METHOD FOR REPAIRING COMPOSITE COMPONENTS USING ABPORT
MEMBER

FIELD
[0001] The present disclosure generally pertains to metfadrepairing
components and, more specifically, to methodsdousng new composite material

to an existing composite component that is wordamaged.

BACKGROUND
[0002] In recent years, the use of non-traditional highgerature materials, such
as ceramic matrix composite (CMC) materials, intgalsine engines has grown
dramatically. Specifically, there is strong intgran 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 ooling 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 gdsirie component becomes worn
or damaged, it may be desirable to repair, ratiem teplace, the component. As
such, methods of repairing CMC components have teeeloped. Specifically, the
worn or damaged portion(s) of a CMC component neyemoved and replaced with
new CMC material. In such methods, the new CMCenmltis typically joined to the
existing component via a scarf joint. However, whepairing the edges of certain
components (e.g., blades), there is not enoughrialgpeesent (e.g., the edge is too
thin) to form a scarf joint.
[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 dildct a method for
repairing composite components. The method inglyasitioning one or more repair
fiber plies relative to a repair interface of a gmsite component such that a butt joint
is formed at the repair interface between the omaare repair fiber plies and the
composite component. Furthermore, the method dieddorming a cavity within the
composite component such that the cavity extenasitin the repair interface. In
addition, the method includes installing a suppegtnber within the cavity. In this
respect, the support member extends across th@mmitsuch that a first portion of
the support member is positioned within the composimponent and a second
portion of the support member is positioned witlie one or more repair fiber plies.
[0007] In another aspect, the present subject matterasteéd to a method for
repairing a composite turbomachine component. métod includes preparing a
repair interface of a composite turbomachine corepbby removing worn or
damaged composite material. Additionally, the rodtimcludes positioning one or
more repair fiber plies at the repair interfaca itmansverse orientation relative to
original fiber plies forming the composite turborhax® component such that a butt
joint is formed at the repair interface betweendhe or more repair fiber plies and
the composite turbomachine component. Moreoverptathod includes forming a
cavity within the composite turbomachine comporserh that the cavity extends
through the repair interface. Furthermore, thehmeincludes installing a support
member within the cavity. In this respect, themap member extends across the butt
joint such that a first portion of the support me&mis positioned within the
composite turbomachine component and a secondpatithe support member is
positioned within the one or more repair fiber plie
[0008] 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, illustrammbodiments of the invention and,

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

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] A full and enabling disclosure of the present ii@n including the best
mode thereof, directed to one of ordinary skilthe art, is set forth in the
specification, which makes reference to the appefideres, in which:
[0010] FIG. 1 is a schematic cross-sectional view of aneaiment of a gas
turbine engine;
[0011] FIG. 2is a side view of one embodiment of a shriolodk of a gas turbine
engine;
[0012] FIG. 3 is a flow diagram of one embodiment of almodtfor repairing
composite components;
[0013] FIG. 4 is atop view of one embodiment of a comjigosbmponent,
particularly illustrating the component prior t@ear;
[0014] FIG. 5 is top view of the composite component shawRIG. 4,
particularly illustrating a repair interface of tbemponent after preparation for
repair;
[0015] FIG. 6 is a top view of the composite componeninghm FIGS. 4 and 5,
particularly illustrating repair fiber plies pogitied relative to the repair interface of
the component such that a butt joint is formed;
[0016] FIG. 7 is a cross-sectional view of the composiieponent shown in
FIGS. 4-6 taken about line 7-7 in FIG. 6, particiyldlustrating the repair fiber plies
oriented transversely relative to the fiber pliéshe component;
[0017] FIG. 8 is atop view of the composite componenishm FIGS. 4-7,
particularly illustrating holes formed within thepair fiber plies and the composite
component; and
[0018] FIG. 9 is a top view of the composite componeninshmm FIGS. 4-7,
particularly illustrating a slot formed within tepair fiber plies and the composite

component;



[0019] FIG. 10 is a top view of the composite componepirshin FIGS. 4-8,
particularly illustrating a pin positioned withime of the holes formed within the
repair fiber plies and the composite component;

[0020] FIG. 11 is a top view of the composite componewirshin FIGS. 4-7 and
9, particularly illustrating a key or plate posited within the slot formed within the
repair fiber plies and the composite component;

