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
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used to measure the distance between two objects. For example, a turbine
has a number of turbifd/MHAkE ﬁHPa#@H}k%J %M&ent to a shroud. The

clearance between one of the turbine blades and the shroud varies
BAIGpeRRDYNID various factors, such as but not limited to, temperature, RPM,
load, and age of the turbine. It is desirable that a gap or clearance between
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the engine. Accordingly, a need exists for providing a sensor that employs
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Such sensors typicaly 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 arisk 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.



component. 1 BRIEF DESCRIPTION In one embodiment, a composite
element is provided. The composite element includes a ceramic component
defining a cavity having a first end and a second end, and a metallic
component comprising a head and a body. At least a portion of the body of
the metallic component is disposed in the cavity, and the head of the
component is disposed on the first end of the cavity. A cross-sectional area

I ody is greater than an area of the first end, and the
B@L%ﬁﬁg%qﬁﬂt lic components are interlocked. In another embodiment, a
method of making a composite element is provided. The composite element
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removing the composite element from the mold. In yet anot diment,
a method of making a clearance sensor part is provided. The method
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_removing the degradable material from the one or more cavities, and
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and solidifying the molten metal to form the metalic 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.



invention is provided. 2 DRAWINGS These and other features, aspects, and
advantages of the present invention will become better understood when the
following detailed description is read with reference to the accompanying
drawings in which like characters represent like parts throughout the
drawings, wherein: FIG. 1 is a diagrammatical illustration of a turbine having
a clearance sensor, in accordance with embodiments of the present

D%ﬁ{l’ﬂtﬁé FIG. 2 is a cross-sectional perspective view of a composite
a clearance sensor, in accordance with embodiments of the

present technique; FIGS. 3-4 are schematic flow charts for methods of
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accordance with embodiments of the present technique; and

FIG. 5 is across-sectional side view of a composite element disposed in a metallic case,
in accordance with embodiments of the present technique.

DETAILED DESCRIPTION

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 metalic
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.



interlocked with each other. 3 In one non-limiting example, the composite
element may be employed in a clearance sensor. Typically, the clearance
sensor functions to provide an accurate measurement of clearance between
two objects in various systems such as power turbines (for example, steam
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having_ rotating components and so forth. FIG. 1 illustrates a rotating
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blades 16 are subjected to steam or air at a high temperature and pressure,
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In the illustrated example, one or more clearance sensors, such as represented by
reference numerals 18, 20 and 22 are disposed circumferentially around the stationary
shroud 14. In the illustrated example, each of the clearance sensors 18, 20 and 22 may
include a plurality of probe tips configured to generate signals representative of a sensed
parameter corresponding to the blades 16. In an exemplary embodiment, the clearance
sensors 18, 20 and 22 are capacitive probes and the sensed parameter is capacitance. In
another example, the clearance sensors 18, 20 and 22 are eddy current sensors and the
sensed parameter is an induced current. Each of the sensors 18, 20 and 22 may be
configured to generate asignal indicative of aradial 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 sensor 28 employing pair of electrode 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 as will 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 sensor
28 employing pair of electrode tips 30, 32 within a casing 33, and disposed
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opening 48 in the ceramic component 42, which prevents the electrode tip
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negative voltaae on demand. In"one example, one electrode is polarized to a
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electrode tip 30 from coming out of the ceramic component 42.

The electrodes are connected electrically to a voltage source capable of supplying 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 metallic case 33 of
the sensor 28. |In operation, the clearance sensor 28 measures the distance between the
tip of a turbine blade and the sensing tips 30, 32 of the electrodes by monitoring the
capacitance of the air gap between the two.

