EP 4 517 044 A1

(19)

Européisches
Patentamt

European
Patent Office

Office européen
des brevets

9

(11) EP 4 517 044 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
05.03.2025 Bulletin 2025/10

(21) Application number: 24157467.2

(22) Date of filing: 13.02.2024

(51) International Patent Classification (IPC):

F01D 5/00(2006.0%)

(52) Cooperative Patent Classification (CPC):

F01D 5/005; FO5D 2230/80

(84) Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB

GRHRHUIEISITLILT LU LV MC ME MK MT NL

NO PL PT RO RS SE SI SK SM TR
Designated Extension States:

BA

Designated Validation States:

GE KH MA MD TN

(30) Priority: 31.08.2023 IN 202311058478
12.12.2023 US 202318536780

(71) Applicant: General Electric Company
Schenectady, NY 12345 (US)

(72) Inventors:

¢ SAHA, Atanu
560066 Bangalore (IN)

» KESHAVAN, Hrishikesh
560066 Bengaluru (IN)

¢ MAITI, Sanat Chandra
560066 Bangalore (IN)

* JONES, Scott Allen
Schenectady, 12345 (US)

(74) Representative: Openshaw & Co.

8 Castle Street
Farnham, Surrey GU9 7HR (GB)

(54) SYSTEM AND METHOD OF REPAIRING A MULTI-LAYER COMPONENT OF AN ENGINE

(57) A method (100) of repairing a multi-layer com-
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fying a damage location (202) on the multi-layer compo-
nent (50). The damage location (202) extends at least
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depositing a material composition (206) onto the damage
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the material composition (206) deposited at the damage
location (202) ata second temperature range, the second
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Description
PRIORITY INFORMATION

[0001] The presentapplication claims priority to Indian
Patent Application Serial Number 202311058478 filed on
August 31, 2023.

FIELD

[0002] The presentdisclosure relates generally to gas
turbine engines and more particularly relates to a system
and method of repairing a multi-layer component for an
engine, such as seal teeth.

BACKGROUND

[0003] At least some gas turbine engines, such as
turbofan engines, include a fan and a core engine to
drive the fan. The core engine includes at least one
compressor, a combustor, and a high-pressure turbine
coupled together in a serial flow relationship. More spe-
cifically, the compressor and high-pressure turbine are
coupled through afirst drive shaft to form a high-pressure
rotor assembly. Air entering the core engine is mixed with
fuel and ignited to form a high energy gas stream. The
high energy gas stream flows through the high-pressure
turbine to rotatably drive the high-pressure turbine such
that the first drive shaft rotatably drives the compressor.
The gas stream expands as it flows through a low-pres-
sure turbine positioned aft of the high-pressure turbine.
The low-pressure turbine includes a rotor assembly
coupled to a second drive shaft, which is coupled to
the fan. The low-pressure turbine rotatably drives the
fan through the second drive shaft.

[0004] Some turbines and compressors include multi-
ple stages. Multistage turbines and compressors gener-
ally include inter-stage seals positioned between adja-
cent ones of the stages. An inter-stage seal prevents
leakage of the gas compressed or expanded by the
preceding stage. Specifically, an inter-stage seal may
be located between two rotating disks for providing a
fluid seal therebetween to prevent or limitleakages there-
through. Common inter-stage seals may have a gener-
ally ring-shaped configuration with a plurality of seal teeth
positioned on the seal ring for preventing leaking be-
tween the stages. Aircraft engines having gas turbine
engines may use similar designs.

[0005] Such inter-stage seals, however, may have is-
sues with maintainability and reliability. For example,
uneven temperature distributions during operation may
resultin relatively large tensile forces therein. In addition,
during service, the top layer can suffer from spallation for
multiple reasons. Once spallation occurs above a critical
size during operation, the only option is to replace and
repair the entire component by stripping and recoating.
Thus, repairing the seal teeth can only be completed at
the component level by dismantling the engine.