[0021] FIG. 12 is a flow diagram of another embodimend ofiethod for
repairing composite components;

[0022] FIG. 13 is a top view of the composite componepinshin FIGS. 4 and 5,
particularly illustrating holes formed within theraposite component;

[0023] FIG. 14 is a top view of the composite componeoishin FIGS. 4 and 5,
particularly illustrating a slot formed within tlkemposite component;

[0024] FIG. 15 is a top view of the composite componeoinshin FIGS. 4, 5,
and 13, particularly illustrating pins installedtkwn the formed holes;

[0025] FIG. 16 is a top view of the composite componeoishin FIGS. 4, 5,
and 14, particularly illustrating a plate installedhin the formed holes;

[0026] FIG. 17 is a top view of the composite componeoinshin FIGS. 4, 5, 13,
and 15, particularly illustrating repair fiber @ipositioned relative to the repair
interface of the component such that a butt jarbrmed; and

[0027] FIG. 18 is a top view of the composite compondéiois in FIGS. 4, 5,
14, and 16, particularly illustrating repair fiqares positioned relative to the repair
interface of the component such that a butt jarormed.

[0028] Repeat use of reference characters in the preseaifisation and
drawings is intended to represent the same or goatofeatures or elements of the

present invention.

DETAILED DESCRIPTION
[0029] Reference now will be made in detail to exemplanpediments of the
presently disclosed subject matter, one or morenpies of which are illustrated in
the drawings. Each example is provided by wayxpfanation and should not be
interpreted as limiting the present disclosurefabt, it will be apparent to those
skilled in the art that various modifications aratigtions can be made in the present



disclosure without departing from the scope orispfrthe present disclosure. For
instance, features illustrated or described asgfame embodiment can be used with
another embodiment to yield a still further emboeinta Thus, it is intended that the
present disclosure covers such modifications andt@ns as come within the scope
of the appended claims and their equivalents.

[0030] As used herein, the terms “first”, “second”, ankiifd” may be used
interchangeably to distinguish one component frowtlzer and are not intended to
signify location or importance of the individualmponents.

[0031] Furthermore, the terms “upstream” and “downstreeafer to the relative
direction with respect to fluid flow in a fluid gavay. For example, “upstream”
refers to the direction from which the fluid flovand “downstream” refers to the
direction to which the fluid flows.

[0032] Additionally, the terms “low,” “high,” or their rggective comparative
degrees (e.g., lower, higher, where applicableh eafer to relative speeds within an
engine, unless otherwise specified. For examplevapressure turbine” operates at
a pressure generally lower than a “high-pressutsrte.” Alternatively, unless
otherwise specified, the aforementioned terms neayriwlerstood 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.

[0033] In general, the present subject matter is direiedmethod for repairing
composite components. In several embodimentsjifttdosed method may be used
to repair various turbomachine components, suaegsnic matrix composite (CMC)
gas turbine engine blades, vanes, shroud bloclessli and/or the like. More
specifically, during operation, a composite compdmeay become worn or damaged.
For example, in certain instances, the damagedpart the composite component
may even break off otherwise become separated tliememainder of the composite
component. As such, in accordance with the disdesethod, new composite
material is formed in place of the worn/damagediporof the composite component.
[0034] The new composite material is joined to the contpasimponent via a
butt joint and supported relative thereto via onenore support members, such as a
pin(s) or a plate(s). Specifically, in one emboelnt repair fiber plies are positioned



relative to a repair interface of the composite ponent such that a butt joint is
formed at the repair interface between the rejdadr fplies and the component.
Thereafter, one or more cavities are formed witharepair fiber plies and the
component such that the cavity(ies) extends thrabghepair interface. A support
member(s) is then installed within the cavity(iek).another embodiment, one or
more cavities are formed within the composite congmb such that the cavity(ies)
extends through the repair interface. A suppornber is then installed within each
cavity. Thereatfter, repair fiber plies are presseer the support member(s), thereby
positioning the plies relative to a repair integauch that a butt joint is formed.
Regardless of whether positioning the repair fiidexs occurs before or after
installing the support member(s), the result i$ dzech support member extends
across the butt joint such that a first portioreath support member is positioned
within the composite component and a second podi@ach support member is
positioned within the repair fiber plies.