An example process of operating a clearance measurement system includes receiving a
plurality of signals from a sensor having one or more probe tips. The signas are
representative of a sensed parameter between first and second objects (for example,
between the turbine blades and the shroud). In one embodiment, the sensor is a
capacitive probe and the sensed parameter is capacitance. Alternatively, the sensor is an

eddy current sensor and the sensed parameter is an induced current. A plurality of



the sensor 28. In operation, the clearance sensor 28 measures the distance
between the tip of a turbine blade and the sensing tips 30, 32 of the
electrodes by monitoring the capacitance of the air gap between the two. An
example process of operating a clearance measurement system includes
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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 awax, 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. Aswill 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



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
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sprue-forming patterns 66 are coupled with the disposable pattern 58 so as
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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 arain sander, or by applying the coarse particles
manually. Subsequent to stuccoing, the ceramic coating is alowed 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.



Next, investment 64 is disposed around the ceramic component 50 having
the disposable pattern 58. The ceramic mold employed as investment 64
may be produced by repeating steps including coating, stuccoing, and
hardening. Coating includes dipping the ceramic component 50 having the
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INyeRAeg INaRsREng e aater Blotseslifhe VSR RRR: &hrd AU siRodiment,
thel@tadsnherthes sesppe dien. fhregrhRpigi 68MPe R TeFroRaubitathe HisResablsut
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Subsequent to stuccoing, the ceramic coating is allowed to harden. The steps
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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 cadt, tilt cast, pressure assisted pouring, centrifugal cast, or centripetal cast. In



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
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ceglisiesed 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
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molten metal is centripetally cast, the rotation per minute (RPM) of the
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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 eectronic 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 alow 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



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

cahRREBOT §18 dVrAINEoFRLTIAE IR e EREMBIE ARt alies hdlies Radfditn 84
a smooth even flow, and has the ability to push any gas from inside the

and ARl SeEPRA8 fill the cavities 52 and 53 to provide clean and porous free
castings. After solidification of the metal, the investment shell 64 is removed

The obtamidioenpamgn St ragnberdi Fibbaingathimnjeetaomimolehube 9ent Bieanjgction
Ili 72, iny 64 b ved b lQyi

o R REe R e S BR AT R ESEieR.

qunlmsmmmr%mayaberﬂe@ﬁngnwhdmmw dissodvicayities32asd keearrow 95

reSPIRBPSlie lement 9 The compasic. clement 10 may lnenbe claapedyPy on,

remove signs o Stng process,'us ? y grinding. oug
i riitisigaeampiles] 0b tiod  Lquith pohynieg 98aydyel nelyied chtoccoimydlgta yheer, polyvinyl
omposite element. Eor example, additional features ¢an be machined.into
o R e S g A RS R T SRR T R R e
beimgj uroj eatiedling hearsyi tres@Rnonfpfimal [Hadtac pditeish@s pfribe meballi cnadimgonent.
portions for attachment to the balance of the sensor. For example, vias may

NE& dHbsGAE @ﬁ%h%&%ﬂ%ﬁ% ?I?eaitgiiééu*@ BWPBNRE SNRICURAEI from the

receive electronic cable (for instrumentation cable) for sensing purposes.

injerenanald dieShniio nastmeating! theosiralberesar arges dipde aug gemponent
sAlIGRPREA BYiiG S Ruties e Br AR ISRARE DAE RGP RIMGIE RS thStal. The

cavities 52. The  ceramic shape may be made of a low melting point ceramic
plaragyendend «driinipl atReosarapenicdt soregavattieTeimidvithepe lbapertan

aﬁSoB?ﬁﬁlQﬁfE,%é’Gd%‘r‘y %@Qﬂéﬂéﬁdhﬁ&@%&%@%ﬂ?ﬂ{eﬁ%ﬁl&@@dﬁ@ﬁ%@hw 92
LA Ite

unharmed. FlI ustrates an alternate embodiment of a method of makin

el hefotpsautey ek sheadear disg Tethe bhesRelyrBehRIgies AT iftBfR reataved from
thEiNBEQ R pbiR Y AresyieasIMed 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



forming metallic components with complex shapes. A ceramic component 80
having 9 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

corgitirpi hepdd dahdsemaigiisceqimprreniiek ey BEWIsH RIEMEMénAnetal to

liquid polymer 93 may be then pressure injected in the cavities 82. The arrow
fogy & EAT ARVB EsieAAOHBIRRSMSAL A the PR are B injection

