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CORE ASSEMBLY FOR GASTURBINE ENGINE

BACKGROUND

A gas turbine engine typically includes a fan smttia compressor section, a
combustor section, and a turbine section. Air emgjethe compressor section is
compressed and delivered into the combustion seetivere it is mixed with fuel
and ignited to generate a high-speed exhaust gas Tlhe high-speed exhaust gas
flow expands through the turbine section to drhve ¢tompressor and the fan section.

Turbine engine components, such as turbine bladéyanes, are operated in
high temperature environments. To avoid deterionatn the components resulting
from their exposure to high temperatures, it isessary to provide cooling circuits
within the components. Turbine blades and vaneswrgected to high thermal loads
on both the suction and pressure sides of thdwilgportions and at both the leading
and trailing edges. The regions of the airfoilsihgwvthe highest thermal load can
differ depending on engine design and specific ajpey conditions.

Minicore technology offers the potential to providgher specific cooling
passages for turbine components such as bladeaaredairfoils, blade outer air seals
(BOAS) and combustor or gas path panels. Minicechrnology utilizes refractory
metal cores to allow cooling circuits to be plagest under the surface of the hot
wall through which cooling air flows and is expéllento the gas path. However,
state of the art cooling circuits made using reéfrgcmetal cores can contain artifacts
in the event of incomplete removal of adhesive nmtgrior to casting. These
defects and artifacts can reduce the cooling evieness provided by the cooling
circuits and compromise the strength of the compbne

SUMMARY

In one exemplary embodiment, a core assembly iesl@lcore that includes
an exterior surface that has a recessed areaxtetds along the exterior surface.
An insert includes a contact surface that corredpao the recessed area.

In a further embodiment of the above, the coreuidets an upstream end and
a downstream end. A first side extends betweerufis¢ream end and downstream
end. A second side extends between the upstredrarehthe downstream end.

In a further embodiment of any of the above, treeihis a refractory metal

core that includes a first end, a second endshadide, and a second side.
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In a further embodiment of any of the above, thetact surface is located on
the first side of the refractory metal core.

In a further embodiment of any of the above, tleeseed area is located on at
least one of the first side and the second sidéhefcore. The first end of the
refractory metal core is located adjacent the déream end of the core.

In a further embodiment of any of the above, aeetiends from the first side
of the refractory metal core.

In a further embodiment of any of the above, thedatends to the upstream
end of the core and the recessed area extends thermupstream end to the
downstream end.

In a further embodiment of any of the above, tleessed area includes a slot
for accepting the tab.

In a further embodiment of any of the above, theessed area extends at
least partially along the first side, the downstneand, and the second side. The
contact surface abuts to the recessed area alenfirsh side, the downstream end,
and the second side.

In a further embodiment of any of the above, thizaotory metal core
includes a first tab that extends along the fiidé ®f the recessed area and a second
tab that extends along the second side of thesedemea.

In a further embodiment of any of the above, ailegdkdge core has an
upstream end, a downstream end, a first side, @ed@nd side. A first recessed area
is on the first side and the second side of the.c@ second recessed area is on the
first side, the upstream end, and the second didineoleading edge core. The
refractory metal core abuts the first recessed aneahe second recessed area.

In a further embodiment of any of the above, theeihincludes at least one
bend.

In a further embodiment of any of the above, theeihis secured within the
recessed area with an adhesive.

In a further embodiment of any of the above, a coment for a gas turbine
engine is made from the core assembly of claim 1.

In another exemplary embodiment, a method of fograncore assembly
includes forming a recessed area along an exteudace of a core. A refractory
metal core having a first end, a second end, & $ide, and a second side is

positioned into the recessed area such that teedide includes a contact surface
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adjacent the recessed area and the first end anskettond end are spaced from the
recessed area.

In a further embodiment of any of the above, theedocludes an upstream
end, a downstream end, a first side that exteredwden the upstream end and
downstream end and a second side that extends éetive upstream end and the
downstream end.

In a further embodiment of any of the above, tleeseed area is located on at
least one of the first side of the core. The fest of the refractory metal core is
located adjacent the downstream end of the core.

In a further embodiment of any of the above, aisaddigned on the refractory
metal core and a corresponding slot in the recesssd

In a further embodiment of any of the above, thedatends to the upstream
end of the core and the recessed area extends thermupstream end to the
downstream end of the core.

In a further embodiment of any of the above, treeseed area extends along
the first side, the downstream end, and the sestohel of the core. The contact
surface on the refractory metal core abuts theseszkarea along the first side, the
downstream end, and the second side.

In a further embodiment of any of the above, thiaotory metal core
includes a first tab that extends along the fild¢ ®f the recessed area and a second
tab that extends along the second side of thesedewea.

