METHOD FOR REPAIRING COMPOSITE COMPONENTS AND ASS®ATED
INFILTRATION SYSTEMS AND METHODS

FIELD
[0001] The present disclosure generally pertains to metfadrepairing
composite components, such as turbomachine comgmraar, more specifically, to
methods for repairing composite components andcagsd infiltration systems and

methods.

BACKGROUND
[0002] Inrecent years, the use of non-traditional highgerature materials, such
as ceramic matrix composite (CMC) materials, intgalsine engines has grown
dramatically. Specifically, there is strong intran replacing metal alloy
components within the combustion and turbine sestaf a gas turbine engine with
CMC components. CMC materials can withstand higiperating temperatures than
metal alloys. Higher operating temperatures, in,tincrease the efficiency of the gas
turbine engine. Moreover, CMC components requss cooling than metallic
components. Additionally, CMC materials are lightean metallic components and
may reduce the structural demands on the engine.
[0003] However, gas turbine components formed from CMCenis can be
quite expensive. In this respect, when a CMC gdsrte component becomes worn
or damaged, it is desirable to repair, rather tieptace, the component. As such,
methods of repairing CMC components have been dpedl Specifically, the worn
or damaged portion(s) of a CMC component may bevewh and replaced with new
CMC material. In such methods, the entire CMC congmt is heated to the melting
temperature of its matrix material, thereby allogvthe new CMC material to fuse
with the existing CMC material. Such heating ntagwever, cause the matrix
material of portions of the CMC component not beiggaired to liquify and flow out
of the component. Conversely, heating only theipowof the CMC component
adjacent to the new CMC material to the meltinghpof the matrix material may

result the formation of stress cracks within thenponent.



[0004]  Accordingly, an improved method for repairing corsip@® components

would be welcomed in the technology.

BRIEF DESCRIPTION
[0005] Aspects and advantages of the invention will bda#t in part in the
following description, or may be obvious from thesdription, or may be learned
through practice of the invention.
[0006] In one aspect, the present subject matter is éuecta method for
repairing composite components. The method inglypdsitioning repair material
within a repair region of a composite componentrfed of a composite material.
Furthermore, the method includes heating the repgion to a first temperature.
Additionally, the method includes heating a remagnportion of the composite
component to a second temperature. Moreover, #tbod includes melt infiltrating
the repair region with an infiltrant to densify tregpair material. The first temperature
is at or above a melting point of the infiltrantaie second temperature is less than
the melting point.
[0007] In another aspect, the present subject matterasted to a method of
infiltrating composite components. The methodudels heating a first portion of a
composite component to a first temperature. Fumbee, the method includes
heating a second portion of the composite compameaitsecond temperature, with
the second portion being adjacent to the firstiport Moreover, the method includes
heating a third portion of the composite comporterat third temperature.
Additionally, the method includes melt infiltratitlge composite component with an
infiltrant to densify the first portion of the comgite component. The first
temperature is at or above a melting point of tti¢tiant and the second and third
temperatures are less than the melting point.
[0008] In a further aspect, the present subject mattéirésted to a system for
infiltrating composite components. The systemudek a furnace defining a vacuum
chamber and including a composite component hgdsitioned within the vacuum
chamber, with the composite component holder condig to receive a composite
component to be infiltrated with an infiltrant. kémver, the system includes one or
more heating elements positioned within the vacabamber. The one or more



heating elements are, in turn, configured to hdastportion of the composite
component to a first temperature and heat a segoritn of the composite
component to a second temperature. The first teatyoe is at or above a melting
point of the infiltrant and the second temperatsiess than the melting point.
[0009] These and other features, aspects and advantatfespesent invention
will become better understood with reference tofttiewing description and
appended claims. The accompanying drawings, wdriehncorporated in and
constitute a part of this specification, illustrarmbodiments of the invention and,

together with the description, serve to explaingheciples of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] A full and enabling disclosure of the present ii@am including the best
mode thereof, directed to one of ordinary skilthe art, is set forth in the
specification, which makes reference to the appefigares, in which:
[0011] FIG. 1 is a schematic cross-sectional view of anbeaiment of a gas
turbine engine;
[0012] FIG. 2 is a side view of one embodiment of a shriolodk of a gas turbine
engine;
[0013] FIG. 3 is a cross-sectional view of one embodinodéat system for
infiltrating composite components;
[0014] FIG. 4 is a cross-sectional view of another embedihof a system for
infiltrating composite components;
[0015] FIG. 5 is a cross-sectional view of a further embht of a system for
infiltrating composite components;
[0016] FIG. 6 is a cross-sectional view of yet another edinent of a system for
infiltrating composite components;
[0017] FIG. 7 is a flow diagram of one embodiment of almdtfor repairing
composite components;
[0018] FIG. 8 is atop view of one embodiment of a comjigosbmponent,
particularly illustrating the component prior tqeer;
[0019] FIG. 9 is top view of the composite component shawlG. 8,
particularly illustrating a repair region of thensponent after preparation for repair;



[0020] FIG. 10 is a top view of the composite componepinshin FIGS. 8 and 9,
particularly illustrating repair material positiahevithin the repair region; and
[0021] FIG. 11 is a flow diagram of one embodiment of dahud for infiltrating
composite components.

[0022] Repeat use of reference characters in the pregedifisation and
drawings is intended to represent the same or goatofeatures or elements of the

present invention.