[0035] The use of the support member(s) and the butt ppmtide one or more
technical advantages. More specifically, as maetioabove, the edges of certain
composite components (e.g., turbine blades) divaeo¢ enough material to form a
scarf joint with the repair fiber plies. In thisspect, the disclosed method forms a
butt joint between the fiber plies of the composidenponent and the repair fiber
plies, which requires less material than a scantjoHowever, an unsupported butt
joint is weak and typically unable to meet the gpienal requirements of the
component. In this respect, the support membex(s); as the pin(s) or the plate(s),
support the butt joint between the fiber plieshsd tomponent and the repair fiber
plies. As such, the support member(s) strengtheritt joint such that the butt joint
is strong enough to support the operational loddseocomponent.

[0036] Referring now to the drawings, FIG. 1 is a schecnaibss-sectional view
of one embodiment of a gas turbine engine 10hénltustrated 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.



[0037] As shown in FIG. 1, the engine 10 defines a lomital 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 tRkebcenterline 12, and the
circumferential direction C extends generally conideally around the axial
centerline 12.

[0038] In general, the engine 10 includes a fan 14, agoegsure (LP) spool 16,
and a high pressure (HP) spool 18 at least pareaitased by an annular nacelle 20.
More specifically, the fan 14 may include a farord22 and a plurality of fan blades
24 (one is shown) coupled to the fan rotor 22thila respect, the fan blades 24 are
spaced apart from each other along the circumfiatetitection C and extend
outward from the fan rotor 22 along the radial clien 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 siruts 26 spaced apart from each
other in the circumferential direction C extendvestn 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 nacelleellive to the outer casing 28 such
that the outer casing 28 and the nacelle 20 defimgpass airflow passage 30
positioned therebetween.

[0039] The outer casing 28 generally surrounds or encasssrial flow order, a
compressor section 32, a combustion section 3#rpbine section 36, and an exhaust
section 38. For example, in some embodiments;dhgressor section 32 may
include a low-pressure (LP) compressor 40 of thesh®bl 16 and a high-pressure
(HP) compressor 42 of the HP spool 18 positionedndtream from the LP
compressor 40 along the axial centerline 12. Eaohpressor 40, 42 may, in turn,
include one or more rows of stator vanes 44 inggtated with one or more rows of
compressor rotor blades 46. Moreover, in some @inents, the turbine section 36
includes a high-pressure (HP) turbine 48 of thesd®bl 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 moresraiturbine rotor blades 54.
[0040]  Additionally, the LP spool 16 includes the low-pese (LP) shaft 56 and
the HP spool 18 includes a high pressure (HP) &&ftositioned concentrically
around the LP shaft 56. In such embodiments, fResitaft 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 isctlyecoupled 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.

[0041] In several embodiments, the engine 10 may gendmatst to propel an
aircraft. More specifically, during operation, éimdicated by arrow 62) enters an
inlet portion 64 of the engine 10. The fan 14 digspa 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 consgm 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 sguortihn 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 68echith62 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 generagitemperature and high-pressure
combustion gases 70. Thereafter, the combustisesgz0 flow through the HP
turbine 48 which the HP turbine rotor blades 54agtta first portion of kinetic
and/or thermal energy therefrom. This energy ekitva rotates the HP shaft 58,
thereby driving the HP compressor 42. The combagases 70 then flow through
the LP turbine 50 in which the LP turbine rotordda 54 extract a second portion of
kinetic and/or thermal energy therefrom. This ggeaxtraction 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 thrthaykxhaust section 38.



[0042] FIG. 2 is a side view of one embodiment of a shriolodk 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 orobtiee rows of rotor blades 54 in
the turbine section 36. As shown, the shroud blitzkncludes 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, thmushr2 includes a pair of mounting
rails 80 (one is shown). The rails 80 are spapedtdrom 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 shroudbik2 may have any other
suitable configuration.

[0043]  Additionally, one or more the components of the tgaisine engine 10
may be formed of a composite material, such asrdenaatrix composite (CMC)
material or polymer matrix composite (PMC) materigbr example, in several
embodiments, the compressor vanes 44, the comptassies 46, the turbine vanes
52, the turbine blades 54, and shroud blocks 72lmedprmed from CMC materials
and the fan blades 24 may be formed from PMC naseriHowever, in alternative
embodiments, any other suitable components ofrigane 10 may be formed by
composite materials.

