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COMPONENTS

(57) A structural element and method for repairing a
damaged portion (114) of the metal component compris-
ing a repair material and a layer of diffusive metal material
(202), the metal component comprising a material having
a first melting point and the repair material comprising a
material having a second melting point that is lower than
the first melting point. The repair material also includes
an additive material, which diffuses at least partially into
the layer of diffusive metal material (202). The repair ma-
terial may comprise a cobalt or nickel-boron composition.
The repair material may also have a melting point that is
approximately 40 degrees Fahrenheit (22°C) lower than
the melting point of the metal component.
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Description

FIELD

[0001] The present disclosure relates to the repair of
components, such as seals, within gas turbine engines,
and more particularly to the repair of portions of a blade
outer air seal assembly ("BOAS" assembly) located with-
in a gas turbine engine.

BACKGROUND

[0002] Gas turbine engines generally include a com-
pressor to pressurize inflowing air, a combustor to burn
a fuel in the presence of the pressurized air, and a turbine
to extract energy from the resulting combustion gases.
The turbine may include multiple rotatable turbine blade
arrays separated by multiple stationary vane arrays. A
turbine blade array may be disposed radially inward of
an annular BOAS assembly. Frequently, portions of the
BOAS assembly-such as seals within the assembly-may
be damaged, e.g., by oxidation erosion.

SUMMARY

[0003] A method for repairing a damaged component
comprising applying a repair material comprising an ad-
ditive material on to the surface of a damaged portion of
a metal component, applying a layer of diffusive metal
material to a surface of the repair material, applying heat
to the layer of diffusive metal material to bond the repair
material to the metal component, allowing the additive
material of the repair material to diffuse at least partially
into the layer of second metal material, and removing the
layer of diffusive metal material. The repair material may
comprise a first material and an additive material. The
diffusive material may comprise a layer, sheet, or other
relatively flat configuration. The repair material may com-
prise a first material and a second material, the second
material having a melting point that is lower than the first
material. The repair material may comprise a cobalt or
nickel-boron composition. The repair material may have
a melting point that is approximately 40 degrees Fahr-
enheit (22°C) lower than the melting point of the damaged
component.
[0004] A system for repairing a damaged component
comprising a metal component having a damaged por-
tion and comprising a first metal material, a repair mate-
rial comprising an additive, and a layer of second metal
material, wherein the additive of the repair material is
capable of diffusing into the layer of second metal mate-
rial, and wherein the first metal material of the metal com-
ponent melts at a first temperature and the repair material
melts at a second temperature that is lower than the first
temperature. The repair material may comprise a cobalt
or nickel-boron composition. Further, the repair material
may have a melting point that is approximately 40 de-
grees Fahrenheit (22°C) lower than the melting point of

the first metal material of the metal component. The layer
of second metal material may comprise the first metal
material of the metal component.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The subject matter of the present disclosure is
particularly pointed out and distinctly claimed in the con-
cluding portion of the specification. A more complete un-
derstanding of the present disclosure, however, may best
be obtained by referring to the detailed description and
claims when considered in connection with the drawing
figures, wherein like numerals denote like elements.

Figure 1A illustrates, in accordance with various em-
bodiments, a cross-sectional view of a jet engine;
Figure 1B illustrates, in accordance with various em-
bodiments, a cross-sectional view of a turbine por-
tion of a jet engine;
Figure 1C illustrates, in accordance with various em-
bodiments, a perspective view of a segment of a BO-
AS assembly having a damaged sealing interface;
Figure 1D illustrates, in accordance with various em-
bodiments, a perspective view of a damaged sealing
interface;
Figure 2A illustrates, in accordance with various em-
bodiments, a preform;
Figures 2B and 2C illustrate, in accordance with var-
ious embodiments, a perspective view of a portion
of a BOAS assembly having a sealing interface that
has been repaired; and
Figure 3 illustrates, in accordance with various em-
bodiments, a method for repairing a damaged por-
tion of the ID surface.