DETAILED DESCRIPTION
[0023] Reference now will be made in detail to exemplanpediments of the
presently disclosed subject matter, one or morenples of which are illustrated in
the drawings. Each example is provided by wayxpfanation and should not be
interpreted as limiting the present disclosurefalrt, it will be apparent to those
skilled in the art that various modifications aratiations can be made in the present
disclosure without departing from the scope orispfrthe present disclosure. For
instance, features illustrated or described asgfamhe embodiment can be used with
another embodiment to yield a still further emboelima Thus, it is intended that the
present disclosure covers such modifications andti@ns as come within the scope
of the appended claims and their equivalents.
[0024]  As used herein, the terms “first”, “second”, anklifd” may be used
interchangeably to distinguish one component frowtlzer and are not intended to
signify location or importance of the individualmponents.
[0025] Furthermore, the terms “upstream” and “downstreesfér to the relative
direction with respect to fluid flow in a fluid gawvay. For example, “upstream”
refers to the direction from which the fluid flovend “downstream” refers to the
direction to which the fluid flows.
[0026]  Additionally, the terms “low,” “high,” or their rggective comparative
degrees (e.qg., lower, higher, where applicableh eafer to relative speeds within an
engine, unless otherwise specified. For exampglevapressure turbine” operates at
a pressure generally lower than a “high-pressuterta.” Alternatively, unless
otherwise specified, the aforementioned terms neayrilerstood in their superlative

degree. For example, a “low-pressure turbine” nedgr to the lowest maximum



pressure turbine within a turbine section, andightpressure turbine” may refer to
the highest maximum pressure turbine within thbihe section.

[0027] In general, the present subject matter is direti@dmethod for repairing
composite components and associated infiltratiothaws. In several embodiments,
the disclosed methods may be used to repair vatiwmbemachine components, such
as ceramic matrix composite (CMC) gas turbine emgiades, vanes, shroud blocks,
and/or the like. More specifically, during opeoaitj a composite component may
become worn or damaged. As such, in accordantetinatdisclosed methods, new
composite material is formed in place of the woamidged portion of the composite
component.

[0028]  Additionally, the present subject matter is dirddie a system for
infiltrating composite components. Specifically,several embodiments, the
disclosed system includes a furnace defining awmacchamber configured to receive
a composite component to be infiltrated with aitiaint. Furthermore, in such
embodiments, the system includes one or more lgeaklements positioned within the
vacuum chamber. The heating element(s), in tuencanfigured to heat a first
portion of the composite component (e.g., a reaion of the component) to a first
temperature at or above the melting point of thiétrant. Moreover, the heating
element(s) are configured to heat a second poafidime composite component (e.g.,
the remaining portion of the composite componemg second temperature below the
melting point of the infiltrant, but significantBbove the ambient temperature.
[0029] In several embodiments, the disclosed methods mayplemented using
the disclosed system. More specifically, in ondoediment, the method includes
positioning repair material (e.g., fiber plies dilser preform) within a repair region
of a composite component and placing componentimitie vacuum chamber.
Additionally, the method includes heating the repagion to the first temperature
using the one or more heating elements. Moredkennethod includes heating a
remaining portion of the composite component toséneond temperature using the
heating element(s). Thereafter, the method indundelt infiltrating the repair region
with the infiltrant to densify the repair materidiereby forming the new composite

material within the repair region.



[0030] Heating the repair region to the first temperatamd the remaining portion
of the composite component to the second temperatovides one or more technical
advantages. More specifically, as mentioned abetien repairing a composite
component, it is necessary to heat repair regighdanelting temperature of the
infiltrant/matrix material to allow the new comptesmaterial to fuse with the existing
composite material. However, heating the entiramasite component to the
infiltrant melting point may cause infiltrant inghlremaining portion to liquify and
flow out of the component. Moreover, heating dily repair region may result in the
formation of stress cracks within the composite ponent due to the large thermal
gradients existing between the repair region aeddimaining portion. In this
respect, heating the repair region to the firsterature allows the new composite
material to fuse with the existing composite maferFurthermore, heating the
remaining portion of the composite component toséneond temperature allows the
existing composite material within the remainingtfmm to remain solid, but with
smaller thermal gradients between the repair regimhthe remaining portion such
that stress cracks do not form.

[0031] Referring now to the drawings, FIG. 1 is a schecnaibss-sectional view
of one embodiment of a gas turbine engine 10hdnltustrated embodiment, the
engine 10 is configured as a high-bypass turbofigme. However, in alternative
embodiments, the engine 10 may be configured aspdgn engine, a turbojet engine,
a turboprop engine, a turboshaft gas turbine enginany other suitable type of gas
turbine engine.

[0032] As shown in FIG. 1, the engine 10 defines a lomyital direction L, a
radial direction R, and a circumferential direction In general, the longitudinal
direction L extends parallel to an axial centerlirgeof the engine 10, the radial
direction R extends orthogonally outward from tR&bcenterline 12, and the
circumferential direction C extends generally cortigeally around the axial
centerline 12.

[0033] In general, the engine 10 includes a fan 14, aposgsure (LP) spool 16,
and a high pressure (HP) spool 18 at least pgresitased by an annular nacelle 20.
More specifically, the fan 14 may include a faror@22 and a plurality of fan blades
24 (one is shown) coupled to the fan rotor 22thla respect, the fan blades 24 are



spaced apart from each other along the circumfiateditection C and extend
outward from the fan rotor 22 along the radial clin R. Moreover, the LP and HP
spools 16, 18 are positioned downstream from thelfaalong the axial centerline 12
(i.e., in the longitudinal direction L). As showthge LP spool 16 is rotatably coupled
to the fan rotor 22, thereby permitting the LP dpdbto rotate the fan 14.
Additionally, a plurality of outlet guide vanes struts 26 spaced apart from each
other in the circumferential direction C extendvetn an outer casing 28
surrounding the LP and HP spools 16, 18 and thellea20 along the radial direction
R. As such, the struts 26 support the nacelleelflive to the outer casing 28 such
that the outer casing 28 and the nacelle 20 defiogpass airflow passage 30
positioned therebetween.

