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(57) Abréegée/Abstract:

A method of refurbishing turbine engine vanes (2) in which an alloy blend of a cobalt based superalloy and a nickel base superalloy
corresponding to the base material of the turbine vane cobalt platform and the base nickel material of the replacement turbine vane

alrfolls Is laser clad to the gaspath surfaces of the turbine vane platform. Laser cladding with the alloy blend allows tr
replacement airfoils with improved castings in the form of improved nickel based superalloys, and allows a coating to be
applied to the gaspath surfaces of the vane. According to the method, the platforms (4, 6) are separated from the airfol
and laser clad with a blend of cobalt based superalloy and nickel based superalloy. The vane Is then reassembled using
clad platform and at least one replacement airfoll.
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(57) Abstract: A method of refurbishing turbine engine vanes (2) in which an alloy blend of a cobalt based superalloy and a nickel
base superalloy corresponding to the base material of the turbine vane cobalt platform and the base nickel material of the replacement
turbine vane airfoils is laser clad to the gaspath surfaces of the turbine vane platform. Laser cladding with the alloy blend allows
the use of replacement airfoils with improved castings in the form of improved nickel based superalloys, and allows a coating to be
o uniformly applied to the gaspath surfaces of the vane. According to the method, the platforms (4, 6) are separated from the airfoils
(8, 10) and laser clad with a blend of cobalt based superalloy and nickel based superalloy. The vane i1s then reassembled using the

laser clad platform and at least one replacement airfoil.
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This application 1s related to U.S. Patent

No. 6,173,491, entitled “Method for

Replacing a Turbine Vane Airfoil, " issued January 16, 2001.

BACKGROUND ’ NV EIN'L L ON

The present invention relates to a method
for refurbishing turbine vanes, and more
plarticularly, to a method of refurbishing in which an
alloy blend powder corresponding to the base cobalt
material of the turbine vane platform and the base
nickel material of the replacement turbine vane
airfoils is laser.clad to the gaspath surfaces of
turbine vane platforms, thereby improving the
mechanical and coating properties of the refurbished
vane.

Compohents of gas turbine engines,
especially those positioned within the hot section of

the engine, are exposed to a harsh operating

environment. Extreme operating temperatures,



10

15

20

23

CA 02381490 2002-02-11

WO 01/12381 PCT/US00/21272

accompanied by repeated temperature cycling during
engine warm—up,'operation and cool-down can quickly
deterlorate engine components. These components
include HPT (high-pressure turbine) vane segments
which can become damaged or worn such that they
requlire repalr, i.e., refurbishment, or replacement.

A turblne engine vane segment is typically
comprised of an outer and inner platform, between
which one or more airfoils are positioned. The
alrfolls are either cast as a single unit with one or
both of the platforms or are separately welded or
brazed to the platforms 1n the form of a component
assembly. Some turbine vanes are complex castings,
comprising two, three or more airfoils integrally
cast to the i1nner and outer platforms. Another form
of turbine vanes 1s palred assemblies. A paired

assembly 1s a vane 1n which a single airfoil 1s

integrally cast between two platforms. Two of these
castlngs are brazed or welded along mateface joints

to create a doublet vane assembly.

Conventional airfoilil replacement procedures

involve separating the platforms by cutting the

airfoils therefrom. This procedure retains a stub on

each platform where the ailirfoils are cut out. The

replacement airfoils are then typically welded to the
stubs using electron beam (EB) welding technigues.

Because the new airfoils must be positioned on the
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exlstilng stubs, the positioning of the new airfoils
1s restricted. it 1s also extremely difficult to EB
weld nickel airfoils to cobalt platforms, or to even
EB weld nickel airfoils to nickel platforms. Also,
because airfoil stubs are retained, complete
refurbishment of the platform gaspath surfaces by an
automated process 1s not possible. The irregularly
contoured stub protruding from each platform requires
that brazing and contouring of the platforms be done
by hand. It 1s desirable, however, to automate as
many refurbishment operations as possible in order to
minimlze repalr prices and time.

Airfoil positioning within the vane, i.e.,
location on the vane segment platform, might require
adjustment during vane refurbishment. For example,
an adjustment to the nozzle openling area between
adjacent vanes (hereinafter the "class area") may be
requlred. For example, advances 1n material science
often provide 1mproved materials for use as airfoil
members, and may provide airfoills having sizes and
aerodynamic properties which differ from those used
in exlisting vanes.