[0044]  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.

[0045]  FIG. 3is a flow diagram of one embodiment of ahmdt100 for repairing
composite components. Although FIG. 3 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.

[0046] In general, the various steps of the method 100b&idescribed below in
the context of repairing a composite component&)8chematically depicted in
FIGS. 4-11. For example, as will be describedWwetbe composite component 200
may correspond to a composite component of théugbme engine 10. However, in
alternative embodiments, the composite componedin28y correspond to any other
suitable composite component.

[0047] FIG. 4 is a perspective view of one embodimenhefdcomposite
component 200. As shown, the composite compor@hirizludes a repair region
202. In general, the repair region 202 correspoadsportion of the component 200
that will be repaired in accordance with the methdidclosed herein. For example,
in certain instances, a damaged/worn portion ottmponent 200 may break off or
separate from the remainder of the component 208uch instances, at least a
portion of the repair region 202 may be devoidahposite material prior to repair.
Furthermore, as will be described below, it maybeessary to remove additional
material from the repair region 200, such as wherrépair region 202 has an
irregular surface 204, to facilitate repair. Aslsuthe repair region 202 is portion of
the component 200 that will be replaced with nemposite material. Although the
component 200 shown in FIG. 1 only includes onairgggion 202, the component
200 may, in other embodiments, include any othéalsie number of repair regions
202.

[0048] 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 wa#, but are not limited to, silicon
carbide, aluminum-oxide, silicon oxide, and combores thereof. Suitable examples
of matrix material for a PMC include, but are notited to, epoxy-based matrices,
polyester-based matrices, and combinations thergoitable examples of a matrix
material for a MMC include, but are not limited &yuminum, titanium, and
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combination thereof. For example, a MMC may benked from powder metals such
as, but not limited to, aluminum powder or titanipowder capable of being melted
into a continuous molten liquid metal which canagsulate fibers present in the
assembly, before being cooled into a solid ingohwicased fibers. The resulting
MMC is a metal article with increased stiffnessi déime metal portion (matrix) is the
primary load carrying element.

[0049] Referring again to FIG. 3, at (102), the method ih@fudes preparing a
repair interface of a composite component for nrep&pecifically, in several
embodiments, at (102), the worn or damaged mateiiain the repair region 202
that has not already broken off or separated freenainder of the composite
component 200 may be removed from the componenvi20@achining, grinding,
cutting, and/or the like. For example, in certastances, as shown in FIG. 4, the
repair region 202 may include an irregular surfa@é unsuitable for joining to the
new composite material. In such instances, at)(X@aterial from the component
200 may be removed to form a suitable repair int&f206. The repair interface 206
is, in turn, the surface of the component 200 tactvthe new composite material will
be joined. As shown in FIG. 5, upon completior{kf2), the worn/damaged material
of the repair region 202 has been removed andetparinterface 206 has been
formed. In an embodiment, the repair interface 20@s a regular surface, i.e., a
smooth or even surface, such as a planar surface.

[0050] Additionally, as shown in FIG. 3, after preparifhg trepair interface, at
(104), the method 100 includes positioning one oramepair fiber plies relative to
the repair interface of the composite component shiat a butt joint is formed at the
repair interface between the one or more repagr fithes and the composite
component. For example, as shown in FIGS. 6 anepair fiber plies 208 are
positioned relative to the component 200 suchaHaitt joint 210 is formed at the
repair interface 206 between the repair fiber @%@8 and the component 200. In this
respect, the repair fiber plies 208 are in contattt the repair interface 206 and
occupy the space where the worn/damaged matergabviginally present. As will

be described below, a matrix precursor materiptésided (e.g., via infiltration or

infusion) such that new composite material is fatrimethe repair region 202, thereby
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repairing the component 200. In this respectyéipair fiber plies 208 correspond to
the fiber material of the composite material fromiet the component 200 is formed.
[0051]  As specifically shown in FIG. 7, at (104), in sealembodiments, the
repair fiber plies 208 are oriented transversedigtires to the fiber plies 212 of the
composite component 200. Such a transverse dii@mtrengthens the butt joint
206, thereby increasing the operational loadsttieatepaired component 200 can
withstand. However, in alternative embodiments,répair fiber plies 208 may be
oriented in any other suitable manner relativéntoftber plies 212 of the composite
component 200.