[0034] The outer casing 28 generally surrounds or encasssyial flow order, a
compressor section 32, a combustion section 34bie section 36, and an exhaust
section 38. For example, in some embodiments;dhgressor section 32 may
include a low-pressure (LP) compressor 40 of thesph®dl 16 and a high-pressure
(HP) compressor 42 of the HP spool 18 positionegndgtream from the LP
compressor 40 along the axial centerline 12. Eachpressor 40, 42 may, in turn,
include one or more rows of stator vanes 44 ingiatied with one or more rows of
compressor rotor blades 46. Moreover, in some eintEnts, the turbine section 36
includes a high-pressure (HP) turbine 48 of thesd®vl 18 and a low-pressure (LP)
turbine 50 of the LP spool 16 positioned downstréem the HP turbine 48 along
the axial centerline 12. Each turbine 48, 50 nmayrn, include one or more rows of
stator vanes 52 interdigitated with one or moresafturbine rotor blades 54.
[0035]  Additionally, the LP spool 16 includes the low-pese (LP) shaft 56 and
the HP spool 18 includes a high pressure (HP) S8aftositioned concentrically
around the LP shaft 56. In such embodiments, fResltaft 58 rotatably couples the
rotor blades 54 of the HP turbine 48 and the rbtades 46 of the HP compressor 42
such that rotation of the HP turbine rotor bladésdiatably drives HP compressor
rotor blades 46. As shown, the LP shaft 56 isatliyecoupled to the rotor blades 54
of the LP turbine 50 and the rotor blades 46 ofltRecompressor 40. Furthermore,
the LP shaft 56 is coupled to the fan 14 via alg®@a60. In this respect, the rotation



of the LP turbine rotor blades 54 rotatably drittes LP compressor rotor blades 46
and the fan blades 24.

[0036] In several embodiments, the engine 10 may gendmatst to propel an
aircraft. More specifically, during operation, @mdicated by arrow 62) enters an
inlet portion 64 of the engine 10. The fan 14 diggpa first portion (indicated by
arrow 66) of the air 62 to the bypass airflow pgesd0 and a second portion
(indicated by arrow 68) of the air 62 to the congg section 32. The second
portion 68 of the air 62 first flows through the tBmpressor 40 in which the rotor
blades 46 therein progressively compress the segoortidn 68 of the air 62. Next,
the second portion 68 of the air 62 flows through HP compressor 42 in which the
rotor blades 46 therein continue progressively aasging the second portion 68 of
the air 62. The compressed second portion 68e0éith62 is subsequently delivered
to the combustion section 34. In the combustiatice 34, the second portion 68 of
the air 62 mixes with fuel and burns to generaggftemperature and high-pressure
combustion gases 70. Thereafter, the combustisesgz0 flow through the HP
turbine 48 which the HP turbine rotor blades 54aotta first portion of kinetic
and/or thermal energy therefrom. This energy ekitva rotates the HP shaft 58,
thereby driving the HP compressor 42. The combngiases 70 then flow through
the LP turbine 50 in which the LP turbine rotorde#a 54 extract a second portion of
kinetic and/or thermal energy therefrom. This ggexxtraction rotates the LP shaft
56, thereby driving the LP compressor 40 and thelfavia the gearbox 60. The
combustion gases 70 then exit the engine 10 thrthagkxhaust section 38.

[0037] FIG. 2 is a side view of one embodiment of a shroledk 72 of the gas
turbine engine 10. In general, several shroudksl@@ are circumferentially arranged
to form a shroud (not shown) enclosing or othergiseounding one of the rows of
rotor blades 46 in the compressor section 32 orobtige rows of rotor blades 54 in
the turbine section 36. As shown, the shroud bltknicludes an annular wall 74
extending between an inner surface 76 and an euttace 78 in the radial direction
R. The inner surface 76 is, in turn, positionedlose proximity to the tips of the
corresponding blades 46, 54 to minimize the leakddle air/combustion gases
68/70 past the blades 46, 54. Furthermore, theushr2 includes a pair of mounting
rails 80 (one is shown). The rails 80 are spapadtdrom each other in the



longitudinal direction L and extend outward frone thuter surface 78 of the annular
wall 74 in the radial direction R. Moreover, eaalt 80 defines a pair of mounting
holes 82 for coupling the shroud block 72 to theepaasing 28 of the engine 10.
However, in alternative embodiments, the shroudlblit2 may have any other
suitable configuration.

[0038]  Additionally, one or more the components of the tgasine engine 10
may be formed of a composite material, such asmenmatrix composite (CMC)
material. For example, in several embodimentsctimepressor vanes 44, the
compressor blades 46, the turbine vanes 52, thanaublades 54, and shroud blocks
72 may be formed from CMC materials. However liaraative embodiments, any
other suitable components of the engine 10 mayptmedd by composite materials.
[0039] The configuration of the gas turbine engine 10 diesd above and shown
in FIGS. 1 and 2 is provided only to place the presubject matter in an exemplary
field of use. Thus, the present subject matter beaseadily adaptable to any manner
of gas turbine engine configuration, including ottypes of aviation-based gas
turbine engines, marine-based gas turbine engamekor land-based/industrial gas
turbine engines.

