push any gas from inside the investment 64 and fill the
cavities 52 and 53 to provide clean and porous free castings. After solidification of the metal, the
investment shell 64 is removed to obtain the composite element 70 having the ceramic component 50
and metallic component 72. The investment 64 may be removed by employing one or more
techniques, such as but not limited to, hammering, media blasting, vibrating, water-jetting, or
chemically dissolving to release the composite element 70. The composite element 70 may then be

cleaned up to remove signs of the casting process, usually by grinding. Although not illustrated, final
tntichoiin macrhinin mayxy he radirnired to comnlete the eomnocite alement Ear avamnle additional



FIG. 4 illustrates an alternate embodiment of a method of making a composite element according to
the present technique. The alternate method of FIG. 4 is more suitable for forming metallic
components with complex shapes. A ceramic component 80 having cavities 82 is provided. For the
illustrated example, the cavities have a narrow section 84 and a broad section 86. The ceramic
component 80 may be disposed in an injection mold die 90. The injection mold die 90 defines a head
92 of the metaflieiemaanresilnktheofosepasitepatament Arqficpelymdn98nnagxbmpleenepebssure
injected in the cavitjes 82. The arroyw 95 represen irecti licatian. of t e to the
injection mold die %HT\?IOI%SI?mSl %él ngg(%%r%rs)?e%e%ﬁ) taﬁé %?ﬁad%%%ﬁger%t?@n@a ’%ﬁ%?}gi IE%%%??? polymer,
polyvinyl chloridesranyyiistveestn, the Sovhiidaserrsthliastt mryebRRsiiMsetghescd IR aAFELhIS being

injected in the gayifies. 8 I fREN @f@@%@ﬁé&@é&%{&%& Hhsetallishe apPoRanb-hiedinhaseramic

component 80 having the plastic component 94 is removed from the injection mold die 90. An

investment md#i SEa §RB8dERERIS GriaoER BRI 2 SAIBGHAN BBYSyRTAHIBAGGY 12Y¥E- 15&s or
sprue-forming padtesnsen érfesthenaplie ihiestimiy pahpngedicsithotinetadtiaananpaednt 94 is

removed from the cavities. I%certaln embadiments, the 1;111?I?4tmer mate{ial (r:?e%}/ be rgarlr;o&/ed from the

cavities 82 andffR SatPs LRABTIRE nary BIPET SRR AL AFSHTHISS DeE eTaT,

rea ment.hlehe polymer matenal is then
removed from digaatafitims b yherppibyigg.methods described above with respect to FIG. 3. Molten metal
98 is disposed in the cavities 82 and the head 92. The molten metal may be disposed by using

pressure injecigg, (ermw_sggaesﬁeﬁag%ﬁvz QlepeNiiRetAt MERS I e arMEDe annfied:to assisttindilling the
molten metal in the cavities 82 and the head 92. The investment 96 is removed to obtain

subseqyen
composite eleATSHIORBE? MET-RIRLUREAR dohfienien &Famavs n‘@tﬁ’l’f’ljﬁgﬁ?ﬁ SAPIGTHhE broad
portion 104 of ¢bametaiipeamnpsnaatidiog datenacks iwjitoiid:derbinicastivpshentsbploféktinterlock

embocimen, (X8 TR ALTHCATTIGED Aoy B S SIS M o e Bec RS £
the cavities 52 have a first end 54 and a second end 56. The shape of the cavities 52 in
the ceramic component 50 is governed by the desired shape for the metallic component in
the composite element. As described above, the shape of the metallic component may be
such that the metallic component is not able to pass through the first end 54 of the
cavities 52. The shape of the metallic component in the illustrated embodiment is a

tapered shape. However, as will be appreciated, other shapes will satisfy the same

criterion and can be employed in the composite element.

