
MICROWAVE BRAZING OF AIRFOIL CRACKS  BACKGROUND OF THE INVENTION The present
invention relates generally to a method of repairing cracks in a  stationary
airfoil or vane of a as turbine engine by microwave brazing. A gas turbine
engine includes stationary airfoils or vanes made of a base  metal of either
cobalt or nickel superalloy. The vanes may crack due to high  temperature
thermal mechanical fatigue and hot corrosion that occurs during engine
operation. The crack is usually repaired by brazing. A braze alloy including
10 approximately 50% of a base material and approximately 50% of a braze
material is  applied to the crack. The melting temperature of the braze
material is lower than the  melting temperature of the base material. After
the braze alloy is applied to the crack, the vane is heated in a heating
furnace. The braze alloy melts and fills the crack. Typically, the vane is
heated for  15 approximately 6 to 8 hours to melt the braze alloy and repair
the crack. The percentage of the base material should be relatively high and
the  percentage of the braze material should be relatively low to prevent
the braze  material from saturating the braze alloy and to ensure that the
composition of the  braze alloy is as similar as possible to the composition
of the base metal. However, 20 as the percentage of the base material
increases, the melting temperature of the braze  alloy also increases. If
the vane is exposed to higher temperatures, the vane can  possibly distort
and lose its properties. Therefore, the braze alloy generally includes  a
high percentage of the braze material to keep the melting temperature low.
Hence, there is a need in the art for a method of repairing a crack in a
vane of  25 a gas turbine engine that is fast and that overcomes the
shortcomings and drawbacks  of the prior art. SUMMARY OF THE INVENTION A gas
turbine engine includes alternating rows of rotary airfoils or blades and
30 static airfoils or vanes. The vanes are made of a base metal, such as
cobalt or nickel  



superalloy. 1 In the present invention, any cracks that form in the vane are
repaired by  microwave brazing. A braze alloy including a base material and
a braze material is  applied to the crack. The braze alloy is a powdered
slurry. The braze alloy includes  approximately 50 to 100% of the base
material and approximately 0 to 50% of the 5 braze material. The base
material and the base metal of the vane have the same  composition. After
applying the braze alloy to the crack, the vane is then exposed to
microwaves to melt the braze alloy and repair the crack in the vane. The
microwaves heat and melt the powdered braze alloy in preference to the base
metal to of the vane, leaving the vane undisturbed. Therefore, at the same
melting  temperature, the braze alloy of the present invention can include a
greater percentage  of base material than the braze alloy of the prior art.
These and other features of the present invention will be best understood
from the following specification and drawings. u BRIEF DESCRIPTION OF THE
DRAWINGS The various features and advantages of the invention will become
apparent to  those skilled in the art from the following detailed
description of the currently  preferred embodiment. The drawings that
accompany the detailed description can  20 be briefly described as follows:
Figure I schematically illustrates a gas turbine engine; and Figure 2
schematically illustrates a vane of the gas turbine engine.  DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENT 25 Figure 1 schematically
illustrates a gas turbine engine 10 used for power  generation or
propulsion. The gas turbine engine 10 includes an axial centerline 12,  a
fan 14, a compressor 16, a combustion section 18 and a turbine 20. Air  



compressed in the compressor 16 is mixed with fuel, burned in the combustion
section 18 and expanded in the turbine 20. The air compressed in the
compressor 16 'o and the fuel mixture expanded in the turbine 20 are both
referred to as a hot gas  stream flow 28. Rotors 22 of the turbine 20 rotate
in response to the expansion and  drive the compressor 16 and the fan 14.
The turbine 20 also includes alternating  2 rows of rotary airfoils or
blades 24 on the rotors 22 and static airfoils or vanes 26.  The vanes 26
are arranged in various stages, such a first stage, a second stage, a third
stage, a fourth stage, etc. The vanes 26 in the first stage are made of a
base metal of  cobalt superalloy, and the vanes 26 in the other stages
(second stage, third stage,  5 etc.) are made of a base metal of nickel
superalloy. As shown in Figure 2, cracks 34 may develop in the vanes 26 over
time due  to high thermal temperature mechanical fatigue and hot corrosion
that occurs during  engine operation. If a crack 34 forms in the vane 26, a
braze alloy 30 is applied to  the crack 34 to repair the vane 26. 10 The
braze alloy 30 is a thick liquid powdered slurry made of a base material
and a braze material. The braze material is a powder having a low melting
temperature. The base material is a powder that has the same composition as
the  superalloy used to form the vane 26. The braze alloy 30 includes a
reduced amount  of braze material over the braze alloy of the prior ail and
has a low transient liquid 15 phase ratio (TLP), reducing the risk of
saturating the braze alloy 30 with the braze  material. Preferably, the
braze alloy 30 includes approximately 50 to 100% of the base  material and
approximately 0 to 50% of the braze material. More preferably, the  base
alloy 30 includes approximately 90% of the base material and approximately
20 10% of the braze material. However, it is to be understood that the braze
alloy 30  could include any percentage of base material and braze material.
For example, the  braze alloy 30 could include 100% base material or 100%
braze material. 