[0040] FIG. 3 is a cross-sectional view of one embodinoért system 100 for
infiltrating composite components. As shown, thetesm 100 includes a furnace 102
defining a vacuum chamber 104 therein. The vacclamber 104, in turn, is
configured to receive a composite component 20@ fmecursor thereto, such as a
fiber preform). Specifically, in several embodintggra composite component holder
134 is positioned within the vacuum chamber 104@ndigured to receive the
composite component 200. As such, the compositgpoaent holder 134 may be
any suitable structure for supporting the compass@ponent 200 during heating and
infiltration, such as a platform with a clampingehanism(s). During operation of
the furnace 102, the pressure within the vacuurmblea 104 may be below the
ambient pressure (i.e., a vacuum is present witterchamber 104). In this respect,
the furnace 102 may be configured to heat the comma200 while the component
200 is under a vacuum pressure.

[0041] In general, the furnace 102 includes one or moatiig elements
positioned within the vacuum chamber 104 to heatttmponent 200. Specifically,



heating element(s) is configured to heat a firstipo of the composite component
200, such as a repair region 202 of the compor@httd a first temperature (e.g., a
temperature at or above the melting point of matraterial of the component 200).

In several embodiments, the repair region 202 efcimponent 200 is positioned on
a first portion 136 of the composite component bolt34 such that the first portion
136 and the repair region 202 are heated to teetémperature. Moreover, the
heating element(s) is configured to heat a seconiibp of the composite component
200, such as a non-repair or remaining portion&he component 200, to a
different, second temperature (e.g., a lower teatpes than the first temperature). In
several embodiments, the remaining portion 20defcomponent 200 is positioned
on a second portion 138 of the composite compadmader 134 such that the second
portion 138 and the remaining portion 204 are lietiehe second temperature. As
such, in the illustrated embodiment, the furnac2 ihBludes a heating element 106
that surrounds or encloses the component 200 hémmbre, in the illustrated
embodiment, the furnace 102 includes a shield I3&ipned between the heating
element 106 and the remaining portion 204 of treganent 200. In this respect,
during operation, heat from the heating elementid@brectly transferred (e.g., via
radiation) from the heating element 106 to the ireggion 202 of the component 200
such that the repair region 202 is heated to tletemperature. Additionally, the
shield 108 patrtially shields or otherwise redutesamount of heat transferred (e.g.,
via radiation) from the heating element 108 tordgraaining portion 204 of the
component 200 such that the remaining portion 20%ated to the second (e.g.,
lower) temperature.

[0042] FIG. 4 is a cross-sectional view of another embedihof a system 100

for infiltrating composite components. Like thetlsdiment of the system 100
shown in FIG. 3, the system 100 of FIG. 4 includdsrnace 102 defining a vacuum
chamber 104 therein, with one or more heating etésngositioned within the

vacuum chamber 104. However, unlike the embodirsleoivn in FIG. 3, the system
100 of FIG. 3 includes a heating element 110. Epally, during operation, the
composite component 200 is positioned within theuuan chamber 104 such that the
heating element 110 is proximal to the repair redl62 and distal to the remaining
portion 204. In this respect, the smaller distane®veen the heating element 110 and
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the first portion 202 allows the heating elemer id heat the repair region 202 to
the first temperature. Conversely, the greatdadce between the heating element
110 and the remaining portion 204 allows the hgatlement 110 to heat the
remaining portion 204 to the second (e.g., lowempgerature.

[0043] FIG. 5is a cross-sectional view of a further embwaht of a system 100
for infiltrating composite components. Like theldiments of the system 100
shown in FIGS. 3 and 4, the system 100 of FIG.ctuntes a furnace 102 defining a
vacuum chamber 104 therein, with one or more hga&i@ements positioned within
the vacuum chamber 104. However, unlike the emmberis shown in FIGS. 3 and 4,
the vacuum chamber 104 of the system 100 showi@nJ-includes a plurality of
zones. More specifically, as shown, in one embedinthe vacuum chamber 104
includes first, second, third, and fourth zones, 1112, 116, 118. The zones 112, 114,
116, 118 are separated by baffles or walls 120 thatra portion of the component
200 is exposed to each zone 112, 114, 116, 11BexXample, in the illustrated
embodiment, the repair region 202 of the compo@66tis exposed to the first zone
112 and the remaining portion 204 of the compo260tis exposed to the second,
third, and fourth zones 114, 118, 120. Moreovdreating element 122 is positioned
within each zone 112, 114, 116, 118. In geneeadhdeating element 122 is of the
same type or a mix of heating sources (e.g., resisarbon heating element, infrared
heating lamp element, radio frequency inductioh leeating, or on-off gassing
heating sources). During operation, the heatiegneht 122 within the zone 112
operates at a higher power output to heat theregpgion 202 of the component 200
to the first temperature. Conversely, the heagleghents 122 within the zones 114,
116, 118 operates at a lower power output to leatdmaining portion 204 of the
component 200 to the second (e.g., lower) temperatdowever, in alternative
embodiments, the vacuum chamber 104 may includetogy suitable number of
zones and/or heating elements with each zone hémnbre, the heating element(s)
within each zone may be configured to heat theouarportions of the component
200 to any other suitable manner.