In a further embodiment of any of the above, ailegddge core has an
upstream end, a downstream end, a first side, aeda@nd side. A first recessed area
is on the first side and the second side of the.c@ second recessed area is on the
pressure side, the upstream end, and the secomafsitie leading edge core. The
refractory metal core extends between the firstgsed area and the second recessed

area.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic view of an example gasrarengine.
Figure 2 shows an example gas turbine engine coempon
Figure 3 is a cross-sectional view taken along 8r&of Figure 2.
Figure 4 is perspective view of an example ceraiore assembly.

Figure 5 is a cross-sectional view taken along Sirteof Figure 4.
3



10

15

20

25

30

Figure 6 is an enlarged view of Figure 5.

Figure 7 is a cross-sectional view of another exaropramic core assembly.

Figure 8 is a cross-sectional view of yet anotheangple ceramic core
assembly.

Figure 9 is a cross-sectional view of a further negee ceramic core
assembly.

Figure 10 is a cross-sectional view of a furthearagle ceramic core
assembly.

Figure 11 is a cross-sectional view of a furthearsgle ceramic core
assembly.

Figure 12 is a cross-sectional view of a furthearagle ceramic core
assembly.

Figure 13 is a cross-sectional view of a furthearsgle ceramic core
assembly.

Figure 14 is a cross-sectional view of a furthearagle ceramic core
assembly.

Figure 15 is a cross-sectional view of a cast carepbfrom the ceramic core

assembly of Figure 14.

DETAILED DESCRIPTION

Figure 1 schematically illustrates a gas turbingirem 20. The gas turbine
engine 20 is disclosed herein as a two-spool tarbdiat generally incorporates a
fan section 22, a compressor section 24, a combsstbion 26 and a turbine section
28. Alternative engines might include an augmeséation (not shown) among other
systems or features. The fan section 22 driveslairg a bypass flow path B in a
bypass duct defined within a nacelle 15, while ¢chenpressor section 24 drives air
along a core flow path C for compression and comaation into the combustor
section 26 then expansion through the turbine @e@B8. Although depicted as a
two-spool turbofan gas turbine engine in the dsetbnon-limiting embodiment, it
should be understood that the concepts describesinhare not limited to use with
two-spool turbofans as the teachings may be apmiether types of turbine engines
including three-spool architectures.

The exemplary engine 20 generally includes a logedspool 30 and a high

speed spool 32 mounted for rotation about an engamdral longitudinal axis A
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relative to an engine static structure 36 via salvieearing systems 38. It should be
understood that various bearing systems 38 atwsiimcations may alternatively or
additionally be provided, and the location of begrsystems 38 may be varied as
appropriate to the application.

The low speed spool 30 generally includes an insbaft 40 that
interconnects a fan 42, a first (or low) pressuwmgressor 44 and a first (or low)
pressure turbine 46. The inner shaft 40 is condetdethe fan 42 through a speed
change mechanism, which in exemplary gas turbirggnen20 is illustrated as a
geared architecture 48 to drive the fan 42 at atmspeed than the low speed spool
30. The high speed spool 32 includes an outer SBathat interconnects a second (or
high) pressure compressor 52 and a second (or hpgdgsure turbine 54. A
combustor 56 is arranged in exemplary gas turbibhéb@&ween the high pressure
compressor 52 and the high pressure turbine 54.idtunbine frame 57 of the
engine static structure 36 is arranged generaliyden the high pressure turbine 54
and the low pressure turbine 46. The mid-turbiment 57 further supports bearing
systems 38 in the turbine section 28. The inneft stthand the outer shaft 50 are
concentric and rotate via bearing systems 38 atfmuiengine central longitudinal
axis A which is collinear with their longitudinakes.

The core airflow is compressed by the low pressorapressor 44 then the
high pressure compressor 52, mixed and burnedfughin the combustor 56, then
expanded over the high pressure turbine 54 andpl@ssure turbine 46. The mid-
turbine frame 57 includes airfoils 59 which aretire core airflow path C. The
turbines 46, 54 rotationally drive the respectiow Ispeed spool 30 and high speed
spool 32 in response to the expansion. It will ppraciated that each of the positions
of the fan section 22, compressor section 24, catobisection 26, turbine section
28, and fan drive gear system 48 may be variedekample, gear system 48 may be
located aft of combustor section 26 or even atudbine section 28, and fan section
22 may be positioned forward or aft of the locadgear system 48.