mold die 90. Non- limiting examples of the liquid polymer 93 may include
Adiglistratey oY@ ED, poteviayl eolibodiceeras v imaertin, cise dndis dtonsdthenauf.the
The liquid pol solidifies after being.injec in the cavities 82 to form
oot S B e R ee e A eyl el gt
1280thalviigititerocistet wotintbaerdr S4its tempueehfrd20thel nnjleetto emiboldl dents, a
.90, investment mqld 96 is disposed around the ceramic compgnent .80
iR T e s B S R e other
di pusaplel yrakermatesiabef drspqeedtio quameofwntr@4 neta o wedpamerthdé24. The

cavities. In certain _emhbodiments, th lymer materjal.may pe removed from.
ref I A L e RN S SR, Gt S R B i Wien
redévd ppAGS: Materidl i etah caoompedednd dP4 hiechanes eshepce 6l eychg body 128.

A R R R S TR R

1325ih@/m@stkﬂrerietﬁb_tioqo_(apmwm912A p@m't@ mcmaapmadmr@wem dzy from

gS-aRR'ERk S asainlip flingdheanslien metabo-ne.Geviies R Aot AR 6R tne
: Investment 96 Is sttbsequently removed to obtain composite elemen

out@Onteislitng Gase dikinds defimediymeg®@anidda metallic component 102. The
broad portion 104 of the metallic component 102 interlocks with the ceramic

THOPRONEHHETDs b KAy B NR (el R RAbHE MBI Ko BGHBBS te
delrggr:tngoesg?ﬁ)eednﬂlerlrgiggt;:)r\l/% %%?/reaﬂglrilt'y 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 technigue may be employed in several other

applications, such asignitors, spark plugs, pressure gauges, and oxXygen 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



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 component. In later stages

beofiffer REREESRL e sppiRRdTHR e Alethiaiie@lies Breldlde oRaHRi B2EEIs and

case around the composite element of the clearance sensor. As illustrated in

chengessas Al R ARG e BYERYURR: 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.

12



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
ElctenmEgts|haying both ceramic and metallic components. While only certain
features of the invention have been illustrated and described herein, many
1 odificiti ns and changes will occur to those skilled in the art. It is, therefore,
o 11 b&'[MB&rstood that the appended claims are intended to cover all such
1 odificafijgns and changes as fall within the scope of the invention. 12
LEME IST 10 turbine 12 rotor 14 stationary housing 16 turbine blades
1418 cleaignis aRNRBNsH clearance sensor 22 clearance sensor 28
clearance sensor 30 electrode tip 32 electrode tip 33 casing 34 via 36 via

1638 high tighipetsiteke instrumentation cable

18 clearance sensor

20 clearance sensor

22 clearance sensor

28 clearance sensor

30 electrodetip

32 electrodetip

33 casing

34 via

36 via

38 high temperature instrumentation cable
40 high temperature instrumentation cable
42 ceramic component

46 portion of electrode tips

50 ceramic component

52 cavities

53 cavities

54 first end

56 asecond end

58 disposable pattern

60 head
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40 high temperature instrumentation cable 42 ceramic component 46 portion
of electrode tips 50 ceramic component 52 cavities 53 cavities 54 first end
56 a second end 58 disposable pattern 60 head 13 62 body 64 investment
66 sprue-forming patterns 67 passage 68 molten metal 70 composite
62lemenpo metallic component 80 ceramic component 82 cavities 84
narrow section 86 broad section 90 injection mold die 92 head 93 liquid

64oolymelin@dspiastic pattern
66 sprue-forming patterns
67 passage

68 molten metal

70 composite element
72 metallic component
80 ceramic component
82 cavities

84 narrow section

86 broad section

90 injection mold die
92 head

93 liquid polymer

9 plastic pattern

95 arrow

96 investment mold

97 sprue-forming patterns
98 molten metal

99 pressure injection
100 composite element
102 metallic component
104 broad portion