[0044] FIG. 6 is a cross-sectional view of yet another edninent of a system
100 for infiltrating composite components. Likethmbodiments of the system 100
shown in FIG. 5, the system 100 of FIG. 6 includdsrnace 102 defining a vacuum
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chamber 104 therein, with the vacuum chamber 1€didmg a plurality of zones
112,114, 116, 118. However, unlike the embodisishown in FIG. 5, the vacuum
chamber 104 of the system 100 of FIG. 6 includsim@gle heating element 124
extending through each of the zones 112, 114, 11&, In this respect, first, second,
third, and fourth portions 126, 128, 130, 132 & lleating element 124 are
respectively positioned within the first, secordrd, and fourth zones 112, 114, 116,
118. Thus, during operation, the first portion Hi?éhe heating element 124 operates
at a higher power output to heat the repair regia of the component 200 to the
first temperature. Conversely, the second, tlard] fourth portions 128, 130, 132 of
the heating element 124 operates at a higher poutput to heat the remaining
portion 204 of the component 200 to the second, (lewer) temperature. For
example, in such instances, electric current maw through the first portion 126 of
the heating element 124 before flowing throughstbeond, third, and fourth portions
128, 130, 132 of the heating element 124. As sihehfirst portion 126 of the heating
element 124 may receive a higher voltage thang¢hersl, third, and fourth portions
128, 130, 132 of the heating element 124.

[0045]  The heating elements 106, 110, 122, 124 describedeamay correspond
to any suitable type of device for generating lileat can be transferred via radiation
to the composite component 200. For example,verséembodiments, the heating
elements 106, 110, 122, 124 are resistive carbatingeelements. In such
embodiments, when electric current is suppliedhéotteating elements 106, 110, 122,
124, the internal electrical resistance of the carpenerates heat that can be via
radiation to the component 200. In other embodisyan infrared heating lamp
element generates heat that can heat componeni@@diation or a radio frequency
induction coil can heat component 200 through itislacelectrical fields.

[0046]  Additionally, the heating elements 106, 110, 122 dlescribed above
may heat the composite component 200 in any oth&ztde manner. For example, in
one embodiment, the heating elements 106, 110,122Pmay be configured to heat
three or more different portions of the compond@ & three or more different
temperatures.

[0047]  The configurations of the system 100 described alamd shown in FIG.
3-6 is provided only to place the present subjeatten in an exemplary field of use.
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Thus, the present subject matter may be readilgtalike to any manner of system for
infiltrating composite components.

[0048] FIG. 7 is a flow diagram of one embodiment of ahmet300 for repairing
composite components. Although FIG. 7 depictssspepformed in a particular
order, the disclosed methods are not limited togaricular order or arrangement.
As such, the various steps of the disclosed metbad$e omitted, rearranged,
combined, and/or adapted in various ways withoutadieg from the scope of the
present disclosure.

[0049] In general, the various steps of the method 300beidescribed below in
the context of repairing a composite component Zafr. example, as will be
described below, the composite component 200 maggmond to a composite
component of the gas turbine engine 10. For examplsome embodiments, the
composite component 200 may correspond to a cosqrgane(s) 44, a compressor
blade(s) 46, a turbine vane(s) 52, a turbine biEd&{, and/or a shroud block(s) 72 of
the engine 10. However, in alternative embodimeahtscomposite component 200
may correspond to any other suitable composite cownt.

[0050] FIG. 8 is a perspective view of one embodimenhefdcomposite
component 200. As shown, the composite compor@hirludes a repair region
202 and a remaining portion 204. More specificahye repair region 202
corresponds to a portion of the component 200wiiabe repaired in accordance
with the methods disclosed herein. As such, tpaireegion 202 is portion of the
component 200 that will be replaced with new contpasaterial. The remaining
portion 204 is the portion of the component 200b®ng repaired. Although the
component 200 shown in FIG. 1 only includes onairaggion 202, the component
200 may, in other embodiments, include any othéalsie number of repair regions
202.

[0051] Moreover, the composite component 200 may be forimoed any suitable
composite material. For example, the compositenatmay be selected from the
group consisting of, but not limited to, a ceramiatrix composite (CMC), a polymer
matrix composite (PMC), a metal matrix compositeM®), or a combination thereof.
Suitable examples of matrix material for a CMC mxa ceramic powder, including

but not limited to, silicon carbide, aluminum-oxjddicon oxide, and combinations
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thereof. Suitable examples of matrix materialdd®MC include, but are not limited
to, epoxy-based matrices, polyester-based matarescombinations thereof.
Suitable examples of a MMC matrix material incluldet are not limited to powder
metals such as, but not limited to, aluminum @nittam capable of being melted into
a continuous molten liquid metal which can encagsulibers present in the
assembly, before being cooled into a solid ingahwicased fibers. The resulting
MMC is a metal article with increased stiffness déime metal portion (matrix) is the
primary load caring element. For example, in omd@diment, the composite
component 200 may be formed from a silicon carlsitieen carbide (SiC-SiC)

matrix composite.

[0052] Referring again to FIG. 7, at (302), the method B@fLdes preparing a
repair region of a composite component for rep8ipecifically, in several
embodiments, at (302), the worn or damaged mateiiain the repair region 202
that has not already broken off or separated fremaining portion 204 of the
composite component 200 may be removed from thggoasnt 200 via machining,
grinding, cutting, and/or the like. For examplegcertain instances, as shown in FIG.
4, the repair region 202 may include an irregulaiface 206 unsuitable for joining to
the new composite material. In such instance@C&), material from the component
200 may be removed to form a suitable repair inte&f208. The repair interface 208
is, in turn, the surface of the component 200 tactvthe new composite material will
be joined. As shown in FIG. 9, upon completior{3t2), the worn/damaged material
of the repair region 202 has been removed andegparinterface 208 has been
formed.