The engine 20 in one example is a high-bypass dedireraft engine. In a
further example, the engine 20 bypass ratio istgrehan about six (6), with an
example embodiment being greater than about ten {i® geared architecture 48 is
an epicyclic gear train, such as a planetary ggstesy or other gear system, with a
gear reduction ratio of greater than about 2.3 thedlow pressure turbine 46 has a

pressure ratio that is greater than about fiv@nia disclosed embodiment, the engine
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20 bypass ratio is greater than about ten (10hB,fan diameter is significantly

larger than that of the low pressure compressoaid,the low pressure turbine 46
has a pressure ratio that is greater than aboat 5il. Low pressure turbine 46
pressure ratio is pressure measured prior to aflletw pressure turbine 46 as related
to the pressure at the outlet of the low presauntgirie 46 prior to an exhaust nozzle.
The geared architecture 48 may be an epicycle tgaiar, such as a planetary gear
system or other gear system, with a gear reducéibo of greater than about 2.3:1. It
should be understood, however, that the above Edessnare only exemplary of one
embodiment of a geared architecture engine and ttiatpresent invention is

applicable to other gas turbine engines includimgod drive turbofans.

A significant amount of thrust is provided by thgphss flow B due to the
high bypass ratio. The fan section 22 of the en@@as designed for a particular
flight condition -- typically cruise at about 0.8a¢h and about 35,000 feet. The
flight condition of 0.8 Mach and 35,000 ft (10,68@ters), with the engine at its best
fuel consumption - also known as “bucket cruiseushiSpecific Fuel Consumption
(‘TSFC")” - is the industry standard parameter loil of fuel being burned divided
by Ibf of thrust the engine produces at that mimmpoint. “Low fan pressure ratio”
is the pressure ratio across the fan blade alombow a Fan Exit Guide Vane
(“FEGV”) system. The low fan pressure ratio as ldised herein according to one
non-limiting embodiment is less than about 1.4%Wicorrected fan tip speed” is the
actual fan tip speed in ft/sec divided by an industandard temperature correction
of [(Tram °R) / (518.7 °R]°. The “Low corrected fan tip speed” as disclosegkine
according to one non-limiting embodiment is lesantlabout 1150 ft / second (350.5
meters/second).

The example gas turbine engine includes4fathat comprises in one non-
limiting embodiment less than about twenty-six (2&h blades. In another non-
limiting embodiment, fan sectid2R includes less than about twenty (20) fan blades.
Moreover, in one disclosed embodiment low pressurkine46includes no more
than about six (6) turbine rotors schematicallyicgated aB4. In another non-
limiting example embodiment low pressure turb#@encludes about three (3)
turbine rotors. A ratio between number of fan btatizand the number of low
pressure turbine rotors is between about 3.3 aadta&h6. The example low pressure
turbine46 provides the driving power to rotate fan sec@and therefore the

relationship between the number of turbine ro8& low pressure turbiné6 and
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number of bladed42in fan sectior22 disclose an example gas turbine endi@eavith
increased power transfer efficiency.

Figure 2 illustrates an example gas turbine engiomponent 60. In the
illustrated example, the component 60 includes igioila62, a platform 64, and
optionally a root portion 66. In the illustratedagple, the component 60 is a turbine
blade. However, the component 60 could also bere,va compressor blade, a
combustor liner, a blade outer air seal, or anycstire that with cooling features
formed from ceramic cores or core of other mateflibk component 60 is configured
to form a circumferential ring surrounding the emgiaxis A when jointed with
additional similar components 60. In this discl@surcircumferential or
circumferentially spaced is relative to a circurefeze surrounding the engine axis A
of the gas turbine engine 20 unless otherwise Bpédci

The radially outer side 70 of the platform 64 forensadially inner boundary
for fluid traveling over the component 60. The rqgumirtion 66 extends radially
inward from the platform 64 to retain the compon@édito a turbine rotor 79 (Figure
1). The root portion 66 is located on an opposide ®f the platform 64 from the
airfoil 62 on a radially inner side 83. The roottmn 66 includes teeth 67 located on
opposite sides of the root portion 66 for engagiomplimentary shaped receptacles
on the turbine rotor 79 of the gas turbine engide 2

As shown in Figure 2, a first plurality of coolitgles 80 are spaced radially
along a leading edge 76 of the airfoil 62 on bopitessure side 72 and a suction side
74. Although the cooling holes 80 in the illustchexample are circular, other shapes
such as elliptical holes, oval holes, oblong hoteg] race-track shaped holes could
be used.

A plurality of cooling slots 84 are spaced radialpng the pressure side 72
of the airfoil 62. In the illustrated example, thi@rality of cooling slots 84 is axially
aligned and extends in a radial direction. Howetes, plurality of cooling slots 84
could be axially spaced from each other.

A plurality of trailing edge cooling holes 86 arpased radially along the
pressure side 72 of the airfoil 62 immediately tgmn of a trailing edge 78.

As shown in Figure 3, the airfoil 62 includes imi&r cooling passages, such
as a leading edge cooling passage 88, an interteedimling passage 90, and a
trailing edge cooling passage 92. In the illusttaagample, the intermediate cooling

passage 90 feeds cooling airflow to the pluralitycooling slots 84 to create a
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cooling film over the pressure side 72 as the ogokirflow travels out of the
plurality of cooling slots 84 and towards the irajledge 78. However, the plurality
of cooling slots 84 could be fed from either thadeg edge cooling passage 88 or
the trailing edge cooling passage 92.