Components in gas turbine englnes are air
cooled and are fabricated from expensive materials.
These components are also costly to assemble. As a

result, 1t 1s desired to be able to efficiently

repalr the damage, while providing for upgraded
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components and materials within each vane, such that
as much of the ofiginal materials as possible can be
reused. The concept of improving a turbine wvane
assembly by upgrading the alloy from which it is cast
1s known 1n the industry. As the ability to cast
more complicated shapes from advanced high strength
alloys has 1mproved, turbine engine manufacturers

implement these alloys on vanes having new

configurations.

For example, General Electric Corporation
produced first stage turbiline vanes for LM1600 engines
using X40 (cobalt) airfoils mated to X40 platforms.
These vanes were subsequently manufactured using
MA754 (nickel) airfoils with Mar M 509 (cobalt)
platforms. The current configuration LM1600 wvane
uses Rene N5 ailrfoills (single crystal nickel) with DS
Rene 142 platforms (directionally solidified nickel).

Another example 1s General Electric F404
first stage turbine vanes. The original F404 vanes
had MA754 ailirfoils mated to Mar M 509 platforms. The
F404 vanes were subsequently manufactured using N5

alrfoils with DSR142 platforms.

|

Directionally solidified precipitation
hardening nickel-based superalloys exhibit superior
mechanical properties when compared with typical
equlax structure cobalt based superalloys or eguiax

nickel based superalloys. As such, they are a

PCT/US00/21272
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logical choice to be used as replacement airfoils
during refurbishment of a turbine vane. Problems
arise, however, when a nickel based superalloy vane
1s mated with a cobalt based superalloy platform. 1In
the past, vanes which were manufactured with this
configuration, such as LM1600 or F404 vanes, did not
have the airfoill surfaces coated. However, current
englne operating conditions are so severe that bare
alloy cannot provide adequate service life. It 1is
therefore essential that all gaspath surfaces of the
turbine vanes receive a protective coating to prevent

oxidation and corrosion.

The preferred coating is an aluminide or
precious metal (platinum) aluminide that may be
applied by diffusion, overlay, or other means. The
surface chemistry of the gaspath surfaces of the
platforms must be compatible with the airfoils in
order to achieve uniform coating (microstructure and
properties) on the entire vane assembly gaspath. A
cobalt based superalloy platform will coat at a
different rate than a nickel based superalloy airfoil
causing a nonuniform coating, rendering the gaspath
surfaces non-compatible for coating purposes.

It 1s possible to clad cobalt based
superalloy platforms with a straight nickel based
superalloy when the vane 1s being refurbished using

nickel based superalloy airfoils. However, the

PCT/US00/21272
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differing coefficients of thermal expansion along
with differing Yield strengths between the nickel
superalloy cladding and the cobalt superalloy
substrate cause significant cracking problems during
the repalr process and also during subsegquent engine
operation.

It 1s desirable, therefore, to provide a
cladding material which can be applied to the surface
of a cobalt based superalloy vane platform during
vane refurbishment so as to allow the use of nickel
based superalloy airfoils and to improve the
mechanical properties of the vane while minimizing
vane cracking during refurbishment and engine
operation, and which 1s compatible with the aluminide
coating. It 1s further desirable to refurbish the
vane such that subseguent refurbishment 1s

simplified.

SUMMARY OF THE INVENTION

The present i1nvention provides a method for
refurbishing turbine engine vanes in which an alloy
blend powder 1s laser clad to the gaspath surfaces of
turbine vane cobalt platforms. The alloy blend is

comprised of a mixture of a nickel based superalloy

and a cobalt based superalloy.

Also, during refurbishment, the original

configuration of the vanes may be modified from a

PCT/US00/21272
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single casting or welded pair to a multi-piece
component assembly comprising individual airfoil
segments attached to the 1nner and outer platforms.
The component assembly allows replacement of airfoils
and/or platforms with improved castings. Another
configuration consists of a multiple component
assembly where a new replacement platform is cast
integrally with one or more airfoils, which is then
attached to a repaired platform. The improvements can
be 1n the form of improved alloys, improved physical
geometry, or both. The method of the present
invention also allows modifications to be made in the
vane class area without the need to modify the

alrfoil contour by brazing or other contour

alteration processes.

The laser cladding operation of the present
1nvention i1mproves the mechanical and hot corrosion
properties of the platform gaspath surfaces as
compared with merely brazing an equivalent alloy
thereto, while making the chemical composition of the
platform and airfoil gaspath surfaces sufficiently

similar to one another such that a coating can be

uniformly applied to these gaspath surfaces using

conventional application methods. In addition, laser
cladding, as opposed to brazing, facilitates
subsequent vane repailrs by reducing the dilution

effects 1n the remaining original base alloy caused

PCT/US00/21272
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by the addition of melting point depressants into the

braze composition.