10

15

20

25

30

35

40

45

50

55

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] A full and enabling disclosure of the present
disclosure, including the best mode thereof, directed to
one of ordinary skill in the art, is set forth in the specifica-
tion, which makes reference to the appended figures, in
which:

FIG. 1 is a schematic cross-sectional view of a gas
turbine engine according to various embodiments of
the present disclosure;

FIG. 2 is a detailed view of a compressor of the gas
turbine engine of FIG. 1, particularly illustrating ex-
ample seal locations according to the present dis-
closure;

FIG. 3 is a partial, simplified view of the compressor
of the gas turbine engine of FIG. 2;

FIG. 4 is a detailed view of an embodiment of a seal
tooth according to the present disclosure;

FIG. 5 is a flow diagram of an embodiment of a
method of repairing a multi-layer component of an
engine according to the present disclosure; and
FIGS. 6A-6E are schematic diagrams of a sequence
of operations of an embodiment of a system for
repairing a multi-layer component of an engine.

DETAILED DESCRIPTION

[0007] Reference now will be made in detail to embodi-
ments of the present disclosure, one or more examples of
which are illustrated in the drawings. Each example is
provided by way of explanation of the present disclosure,
not limitation of the present disclosure. In fact, it will be
apparent to those skilled in the art that various modifica-
tions and variations can be made in the present disclo-
sure without departing from the scope or spirit of the
present disclosure. For instance, features illustrated or
described as part of one embodiment can be used with
another embodiment to yield a still further embodiment.
Thus, it is intended that the present disclosure covers
such modifications and variations as come within the
scope of the appended claims and their equivalents.
[0008] The word "exemplary" is used herein to mean
"serving as an example, instance, or illustration." Any
implementation described herein as "exemplary” is not
necessarily to be construed as preferred or advanta-
geous over other implementations. Additionally, unless
specifically identified otherwise, all embodiments de-
scribed herein should be considered exemplary.

[0009] The singular forms "a", "an", and "the" include
plural references unless the context clearly dictates
otherwise.

[0010] The term "atleast one of"in the context of, e.g.,
"atleastone of A, B,and C"referstoonly A, only B, only C,
or any combination of A, B, and C.

[0011] The term "turbomachine" refers to a machine
including one or more compressors, a heat generating
section (e.g., a combustion section), and one or more
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turbines that together generate a torque output.

[0012] The term "gas turbine engine" refers to an en-
gine having a turbomachine as all or a portion of its power
source. Example gas turbine engines include turbofan
engines, turboprop engines, turbojet engines, turboshaft
engines, etc., as well as hybrid-electric versions of one or
more of these engines.

[0013] The term "combustion section" refers to any
heat addition system for a turbomachine. For example,
the term combustion section may refer to a section in-
cluding one or more of a deflagrative combustion assem-
bly, a rotating detonation combustion assembly, a pulse
detonation combustion assembly, or other appropriate
heat addition assembly. In certain example embodi-
ments, the combustion section may include an annular
combustor, a can combustor, a cannular combustor, a
trapped vortex combustor (TVC), or other appropriate
combustion system, or combinations thereof.

[0014] As used herein, the term "rotor" refers to any
component of a rotary machine, such as a turbine engine,
that rotates about an axis of rotation. By way of example,
arotor may include a shaft or a spool of a rotary machine,
such as a turbine engine.

[0015] As used herein, the term "stator" refers to any
component of a rotary machine, such as a turbine engine,
that has a coaxial configuration and arrangement with a
rotor of the rotary machine. A stator may be disposed
radially inward or radially outward along a radial axis in
relation to atleast a portion of a rotor. Additionally, orin the
alternative, a stator may be disposed axially adjacent to
at least a portion of a rotor.

[0016] The terms "low" and "high", or their respective
comparative degrees (e.g., -er, where applicable), when
used with a compressor, a turbine, a shaft, or spool
components, etc. each refer to relative speeds within
an engine unless otherwise specified. For example, a
"low turbine" or "low speed turbine" defines a component
configured to operate at a rotational speed, such as a
maximum allowable rotational speed, lower than a "high
turbine" or "high speed turbine" of the engine.

[0017] The terms "forward" and "aft" refer to relative
positions within a gas turbine engine or vehicle and refer
to the normal operational attitude of the gas turbine
engine or vehicle. For example, with regard to a gas
turbine engine, forward refers to a position closer to an
engine inlet and aft refers to a position closer to an engine
nozzle or exhaust.