The plurality of cooling slots 84 are each fed bgla passage 94 forming an
internal cooling circuit 96 (a network of coolinggsages). The slot passage 94 for
the cooling slot 84 is formed by an investment ingsprocess. In one example
investment casting process, ceramic cores aretosiedm the leading edge cooling
passage 88, an intermediate cooling passage 9y &mading edge cooling passage
92. Inserts, such as a refractory metal core (RM@&, be used to form the internal
cooling circuits 96 for receiving cooling airflowaim the cooling passages 88, 90,
and 92 formed by the ceramic core elements.

In one investment casting method, the ceramic fed and the RMC are
formed separately. The RMC is then secured to ¢nanaic feed core, typically using
a ceramic adhesive or glue. A wax pattern is foriovegl the RMC and ceramic feed
cores, which form a core assembly. A ceramic sisethen formed over the wax
pattern and the wax pattern is removed from thdl.skelten metal is introduced
into the ceramic shell. The molten metal, upon iocgplsolidifies and forms the
component 60. The ceramic feed cores form the mgglassages 88, 90, and 92 in
the component 60 and the RMC at least partiallyndsfthe internal cooling circuit
96. The ceramic shell is then removed from the padt Thereafter, the ceramic feed
core and the RMC are removed, typically chemicallging a suitable removal
technique. Removal of the RMC leaves the intermalling circuit 96 within the
component 60.

Figure 4 illustrates an example core assembly @0@fming the component
60. The configuration of ceramic cores within tliwecassembly 100 allows access
for removal of adhesive accumulated between thentiercores and the RMC before
casting. The core assembly 100 includes a leaddgge eceramic core 102, an
intermediate ceramic core 104, and a trailing edg@mic core 106. The leading
edge ceramic core 102, the intermediate ceramie &¢6¢, and the trailing edge
ceramic core 106 form the leading edge cooling ags$88, the intermediate cooling
passage 90, and the trailing edge cooling passageeSpectively. In the illustrated
example, an intermediate RMC 108 is attached tontiieemediate ceramic core 104.

Although the illustrated example only shows one RMG8 attached to the
8
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intermediate ceramic core 104, additional RMCs @¢dut attached to the leading
edge ceramic core 102 and the trailing edge ceraane 106.

The RMC 108 is used to form the internal coolinguwit 96 within the wall
of the component 60. The cooling circuit receivesling fluid from the intermediate
passage 90 once the component 60 is cast. In fandire internal cooling circuits 96
in the component 60 to receive cooling fluid frone intermediate passage 90, the
intermediate ceramic core 104 and the RMC 108 imeigh contact with one another.
The RMC 108 is secured to the intermediate ceramoie 104 to maintain contact
during the casting process. In some embodimentg, assembly 100 can contain
more than one intermediate ceramic core 104 arati@ted RMC 108.

During casting, the ceramic cores 102, 104, and fd6 the cooling
passages 88, 90, and 92 within the airfoil 62 thatel in a generally spanwise
direction (e.g., radially through a central regminthe component 60). The leading
edge ceramic core 102 includes an upstream sutfitea downstream surface 114,a
pressure side surface 116, and a suction sidecsuifB8. The intermediate ceramic
core 104 includes an upstream surface 120, a dozamstsurface 122, a pressure
side surface 124, and a suction side surface 126 .trhiling edge ceramic core 106
includes an upstream surface 130, a downstrearacgulf32, a pressure side surface
134, and a suction side surface 136.

In the illustrated example, a recessed area 128rmsed along the pressure
side surface 124 of the intermediate ceramic cOreahd extends in a spanwise and
axial direction. In another example, the recessed 428 could be formed on the
suction side surface 126 or both the pressure sidace 124 and the suction side
surface 126 of the intermediate ceramic core 10&. fEcessed area 128 can extend
the full span length of the intermediate ceramiesd. 04 or only a portion of the full
length of the intermediate ceramic core 104.

As shown in Figures 4 and 5, the intermediate RNI8 ihcludes a first end
140, a second end 142, a first side 144, and andeside 146. The first side 144
includes a contact surface 148 that is accepteldirwihe recessed area 128. In the
illustrated example, the recessed area 128 exfeoaisthe downstream surface 122
on the intermediate ceramic core 104 to approxin&t@-80% of the chord length of
the intermediate ceramic core 104. In another e¥antpe contact surface 148

extends between 20-100% of the chord length ointeemediate ceramic core 104.
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The RMC 108 is attached to the recessed area 1#8adhtermediate core
104 with a ceramic adhesive or glue 110. In onemge, the ceramic adhesive 110
is applied to the RMC 108 prior to insertion inteetrecessed area 128 in the
intermediate ceramic core 104. The ceramic adhdsi®esecures the contact surface
148 within the recessed area 128 to form the cgofiow path between the
intermediate cooling passage 90 and the internalirg circuit 96 in the cast
component 60.