If the braze alloy 30 is being applied to a first stage vane 26, the braze
alloy  30 includes the base material of cobalt superalloy and the braze
material. The braze  25 alloy 30 preferably includes approximately 50 to
100% of the base material and approximately 0 to 50% of the braze material.
In one example, the base material of  cobalt superalloy includes carbon,
manganese, silicon, sulfur, chromium, nickel,  tungsten, tantalum, titanium,
zirconium, iron, boron and cobalt. Table 1 lists an  example composition of
the cobalt superalloy. The braze material includes carbon, 30 chromium,
nickel, boron, and cobalt, Table 2 lists an example composition of the
braze material. Although specific compositions of the base material and the
braze  material are described and listed in Tables l and 2, it is to be
understood that the  3 braze alloy 30 can have any composition, and one
skilled in the art would know  what compositions to use. ELEMENT MINIMUM
PERCENT MAXIMUM PERCENT  CARBON 0.00 0.80  MANGANESE 0.00 0.80  SILICON 0.00
0.80  SULFUR 0.00 0.80  CHROMIUM 18.0 26.00  NICKEL 8.00 12.00  TUNGSTEN
5.00 8.00  TANTALUM 2.00 4.00  TITANIUM 0,10 0.30  ZIRCONIUM 0.00 0.60  IRON
0.00 2.50  BORON 0.00 0.01  COBALT 0.00 BALANCE  TABLE I 



5 ELEMENT MINIMUM PERCENT MAXIMUM PERCENT  CARBON 0.00 4.50  CHROMIUM 19,50
29.50  NICKEL 34.50 45.50  BORON 2.00 4.00  COBALT 0.00 BALANCE  TABLE 2 If
the braze alloy 30 is being applied to a second stage, a third stage, etc.
vane 26, the braze alloy 30 includes the base material of nickel superalloy
and the  10 braze material. The braze alloy 30 preferably includes
approximately 50 to 100% of the base material and approximately 0 to 50% of
the braze material. In one example,  the base material of nickel superalloy
includes carbon, manganese, silicon,  phosphorus, sulfur, chromium, cobalt,
tungsten, tantalum, aluminum, titanium,  hafnium, molybdenum, boron, iron,
columbium, copper, zirconium, lead, bismuth, 5 selenium, tellurium, thallium
and nickel. Table 3 lists an example composition of  4 the nickel
superalloy. In another example, the base material of nickel superalloy
includes carbon, manganese, silicon, sulfur, aluminum, molybdenum, tantalum,
columbium, chromium, titanium, zirconium, iron, cobalt, copper, lead,
bismuth,  boron, and a nickel cobalt mixture. Table 4 lists an example
composition of the 5 nickel superalloy. Although specific compositions of
the base material are described  and listed in Tables 3 and 4, it is to be
understood that the base material can have  any composition, and one skilled
in the art would know what compositions to use. One of the base materials
listed in Tables 3 and 4 is mixed with the braze  material. In one example,
the braze material is made of carbon, sulfur, phosphorus,  10 copper, lead,
bismuth, selenium, silicon, iron, zirconium, manganese, aluminum, hafnium,
tungsten, boron, cobalt, chromium and nickel. Table 5 lists an example  



composition of the braze material that is mixed with the base material of
nickel  superalloy listed in either Table 3 or 4. Although a specific
composition of the braze  material is described and listed in Table 5, it is
to be understood that the braze 15 material can have any composition, and
one skilled in the art would know what  composition to use. ELEMENT MINIMUM
PERCENT MAXIMUM PERCENT  CARBON 0.00 0.27  MANGANESE 0.00 0.30  SILICON 0.00
0.30  PHOSPHORUS 0.00 0.30  SULFUR 0.00 0.30  CHROMIUM 8.00 12.00  COBALT
8.00 12.00  TUNGSTEN 8.00 12.00  TANTALUM 2.00 6.00  ALUMINUM 2.00 6.00
TITANIUM 0.50 2.00  HAFNIUM 0.50 2.00  MOLYBDENUM 0.50 2.00  BORON 0.00 0.25
IRON 0.00 0.25  COLUMBIUM 0.00 0.25 5 COPPER 0.00 0.25  ZIRCONIUM 0.00 0.25
LEAD 0.00 0.25  BISMUTH 0.00 0.25  SELENIUM 0.00 0.25  