[0053] Additionally, as shown in FIG. 7, after preparifhg trepair region, at
(304), the method 300 includes positioning repaatarial within the repair region.
For example, as shown in FIG. 10, repair materdél i positioned within the repair
region 202 such that repair material 210 is in aohnivith the repair interface 208. In
this respect, the repair material 210 occupiestiaee where the worn/damaged
material was originally present. As will be debed below, the repair material 210
will be melt infiltrated within an infiltrant to desify the repair material 210 such that
new composite material is formed in the repairoad02, thereby repairing the
component 200.
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[0054] In general, the repair material 210 correspondaspoecursor material for
the composite material from which the componenti2g@@rmed. As such, the repair
material 210 may include a plurality of fibers dérfig voids that receive the infiltrant.
For example, in embodiments in which the compo@aé6tis formed from a SiC-SiC
matrix composite, the repair material 210 may @&poad to a silicon carbide (SiC)
fiber preform having the same shape and size agildeft in the repair region 202.
In such embodiments, the infiltrant may corresptmsilicon. However, in
alternative embodiments, the repair material 219 awerespond to any other suitable
composite precursor material, such as a fiber preformed of another suitable
material, fiber tapes, fiber mats, fiber plies, amel like.

[0055] Furthermore, as shown in FIG. 7, at (306), the e300 includes
placing the composite material within a vacuum cbam For example, after
positioning the repair material 210 within the nepagion 202, the composite
component 200 may be placed within the vacuum clearh®4 of the furnace 102.
[0056] Moreover, at (308), the method 300 includes hedahegepair region to a
first temperature. For example, one or more hgalaments within the vacuum
chamber 104 (e.g., any of the heating elements1110§,122, 124) may heat the
repair region 202 of the composite component 2Q0ftcst temperature at or above
the melting point of the infiltrant that will defgithe repair material 210 (i.e., the
matrix material). In several embodiments, the flavelectric current to the heating
element(s) within the vacuum chamber 104 may bé&ralbed (e.g., by an operator or
a suitable controller/computing system) such thathteating element(s) heat the
repair region 202 to the first temperature.

[0057] In addition, as shown in FIG. 7, at (310), the metBOO includes heating
a remaining portion of the composite component$e@nd temperature. For
example, the heating element(s) within the vacubamber 104 (e.g., any of the
heating elements 106, 110, 122, 124) may heattin@ining portion 204 of the
composite component 200 to a second temperature.sdcond temperature, in turn,
is less than the melting point of the infilitrahait will densify the repair material 210
(i.e., the matrix material), but substantially gezdhan the ambient temperature. For
example, the second temperature may be less ¥m@hdindred degrees Fahrenheit
below than the infiltrant melting point, such asde¢han 250 degrees Fahrenheit or
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less than one hundred degrees Fahrenheit. In sothediments, the flow of electric
current to the heating element(s) within the vacuiwamber 104 may be controlled
(e.g., by an operator or a suitable controller/cotimg system) such that the heating
element(s) heat the remaining portion 204 to tlverse temperature.

[0058] Heating the repair region 202 to the first tempe@bnd the remaining
portion 204 of the composite component 200 to duw®sd temperature provides one
or more technical advantages. More specificaliatimg the repair region 202 to the
first temperature (i.e., a temperature at or alibgemelting point of the
infiltrant/matrix material) allows the new compa@sinaterial formed from the repair
material 210 within the repair region 202 to fuséhvhe existing composite material
of the component 200. Furthermore, heating theaneimg portion 204 of the
composite component 200 to the second temperaterea temperature below the
melting point of the infiltrant/matrix material, bsubstantially above the ambient
temperature) allows the existing composite matavitdin the remaining portion 204
to remain solid. Moreover, such heating resultsnmaller thermal gradients between
the repair region 202 and the remaining portion @e¢h that stress cracks do not
form.

[0059]  Further, after heating the repair region to thst iemperature and the
remaining portion to the second temperature, &)(3he method 300 includes melt
infiltrating the repair region with an infiltrand ensify the repair material. For
example, after the repair region 202 is heatetleditst temperature and the
remaining portion 204 is heated to the second teatyes, the repair material 210 is
melt infiltrated with a suitable infiltrant (e.gnolten silicon).

[0060] FIG. 11 is a flow diagram of one embodiment of ahud 400 for
infiltrating composite components. Although FIGQ. depicts steps performed in a
particular order, the disclosed methods are natduirto any particular order or
arrangement. As such, the various steps of tfetodisd methods can be omitted,
rearranged, combined, and/or adapted in various watout deviating from the
scope of the present disclosure.

[0061] As shown in FIG. 11, at (402), the method 400 nmajuide heating a first
portion of a composite component to a first temppeea For example, as described
above, one or more heating elements within the wacchamber 104 (e.g., any of the

16



heating elements 106, 110, 122, 124) may heaetparregion 202 of the composite
component 200 to a first temperature at or abogartélting point of the infiltrant
that will densify the repair material 210 (i.e.etimatrix material).

[0062]  Additionally, at (404), the method 400 includestirepa second portion

of the composite component to a second temperaoseexample, the heating
element(s) within the vacuum chamber 104 (e.g.,adtlye heating elements 106,
110, 122, 124) may heat a first section of the ramg portion 204 of the composite
component 200 to a second temperature.

[0063] Furthermore, at (406), the method 400 includesitgait third portion of
the composite component to a third temperature.ekample, the heating element(s)
within the vacuum chamber 104 (e.g., any of theihga&lements 106, 110, 122, 124)
may heat a second section of the remaining po@zhof the composite component
200 to a third temperature. The third temperaitigenerally below the melting point
of infiltrant and may be the different than the®at temperature.