[0052]  Furthermore, as shown in FIG. 3, at (106), aftesitpming the repair
ply(ies), the method 100 includes forming a cawtthin the composite component
such that the cavity extends through the repagriate. For example, as shown in
FIG. 8, in one embodiment, after positioning theaiefiber plies 208, a pair of holes
214 is formed (e.g., via drilling) within the repéiber plies 208 and the composite
component 200 such that the holes 214 extend thrthegrepair interface 206. In
this respect, a first portion of each hole 214asiponed within the composite
component 200 and a second portion of each holes2ddsitioned within the repair
region 202. In another embodiment, as shown in B]@fter positioning the repair
fiber plies 208, a slot 215 is formed (e.g., vidling) within the repair fiber plies 208
and the composite component 200 such that th $extends through the repair
interface 206. In this respect, a first portiorthad slot 215 is positioned within the
composite component 200 and a second portion dcfltte15 is positioned within
the repair region 202. However, in alternative ethiments, any other suitable
number and/or type of cavity may be formed at (106)

[0053] Moreover, as shown in FIG. 3, at (108), the meth@d includes installing
a support member within the cavity. Specificadlg,shown in FIG. 10, in one
embodiment, a pin 216 is installed within each t&ild such that a first portion 218
of each pin 216 is positioned within the composaemponent 200 and a second
portion 220 of each pin 216 is positioned withia tkpair fiber plies 208. As shown
in FIG. 11, in another embodiment, a key or pldté B installed within the slot 215
such that a first portion 219 of the plate 217asifponed within the composite
component 200 and a second portion 221 of the @lafdas positioned within the
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repair fiber plies 208. As will be described beldlae support member(s) (e.g., the
pins 216 or the plate 217) support the repair fiiers 208 relative to the component
200, thereby strengthening the butt joint 210. Jineport member(s) may be formed
from any suitable material, such as a metallic nelter a composite material.
However, in alternative embodiments, the suppornber(s) may be configured as
any other suitable device or component capablebarting the repair fiber plies
208 and the component 200 relative to each othariuatt joint connection.

[0054] In addition, as shown in FIG. 3, after installitg tsupport member, at
(108), the method 100 includes providing a matrecprsor to the one or more repair
fiber plies. More specifically, after the repabydr plies 208 have been positioned and
the pins 216 have been installed, a matrix precusssupplied or otherwise provided
to the repair fiber plies 208. For example, in en&odiment, the composite
component 200 is formed from a ceramic matrix cosited CMC) material. In such
an embodiment, at (108), the repair fiber plies a@8infiltrated (e.g., via melt
infiltration) with a suitable infiltrant (e.g., gon). In another embodiment, the
composite component 200 is formed from a polymexatrix composite (PMC)
material. In such an embodiment, (at 108), thairdjper plies 208 are infused (e.g.,
via vacuum infiltration) with a suitable resin. Wever, in alternative embodiments,
the matrix precursor may be provided to the refiaér plies 208 in any other suitable
manner.

[0055] In addition, at (112), after providing the matriatarial, the method 100
includes heat treating the one or more repair fibess. For example, after infiltrating
or infusing the repair fiber plies 208, the pli&8zare heat treated (e.g., in a suitable
furnace). After heat treatment at (112), the supmember(s) (e.g., the pins 216 or
the plate 217) remain in the composite compone@t 20 this respect, the support
member(s) support the butt joint 210 between therfplies 212 of the component
200 and the repair fiber plies 208. As such, tigpsrt member(s) strengthen the butt
joint 210 such that the butt joint 210 is strongegh to support the operational loads
of the component 200.

[0056] FIG. 12 is a flow diagram of another embodimend ofiethod 300 for
repairing composite components. As will be destdibelow, the steps of the
embodiment of the method 300 shown in FIG. 12 endas to the steps of the
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embodiment of the method 100 shown in FIG. 3. Hewesome of the steps of the
embodiment of the method 300 shown in FIG. 12 aréopmed in a different order
than the embodiment of the method 100 shown in BIGn general, the various
steps of the method 300 will be described beloth@context of repairing a
composite component 200 as schematically depiat&dGS. 13-18 where like
reference numerals are used to refer to like featdepicted in reference to
component 200 of FIGS. 4-11.