DETAILED DESCRIPTION

[0006] The detailed description of exemplary embodi-
ments herein makes reference to the accompanying
drawings, which show exemplary embodiments by way
of illustration and their best mode. While these exemplary
embodiments are described in sufficient detail to enable
those skilled in the art to practice the inventions, it should
be understood that other embodiments may be realized
and that logical and mechanical changes may be made
without departing from the scope of the inventions. Thus,
the detailed description herein is presented for purposes
of illustration only and not for limitation. For example, any
reference to singular includes plural embodiments, and
any reference to more than one component or step may
include a singular embodiment or step. Also, any refer-
ence to attached, fixed, connected or the like may include
permanent, removable, temporary, partial, full and/or any
other possible attachment option.
[0007] In addition, although the description provided
herein may focus on a particular aircraft component (e.g.,
a sealing interface comprising a portion of a BOAS as-
sembly), those of ordinary skill will appreciate that the
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methods and techniques for repairing damaged compo-
nents may apply to a wide variety of components.
[0008] As used herein, "aft" refers to the direction as-
sociated with the tail (e.g., the back end) of an aircraft,
or generally, to the direction of exhaust of the gas turbine.
As used herein, "forward" refers to the directed associ-
ated with the nose (e.g., the front end) of an aircraft, or
generally, to the direction of flight or motion.
[0009] Jet engines often include one or more stages
of BOAS and vane assemblies. Each BOAS and vane
assembly may comprise one or more sections or seg-
ments. A segment of a BOAS assembly may be disposed
radially outward of a turbine blade and/or a plurality of
turbine blades relative to an engine axis. A BOAS as-
sembly may thus comprise an annular structure compris-
ing a plurality of BOAS assembly segments, each BOAS
assembly segment disposed radially about one or more
of a plurality of turbine blades, each of which may rotate,
during operation, within the BOAS assembly.
[0010] Each BOAS segment may couple to an adjacent
BOAS segment to form the annular BOAS assembly de-
scribed above by way of a plurality of sealing interfaces.
Over time, some of these sealing interfaces may erode
or otherwise wear away (e.g., via an oxidation erosion
process) such that a seal formed between one or more
consecutive BOAS segments may fail to contain the pres-
sure and temperature of the combustion gasses within
the high pressure turbine. This loss of pressure may re-
sult, in addition to damage to the BOAS assembly, in a
loss of fuel efficiency.
[0011] Accordingly, with reference to Figure 1A, a jet
engine (e.g., a gas turbine engine) 100 is shown. The jet
engine 100 may extend, from forward to aft, along the
central axis marked A-A’. In general terms, a jet engine
may comprise a compressor section 102, a combustion
chamber 104, and a turbine section 106. Air may flow
through the compressor section 102 (which may com-
prise a plurality of compressor blades) and into the com-
bustion chamber 104, where the air is mixed with a fuel
source and may be ignited to produce hot combustion
gasses. These hot combustion gasses may drive a series
of turbine blades within the turbine section 106, which in
turn drive, for example, one or more compressor section
blades mechanically coupled thereto.
[0012] Figure 1B shows an area within the turbine sec-
tion 106 that includes a BOAS assembly 108. The BOAS
assembly 108 may comprise a plurality of BOAS seg-
ments 110, as described above and as shown, at Figure
1C. Each segment 110 may couple to an adjacent seg-
ment to form an annular BOAS assembly that is concen-
trically situated about a plurality of turbine blades, each
radially extending away from the axis A-A’.
[0013] As described above, and as shown with respect
to Figure 1C, a BOAS segment 110 may comprise a seal-
ing interface 112. The sealing interface 112 may erode
over time (e.g., where the sealing interface 112 compris-
es cobalt or nickel, via an oxidation erosion process),
such that the interface may form an incomplete seal with