A disposable pattern 58 of the metallic component may be disposed in the cavities 52.
The disposable pattern 58 may be made of a disposable material, such as a wax, polymer,
plastic, or combinations thereof. The disposable pattern 58 may be formed, for example,
using a direct write process prototype, a rapid prototype, an injection molded prototype,
die cast prototype, or combinations thereof. Injection molded and die cast prototype are
more economical and can be employed for simpler shapes. As will be appreciated, rapid
prototyping is a mostly automated process to create a single prototype directly from data.
The processes include three dimensional (3D) printing, fused deposition modeling
(FDM), multi jet modeling (MJM), thermojet modeling, stereolithography (SLA), and
selective laser sintering (SLS). Different kinds of rapid prototypes may be employed to

cast complicated shapes for the metallic component. In one embodiment, the disposable



such that the mold defines the cavities around the ceramic component. A disposable pattern or a liquid
polymer may be disposed in these cavities outside the ceramic component. In later stages of the
process, the cavities may be filled with molten metal to form a metal case around the composite
element of the clearance sensor. As illustrated in FIG. 5, in certain embodiments, a metallic case 118
is formed around the composite element 122 during the same step as that of forming the metallic
component 124attahis$ntesjobkefdmitid the teeramingenpponerin1th. ilhushretd embodimvebttha
disposable P2l ek BeisPased LRk ihe MstallfGash b ARcprathandinameap e patter

may be disposed’in plac e metallic component 124. The remaining stéps of the method are

similar to the niathibe bedpSYauoribroipinsevesiter il ditersing Srebady 02 MESIFVEFHpIREnt 124

includes a heag 6,266 éh RRdbricd dlsrepafdcdws isgludes a narrow portion 130 and a broad portion
132. The broad portion 132 having the metallic component 124 prevents the metallic component 124

from liberating.intq the. engine during operation. The ceramic is also interlocked within the outer
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between rotating and static components in a power turbine. The resulting composite element may also
be used in cerfBfY berronsipied obany fighewsiahy sirashmbmatiiizg spehatrleopatie S gistiRary and

rotating compoRes)ts:da sRebMer Ssiditap wetidb opPrasrIisph pIs e hiagde pRdhastiyrdisedsised with
regard to clearance, sensors, it should l%e noted that the composite elements of thseséﬁégt ent technique

may be emplo§FifcEios) theSRABrTREMEGS, RIS ffhitths, JSARRpIY5aSFe {i%es, and
oxygen sensofigpfiabifiticaieticohgaebiiayi jepaient o andheysrahdfshpdigiayblopaerploying the
above methods by employing suitable techniques such as but not limited to, injection molding, transfer
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composite elements having both ceramic and metallic components. While only certain features of the

invention havePB&R ARistBtsaramicdaeld paelowsbis mysHienbafimasdirrmeipesnyesatiP8ccur to
those skilled iniths aidhidiify doeri9rauntoing, and hardening. Coating includes dipping the ceramic

component 50 having the disposable pattern 58 into slurry of fine refractory material and

allowing excess slurry to drain off, such that a uniform surface is produced. The fine
refractory material provides a smooth surface finish and reproduces fine details. In the
second step, the ceramic component 50 having the disposable pattern 58 is stuccoed with
a coarse ceramic particle. Stuccoing may be accomplished by performing one or more of
dipping into a fluidised bed, placing in a rain sander, or by applying the coarse particles
manually. Subsequent to stuccoing, the ceramic coating is allowed to harden. The steps
may be repeated until the investment 64 gains the required thickness. In one
embodiment, the thickness of the investment 64 may be in a range from about 5 mm to
about 15 mm. An alternative to multiple dips is to dispose the ceramic component 50
having the disposable pattern 58 in a container and then pour liquid investment material
into the container. In one embodiment, the container may be vibrated (or otherwise
agitated) to allow entrapped air to escape and help the investment material fill in all of the
details. Suitable materials for investment 64 may include but are not limited to, silica,

zircon, alumina, and aluminum silicates.



+  be understood that the appended claims are intended to cover all such modifications and changes as
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The investment 64 is then allowed to completely dry. The time period for drying the
investment may depend on the material used in the investment 64. In one embodiment,
the investment 64 may be dried for a time period in a range from about 10 hours to about
50 hours. Drying may be facilitated by applying a vacuum or minimizing the

environmental humidity.