TELLURIUM 0.00 0.25  THALLIUM 0.00 0.25  NICKEL 0.00 BALANCE  TABLE 3
ELEMENT MINIMUM PERCENT MAXIMUM PERCENT  CARBON 0.00 0.35  MANGANESE 0.00
035  SILICON 0.00 0.35  SULFUR 0.00 0.35  ALUMINUM 0.00 7.00  MOLYBDENUM
0.00 7.00  TANTALUM 0.00 7.00  COLUMBIUM 0.00 7.00  CHROMIUM 11.00 16.00
TITANIUM 0.00 1.50  ZIRCONIUM 0.00 1,50  IRON 0.00 1.50  COBALT 0.00 1.50
COPPER 0,00 0.50  LEAD 0.00 0.50  BISMUTH 0.00 0.50  BORON 0.00 0.50
NICKELtCOBALT 0.00 BALANCE  FABLE 4 6 ELEMENT MINIMUM PERCENT MAXIMUM
PERCENT  CARBON 0.00 0.20  SULFUR 0.00 0.20  



PHOSPHORUS 0.00 0.20  COPPER 0.00 0.20  LEAD 0.00 0.20  BISMUTH 0.00 0.20
SELENIUM 0.00 0.20  SILICON 0.00 0.20  IRON 0.00 0.20  ZIRCONIUM 0.00 0.20
MANGANESE 0.00 0.20  ALUMINUM 0.00 2.50  HAFNIUM 0.00 2.50  TUNGSTEN 2.00
5.00  BORON 2.00 5.00  COBALT 7.00 11.00  CHROMIUM 7.00 11.00  NICKEL 0.00
BALANCE  TABLF 5 After the braze alloy 30 is applied to any cracks 34 in the
vane 26, the braze  5 alloy 30 is then exposed to microwaves to melt the
braze alloy 30 and repair the  cracks 34. A microwave source 32 produces the
microwaves that heat and melt the  braze alloy 30 in preference to the base
metal. When the braze alloy 30 cools, the  braze alloy 30 hardens within the
crack 34, producing a braze joint that repairs the  crack 34 and builds up
the eroded surface of the vane 26 to extend the life of the 10 vane 26. The
braze alloy 30 can also fill in the eroded surfaces on the vane 26 and
dimensionally restore the vane 26. Preferably, the braze alloy 30 is exposed
to the microwaves for  approximately 5minutes to 60 minutes, and the braze
alloy 30 reaches the melting  temperature in approximately 15 minutes.
Preferably, the braze alloy 30 is heated to 



I5 approximately 2050 to 2250F to heat the braze alloy 30. However, the
braze alloy  30 can be exposed to microwaves for any amount of time and can
be heated to any  7 temperature, and one skilled in the art would know how
long to expose the braze  alloy 30 to microwaves. Preferably, the microwaves
are in the range of 2.45 GHZ. Because the braze alloy 30 is a powder, the
microwaves heat and melt the  powdered braze alloy 30 in preference to the
base metal of the vane 26. This is  5 because the microwaves heat the braze
alloy 30 faster than the base metal. Therefore, the microwaves do not affect
the base metal of vane 26 during the  microwave brazing process. The braze
alloy 30 of the present invention including an increased amount of  base
material melts at the same melting temperature as the braze alloy of the
prior  10 art that includes less base material. For example, the braze alloy
30 of the present invention melts at a first melting temperature when
employing microwaves. If a  braze alloy having the same composition is
applied to the vane 26 and heated  without using microwaves, the braze alloy
would melt at a second melting  temperature that is greater than the first
melting temperature. In the prior braze 15 alloy, when heating the vane 26
to the second higher melting temperature, the vane  26 can possibly distort.
The braze alloy 30 of the present invention that is exposed  to microwaves
and melts at a given temperature includes a greater amount of base  material
than the braze alloy of the prior art that melts at the same melting
temperature. Therefore, by employing microwaves that preferentially heat the
braze 20 alloy 30 over the base metal of the vane 26, the braze alloy 30 of
the present  invention can include a higher percentage of base material when
exposed to the  same melting temperature. This allows the composition of the
braze alloy 30 to be  more similar to the composition of the base metal
material of the vane 26. By employing microwaves from a microwave source 32
rather than heat  25 from a heating furnace to melt the braze alloy 30, the
percent content of the base  