The present invention therefore allows, for

10

15

20

example, directionally solidified or single crystal
replacement nickel based superalloy airfoils to be
easlly 1ncorporated into the new vane assembly. The
present 1nvention reduces repair time and costs, and
allows for component upgrade and vane performance
optimization, while simultaneously extending the
usable service life of the refurbished wvane.

The present i1nvention provides a method of
refurbishing a turbine vane in which the turbine vane
has at least one platform and at least one airfoil.
According to the method, the platform is separated
from the airfoil. The platform is comprised of a
first cobalt based superalloy and a replacement
alrfoill is comprised of a first nickel based
superalloy. The platform is laser clad with a blend
of a second nickel based superalloy and a second
cobalt based superalloy. In a preferred embodiment
one or both of the first cobalt based superalloy is
the same composition as the second cobalt based
superalloy and the first nickel based superalloy is
the same composition as the second nickel based
superalloy. The vane 1s reassembled from the laser

clad platform and the replacement airfoil.
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The present invention also provides a
method of repairing a turbine vane in which the
turblne vane has at least one cobalt based superalloy
platform and at least one nickel based superalloy
airfoil. The platform has at least one opening.
According to the method, the platform is separated

from the airfoil. The gaspath surface on the

platform 1s restored. The platform is laser clad
with a blend of a cobalt based superalloy and a
nickel based superalloy. 2An airfoil Socket 1s cut
into the platform. The vane 1s reassembled from the
platform and the replacement airfoil, the replacement
alrfoil being coupled with the airfoil socket.

Also provided by the present invention is a
method of repairing a turbine vane 1n which the
turbine vane has at least one cobalt based superalloy
platform and a plurality of nickel based superalloy
alrfoils. A distance between two of the plurality of
alrfoilils defines a first class area and the platform
has openings corresponding to a quantity of airfoils.
According to the method, the platform is separated
from the plurality of ailrfoils. The openings in the
platform are sealed. The platform 1s laser clad with

a blend of a cobalt based superalloy and a nickel

based superalloy. A plurality of airfoil sockets are

cut into the platform i1n which the plurality of

alirfoil sockets are cut at a location different from
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a correspondilng opening. The vane is reassembled
from the platfofm and the plurality of replacement
airfoils in which each of the plurality of
replacement airfoils are coupled with a respective
alrfoll socket.

Other features and advantages of the
present i1nvention will become apparent from the
following description of the embodiments of the

1nvention which refer to the accompanying drawings.

BRIEEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of a turbine
vane upon which the method of the present invention
1s performed;

FIG. 2 1s a flow chart of an airfoil
replacement method of the present invention:

FIG. 3 1s a perspective view of wvane
platforms with the airfoils removed to form airfoil
stubs;

FIG. 4 1s a perspective view of wvane
platforms having plugged platform openings;

FIG. 5 1s a top view of a vane platform;

FIG. 6 1s a section view of the wvane
platform in FIG. 5 taken through section 6-6, showing

a laser clad surface;

FIG. 7 1s a perspective view of wvane

platforms with new sockets cut through; and
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FIG. 8 1s a perspective view of an
assembled vane with airfoil segments welded to the
platform.

For the purpose of i1llustrating the
invention, there is shown in the drawings a form
which i1s presently preferred, it being understood,

however, that the invention 1s not limited to the

preclse arrangement and instrumentality shown.

DETAILED DESCRIPTION OF THE EMBODIMENTS OF THE
INVENT T

Initially, 1t is noted that the terms
“repalr”, “upgrade” and “refurbish” are used
interchangeably hereilin to refer to the process of
disassembling a turbine engine vane and replacing its
alrfoils.

Referring to the drawing figures which like

reference numerals refer to like elements, FIG. 1 1is
a perspective view of a turbine vane upon which the
method of the present i1nvention is performed.
Turbine vane 2 which will be repaired according to
the method of the present invention is comprised of
inner platform 4, outer platform 6, lead airfoil 8
and trailing airfoil 10. Prior to repalr, lead

airfoill 8 and trailing airfoil 10 are either cast as

an integrated unit with one or both of inner platform

4 and outer platform 6, or are welded and/or brazed
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to one or both of inner platform 4 and outer platform

6. It should bé noted that although FIG. 1 shows two
alrfoils, 8 and 10, a turbine vane can be comprised
of any number of airfoils. Cooling slots 12 are
poslitioned at the trailing edge of lead airfoil 8 and
trailing airfoil 10.