Once the investment 64 has been formed and dried around the ceramic component 50,
disposable pattern 58 and sprue-forming patterns 66, the investment 64 is then subjected
to a treatment for removal of the sprue-forming patterns 66, and the disposable pattern 58
from the cavities 52. The removal of the disposable pattern 58 from the ceramic
component 50 leaves behind cavities 52 and 53. The sprue-forming patterns 66 and the
disposable pattern 58 may be removed by any conventional technique. In one
embodiment, the investment 64 may be heated in an inverted position to allow the sprue-
forming pattern 66 to be removed and the material of the disposable pattern to flow out.
The sprue-forming pattern 66 can be re-used with another disposable pattern after it has
been removed from the investment 64. Also, the outer surface of the sprue-forming
patterns 66 may be coated with a thin coating wax or with a film release agent to
facilitate the removal of the patterns 66. In certain embodiments, the material of the
disposable pattern may be removed by disposing the investment 64 in a furnace or

autoclave to melt out and/or vaporize the material of the disposable pattern.

After removal of the disposable pattern 58, the ceramic component 50 has empty cavities
52 and 53. The desired molten metal 68 for metallic component of the sensor is disposed
in the cavities 52 and 53 in the form of a melt. The molten metal may include a single
metal, a metal alloy, or a combination of metal alloys. In particular, for applications
relating to high temperature clearance sensors, the molten metal 68 may include super-
alloys and the platinum group metals and alloys, such as Pt-Rh, Pt-Ir. Lower temperature
sensors can be fabricated with lower temperature metals, such as stainless steel, nickel-
cobalt-ferrous alloy (for example, Kovar™),and the like. In one example, the cavities 52
and 53 may be filled with molten metal by applying negative pressure. In another
example, the filling of the cavities may be assisted by applying positive air pressure,

vacuum cast, tilt cast, pressure assisted pouring, centrifugal cast, or centripetal cast. In
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the embodiment where the molten metal is centripetally cast, the rotation per minute
(RPM) of the investment 64 may be in a range from about 100 to about 500. For high
RPMs the metal enters the cavities 52 with turbulence, because of the high speeds any
sudden change in direction of the molten metal, or any gas obstruction present in the
cavities 52 and 53 may shorten the distance the molten metal can flow. However, by
decreasing the RPM or reducing the speed of the machine, the molten metal may enter
the cavities 52 and 53 in a smooth even flow, and has the ability to push any gas from

inside the investment 64 and fill the cavities 52 and 53 to provide clean and porous free

castings.

After solidification of the metal, the investment shell 64 is removed to obtain the
composite element 70 having the ceramic component 50 and metallic component 72. The
investment 64 may be removed by employing one or more techniques, such as but not
limited to, hammering, media blasting, vibrating, water-jetting, or chemically dissolving
to release the composite element 70. The composite element 70 may then be cleaned up

to remove signs of the casting process, usually by grinding.

Although not illustrated, final touch-up machining may be required to complete the
composite element. For example, additional features can be machined into the cast metal
portion of the sensor. Machining of additional features may include drilling vias,
machining final surface finishes, machining mating portions for attachment to the balance
of the sensor. For example, vias may be drilled in the metallic component 72. The vias
may be employed to receive electronic cable (for instrumentation cable) for sensing
purposes. Alternately, a ceramic shape having the shape of the desired via may be
disposed in the cavities 52 prior to disposing the molten metal 68 in the cavities 52. The
ceramic shape may be made of a low melting point ceramic relative to the ceramic of the
component 50 so that the ceramic shape can be removed by heating while the ceramic

component 50 remains mostly unharmed.

FIG. 4 illustrates an alternate embodiment of a method of making a composite element
according to the present technique. The alternate method of FIG. 4 is more suitable for

forming metallic components with complex shapes. A ceramic component 80 having



50ceramic component 52cavities 53cavities 54first end 56a second end 58disposable pattern 60head
62body 64investment

cavities 82 is provided. For the illustrated example, the cavities have a narrow section 84

and a broad section 86.

The ceramic component 80 may be disposed in an injection mold die 90. The injection
mold die 90 defines a head 92 of the metallic component of the composite element. A
liquid polymer 93 may be then pressure injected in the cavities 82. The arrow 95
represents the direction of application of the pressure to the injection mold die 90. Non-
limiting examples of the liquid polymer 93 may include liquid vinyl polymer, polyvinyl
chloride, acrylic resin, or combinations thereof. The liquid polymer 93 solidifies after

being injected in the cavities 82 to form a plastic pattern 94 of the metallic component.