118 outer metallic case
120 ceramic component
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95 arrow 96 investment mold 97 sprue-forming patterns 98 molten metal 99
pressure injection 100 composite element 102 metallic component 104
broad portion 118 outer metallic case 120 ceramic component 14 122
composite element 124 metallic component 126 head 128 body 130 narrow
1p0rtion chprpbERa@dipaidin 134 region where ceramic is interlocked within the
outer metallic case 15 CLAIMS 1. A composite element, comprising: a
12zeramicnestahipovermipdaéining a cavity having a first end and a second end;
and a metallic component comprising a head and a body, wherein at least a
126ortion beade 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,
128d whoREM a cross-sectional area of a portion of the body is greater than

an area of the first end,
130 narrow portion

132 broad portion

134 region where ceramic is interlocked within the outer metallic case
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wherein the ceramic and metallic components are interlocked. 2. The

composite element of claim 1, wherein the body has a tapered shape. 3. The

composite element of claim 1, wherein the head comprises a platinum

containing alloy. 4. The composite element of claim 1, wherein the body and
cithgtaead form a single, continuous element. 5. The composite element of

claim 4, wherein the metallic component is a single piece formed by casting
1 a molten metal, 6. A method of making a composite element, wherein the

‘com &?Q‘Bﬂﬂ%%ﬁ?"é%p‘%%@%r%?ﬂ%ta|nc component interlocked with a

ceramic component, the method comprising: providing a ceramic component
a ehseimivcanciangnhaginng freddhuhavide aticarenc el asepoyirgpd and

degradable material in the cavity; disposing the ceramic component in an
a I¥RRTBMsHBRV! Ak Spadeh ity T A dRE Al 1dastdISBERIBA of the

molten metal in the cavity; 16 solidifying the molten metal to form the metal

bacynffo HenNAAdieiROMetNRTAIR ERpEhentteinRABCKESIRA the laahet the

CcOPRPBREMGBIHSSSED ERRIROMBOSHS B RAY AN dGUMRMNIZ RRSEBBASHS area of
element from the mold. 7. The method of claim 6, wherein the step of

a pREpR Pl RedaghaigB RS dhan-anerROoLHRd 'EbPRBrises providing a
disposable pattern of the metallic component to define the cavity in the

wieer@mikevatarial aBd thaadietboshsdreaissrs ineeskethe disposable pattern is
formed by employing one or more of a direct write process, injection

2. mOIdiﬂQe E%HS&(%SF&%%%FSPE\Q H?lf)\;vherei n the body has a tapered shape.

3. The composite element of clam 1, wherein the head comprises a platinum

containing alloy.

4, The composite element of claim 1, wherein the body and the head form a single,

continuous el ement.

5. The composite element of claim 4, wherein the metallic component is a single

piece formed by casting a molten metal.

6. A method of making a composite element, wherein the composite element
comprises a metallic component interlocked with a ceramic component, the method

comprising:

providing a ceramic component defining a cavity having afirst end and a second end;
disposing a degradable material in the cavity;

disposing the ceramic component in an investment;

removing the degradable material from the cavity;

disposing molten metal in the cavity;
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combinations thereof. 9. A method of making a clearance sensor part,
comprising: 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; disposing a degradable material in the one

softIMRHg CadtipplehthadhketadicsompraankanddhperasoreRsRi klishosnaallic
the ceramic component in an investment; removing?:he de%radable material

COMRANNL bh Nt Rk R MRS SREABHS FOSTIRG Rt T8RN BRETBRRItE Sl ement;

anigpore cavities. 10. A composite element formed using the method of Claim 6.
17

removing the composite element from the mold.

7. The method of claim 6, wherein the step of disposing a degradable material in the
cavity comprises providing a disposable pattern of the metallic component to define the

cavity in the ceramic material.

8. The method of claim 7, wherein the disposable pattern is formed by employing
one or more of a direct write process, injection molding, rapid prototype technique, or
combinations thereof.

0. A method of making a clearance sensor part, comprising:
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;

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;

removing the degradable material from the one or more cavities; and
disposing molten metal in the one or more cavities.

10 A composite element formed wusing the method of Clam 6.
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