[0064] Moreover, after heating the repair region to tingt iemperature and the
remaining portion to the second temperature, &)40e method 400 includes melt
infiltrating the composite component with an it to densify the first portion of
the composite component. For example, after thaireegion 202 is heated to the
first temperature and the remaining portion 204eated to the second temperature,
the repair material 210 is melt infiltrated witls@itable infiltrant (e.g., molten
silicon).

[0065]  This written description uses examples to disctbednvention, including
the best mode, and also to enable any persondkillhe art to practice the
invention, including making and using any devicesystems and performing any
incorporated methods. The patentable scope aohtteamtion is defined by the claims,
and may include other examples that occur to tekslked in the art. Such other
examples are intended to be within the scope ofldims if they include structural
elements that do not differ from the literal langeaf the claims, or if they include
equivalent structural elements with insubstantifiécences from the literal language
of the claims.

[0066]  Further aspects of the invention are provided lysthibject matter of the

following clauses:
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[0067] A method for repairing composite components, théhookcomprising:
positioning repair material within a repair regioina composite component formed of
a composite material; heating the repair regioa fiost temperature; heating a
remaining portion of the composite component te@ad temperature; and melt
infiltrating the repair region with an infiltrand ensify the repair material, wherein
the first temperature is at or above a melting pofrihe infiltrant and the second
temperature is less than the melting point.

[0068] The method of one or more of these clauses, whdreating the repair
region comprises heating the repair region to itis& temperature using a heating
element surrounding the composite component; aatingethe remaining portion
comprises partially shielding the remaining portitom the heating element such that
the heating element heats the remaining portidhésecond temperature.

[0069] The method of one or more of these clauses, whdreating the repair
region comprises heating the repair region to itls& temperature using a heating
element; and heating the remaining portion comprissating the remaining portion
to the second temperature using the heating elerienheating element being
positioned proximal to the repair region and digtahe remaining portion.

[0070] The method of one or more of these clauses, whdreating the repair
region comprises heating the repair region to itis¢ temperature using a first heating
element; and heating the remaining portion comprissating the remaining portion
to the second temperature using a second heatngeat, the first and second heating
elements being of a type of heating element.

[0071] The method of one or more of these clauses, whdreating the repair
region comprises heating the repair region to itis¢ temperature using a first section
of a heating element; and heating the remainingggocomprises heating the
remaining portion to the second temperature usisgcand section of the heating
element.

[0072] The method of one or more of these clauses, fuatprising: placing

the composite component within a vacuum chamberbédfeating the repair region

and heating the remaining portion.
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[0073] The method of one or more of these clauses, whaesiting the repair
region comprises heating the repair region to itise temperature using a carbon
heating element.

[0074] The method of one or more of these clauses, whéreirepair material
comprises silicon carbide and the infiltrant coragsi silicon.

[0075] The method of one or more of these clauses, whdreating the repair
region comprises controlling a flow of electric @nt to one or more heating
elements such that the one or more heating elerheatsepair region to the first
temperature; and heating a remaining portion ottimaposite component comprises
controlling the flow of electric current to the oaemore heating elements such that
the one or more heating elements heat remainirigppdo the second temperature.
[0076] A method of infiltrating composite components, thethod comprising: a
heating a first portion of a composite componerd fwst temperature; heating a
second portion of the composite component to argkt@mperature, the second
portion being adjacent to the first portion; hegtnthird portion of the composite
component to a third temperature; and melt infiligathe composite component with
an infiltrant to densify the first portion of themmposite component, wherein the first
temperature is at or above a melting point of ttidtiant and the second and third
temperatures are less than the melting point.

[0077] The method of one or more of these clauses, whereating the first
portion comprises heating the first portion to fingt temperature using a heating
element surrounding the composite component; aatirfgethe second portion
comprises partially shielding the second portiamfrthe heating element such that
the heating element heats the second portion tedbend temperature.

[0078] The method of one or more of these clauses, whdreating the first
portion comprises heating the first portion to fingt temperature using a heating
element; and heating the second portion comprieasry the second portion to the
second temperature using the heating element géitinly element being positioned
proximal to the first portion and distal to the @ed portion.

[0079] The method of one or more of these clauses, whdreating the first
portion comprises heating the first portion to fingt temperature using a first heating
element; and heating the second portion comprieasry the second portion to the
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second temperature using a second heating eletherfirst and second heating
elements being of a type of heating element.

[0080] A system for infiltrating composite components, siygtem comprising: a
furnace defining a vacuum chamber and includingraposite component holder
positioned within the vacuum chamber, the compasitaponent holder configured
to receive a composite component to be infiltrat@t an infiltrant; and one or more
heating elements positioned within the vacuum cheithe one or more heating
elements configured to heat a first portion of¢bhenposite component to a first
temperature and heat a second portion of the catepmsnponent to a second
temperature, wherein the first temperature is abmve a melting point of the
infiltrant and the second temperature is less thammelting point.

[0081] The system of one or more of these clauses, wh#reiane or more
heating elements include a first heating elemeattshrrounds the composite
component, the system further comprising: a stpeklitioned between the first
heating element and the second portion to redii@nafer of heat from the first
heating element to the second portion such thdirdteheating element heats the first
portion to the first temperature and the secontignoto the second temperature.
[0082] The system of one or more of these clauses, whtreiane or more
heating elements include a first heating elemesitjpmed proximal to the first
portion and distal to the second portion such timaffirst heating element heats the
first portion to the first temperature and the setportion to the second temperature.
[0083] The system of one or more of these clauses, whtreiane or more
heating elements include a first heating elementigored to heat first portion to the
first temperature and a second heating elementgroefl to heat the second portion
to the second temperature.