For the purpose of describing the
invention, an example is discussed in which the
platforms were manufactured from X40 cobalt based
superalloy and the upgraded replacement airfoils from
CM186 nickel based superalloy. However, it should be
noted that, as discussed below, the present invention
can be applied to any cobalt based superalloy wvane
platform which 1s to be mated to a nickel based
superalloy airfoil.

The vane refurbishment method of the
present 1nvention 1s now described with respect to
the flow chart shown 1n FIG. 2.

Prior to refurbishment, vane 2 1s measured
in detail to ensure that the completed wvane has
substantially the same dimensions as the original.
For example, the curvature 1n the axial and radial
directions of the gaspath surfaces, 1.e., the 1nner

sides of the platforms, can be measured by comparing

the contour to that of new parts, as are other

platform dimensions.
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A vane being refurbished is first subjected
to chemical treatment to strip existing coatings from
the vane (step 14). Methods for stripping these
coatings are known and include for instance, a
1nitial gritblast operation followed by immersion in
a heated solution of 50% nitric/50% phosphoric acid.
A subsequent gritblast after rinsing and drying the
vanes may complete the process. Depending on the
specific coating being removed, additional cycles in
other acids may be reqguired.

Once the vane 1s stripped of coatings,
alrfoils 8 and 10 are separated from inner platform 4
and outer platform 6 (step 16). Where the vane to be
repaired 1s a component assembly vane, the platforms
and airfolls can be separated by heating the entire
assembly to a temperature sufficient to melt the
braze joilints. Alternatively the alrfoils can be cut
from the vanes leaving airfoil stubs 38 as shown in
FIG 3.

In the case where the airfoils are
integrally cast with the platforms, separation is
achieved by cutting airfoils 8 and 10 from wvane 2
such that stubs from airfoils 8 and 10 protrude from
inner platform 4 and outer platform 6. FIG. 3 shows
inner platform 4 and outer platform 6 with airfoils 8

and 10 removed to form airfoll stubs 38.
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It should be noted that significant cracks
in the platform; 1ncluding cracks along the original
mateface welds can be notched, prepared and welded
prior to removing airfoils 8 and 10 from vane 2 (step
not shown). In addition, prior to removing airfoils
8 and 10, optionally, vane 2 can be heated and
stralightened to correct distortions in vane 2 caused
by thermal cycling or caused by initial welding
operations (step not shown).

Once airfoils 8 and 10 are removed from
platforms 4 and 6, the basic repailr sequence for
inner platform 4 and outer platform 6 is the same.
Once platforms 4 and 6 are separated, a second
welding operation 1s performed to repair any
remalining cracks 1n the platforms, and to plug all
cooling holes 40 1n platforms 4 and 6 (step 18).
Known welding technigues such as TIG (tungsten inert
gas) weldlng can be used.

Airfoil stubs 38 are then machined flush
with gaspath surface 42 on platforms 4 and 6 (step
20). Machining can be accomplished, for example, by

belt sanding airfoil stubs 38.

The ailrfoilil passages 1n platforms 4 and 6

are then plugged (step 22). FIG. 4 shows a
perspective view of i1nner platform 4 and outer
platform 6 with plugged platform openings. Plugs 44

are machined to fit into the corresponding alrfoil



CA 02381490 2002-02-11
WO 01/12381 PCT/US00/21272

openings 1n the platform, and tack welds 46 are used
to hold plugs 44 1n place. Plugs used are cut from
alloy materilials which are compatible to the platform
base alloy, 1e. the plug alloy will weld or braze
uniformly with the platform base alloy. Typically
the base element of the alloy for the plug is the
same as that of the alloy for the platform, ie. a
cobalt based superalloy. For X-40 cobalt alloy
platforms L-605 cobalt alloy plugs are useful.
Platforms 4 and 6 are then processed
through a vacuum cleaning cycle (step not shown)
which 1s used to prepare most types of turbine wvanes
for brazing operations. If the parts are not
completely clean braze will not flow properly, will
not diffuse into the part and adhere properly, and
will become contaminated. A suitable cleaning cycle
1ncludes first fluoride cleaning, which takes place
1n an atmospheric furnace wherein a chemical reaction
takes place that reduces (breaks up) aluminum and
titanium oxides on the vane surfaces and in exposed
cracks. The next step 1s a hydrogen vacuum clean
wherein the hydrogen gas acts to reduce chromium
oxldes to pure chromium. The final step is a vacuum
clean cycle which pulls any residual oxides (Al, Ti,
Cr) from the surface of the parts, so that the parts

are finally ready for braze.
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Gaspath surfaces 44 are then brazed, using
known techniqueé, to apply a layer of braze material

to seal the airfoil passages plugged by plugs 44,

seal minor cracks in platforms 4 and 6, and seal

cooling holes 40 to obtain a relatively smooth

surface (step 24).