an adjacent sealing interface (e.g., comprising an adja-
cent BOAS segment).
[0014] As illustrated in Figure 1D, sealing interface 112
may comprise a damaged portion 114. In various em-
bodiments, damaged portion 114 may comprise an edge
or a surface of the sealing interface 112 which has eroded
or abraded away such that the sealing interface is incom-
plete or altered from its original form. As this occurs, air
may bleed from the turbine during operation, resulting in
a loss of efficiency.
[0015] The damaged portion 114 of sealing interface
112 may, in various embodiments, be repaired by restor-
ing or replacing the eroded or lost material with a repair
material. For example, as will be discussed below, a re-
pair material may applied to a portion or all of the surface
of damaged portion 114 to restore and/or repair sealing
interface 112.
[0016] In general, a repair material may comprise a
combination of two or more materials. For example, in
various embodiments, a repair material may comprise a
first material and an additive material, which may lower
the melting temperature of the parent material. In various
embodiments, the first material may comprise the same
material as the metal component being repaired, also
referred to as the "parent material." For example, in var-
ious embodiments, the first material (as well as the parent
material of sealing interface 112) may comprise cobalt
or nickel, while the additive material may comprise boron.
In various embodiments, the additive may comprise any
material capable of lowering the melting temperature of
the repair material. The additive material, such as boron,
may lower the melting temperature of the repair material
by from about 10 to 60 degrees Fahrenheit (6 to 33°C).
In various embodiments, the additive material is capable
of lowering the melting temperature of the repair material
by between about 20 to 50 degrees Fahrenheit (11 to
28°C), and may lower the melting temperature by about
40 degrees Fahrenheit (22°C). Further, the repair mate-
rial may comprise a variety of binders and other inclu-
sions such as, for example, a paste, a powder, and/or
the like.
[0017] Typically, for the first material within the repair
material to form a metallurgical bond with the parent ma-
terial of the sealing interface 112, it is necessary that the
additive material (e.g., boron) leach or diffuse into the
parent material of the sealing interface 112. Thus, al-
though the application of repair material to a damaged
portion of a sealing interface may repair the portion, the
melting temperature of the repaired portion may also be
reduced by the diffusion of boron to the parent material.
[0018] With reference to Figures 2A, 2B, and 3 (de-
scribing a repair method 300), a damaged portion 114
may be repaired in a manner which may prevent or re-
duce the effect described above. For example, damaged
portion 114 may comprise a portion of a surface of sealing
interface 112 that has sustained damage due to oxidation
erosion.
[0019] In various embodiments, step 302 of repair
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method 300 may comprise applying repair material to a
surface of damaged portion 114 of sealing interface 112.
The repair material may, for example, form a layer that
has the same profile (or is larger) than the original, un-
damaged shape and configuration of damaged portion
114. In various embodiments, step 302 may comprise
applying repair material to the surface of damaged por-
tion 114 at a thickness of less than or equal to about 0.40
inches or 10 millimeters.
[0020] Step 304 of repair method 300 may comprise,
for example, applying a layer of diffusive metal material
202 to a surface of the repair material of step 302. In such
embodiments, diffusive metal material 202 comprises a
metal capable of receiving the additive material of the
repair material. For example, the additive material may
diffuse into layer of diffusive metal material 202 rather
than the parent material of damaged portion 114 of seal-
ing interface 112. As such, layer of diffusive metal mate-
rial 202 may operate as a sacrificial material by receiving
additive material from the repair material, then being re-
moved before the sealing interface 112 is returned to
service in an aircraft.
[0021] In various embodiments and with reference to
Figure 2B, step 306 of repair method 300 may comprise
applying heat to layer of diffusive metal material 202. As
layer of diffusive metal material 202 is heated to the melt-
ing temperature of the repair material (which, again, may
be approximately 40 degrees Fahrenheit (22°C) lower
than the melting point of the parent material of sealing
interface 112 and/or layer of diffusive metal material 202),
the first material of the repair material may melt to form
a metallurgical bond between the repair material and the
sealing interface 112, while the additive material (e.g.,
boron) may diffuse into layer of diffusive metal material
202. Thus, repaired sealing interface 112 may retain its
original melting point and temperature resistance.
[0022] Step 308 of repair method 300 may comprise,
for example, allowing the additive material of the repair
material to diffuse at least partially into the layer of diffu-
sive metal material. As previously discussed, excessive
diffusion of the additive material into the parent material
of sealing interface 112 may reduce the melting point of
sealing interface 112. Further, if insufficient additive ma-
terial diffuses out of the repair material that is bonded to
the surface of sealing interface 112, the portion of sealing
interface 112 repaired by the repair material will also com-
prise a reduced melting point. Therefore, allowing ade-
quate time for a sufficient amount of the additive material
to diffuse into layer of diffusive metal material 202 may
minimize the reduction of melting point in repaired sealing
interface 112.
[0023] In various embodiments and with reference to
Figure 2C, step 310 of repair method 300 comprises re-
moving layer of diffusive metal material 202 from sealing
interface 112. In various embodiments, layer of diffusive
metal material 202 is machined away from the surface
of sealing interface 112, leaving behind only the repair
material bonded to the surface of the repaired sealing