Next, the ceramic component 80 having the plastic component 94 is removed from the
injection mold die 90. An investment mold 96 is disposed around the ceramic component
80, while providing feed lines or sprue-forming patterns 97 for the molten metal. The
polymer material of the plastic component 94 is removed from the cavities. In certain
embodiments, the polymer material may be removed from the cavities 82 and the head 92
either thermally or by chemical treatment. The polymer material is then removed from

the cavities by employing methods described above with respect to FIG. 3.

Molten metal 98 is disposed in the cavities 82 and the head 92. The molten metal may be
disposed by using pressure injection (arrow 99). A negative or centripetal pressure may
be applied to assist in filling the molten metal in the cavities 82 and the head 92. The
investment 96 is subsequently removed to obtain composite element 100 having a

ceramic component 80 and a metallic component 102.

The broad portion 104 of the metallic component 102 interlocks with the ceramic
components 80. The interlock prevents the release of the metallic component 102 into

the engine during operation.

In one embodiment, the investment mold may be disposed around the ceramic component
such that the mold defines the cavities around the ceramic component. A disposable

pattern or a liquid polymer may be disposed in these cavities outside the ceramic

10
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component. In later stages of the process, the cavities may be filled with molten metal to

form a metal case around the composite element of the clearance sensor.

As illustrated in FIG. 5, in certain embodiments, a metallic case 118 is formed around the
composite element 122 during the same step as that of forming the metallic component
124 that is interlocked with the ceramic component 120. In these embodiments, a
disposable pattern may be disposed in place for the metallic case 118, and another
disposable pattern may be disposed in place for the metallic component 124. The
remaining steps of the method are similar to the method steps described above with
regard to FIGS. 3 and 4. Metallic component 124 includes a head 126 and a body 128.
The body 128 includes a narrow portion 130 and a broad portion 132. The broad portion
132 having the metallic component 124 prevents the metallic component 124 from
liberating into the engine during operation. The ceramic is also interlocked within the

outer metallic case 118, as defined by region 134.

The various aspects of the composite element and the methods of making the composite
element described hereinabove have utility in different applications. For example, the
composite element illustrated above may be used for measuring the clearance between
rotating and static components in a power turbine. The resulting composite element may
also be used in certain other applications, for example, for measuring clearance between
stationary and rotating components in generators. Although the present technique has
been mostly discussed with regard to clearance sensors, it should be noted that the
composite elements of the present technique may be employed in several other

applications, such as ignitors, spark plugs, pressure gauges, and oxygen sensors.

Complicated shapes may be prepared from alloys and superalloys by employing the
above methods by employing suitable techniques such as but not limited to, injection
molding, transfer molding, and the like. In addition, the present technique provides an
economical way of producing composite elements having both ceramic and metallic

components.

While only certain features of the invention have been illustrated and described herein,

many modifications and changes will occur to those skilled in the art. It is, therefore, to

11
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be understood that the appended claims are intended to cover all such modifications and

changes as fall within the scope of the invention.
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134region where ceramic is interlocked within the outer metallic case Claims 1.A method of making a
composite element, the method comprising: providing a ceramic component defining a cavity having a
first end and a second end; disposing a degradable material in the cavity; disposing the ceramic
component in an investment shell; removing the degradable material from the cavity; disposing molten
metal in the cavity; solidifying the molten metal to form a metallic component, wherein the metallic
component is i62erlockebodyth the ceramic component to form the composite element; and removing
the composite 6element from the investment shell.
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2. The method of claim 1, wherein the step of disposing the degradable material in the cavity
comprises providing a disposable pattern of the metallic component to define the cavity in the ceramic
component. 3. The method of claim 2, wherein providing the disposable pattern comprises: providing a
body of the disposable pattern; providing a head of the disposable pattern; and coupling the body and
the head of the disposable pattern. 4. The method of claim 2, wherein the disposable pattern is
formed by empl@%ing on®mpesteelefm@direct write process, injection molding, rapid prototype
technique, or combinations thereof 5. The method of claim I, wherein the step of disposing the
degradable matéfial in tRERHIFSLERRRSHSes disposing liquid polymer in the cavity. 6. The method of
claim 1, wherein the de ra able material comprises wax or plastic. 7. The method of claim I, wherein
the step of removing the aaegradable material from the cavity comprises thermally and/or chemically
removing at legsga portm?af a material of the disposable pattern from the cavity. 8. The method of
claim 1, wherein the step of disposing the molten metal in the cavity comprises centripetally filling the
molten metal ir3be cavitgrrow portion