[0018] The terms "upstream" and "downstream" refer
to the relative direction with respect to fluid flow in a fluid
pathway. For example, "upstream" refers to the direction
from which the fluid flows, and "downstream" refers to the
direction to which the fluid flows.

[0019] As used herein, the terms "axial" and "axially"
refer to directions and orientations that extend substan-
tially parallel to a centerline of the gas turbine engine.
Moreover, the terms "radial" and "radially" refer to direc-
tions and orientations that extend substantially perpen-
dicular to the centerline of the gas turbine engine. In
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addition, as used herein, the terms "circumferential"
and "circumferentially" refer to directions and orienta-
tions that extend arcuately about the centerline of the
gas turbine engine.

[0020] The terms "coupled", "fixed", "attached to", and
the like refer to both direct coupling, fixing, or attaching,
as well as indirect coupling, fixing, or attaching through
one or more intermediate components or features, un-
less otherwise specified herein.

[0021] As used herein, the terms "first", "second",
"third" and so on may be used interchangeably to distin-
guish one component from another and are not intended
to signify location or importance of the individual compo-
nents.

[0022] The term "adjacent" as used herein with refer-
ence to two walls and/or surfaces refers to the two walls
and/or surfaces contacting one another, or the two walls
and/or surfaces being separated only by one or more
nonstructural layers and the two walls and/or surfaces
and the one or more nonstructural layers being in a serial
contact relationship (i.e., a first wall/surface contacting
the one or more nonstructural layers, and the one or more
nonstructural layers contacting the a second wall/sur-
face).

[0023] Approximating language, as used herein
throughout the specification and claims, is applied to
modify any quantitative representation that could permis-
sibly vary without resulting in a change in the basic
function to which it is related. Accordingly, a value mod-
ified by aterm orterms, such as "about", "approximately”,
and "substantially", are not to be limited to the precise
value specified. In at least some instances, the approx-
imating language may correspond to the precision of an
instrument for measuring the value, or the precision of the
methods or machines for constructing or manufacturing
the components and/or systems. For example, the ap-
proximating language may refer to being withina 1, 2, 4,
10, 15, or 20 percent margin. These approximating mar-
gins may apply to a single value, either or both endpoints
defining numerical ranges, and/or the margin for ranges
between endpoints.

[0024] Here and throughout the specification and
claims, range limitations are combined and inter-
changed, such ranges are identified and include all the
sub-ranges contained therein unless context or language
indicates otherwise. For example, all ranges disclosed
herein are inclusive of the endpoints, and the endpoints
are independently combinable with each other.

[0025] Example aspects of the present disclosure are
directed to systems and methods of repairing gas turbine
engine components, such as seal teeth, using a unique
material composition. As mentioned, multistage turbines
and compressors generally include inter-stage seals po-
sitioned between each of the stages to preventleakage of
the gas compressed by the preceding stage. Specifically,
an inter-stage seal may be located between two rotating
disks for providing a fluid seal therebetween to prevent or
limit leakages therethrough. Common inter-stage seals
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may have a generally ring-shaped configuration with a
plurality of seal teeth positioned on the seal ring for
preventing leaking between the leakage between the
stages. The seal teeth typically have three layers, e.g.,
a base layer, an intermediate layer, and a ceramic-based
top layer. The base layer is typically a nickel-based alloy
or a titanium-based alloy. The intermediate layer is typi-
cally a nickel-aluminide bond coat layer. The ceramic-
based top layer is commonly made of alumina. For cer-
tain seal teeth, the intermediate and ceramic-based top
layers may be deposited onto the base layer using any
suitable applications methods, such as via atmospheric
plasma spraying (APS), additive manufacturing, etc.
[0026] Duringoperation ofthe gasturbine engine, such
inter-stage seals experience uneven temperature distri-
butions, which may impact the integrity of the seals
and/or the seal teeth. In addition, during service of the
engine, the ceramic-based top layer can suffer from
spallation due to multiple reasons, including but not
limited to, fractures due to static contact loads during
disassembly, Hastelloy metal transfer, and/or crack for-
mation in the ceramic top layer during turning operation
while making the component by original equipment man-
ufacturer (OEM). As used herein, "spallation" generally
refers to a process in which fragments of material break
away from a body due to stress. Once spallation occurs
above a critical size during operation, the only option is to
replace and repair the entire component by stripping and
recoating. Typically, the repair of seal teeth can only be
completed at the component level by dismantling the
engine.