material of the braze alloy 30 can be increased over the percent content of
the base  material of the braze alloy of the prior art that melts at the
same melting  temperature. The braze alloy 30 of the present invention does
not need to be heated  to a melting temperature as high as the melting
temperature needed to melt an 30 equivalent braze alloy 30 of the prior art,
reducing the distortion and loss of  properties of the vane 26. 8 The
foregoing description is exemplary of the principles of the invention.  Many
modifications and variations of the present invention are possible in light
of  the above teachings. The preferred embodiments of this invention have
been  disclosed, however, so that one of ordinary skill in the art would
recognize that  i certain modifications would come within the scope ofthis
invention. 9 CLAIMS  I. A method of repairing a crack in a component and
dimensionally restoring the  component, the method comprising the steps of:
applying a braze alloy to a crack in a component, wherein the component is a
single unitary component, and the component is an airfoil utilized in a gas
turbine  engine; and exposing the component to microwaves to melt the braze
alloy and repair the  crack in the component. 2. The method as recited in
claim I wherein the component is made of a base  metal that is one of cobalt
superalloy and nickel superalloy. 3. The method as recited in claim I
wherein the braze alloy includes a base material  and a braze material. 4.
The method as recited in claim 3 wherein the braze alloy includes
approximately 50 to 100% of the base material and approximately 0 to 50% of
the braze  material. 



5. The method as recited in claim 3 wherein the braze alloy includes
approximately 90% of the base material and approximately 10% of the braze
material. 6. The method as recited in claim 3 wherein the component is made
of a base  metal, and the base metal and the base material are both nickel
superalloy. 7. The method as recited in claim 3 wherein the component is
made of a base  metal, and the base metal and the base material are both
cobalt superalloy. 8. The method as recited in claim I wherein the step of
exposing the component  to microwaves occurs for approximately 5 to 40
minutes. 10 9. The method as recited in claim I further including the step
of heating the  component to approximately 2050 to 2250F. 10. An apparatus
for repairing a crack in a component and dimensionally restoring  the
component comprising: the component including a crack, wherein the component
is a single unitary  component, and the component is an airfoil utilized in
a gas turbine engine; a braze alloy applied to the crack; and a microwave
source that generates microwaves to melt the braze alloy and repair  the
crack in the component. I I . The apparatus as recited in claim 10 wherein
the component is made of a base  metal that is one of cobalt superalloy and
nickel superalloy. 12. The apparatus as recited in claim 10 wherein the
braze alloy includes a base  material and a braze material. 13. The
apparatus as recited in claim 12 wherein the component is made of a base
metal, and the base metal and the base material are both nickel superalloy.
14. The apparatus as recited in claim 12 wherein the component is made of a
base  metal, and the base metal and the base material are both cobalt
superalloy. 15. The apparatus as recited in claim 12 wherein the braze alloy
includes  approximately 50 to 100% of the base material and approximately 0
to 50% of the braze  



material. 16. The apparatus as recited in claim 12 wherein the braze alloy
includes  approximately 90% of the base material and approximately 10% of
the braze material,  17. The method as recited in claim I wherein the braze
alloy is a powdered slurry.  11 18 The method as recited in claim 1 wherein
the airfoil is a static airfoil.  19. The method as recited in claim I
wherein the airfoil is a rotary airfoil. 20. The method as recited in claim
3 wherein the base material and the component  have the same composition.
21. The method as recited in claim 3 wherein the step of exposing the
component to  microwaves does not affect the base metal. 22. The method as
recited in claim I wherein the component is an airfoil utilized in  a gas
turbine engine, and the braze alloy includes a base material and a braze
material.  23. The method as recited in claim I wherein the step of exposing
the component  to microwaves to melt the braze alloy repairs the crack. 24.
The method as recited in claim I further including the step of forming the
crack  in the component. 25. The method as recited in claim 24 wherein the
step of forming the crack further  includes forming the crack by high
thermal temperature mechanical fatigue and hot  corrosion. 26. The method as
recited in claim I wherein the step of exposing the component  to microwaves
dimensionally restores the component. 27. The method as recited in claim I
wherein the microwaves melt the braze alloy.  12 