[0057] As shown in FIG. 12, at (302), the method 300 nmajude preparing a
repair interface in the repair region 202 of a cosife component 200 for repair as
described above in reference to (102).

[0058]  Additionally, as shown in FIG. 12, after preparthg repair interface, at
(304), the method 300 includes forming a cavityhwitthe composite component
such that the cavity extends through the repa@riate. For example, as shown in
FIG. 13, in one embodiment, a pair of holes 21féiimed (e.g., via drilling) within
the composite component 200 such that the holeg2tbhd through the repair
interface 206. As shown in FIG. 14, in one embadima slot 215 is formed (e.qg.,
via milling) within the composite component 200 Isdicat the slot 215 extends
through the repair interface 206. However, inraliéve embodiments, any other
suitable number and/or type of cavity may be forrae(804).

[0059]  Further, as shown in FIG. 12, at (306), the me@@lincludes installing
a support member within the cavity. Specificadlg,shown in FIG. 15, in one
embodiment, pins 216 are installed within the h@le4 such that a first portion 218
of each pin 216 is positioned within the composaemponent 200 and a second
portion 220 of each pin 216 extends outward froerépair interface 206. As shown
in FIG. 16, in another embodiment, a key or pldté B installed within the slot 215
such that a first portion 219 of the plate 217asifponed within the composite
component 200 and a second portion 221 of the RBlateextends outward from the
repair interface 206. However, in alternative edibeents, the support member(s)
may be configured as any other suitable devic@omponent capable of supporting
the repair fiber plies 208 and the component 2G4iive to each other in a butt joint

connection.
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[0060]  Further, as shown in FIG. 12, after installing pire, at (308), the method
300 includes positioning one or more repair fibegrelative to the repair interface
of the composite component such that a butt jeifbimed at the repair interface
between the one or more repair fiber plies andtimeposite component. For
example, as shown in FIG. 17, in one embodimepgirdiber plies 208 are pressed
over the pins 216 such that the pins 216 piercedpair fiber plies 208 and a butt
joint 210 is formed at the repair interface 206wthe component 200. As shown in
FIG. 18, in one embodiment, repair fiber plies 208 pressed over the plate/key 217
such that the plate/key 217 pierces the repair fiies 208 and a butt joint 210 is
formed at the repair interface 206 with the compd290. In this respect, the repair
fiber plies 208 are in contact with the repair ifdee 206 and occupy the space where
the worn/damaged material was originally preség.shown in FIG. 7, in several
embodiments, the repair fiber plies 208 are or@tt@nsversely relative to the fiber
plies 212 of the composite component 200.

[0061] In addition, as shown in FIG. 12, at (310), aftesiponing the repair fiber
ply(ies), the method 300 includes providing a nmxgpriecursor to the one or more
repair fiber plies as described above.

[0062]  Further, at (312), after providing the matrix matkithe method 100
includes heat treating the one or more repair fidies as described above.

[0063] Inthe various embodiments described herein, thpat member(s) (e.g.,
the pins 216 or the plate 217) may extend complétebugh the one or more repair
fiber plies 208 to an exterior surface of the reghicomponent, such as depicted in
FIGS. 10 and 11. Alternatively, the support mer(d)€ie.g., the pins 216 or the plate
217) may extend less than completely through tleearmore repair fiber plies 208
S0 as to be encased within a repaired portioneottmposite component, such as
depicted in FIGS. 17 and 18. For example, whelulity of repair fiber plies 208
are pressed over the pins 216 or the plate 21 itise216 or the plate 217 may
pierce only one or more but not all of the pluyabf repair fiber plies 208.