[0027] Accordingly, the present disclosure is directed
to a new material composition for repairing gas turbine
engine components, such as seal teeth, and methods of
using the material composition in-module (i.e., while the
seal teeth are installed in the engine) and/or when the
engine is disassembled. More specifically, the material
composition of the present disclosure can be used to
repair the ceramic-based top layer of a seal tooth atan in-
module level. In an embodiment, methods of the present
disclosure may include depositing a repair coating layer
of the material composition, e.g., by spackling or slurry
spraying, at room temperature followed by curing with
localized heat treatment. In an embodiment, wherein the
localized curing is completed at the module level, the
curing temperature is lower to protect the underlying
base layer.

[0028] Thus, in an embodiment, the material composi-
tion of the present disclosure is a slurry composition that
can be applied to a damage location of an alumina-based
ceramic-based top layer of a damaged seal tooth, such
that the seal tooth can be repaired via sintering at lower
temperatures, such as from about 300 degrees Celsius
(°C) to about 900 (°C), such as less than about 650°C. In
certain embodiments, the slurry composition may include
one or more sintering additions (such as low melting
glass) and a nucleating agent to convert the glass to
ceramic, thereby eliminating coating brittleness. More-
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over, in an embodiment, the graded architecture (e.g.,
where arelative amount of alumna and sintering aids vary
across the thickness (from intermediate layer to top sur-
face) ofthe top ceramic layer)is configured to balance the
requirement of adhesion and toughness. Further, the
present disclosure provides a unique method of applica-
tion for a non-line of sight coating without losing density
and while also providing a uniform density across the
coating. In addition, the localized low temperature curing
is configured to protect underlying layers and the remain-
ing component from additional heat treatment.

[0029] Thus, in an embodiment, the material composi-
tion of the presentdisclosure provides the technical effect
of providing a chemistry formulation that can be cured at
lower temperatures by incorporating sintering additives
such as low melting glass. In such embodiments, the low
melting glass is configured to convert to crystalline
phases during processing, so the toughness of the cera-
mic-based top layer is restored. In particular embodi-
ments, the material composition of the present disclosure
is configured to provide an adhesion pull strength of
greater than about four (4) megapascals (MPa) (about
600 pounds per square inch (PSl)). Moreover, in an
embodiment, the material composition of the present
disclosure may have a density that matches (e.g., by
at least 70%) remaining portions of the ceramic-based
top layer. In addition, in an embodiment, the material
composition of the present disclosure may provide ero-
sion resistance of at least 70% of the original component.
[0030] Still further benefits are provided with the ma-
terial composition of the present disclosure. For example,
in an embodiment, there is minimal (or no) debit in shot
peening compressive stress in the underlying layers.
Moreover, the material composition of the present dis-
closure can repair damage location, while also providing
a smooth surface. In addition, localized heating prevents
rest of the component undergoing heat treatment.
[0031] Referring now to the drawings, wherein identi-
cal numerals indicate the same elements throughout the
figures, FIGS. 1-3 illustrate various views of a gas turbine
engine 10, also referred to herein as the engine 10, which
can incorporate various aspects of the disclosed tech-
nology. In particular, FIG. 1 illustrates a partial, schematic
view of an embodiment of the gas turbine engine 10
which can incorporate various aspects of the disclosed
technology, whereas FIG. 2 illustrates a detailed view of
anembodiment of acompressor of the gas turbine engine
of FIG. 1, particularly illustrating example seal locations
35 according tothe presentdisclosure. FIG. 3illustrates a
partial, simplified view of the compressor of the gas
turbine engine of FIG. 2, particularly illustrating one of
the seal locations 35 according to the present disclosure.
[0032] As shown, the gas turbine engine 10 has a
longitudinal axis 11 and includes a fan 12, a low pressure
compressor ("LPC) or "booster" 14 and a low pressure
turbine ("LPT") 16 collectively referred to as a "low pres-
sure system." The LPT 16 drives the fan 12 and the
booster 14 through an inner shaft 18, also referred to
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as an "LP shaft." The engine 10 also includes a high
pressure compressor ("HPC") 20, a combustor 22, and a
high pressure turbine ("HPT") 24, collectively referred to
as a "gas generator" or "core." The HPT 24 drives the
HPC 20 through an outer shaft 26, also referred to as an
"HP shaft." Together, the high and low pressure systems
are operable in a known manner to generate a primary or
core flow as well as a fan flow or bypass flow. The inner
and outer shafts 18 and 26 are mounted for rotation in
several rolling-element bearings. The bearings are lo-
cated in enclosed portions of the engine 10 referred to as
"sumps."