Once cast, openings 150 in the RMC 108 form a piyraf pedestals or
other features that direct cooling fluid througle tinternal cooling circuit 96. The
openings 150 can be circular, oblong, racetrackeathateardrop-shaped or any other
shape depending on the flow control needs of tledirap circuit. The RMC 108 can
include one or more bends between the first andneeends 140 and 142 as shown
in Figures 4 and 5. The bends in the RMC 108 alloevRMC 108 to be fed with
cooling airflow from the intermediate cooling pagsa0 and still provide a heat
shielding effect on the intermediate passage 9@etiuce the temperature of the
cooling airflow as it passes through the intermedpassage 90.

The ceramic adhesive 110 used to secure the RMCQdl@& intermediate
ceramic core 104 can migrate and wick along therfate between intermediate
ceramic core 104 and the RMC 108. The overflowhef ¢eramic adhesive 110 can
create undesired artifacts in the cast componet as inclusions and fins, which
can reduce the cooling effectiveness of the intecnaling circuits formed by the
RMC 108 or impact the strength of the component 60.

To avoid the formation of these unwanted artifaetssess ceramic adhesive
110 should be removed prior to forming the wax gratt As shown in Figure 6, a
tool 152 is typically used to remove surplus ceraadhesive 110. The tool 152 can
only remove surplus ceramic adhesive 110 alongdg®ns of the RMC 108 that the
tool 152 can access. Certain configurations of RM@d ceramic cores prevent
access to one side of the RMC where the ceramiesagth 110 can wick, however.
The embodiments described herein provide configanat that allow ceramic
adhesive 110 removal from the interface of the RAMG the ceramic cores.

As shown in Figure 6, ceramic adhesive 110 hasdtbaut of the recessed
area 128 and along the first side 140 of the RM@. Ithe ceramic adhesive 110
outside of the recessed area 128 can create thentedvartifacts in the resulting cast

component as described above. Figure 6 also dliestrthe tool 152 that can be used
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to remove a surplus of the ceramic adhesive 110hts flowed out of the recessed
area 128 along the sides of the RMC 108 adjacenintermediate ceramic core 104.
The tool 152 can be used to remove ceramic adhé&di®eon both the leading edge
of the recessed area 128 and the first end 14edRMC 108 along the downstream
surface 122 of the intermediate ceramic core 1@MeS prior art configurations
would not allow the tool 152 to be used to remdwe ¢eramic adhesive 110 from
adjacent the RMC 108 due to spatial constraints.

The tool 152 can be used to remove the ceramicsagh&10 before or after
the leading edge ceramic core 102, the intermediatamic core 104, and the
trailing edge ceramic core 106 are assembled @a@ore assembly 100. Because the
ceramic cores 102, 104, and 106 are separate deneach ceramic core 102, 104,
and 106 and adjoining RMC can be assembled separaéteat is, RMC 108 can be
secured to the intermediate ceramic core 104 vathroic adhesive 110 apart from
the other ceramic cores and RMCs. The ceramic agh&%0 can be removed by the
tool 152 before the intermediate ceramic core 1l tae RMC 108 are assembled
with the leading edge ceramic core 102 and théingaedge ceramic core 106 to
form the core assembly 100. The ceramic adhesi@echh be removed from both
sides of the RMC 108 since no obstructions preaecess around the RMC 108.
Alternatively, ceramic adhesive 110 can be remowedhe tool 152 after two or
more of the ceramic cores of the core assemblyhda®@ been assembled.

Figure 7 illustrates another example leading edgemic core 202 and
another example intermediate ceramic core 204.08fh Figure 7 does not include
a trailing edge ceramic core, additional ceramiessuch as additional intermediate
ceramic cores and trailing edge ceramic cores cbalditilized. The intermediate
ceramic core 204 includes an upstream surface 2fwnstream surface 222, a
pressure side surface 224, and a suction sideceu226. In the illustrated example, a
recessed area 228 is formed along the entire peessie 224 of the intermediate
core 204.

An intermediate RMC 208 is secured to the receasea 228. The RMC 208
includes a first end 230, a second end 232, anrstaside 234, and a second side
236. A tab 238 extends from the first side 234 tmlnthe upstream surface 220 of the
intermediate ceramic core 204. A contact surfad® &dends along the first side of
the RMC 208 from the first end 230 to a distal ehthe tab 238 for mating with the

recessed area 228.
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Excess ceramic adhesive 110 forms at the interfaicé®e RMC 208 and the
intermediate ceramic core 204. The position of ¢xeess ceramic adhesive 110
allows for easy access for removal by the tool 152.