[0064] The method 100 of FIG. 3 and/or the method 3001Gt E2 may apply to
repairing composite turbomachine components. Tinuse embodiments described
above, the composite component 200 may be a cotegmsnponent(s) of the engine
10. For example, in some embodiments, compositgooent(s) 200 correspond to a
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fan blade(s) 24, a compressor vane(s) 44, a cosmretade(s) 46, a turbine vane(s)
52, a turbine blade(s) 54, and/or a shroud blocKfs)f the engine 10. However, in
alternative embodiments, the composite componemiés) correspond to any suitable
component(s), such as other component(s) of atuabbine or component(s) of any
other turbomachine

[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 ahtteation 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:

[0067] A method for repairing composite components, théhookcomprising:
positioning one or more repair fiber plies relativea repair interface of a composite
component such that a butt joint is formed at #parr interface between the one or
more repair fiber plies and the composite compagrfenning a cavity within the
composite component such that the cavity extenasi¢in the repair interface; and
installing a support member within the cavity, wéiarthe support member extends
across the butt joint such that a first portionhaf support member is positioned
within the composite component and a second podidhe support member is
positioned within the one or more repair fiber plie

[0068] The method of one or more of these clauses, whéreisupport member
comprises a pin and the cavity comprises a hole.

[0069] The method of one or more of these clauses, whéreisupport member
comprises a plate and the cavity comprises a slot.

[0070] The method of one or more of these clauses, whesitioning the one

or more repair fiber plies comprises orienting dine or more repair fiber plies
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transversely relative to a plurality of originabdir plies forming the composite
component.

[0071] The method of one or more of these clauses, whéygimng the cavity
within the composite component and installing theport member within the cavity
are performed before positioning the one or mopairdiber plies relative to the
repair interface.

[0072] The method of one or more of these clauses, whesitioning the one
or more repair fiber plies comprises pressing the ar more repair fiber plies over
the support member such that the support membergsi¢he one or more repair fiber
plies.

[0073] The method of one or more of these clauses, whesitioning the one
or more repair fiber plies relative to the repaterface is performed before forming
the cavity.

[0074] The method of one or more of these clauses, whéwginng the cavity
comprises forming the cavity within the one or mapair fiber plies and the
composite component such that the cavity extenasi¢in the repair interface.
[0075] The method of one or more of these clauses, fudheprising: providing
a matrix precursor to the one or more repair fitiess.

[0076] The method of one or more of these clauses, whetercomposite
component is formed from a ceramic matrix compasiaterial; and providing the
matrix precursor comprises infiltrating the onenmre repair fiber plies with an
infiltrant.

[0077] The method of one or more of these clauses, whetercomposite
component is formed from a polymeric matrix composnaterial; and providing the
matrix precursor comprises infusing the one or mepair fiber plies with a resin.
[0078] The method of one or more of these clauses, fudheprising: after
providing the matrix precursor, heat treating the or more repair fiber plies.
[0079] The method of one or more of these clauses, whéreisupport member
remains in the composite component after heatimigeat

[0080] The method one or more of these clauses, whereisupport member is

formed from a metallic material or a composite mate
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[0081] The method of one or more of these clauses, whéreinomposite
component is a turbomachine component.

[0082] A method for repairing a composite turbomachine gonent, the method
comprising: preparing a repair interface of a cosmeaurbomachine component by
removing worn or damaged composite material; pmsitig one or more repair fiber
plies at the repair interface in a transverse taigon relative to original fiber plies
forming the composite turbomachine component shahd butt joint is formed at the
repair interface between the one or more repagr fithes and the composite
turbomachine component; forming a cavity within doenposite turbomachine
component such that the cavity extends throughepair interface; and installing a
support member within the cavity, wherein the suppember extends across the
butt joint such that a first portion of the suppmember is positioned within the
composite turbomachine component and a secondpatithe support member is
positioned within the one or more repair fiber plie

[0083] The method of one or more of these clauses, whéygimng the cavity
within the composite turbomachine component anthilisg the support member
within the cavity are performed before positionthg one or more repair fiber plies
the repair interface.

[0084] The method of one or more of these clauses, whesitioning the one
or more repair fiber plies comprises pressing the ar more repair fiber plies over
the support member such that the support membergsi¢he one or more repair fiber
plies.

[0085] The method of one or more of these clauses, whéreinne or more
repair fiber plies comprises a plurality of repaer plies, and wherein the support
member pierces less than all of the plurality plaiefiber plies such that the support
member is encased within a repaired portion ottmaposite turbomachine
component.