[0033] While the illustrated gas turbine engine 10 is a
high-bypass turbofan engine, the disclosed technology
can be equally applicable to turboprop, turbojet, and
turboshaft engines, as well as turbine engines used for
other vehicles or in stationary applications. It should also
be appreciated that the turbine engines incorporating the
presentdisclosure can be employed for use in a variety of
applications, including turbine engines in aircraft.
[0034] Referring particularly to FIGS. 2 and 3, the HPC
20 may include any number of rotor disks 30, 32 coupled
to the HP shaft 26, two of which are labeled and generally
referred to herein as a first rotor disk 30 and a second
rotor disk 32 shown. Further, as shown, the rotor disks 30,
32 are axially spaced from one another at a predeter-
mined distance. Moreover, each of the rotor disks 30, 32
supports a plurality of compressor blades, with a first
compressor blade 40 and a second compressor blade
42, respectively, being shown. A stator 34 or a similar
fixed structure may extend between the compressor
blades 40, 42 and portions of the disks 30, 32.

[0035] Referring particularly to FIG. 3, an example seal
location 35 of the HPC 20 may include a seal ring 44 as
described herein. The seal ring 44 may be attached to the
firstrotor disk 30 at a first end 46 thereof and to the second
rotor disk 32 at a second end 48 thereof. Further, as
shown, the seal ring 44 may include a seal body (e.g., a
main ring portion) having any number of seal teeth 50 or
similar types of seals extending therefrom. The seal teeth
50 may be positioned so as to face the stator 34. Any
number of seal teeth 50 may be used. The seal teeth 50
may have any desired size or shape. In use, the seal ring
44 adequately prevents leakage via the use of the seal
teeth 50. The seal ring 44 itself also transmits torque
therethrough. Further, the seal ring 44 may be used
between any type of rotating parts, such as between
stages of the LPC 14, the HPT 24, and the LPT 16.
[0036] Referring now to FIG. 4, a detailed view of an
embodiment of one of the seal teeth 50 is illustrated
according to the present disclosure. As shown, the illu-
strated seal tooth 50 is constructed of three layers. In
particular embodiments, as shown, the seal tooth 50
includes a base layer 52, an intermediate layer 54, and
a ceramic-based top layer 56. In an embodiment, the
base layer 52 may be a nickel-based alloy or a titanium-
based alloy. The intermediate layer 54 is typically a
nickel-aluminide bond coat layer. The ceramic-based
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top layer 56 is commonly made of an alumina-based
alloy. For certain seal teeth, the intermediate and cera-
mic-based top layers 54, 56 may be deposited onto the
base layer 52 using any suitable applications methods,
such as via atmospheric plasma spraying (APS), additive
manufacturing, etc.

[0037] Referring now to FIGS. 5 and 6, a method 100
and a system 200 for repairing a multi-layer component of
an engine, such as the seal teeth 50 described herein are
illustrated, respectively. More specifically, FIG. 5 illus-
trates a flow diagram of an embodiment of the method
100 of repairing a multi-layer component of an engine
according to the present disclosure, whereas FIGS.
6A-6B illustrates schematic diagrams of an embodiment
of the system 200 for repairing a multi-layer component of
an engine. In addition, the method 100 described herein
can be used to repair the seal teeth 50 in-module, i.e.,
without dismantling the gas turbine engine 10.