interface 112.
[0024] Benefits, other advantages, and solutions to
problems have been described herein with regard to spe-
cific embodiments. Furthermore, the connecting lines
shown in the various figures contained herein are intend-
ed to represent exemplary functional relationships and/or
physical couplings between the various elements. It
should be noted that many alternative or additional func-
tional relationships or physical connections may be
present in a practical system. However, the benefits, ad-
vantages, solutions to problems, and any elements that
may cause any benefit, advantage, or solution to occur
or become more pronounced are not to be construed as
critical, required, or essential features or elements of the
inventions. The scope of the inventions is accordingly to
be limited by nothing other than the appended claims, in
which reference to an element in the singular is not in-
tended to mean "one and only one" unless explicitly so
stated, but rather "one or more." Moreover, where a
phrase similar to "at least one of A, B, or C" is used in
the claims, it is intended that the phrase be interpreted
to mean that A alone may be present in an embodiment,
B alone may be present in an embodiment, C alone may
be present in an embodiment, or that any combination
of the elements A, B and C may be present in a single
embodiment; for example, A and B, A and C, B and C,
or A and B and C. Different cross-hatching is used
throughout the figures to denote different parts but not
necessarily to denote the same or different materials.
[0025] Systems, methods and apparatus are provided
herein. In the detailed description herein, references to
"one embodiment," "an embodiment," "an example em-
bodiment," etc., indicate that the embodiment described
may include a particular feature, structure, or character-
istic, but every embodiment may not necessarily include
the particular feature, structure, or characteristic. More-
over, such phrases are not necessarily referring to the
same embodiment. Further, when a particular feature,
structure, or characteristic is described in connection with
an embodiment, it is submitted that it is within the knowl-
edge of one skilled in the art to affect such feature, struc-
ture, or characteristic in connection with other embodi-
ments whether or not explicitly described. After reading
the description, it will be apparent to one skilled in the
relevant art(s) how to implement the disclosure in alter-
native embodiments.
[0026] Furthermore, no element, component, or meth-
od step in the present disclosure is intended to be dedi-
cated to the public regardless of whether the element,
component, or method step is explicitly recited in the
claims. No claim element herein is to be construed under
the provisions of 35 U.S.C. 112(f), unless the element is
expressly recited using the phrase "means for." As used
herein, the terms "comprises," "comprising," or any other
variation thereof, are intended to cover a non-exclusive
inclusion, such that a process, method, article, or appa-
ratus that comprises a list of elements does not include
only those elements but may include other elements not
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expressly listed or inherent to such process, method, ar-
ticle, or apparatus.

Claims

1. A method for repairing a metal component compris-
ing:

applying a repair material comprising an additive
material on to a surface of a damaged portion
(114) of the metal component;
applying a layer of diffusive metal material (202)
to a surface of the repair material;
applying heat to the layer of diffusive metal ma-
terial (202) to bond the repair material to the met-
al component;
allowing the additive material of the repair ma-
terial to diffuse at least partially into the layer of
diffusive metal material (202); and
removing the layer of diffusive metal material
(202).

2. The method of claim 1, wherein the repair material
comprises a same material as the metal component.

3. The method of claim 1 or 2, wherein the step of re-
moving the layer of diffusive metal material (202)
comprises machining the layer of diffusive metal ma-
terial (202).

4. A method for repairing a surface a blade outer air
seal (108) comprising:

applying a repair material comprising an additive
material on to the surface of the blade outer air
seal (108), wherein the additive material is ca-
pable of lowering the melting point of the repair
material between about 10 to 60 degrees Fahr-
enheit (6 to 33°C);
applying a layer of diffusive metal material (202)
to a surface of the repair material, wherein the
layer of diffusive metal material (202) comprises
a same material as the surface of the blade outer
air seal (108);
applying heat to the layer of diffusive metal ma-
terial (202) to bond the repair material to the sur-
face of the blade outer air seal (108);
allowing the additive material of the repair ma-
terial to diffuse at least partially into the layer of
diffusive metal material (202); and
machining the layer of diffusive metal material
(202) from the surface of the blade outer air seal
(108).

5. The method of any preceding claim, wherein the heat
applied to the repair material is approximately 40 de-
grees Fahrenheit (22°C) less than the melting point

of the metal component or the material comprising
the surface of the blade outer air seal (108).

6. The method of any preceding claim, wherein the step
of applying the repair material comprises applying a
layer of the repair material having a thickness less
than about 0.040 inches or 10 millimeters.

7. The method of any preceding claim, wherein the lay-
er of diffusive metal material (202) comprises a metal
material capable of receiving the additive material.

8. A system for repairing a metal component compris-
ing:

the metal component having a damaged portion
(114) and comprising a first metal material;
a repair material comprising an additive materi-
al; and
a layer of diffusive metal material (202), wherein
the additive material of the repair material is ca-
pable of diffusing into the layer of diffusive metal
material (202), and wherein the first metal ma-
terial of the metal component melts at a first tem-
perature and the repair material melts at a sec-
ond temperature that is lower than the first tem-
perature.

9. The system of claim 8, wherein the repair material
comprises cobalt or nickel.

10. The system of claim 8 or 9, wherein the repair ma-
terial has a melting point that is approximately 40
degrees Fahrenheit (22°C) lower than the melting
point of the first metal material of the metal compo-
nent.

11. The system of claim 8, 9 or 10, wherein the layer of
diffusive metal material (202) comprises the first met-
al material of the metal component.

12. The system of any of claims 8 to 11, wherein the
repair material comprises the first metal material of
the metal component.

13. The system of any of claims 8 to 12, wherein repair
material comprises a layer having a thickness less
than about 0.040 inches or 10 millimeters.

14. The method or system of any preceding claim,
wherein the additive material comprises a material
capable of lowering the melting point of the repair
material between about 10 to 60 degrees Fahrenheit
(6 to 33°C).

15. The method or system of any preceding claim,
wherein the additive material comprises boron.
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