132 broad portion

134 region where ceramic is interlocked within the outer metallic case
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9. The method of claim 1, further comprising applying pressure to facilitate disposing the molten metal
in the cavity. 10. The method of claim 1, further comprising providing an additional feature in the
metallic component. 11. The method of claim 10, wherein the additional feature is machined into the
metallic component. 12. The method of claim 10, wherein the additional feature comprises a via, and
wherein fré###hg the via comprises: disposing a ceramic shape in the cavity prior to disposing the

molten mstal int (?ng%\éléy&arggc.removm the qeram|cthséhagtgo%f£%1rnfcggplng the metallic component. 13.

A method of making'a composftrégglg%n REFSS TSy D& 1BEN 8 ns?)%:part having a sensor case, the
method coRAHRIRY BrAIIh AoRETARIH FRIRNEMAG NG L BRI AL MNPIG SRMIIgS for forming a
metallic component; defining one or more cavities for a sensor case on a side of the ceramic
componedisposing a degradable material in the cavity;

disposing the ceramic component in an investment shell;

removing the degradable material from the cavity;

disposing molten metal in the cavity;

solidifying the molten metal to form a metallic component, wherein the metallic component is
interlocked with the ceramic component to form the composite element; and

removing the composite element from the investment shell.

2. The method of claim 1, wherein the step of disposing the degradable material in the cavity
comprises providing a disposable pattern of the metallic component to define the cavity in the ceramic
component.

3. The method of claim 2, wherein providing the disposable pattern comprises:
providing a body of the disposable pattern;

providing a head of the disposable pattern; and

coupling the body and the head of the disposable pattern.

4. The method of claim 2, wherein the disposable pattern is formed by employing one or more
of a direct write process, injection molding, rapid prototype technique, or combinations thereof.

5. The method of claim 1, wherein the step of disposing the degradable material in the cavity
comprises disposing liquid polymer in the cavity.

6. The method of claim 1, wherein the degradable material comprises wax or plastic.

7. The method of claim 1, wherein the step of removing the degradable material from the cavity

comprises thermally and/or chemically removing at least a portion of a material of the disposable
pattern from the cavity.

8. The method of claim 1, wherein the step of disposing the molten metal in the cavity
comprises centripetally filling the molten metal in the cavity.

9. The method of claim 1, further comprising applying pressure to facilitate disposing the
molten metal in the cavity.

10. The method of claim 1, further comprising providing an additional feature in the metallic
component.

11. The method of claim 10, wherein the additional feature is machined into the metallic
component.

16
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disposing a degradable material in the one or more cavities for the metallic component and the sensor
case; disposing the ceramic component in an investment shell; removing the degradable material from
the one or more cavities; disposing molten metal in the one or more cavities, and solidifying the molten
metal to form the metallic component, wherein the metallic component is interlocked with the ceramic
componem2o fofthethectmhpdsieinidthenhertin tiseadditivoal deeleimeomprsth igiag Hid pylaRthe
same mateolfog theviepwopusmse and the metallic component.

disposing a ceramic shape in the cavity prior to disposing the molten metal in the cavity; and
removing the ceramic shape after forming the metallic component.

13. A method of making a composite element for use in a clearance sensor part having a sensor
case, the method comprising:

providing a ceramic component defining one or more cavities for forming a metallic component;
defining one or more cavities for a sensor case on a side of the ceramic component;

disposing a degradable material in the one or more cavities for the metallic component and the sensor

case;
disposing the ceramic component in an investment shell;
removing the degradable material from the one or more cavities;

disposing molten metal in the one or more cavities, and solidifying the molten metal to form the
metallic component, wherein the metallic component is interlocked with the ceramic component to
form the composite element.

14. The method of claim 13, comprising disposing the same material for the sensor case and the
metallic component.
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