[0038] The method 100 described herein is generally
explained with reference to the gas turbine engine 10 and
components thereof illustrated in FIGS. 1-4. However, it
should be understood that the method 100 can be applied
to any multi-layer component of an engine having any
suitable configuration. Furthermore, it should be appre-
ciated that the method 100 is discussed herein only to
describe aspects of the present disclosure and is not
intended to be limiting. Further, though FIG. 5 depicts the
method 100 having steps performed in a particular order
for purposes of illustration and discussion, those of or-
dinary skill in the art, using the disclosures provided
herein, will understand that the steps of any of the meth-
ods discussed herein can be adapted, rearranged, ex-
panded, omitted, or modified in various ways without
deviating from the scope of the present disclosure.
[0039] Referring particularly to FIG. 5, as shown at
(102), the method 100 includes identifying a damage
location on the multi-layer component having at least
one defect, the at least one defect extending at least
partially into a ceramic-based top layer of the multi-layer
component. ldentifying the damage location because
completed, for example, manually or via an imaging
device or sensor. As shown at (104), the method 100
includes depositing a material composition at a first tem-
perature range onto the damage location so as to cover
the damage location, the material composition having
one or more sintering additives. For example, in an
embodiment, the first temperature range may include
temperatures ranging from about 15°C to about 40°C,
such as room temperature. As shown at (106), the meth-
od 100 includes applying localized curing at a second
temperature range to the material composition deposited
at the damage location, the second temperature range
being higher than the first temperature range. In parti-
cular embodiments, the second temperature range may
include temperatures ranging from about 300°C to about
900°C.

[0040] Embodiments of the system 200 and method
100 of the present disclosure can be better understood
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with reference to FIGS. 6A-6E. In particular, as shown in
FIG. 6A, a damage location 202 having a defect extend-
ing at least partially into the ceramic-based top layer 56
indicating field distress, such as spallation, is identified. It
should be understood that the defect(s) described herein
may be any defect, distress, crack, fracture, feature, hole,
recess, groove, feature, etc. As shown in FIG. 6B, the
method 100 includes positioning a protective layer 204,
such as a film or mask layer, around the damage location
202, e.g., to protect a surrounding area of the damage
location 202. As shown in FIG. 6C, the method 100
includes depositing a material composition 206 on the
damage location 202 at the first temperature range, e.g.,
using spackling or slurry spraying. For example, in an
embodiment, as shown, the system 200 may include an
application device 208 for depositing the material com-
position 206 at the damage location 202. More specifi-
cally, in an embodiment, the application device 208 may
be a spackling applicator, a slurry sprayer, or any other
suitable application device.

[0041] Furthermore, the material composition 206 de-
scribed herein includes, at least, one or more sintering
additives and one or more nucleating agents. For exam-
ple, in an embodiment, the sintering additive(s) may be
low melting glass, thermoset polymers pyrolyzed to cera-
mic, and/or organometallic precursor derived gel. Ac-
cordingly, the sintering additive(s) is configured to con-
vert into crystalline phases during processing to restore
toughness of the ceramic-based top layer of the multi-
layer component after repair, whereas and the nucleating
agent is configured to convert the sintering additive(s) to
a ceramic material to reduce brittleness. Accordingly, the
material composition 206 can be particularly useful in
repairing the ceramic-based top layer 56 of the seal tooth
50 at an in-module level. In an embodiment, the material
composition 206 may be a slurry composition that can be
applied to the damage location 202 of the alumina-based
ceramic-based top layer 56 of a damaged seal tooth,
such that the seal tooth can be repaired via sintering at
lower temperatures.

[0042] As used herein, low melting glass can be SiO2
based, or non-silica based such as P205 based. In such
instances, these two families can be represented by M-
SiO2 and N-P205. Thus, in an embodiment, M includes
SrO, Zn0, BaO, La,03, Al,04, B,O3, Zn0, Bi,Og, etc. or
their combination. Further, in an embodiment, N includes
Ca0, Na,0, ZnO and Fe, 05 etc., or their combination. In
addition, examples of nucleating agents are V,Og,
Cr,03, Bas(P0O4),, TiO, and Fe,0O5.