Figure 8 illustrates another example leading edgemic core 302 and
another example intermediate ceramic core 304.08fh Figure 8 does not include
a trailing edge ceramic core, additional ceramies®uch as additional intermediate
ceramic cores and trailing edge ceramic cores cbalditilized. The intermediate
ceramic core 304 includes an upstream surface 82wnstream surface 322, a
pressure side surface 324, and a suction sideceu8i26. In the illustrated example, a
recessed area 328 is formed along the entire peessde 324 of the intermediate
core 304. The recessed area 328 includes a cesittal329 extending along a
spanwise length of the intermediate ceramic core 30

An intermediate RMC 308 includes a first end 338egaond end 332, and a
first side 334, and a second side 336. A first3@B extends from the first side 334
toward the upstream surface 320 of the intermeadiatamic core 304 and a second
tab 340 extends from the first side 334 toward i slot 329. The RMC 308 is
inserted into the recessed area 328 by aligningd¢icend tab 340 on the RMC 308
with the slot 329 in the recessed area 328. A cbrgarface 342 extends from a
distal end of the first tab 338 along the firstes&B4 around the second tab 340 to the
first end 330 for mating with the recess 328.

Excess ceramic adhesive 110 forms at the interfaicdee RMC 308 and the
intermediate ceramic core 304. The position of ¢xeess ceramic adhesive 110
allows for easy access for removal by the tool 152.

Figure 9 illustrates another example leading edgemic core 402 and
another example intermediate ceramic core 404.08gh Figure 9 does not include
a trailing edge ceramic core, additional ceramies®uch as additional intermediate
ceramic cores and trailing edge ceramic cores cbalditilized. The intermediate
ceramic core 404 includes an upstream surface @2mwnstream surface 422, a
pressure side surface 424, and a suction sideceu4i26. In the illustrated example, a
recessed area 428 is formed along a portion of pilessure side 424 of the
intermediate core 404. The recessed area 428 exladclot 429 extending along a
spanwise length of the intermediate ceramic code 40

An intermediate RMC 408 includes a first end 438eeond end 432, a first

side 434, and a second side 436. A first tab 438nels from the first side 434
12



10

15

20

25

30

toward the slot 429. In one example, the first4@B is perpendicular to the first side
434 and in another example, the first tab 438 thiwil0 degrees of perpendicular.
The RMC 408 is inserted into the recessed areadZdigning the first tab 438 on
the RMC 408 with the slot 429 in the recessed @& A contact surface 440
extends around the first tab 438 to the first eB@ df the RMC 408.

Excess ceramic adhesive 110 forms at the interfeicdee RMC 408 and the
intermediate ceramic core 404. The position of ¢ixeess ceramic adhesive 110
allows for easy access for removal by the tool 152.

Figure 10 illustrates another example leading edgemic core 502 and
another example intermediate ceramic core 504.08ljh Figure 10 does not include
a trailing edge ceramic core, additional ceramiessuch as additional intermediate
ceramic cores and trailing edge ceramic cores cbalditilized. The intermediate
ceramic core 504 includes an upstream surface &2fwnstream surface 522, a
pressure side surface 524, and a suction sideceus26. In the illustrated example, a
recessed area 528 is formed along a portion of pilessure side 524 of the
intermediate core 504. The recessed area 528 exlad angled slot529 extending
along a length of the intermediate ceramic core 504

An intermediate RMC 508 includes a first end 538eeond end 532, a first
side 534, and a second side 536. A first tab 538nels from the first side 434
toward the angled slot 529. In one example, tst fab 538 extends at an angle of 45
degrees relative to the pressure side 524 andathenexample, the first tab 538
extends within 35-55 degrees relative to the presside 524. The RMC 508 is
inserted into the recessed area 528 by aligning$tetab 538 on the RMC 508 with
the angled slot 529 in the recessed area 528. facbaurface 540 extends around
the first tab 538 to the first end 532 of the RMIB5

Excess ceramic adhesive 110 forms at the interfaicdee RMC 508 and the
intermediate ceramic core 504. The position of ¢ixeess ceramic adhesive 110
allows for easy access for removal by the tool 152.

Figure 11 illustrates another example leading edgemic core 602 and
another example intermediate ceramic core 604.08ljh Figure 11 does not include
a trailing edge ceramic core, additional ceramiessuch as additional intermediate
ceramic cores and trailing edge ceramic cores cbalditilized. The intermediate
ceramic core 604 includes an upstream surface &2fwnstream surface 622, a

pressure side surface 624, and a suction sidecsué26, a first recessed area 628a
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on the pressure side surface 624 and a secondeglcagea 628b on the suction side
surface 626.