[0084] The system of one or more of these clauses, wh#reifirst and second
heating elements are of a same type of heatingegiem

[0085] The system of one or more of these clauses, wh#reiane or more
heating elements include a first heating elemeninigea first section and a second
section, the first section configured to heat it portion of the composite
component to the first temperature and the secediibs configured to heat the
second portion of the composite component to thersktemperature.

20



[0086] The system of one or more of these clauses, whtreiane or more

heating elements comprises one or more carbomigegiements.
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WHAT IS CLAIMED IS:

1. A method for repairing composite components nie¢hod
comprising:

positioning repair material within a repair regioina composite component
formed of a composite material;

heating the repair region to a first temperature;

heating a remaining portion of the composite congpbmo a second
temperature; and

melt infiltrating the repair region with an infiétnt to densify the repair
material,

wherein the first temperature is at or above aingefhoint of the infiltrant and
the second temperature is less than the melting.poi

2. The method of claim 1, wherein:

heating the repair region comprises heating thairepgion to the first
temperature using a heating element surroundingagh®osite component; and

heating the remaining portion comprises partidfiekling the remaining
portion from the heating element such that theihgaiement heats the remaining
portion to the second temperature.

3. The method of claim 1, wherein:

heating the repair region comprises heating thairepgion to the first
temperature using a heating element; and

heating the remaining portion comprises heatingéhgaining portion to the
second temperature using the heating element géitenly element being positioned
proximal to the repair region and distal to the aemng portion.

4. The method of claim 1, wherein:

heating the repair region comprises heating thairepgion to the first
temperature using a first heating element; and

heating the remaining portion comprises heatingéhgaining portion to the
second temperature using a second heating eletherfirst and second heating
elements being of a same type of heating element.

5. The method of claim 1, wherein:
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heating the repair region comprises heating thairepgion to the first
temperature using a first section of a heating etgmand

heating the remaining portion comprises heatingéhgaining portion to the
second temperature using a second section of #te\geslement.

6. The method of claim 1, further comprising:

placing the composite component within a vacuumrdiexr before heating the
repair region and heating the remaining portion.

7. The method of claim 1, wherein heating the negagion comprises
heating the repair region to the first temperatigi@g a carbon heating element.

8. The method of claim 1, wherein the repair mateamprises silicon
carbide and the infiltrant comprises silicon.

9. The method of claim 1, wherein:

heating the repair region comprises controllintgpafof electric current to one
or more heating elements such that the one or heang elements heat repair
region to the first temperature; and

heating a remaining portion of the composite congpbicomprises
controlling the flow of electric current to the oaemore heating elements such that
the one or more heating elements heat remainirigppdo the second temperature.

10. A method of infiltrating composite componertkg method
comprising:

heating a first portion of a composite componerd fost temperature;

heating a second portion of the composite compadioemisecond temperature,
the second portion being adjacent to the firstiport

heating a third portion of the composite comporerat third temperature; and

melt infiltrating the composite component with afiltrant to densify the first
portion of the composite component,

wherein the first temperature is at or above aingefhoint of the infiltrant and
the second and third temperatures are less thanghing point.

11.  The method of claim 10, wherein:

heating the first portion comprises heating th&t foortion to the first
temperature using a heating element surroundingagh®osite component; and
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heating the second portion comprises partiallylding the second portion
from the heating element such that the heating eh¢imeats the second portion to the
second temperature.

12. The method of claim 10, wherein:

heating the first portion comprises heating th&t foortion to the first
temperature using a heating element; and

heating the second portion comprises heating tbenskportion to the second
temperature using the heating element, the heatergent being positioned proximal
to the first portion and distal to the second [morti

13.  The method of claim 9, wherein:

heating the first portion comprises heating th&t foortion to the first
temperature using a first heating element; and

heating the second portion comprises heating tbenskeportion to the second
temperature using a second heating element, steafid second heating elements
being of a type of heating element.

14. A system for infiltrating composite componert® system
comprising:

a furnace defining a vacuum chamber and includiograposite component
holder positioned within the vacuum chamber, thmposite component holder
configured to receive a composite component tonbkrated with an infiltrant; and

one or more heating elements positioned withinvl®ium chamber, the one
or more heating elements configured to heat apistion of the composite
component holder to a first temperature and heatand portion of the composite
component holder to a second temperature,

wherein the first temperature is at or above aingftoint of the infiltrant and
the second temperature is less than the melting.poi

15. The system of claim 14, wherein the one or rheading elements
include a first heating element that surroundsctiraposite component holder, the
system further comprising:

a shield positioned between the first heating etgraad the second portion to

reduce a transfer of heat from the first heatirgrent to the second portion such that
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the first heating element heats the first portmthee first temperature and the second
portion to the second temperature.

16. The system of claim 14, wherein the one or rheading elements
include a first heating element positioned proxitoaie first portion and distal to the
second portion such that the first heating elerheats the first portion to the first
temperature and the second portion to the secomgei@ture.

17. The system of claim 14, wherein the one or rheaing elements
include a first heating element configured to Heat portion to the first temperature
and a second heating element configured to heatett@nd portion to the second
temperature.

18. The system of claim 17, wherein the first aacsid heating elements
are of a same type of heating element.

19.  The system of claim 13, wherein the one or rheaing elements
include a first heating element having a first ecand a second section, the first
section configured to heat the first portion of deenposite component to the first
temperature and the second section configuredabthe second portion of the
composite component to the second temperature.

20.  The system of claim 13, wherein the one or rheiing elements

comprises one or more carbon heating elements.
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