[0043] Referring to FIG. 6D, the method 100 includes
removing the protective layer 204 after depositing the
material composition 206 at the damage location 202.
Furthermore, as shown in FIG. 6E, the method 100
includes applying localized curing to the material com-
position 206 deposited at the damage location at a sec-
ond temperature range. For example, as shown, the
curing may be completed using any suitable heat source
210 such as a heater, a heat exchanger, heated air, a
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heated light, etc. Moreover, in certain embodiments, after
applying the localized curing to the material composition
206 deposited at the damage location 202 at the second
temperature range, the multi-layer component 206 has a
uniform density across the multi-layer component (i.e.,
from one side of the damage location 202 to the other).
[0044] Further aspects are provided by the subject
matter of the following clauses:

[0045] A method of repairing a multi-layer component
of an engine in-module, the method comprising: identify-
ing a damage location on the multi-layer component
having at least one defect, the at least one defect ex-
tending at least partially into a ceramic-based top layer of
the multi-layer component; depositing a material compo-
sition at a first temperature range onto the damage
location so as to cover the damage location, the material
composition comprising one or more sintering additives;
and applying localized curing at a second temperature
range to the material composition deposited at the da-
mage location, the second temperature range being
higher than the first temperature range.

[0046] The method of any preceding clause, wherein
the material composition further comprises a nucleating
agent.

[0047] The method of any preceding clause, further

comprising positioning a protective layer around the da-
mage location before depositing the material composi-
tion onto the damage location at the first temperature
range.

[0048] The method of any preceding clause, further
comprising removing the protective layer from around the
damage location after depositing the material composi-
tion onto the damage location.

[0049] The method of any preceding clause, wherein
the one or more sintering additives comprise low melting
glass.

[0050] The method of any preceding clause, wherein

depositing the material composition into the damage
location at the first temperature range further comprises
at least one of spackling or slurry spraying.

[0051] The method of any preceding clause, wherein,
after applying the localized curing to the material com-
position deposited at the damage location at the second
temperature range, the multi-layer component com-
prises a uniform density across the multi-layer compo-
nent.

[0052] The method of any preceding clause, wherein
the first temperature range comprises temperatures ran-
ging from about 15 degrees Celsius (°C) to about 30°C.
[0053] The method of any preceding clause, wherein
the second temperature range comprises temperatures
equal to or less than about 650 degrees Celsius (°C).
[0054] The method of any preceding clause, wherein
the ceramic-based top layer is constructed of an alumina-
based alloy.

[0055] The method of any preceding clause, wherein
the multi-layer component of the engine comprises one
or more seal teeth of a seal of the engine.
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[0056] A system for repairing a ceramic-based top
layer of a multi-layer component of an engine in-module,
the system comprising: a material composition for cover-
ing a defect in the ceramic-based top layer, the material
composition comprising a sintering additive and a nucle-
ating agent; and a heat source for applying localized heat
to the material composition at the damage location to
cure the material composition, wherein the sintering ad-
ditive converts crystalline phases during processing to
restore toughness of the ceramic-based top layer of the
multi-layer component after repair, and wherein the nu-
cleating agent converts the sintering additive to a ceramic
material to reduce brittleness at the multi-layer compo-
nent after repair.

[0057] The system of any preceding clause, further
comprising a protective layer for protecting a surrounding
area of the damage location.

[0058] The system of any preceding clause, wherein
the sintering additive comprises low melting glass.
[0059] The system of any preceding clause, further
comprising an application device for depositing the ma-
terial composition onto the damage location at a first
temperature range.

[0060] The system of any preceding clause, wherein
the application device comprises at least one of a spack-
ling applicator or a slurry sprayer.

[0061] The system of any preceding clause, wherein
the first temperature range comprises temperatures ran-
ging from about 15 degrees Celsius (°C) to about 30°C,
and wherein the heat source applies the localized heat to
the material composition at a second temperature range,
the second temperature range comprising temperatures
equal to or less than about 650 degrees Celsius (°C).
[0062] The system of any preceding clause, wherein
the multi-layer component comprises a uniform density
across the material composition after repairing and cur-
ing.