A first RMC 608a includes a first end 630a, a secend 632a, a first side
634a, and a second side 636a. The first side 6®Dadies a contact surface 638a that
is inserted into a recessed area 628a on the iathate ceramic core 604. In the
illustrated example, the contact surface 638a estdrom the downstream surface
622 on the intermediate core 604 to approximatéhg@% of the spanwise length of
the intermediate core 604. In another example,cthretact surface 638a extends
between 20-100% of the spanwise length of thenmeeliate core 604.

The first RMC 608a is attached to the first recdsseea 628a of the
intermediate core 604 with the ceramic adhesive. TI® ceramic adhesive 110
secures the contact surface 638a within the redes®sa 628a so that the first RMC
608a is secured to the recessed area 628a one¢hmadiate ceramic core 604.

A second RMC 608b includes a first end 630b, arsgend 632b, a first side
634b, and a second side 636b. The first side 680lides a contact surface 638b
that is inserted into a recessed area 628b omteamediate ceramic core 604. In the
illustrated example, the contact surface 638b @ddrom the downstream surface
622 on the intermediate core 604 to approximatéhg@% of the spanwise length of
the intermediate core 604. In another example,cthretact surface 638a extends
between 20-100% of the spanwise length of thenmeeliate core 604.

The second RMC 608b is attached to the secondsedesea 628b of the
intermediate core 604 with the ceramic adhesive. TI® ceramic adhesive 110
secures the contact surface 638b within the redeas=a 628b so that the second
RMC 608b is secured to the recessed area 628beomtitrmediate ceramic core
604.

Excess ceramic adhesive 110 forms at the interflacess at the interfaces of
the first and second RMC 608a, 608b. The positibthe excess ceramic adhesive
110 allows for easy access for removal by the 16@l.

Figure 12 illustrates another example leading edgemic core 702 and
another example intermediate ceramic core 704.08ljh Figure 12 does not include
a trailing edge ceramic core, additional ceramiessuch as additional intermediate
ceramic cores and trailing edge ceramic cores cbalditilized. The intermediate
ceramic core 704 includes an upstream surface &2fhwnstream surface 722, a

pressure side surface 724, and a suction sidecsuifd6. A recessed area 728
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extends at least partially along the pressure |idiace 724, the downstream surface
722, and the suction side surface 726.

A RMC 708 includes a first end 730, a second en2, &3first side 734, a
second side 736, and a pair of tabs 740, 742. ifsleside 734 includes a contact
surface 738 that is accepted within the recesseml &8 on the intermediate ceramic
core 704. The contact surface 738 extends betwistal dnds of the pair of tabs 740,
742 on the first side 734. In the illustrated exmghe pair of tabs 740, 742 extends
from the downstream surface 722 on the intermediate 704 to approximately 40-
80% of the spanwise length of the intermediate d@4. In another example, the
contact surface 738 extends between 20-100% ofspanwise length of the
intermediate core 704.

Excess ceramic adhesive 110 forms at the interdddbe pair of tabs 740,
742 and the intermediate ceramic core 704. Thetiposof the excess ceramic
adhesive 110 allows for easy access for removéhéyool 152.

Although the RMCs shown in Figures 5-7 may be shaowa single ceramic
core, the RMCs shown in Figures 5-7 could be usigld iw the other ceramic cores
in the core assembly 100.

Figure 13 illustrates another example trailing edmgramic core 806.
Although Figure 13 does not include a leading ezigamic core and an intermediate
ceramic core, additional ceramic cores could bkzetl. The trailing ceramic core
806 includes an upstream surface 820, a downstseaface 822, a pressure side
surface 824, and a suction side surface 826. Inllitrated example, a recessed
area 828 is formed along the entire pressure sddeo8the intermediate core 806.

A trailing RMC 808 is secured to the recessed &2& The RMC 808
includes a first end 830, a second end 832, adidet 834, and a second side 836. A
tab 338 extends from the first side 834 toward wipstream surface 820 of the
intermediate ceramic core 804. A contact surfadee3dends along the first side 834
of the RMC 808 from the first end 830 to a distatl @f the tab 838 for mating with
the recessed area 828.

Excess ceramic adhesive 110 forms at the interfeicdee RMC 808 and the
intermediate ceramic core 804. The position of ¢ixeess ceramic adhesive 110
allows for easy access for removal by the tool 152.

Figure 14 illustrates another example RMC 908 amfjaa leading edge

ceramic core 902 and an intermediate ceramic cofe Bhe RMC 908 includes a
15
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first end 930, a second end 932, a first side 88d,a second side 936. The leading
edge ceramic core 902 and the intermediate ceraone904 are held together by a
formation 935 that will form a first impingementladluidly connecting the leading
edge ceramic core 902 and the intermediate ceraongc904 in the cast component.

The second side 936 is located adjacent the leagtigg ceramic core 902
and a pressure side 924 and a suction side 92 ohtermediate ceramic core 904.
When the component 60 is cast, the RMC 908 wilmfaa second impingement
cooling passage 938 and a third impingement coogtiagsage 940 as shown in
Figure 15. The addition of the cooling second ahuldtimpingement cooling
passages 938 and 940 will improve cooling of themonent 60.