[0086] The method of one or more of these clauses, whéreinomposite
turbomachine component is formed from a ceramicimadbmposite material, the
method further comprising: infiltrating the oneroore repair fiber plies with an
infiltrant; and heat treating the one or more refiber plies to form a repaired

composite turbomachine component.
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[0087] The method of one or more of these clauses, whesitioning the one
or more repair fiber plies comprises pressing tihe ar more repair fiber plies over

the support member such that the support memberesi¢he one or more repair fiber

plies.
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WHAT IS CLAIMED IS:

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

positioning one or more repair fiber plies relativea repair interface of a
composite component such that a butt joint is fateethe repair interface between
the one or more repair fiber plies and the compaimponent;

forming a cavity within the composite componentrstiat the cavity extends
through the repair interface; and

installing a support member within the cavity,

wherein the support member extends across thgdmitsuch that a first
portion of the support member is positioned witiie composite component and a
second portion of the support member is positiomigioin the one or more repair
fiber plies.

2. The method of claim 1, wherein the support marsbenprises a pin
and the cavity comprises a hole.

3. The method of claim 1, wherein the support membeprises a plate
and the cavity comprises a slot.

4, The method of claim 1, wherein positioning tine @r more repair
fiber plies comprises orienting the one or moreanefiber plies transversely relative
to a plurality of original fiber plies forming themposite component.

5. The method of claim 1, wherein forming the cawithin the
composite component and installing the support negrabmprises installing the
support member within the cavity are performed keefmsitioning the one or more
repair fiber plies relative to the repair interface

6. The method of claim 5, wherein positioning tine @r more repair
fiber plies comprises pressing the one or moreiréper plies over the support
member such that the support member pierces theramere repair fiber plies.

7. The method of claim 1, wherein comprises pasitig the one or more
repair fiber plies relative to the repair interfasg@erformed before forming the

cavity.
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8. The method of claim 7, wherein forming the caetbmprises forming
the cavity within the one or more repair fiber plend the composite component such
that the cavity extends through the repair intexfac

9. The method of claim 1, further comprising:

providing a matrix precursor to the one or moreanefiber plies.

10.  The method of claim 9, wherein:

the composite component is formed from a ceramitixneomposite
material; and

providing the matrix precursor comprises infiltregithe one or more repair
fiber plies with an infiltrant.

11. The method of claim 9, wherein:

the composite component is formed from a polym@trix composite
material; and

providing the matrix precursor comprises infusihg bne or more repair fiber
plies with a resin.

12. The method of claim 9, further comprising:

after providing the matrix precursor, heat treatimg one or more repair fiber
plies.

13. The method of claim 12, wherein the support Ememains in the
composite component after heat treating.

14.  The method of claim 1, wherein the support mambformed from a
metallic material or a composite material.

15. The method of claim 1, wherein the compositaponent is a
turbomachine component.

16. A method for repairing a composite turbomacluoponent, the
method comprising:

preparing a repair interface of a composite turbdrimee component by
removing worn or damaged composite material;

positioning one or more repair fiber plies at tapair interface in a transverse
orientation relative to original fiber plies forngithe composite turbomachine
component such that a butt joint is formed at #parr interface between the one or
more repair fiber plies and the composite turbormechomponent;
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forming a cavity within the composite turbomachaoenponent such that the
cavity extends through the repair interface; and

installing a support member within the cavity,

wherein the support member extends across thgdmitsuch that a first
portion of the support member is positioned witifie@ composite turbomachine
component and a second portion of the support memmipesitioned within the one
or more repair fiber plies.

17. The method of claim 16, wherein forming theityawithin the
composite turbomachine component and installingsthmoort member within the
cavity are performed before positioning the onenore repair fiber plies the repair
interface.

18. The method of claim 17, wherein positioning dne or more repair
fiber plies comprises pressing the one or moreirépar plies over the support
member such that the support member pierces theramere repair fiber plies.

19. The method of claim 18, wherein the one or mepair fiber plies
comprises a plurality of repair fiber plies, andemdin the support member pierces
less than all of the plurality of repair fiber @isuch that the support member is
encased within a repaired portion of the compdaiigomachine component.

20. The method of claim 16, wherein the compositedmachine
component is formed from a ceramic matrix compasiaerial, the method further
comprising:

infiltrating the one or more repair fiber plies vén infiltrant; and

heat treating the one or more repair fiber pliefotom a repaired composite

turbomachine component.
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