[0063] The system of any preceding clause, wherein
the ceramic-based top layer is constructed of an alumina-
based alloy.

[0064] The system of any preceding clause, wherein
the multi-layer component of the engine comprises one
or more seal teeth of a seal of the engine.

[0065] This written description uses examples to dis-
close the present technology, including the best mode,
and also to enable any person skilled in the art to practice
the present technology, including making and using any
devices or systems and performing any incorporated
methods. The patentable scope of the present technol-
ogy is defined by the claims, and may include other
examples that occur to those skilled in the art. Such other
examples are intended to be within the scope of the
claims ifthey include structural elements that do not differ
from the literal language of the claims, or if they include
equivalent structural elements with insubstantial differ-
ences from the literal languages of the claims.
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Claims

1. Amethod (100) of repairing a multi-layer component
(50) of an engine (10) in-module, the method (100)
comprising:

identifying a damage location (202) on the multi-
layer component (50) having atleast one defect,
the at least one defect (202) extending at least
partially into a ceramic-based top layer (56) of
the multi-layer component (50);

depositing a material composition (206) at a first
temperature range onto the damage location
(202) so as to cover the damage location
(202), the material composition (206) compris-
ing one or more sintering additives; and
applying localized curing at a second tempera-
ture range to the material composition (206)
deposited at the damage location (202), the
second temperature range being higher than
the first temperature range.

2. The method (100) of claim 1, wherein the material
composition (206) further comprises a nucleating
agent.

3. The method (100) of any preceding claim, further
comprising positioning a protective layer (204)
around the damage location (202) before depositing
the material composition (206) onto the damage
location (202) at the first temperature range.

4. The method (100) of claim 3, further comprising
removing the protective layer (204) from around
the damage location (202) after depositing the ma-
terial composition (206) onto the damage location
(202).

5. The method (100) of any preceding claim, wherein
the one or more sintering additives comprise low
melting glass.

6. The method (100) of any preceding claim, wherein
depositing the material composition (206) into the
damage location (202) at the first temperature range
further comprises at least one of spackling or slurry

spraying.

7. The method (100) of any preceding claim, wherein,
after applying the localized curing to the material
composition (206) deposited at the damage location
(202) at the second temperature range, the multi-
layer component (50) comprises a uniform density
across the multi-layer component (50).

8. The method (100) of any preceding claim, wherein
the first temperature range comprises temperatures
ranging from about 15 degrees Celsius (°C) to about
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30°C.

The method (100) of any preceding claim, wherein
the second temperature range comprises tempera-
tures equal to orless than about 650 degrees Celsius
(°C).

The method (100) of any preceding claim, wherein
the ceramic-based top layer (56) is constructed of an
alumina-based alloy.

The method (100) of any preceding claim, wherein
the multi-layer component (50) of the engine (10)
comprises one or more seal teeth of a seal of the
engine (10).

A system for repairing a ceramic-based top layer (56)
of a multi-layer component (50) of an engine (10) in-
module, the system comprising:

a material composition (206) for covering a de-
fect at a damage location (202) in the ceramic-
based top layer (56), the material composition
(206) comprising a sintering additive and a nu-
cleating agent; and

a heat source for applying localized heat to the
material composition (206) at the damage loca-
tion (202) to cure the material composition (206),
wherein the sintering additive converts crystal-
line phases during processing to restore tough-
ness of the ceramic-based top layer (56) of the
multi-layer component (50) after repair, and
wherein the nucleating agent converts the sin-
tering additive to a ceramic material to reduce
brittleness at the multi-layer component (50)
after repair.

The system of claim 12, further comprising a protec-
tive layer (204) for protecting a surrounding area of
the damage location (202).

The system of claims 12-13, wherein the sintering
additive comprises low melting glass.

The system of claims 12-14, further comprising an
application device for depositing the material com-
position (206) onto the damage location (202) at a
first temperature range, wherein the application de-
vice comprises at least one of a spackling applicator
or a slurry sprayer.
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