Excess ceramic adhesive 110 forms at the interfaicése RMC 908 and the
intermediate ceramic core 904. The position of ¢ixeess ceramic adhesive 110
allows for easy access for removal by the tool dle2g the trail edge, but not along
the first side 934 of the RMC 908.

Although the different non-limiting embodiments aheistrated as having
specific components, the embodiments of this dssci® are not limited to those
particular combinations. It is possible to use savhéhe components or features
from any of the non-limiting embodiments in combioa with features or
components from any of the other non-limiting embeanhts.

It should be understood that like reference nursadantify corresponding or
similar elements throughout the several drawingshould also be understood that
although a particular component arrangement islatisd and illustrated in these
exemplary embodiments, other arrangements coutdbasefit from the teachings of
this disclosure.

The foregoing description shall be interpreted lasstrative and not in any
limiting sense. A worker of ordinary skill in thetavould understand that certain
modifications could come within the scope of thisctbsure. For these reasons, the
following claim should be studied to determine the&e scope and content of this

disclosure.
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CLAIMS
What is claimed is:
1. A core assembly comprising:
a core including an exterior surface having a ssed area extending along
the exterior surface; and

an insert including a contact surface correspantbrthe recessed area.

2. The core assembly of claim 1 wherein the corepcses:
an upstream end;
a downstream end;
a first side extending between the upstream eddlawnstream end; and
a second side extending between the upstreamnehitha downstream end.

3. The core assembly of claim 2, wherein the insed refractory metal core

including a first end, a second end, a first sae a second side.

4, The core assembly of claim 3, wherein the cdardadace is located on the

first side of the refractory metal core.

5. The core assembly of claim 3, wherein the rexbssea is located on at least
one of the first side and the second side of tle aad the first end of the refractory

metal core is located adjacent the downstream &titea@ore.

6. The core assembly of claim 3, comprising a teereding from the first side

of the refractory metal core.

7. The core assembly of claim 6, wherein the tabreds to the upstream end of
the core and the recessed area extends from theammsend to the downstream end.

8. The core assembly of claim 6, wherein the resmkssea includes a slot for

accepting the tab.

9. The core assembly of claim 3, wherein the resmbsgea extends at least

partially along the first side, the downstream earttj the second side and the contact
17
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surface abuts to the recessed area along thesiiiist the downstream end, and the

second side.

10.  The core assembly of claim 9, wherein the cébry metal core includes a
first tab extending along the first side of theesxed area and a second tab extending

along the second side of the recessed area.

11. The core assembly of claim 3, comprising aitepedge core having an
upstream end, a downstream end, a first side, ast@nd side, a first recessed area
on the first side and the second side of the codesasecond recessed area on the first
side, the upstream end, and the second side oletiing edge core and the

refractory metal core abutting the first recessed and the second recessed area.

12.  The core assembly of claim 1, wherein the irisetudes at least one bend.

13. The core assembly of claim 1, wherein the ingersecured within the

recessed area with an adhesive.

14. A component for a gas turbine engine made fittencore assembly of claim
1.

15. A method of forming a core assembly comprising:

forming a recessed area along an exterior sudbhaecore; and

positioning an refractory metal core having atfesd, a second end, a first
side, and a second side into the recessed areatlsachhe first side includes a
contact surface adjacent the recessed area arfdsthend and the second end are

spaced from the recessed area.

16.  The method of claim 15, wherein the core cosgi
an upstream end;
a downstream end,;
a first side extending between the upstream eddlawnstream end; and

a second side extending between the upstreamnehithea downstream end.
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17. The method of claim 16, wherein the recessed & located on at least one
of the first side of the core and the first endtlod refractory metal core is located

adjacent the downstream end of the core.

18.  The method of claim 16, comprising aligningal bn the refractory metal

core and a corresponding slot in the recessed area.

19. The method of claim 18, wherein the tab extdndbie upstream end of the
core and the recessed area extends from the upséed to the downstream end of

the core.

20. The method of claim 16, wherein the recessed axtends along the first
side, the downstream end, and the second sideeafaite and the contact surface on
the refractory metal core abuts the recessed &wag the first side, the downstream

end, and the second side.

21.  The method of claim 20, wherein the refractoltal core includes a first tab
extending along the first side of the recessed aneha second tab extending along

the second side of the recessed area.

22.  The method of claim 16, comprising a leadingeedore having an upstream
end, a downstream end, a first side, and a sedded & first recessed area on the
first side and the second side of the core ancdcanserecessed area on the pressure
side, the upstream end, and the second side oletiing edge core and the
refractory metal core extending between the fiestessed area and the second

recessed area.
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