Platforms 4 and 6 are then machined, using

known machining processes (eg. contour milling,

automated beltsanding, manual beltsanding), to

restore the correct, 1.e., originally specified,
contour to gaspath surfaces 42, and to restore
platform dimensions as measured prior to the airfoil
replacement operation (step 26). Gaspath contouring
is easily automated using known automated machining
techniques since platforms 4 and 6 are substantially
smooth once alrfoill stubs 36 are machined flat.
Vacuum heat treatment operations can also be
performed along with the manual machining steps.
Nickel and cobalt based superalloys have complex,
closely controlled crystal structures and
microstructures. Both can be affected by the high
temperatures seen during engine run, and by high

temperature repair operations such as welding,

brazing, vacuum cleaning, etc. At various times

during the repalr process specific heat treatments
must be performed to restore the microstructure to

original conditions, or adjust 1t as an 1nterim step
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to facilitate other operations (such as performing an
initial stress relief prior to a weld operation). In
general, all of these heat treatments are performed

in vacuum furnaces in order to prevent any surface

oxidation or other contamination.
Platforms 4 and 6 are then placed into an
appropriate fixture in preparation for laser cladding

of gaspath surfaces 42 (step 28). The alloy powder

mix used to clad platforms 4 and 6 1is comprised of a
blend of a cobalt based superalloy and a nickel based
superalloy. In a preferred embodiment one or both of
the cobalt based superalloy 1n the blend corresponds
to the platform cobalt based superalloy material, and
the nickel based superalloy 1n the blend corresponds
to the replacement airfoil nickel based superalloy
material. While the use of alloys in the blend which
match the alloys of the platform and airfoil 1is
preferred for compatibility purposes, 1t 1s also
possible to use a different cobalt based superalloy
and/or nickel based superalloy to achieve further
improvement in the properties of the platform gas
path surface. The blend used is effective to provide
improved mechanical properties (1e. strength, hot

oxidation and corrosion resistance) to the gaspath

surface of the cobalt based platform. The blend used
is also effective to provide a gaspath surface for

the laser clad platform which is compatible for
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coating purposes with the surface of the replacement
nickel based superalloy alirfoil, in that both
surfaces can be uniformly coated. Generally the
blend can comprise from 20 to 80%, preferable 40 to

p—

60%, by weight of the nickel based superalloy and 80

to 20%, preferably 60 to 40%, by weight of the cobalt

based superalloy.

In one embodiment the blend comprises equal

parts by weilight of the nickel based superalloy and
the cobalt based superalloy. For example, platforms
4 and 6 are heated to an appropriate temperature of
1600°F, and laser clad with a powder mix of
substantially eqgual parts 50% X40 and 50% CM186 to
match the original X40 platform and CM186 replacement
alrfoil. The cobalt alloy X-40 has the following
nomlinal composition: 0.45-0.55% C, 24.5-26.5% Cr,
7.0-8.0 W, 9.5-11.5% N1 with the remainder cobalt;
while the nickel alloy CM186 has the followilng
nominal composition: 5.5-5.9% Al, 0.01-0.02% B, 0.06-
0.08% C, 5.7-6.3% Cr, 9.0-9.5% Co, 1.0-1.6% HEf, 0.3-
0.4% Mo, 2.8-3.1% Re, 3.2-3.6% Ta, 0.5-0.9% T1, 8.0-
9.0% W, 0.004-0.010% Zr and the remainder nickel.

In the case where platforms 4 and 6 are

manufactured from a cobalt based superalloy material

other than X40, the laser cladding powder can be

adjusted to replace the X40 portion with a different

powder component corresponding to the platform base
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material. Similarly, the CM186 component in the
laser cladding powder can be replaced with a nickel
based superalloy component corresponding to the base

material of airfoils 8 and 10.

Laser cladding 1s a welding operation which

applies a surface to a base material in which the

surface has mechanilical properties matching those of

the base material. Also, laser cladding can improve

the mechanical properties of, 1.e., strengthen, the
surface of the base material by cladding the base
material with an alloy or alloy mix having properties
superior to those of the base material. 1In

particular, gaspath surfaces 42 can be clad to

improve the surface properties of platforms 4 and 6

beyond those of the platform base materials.
FIGS. 5 and 6 depict the laser cladding

process as performed on platform 4, in which FIG. 5
is a top view of platform 4 and FIG. 6 1s a section
view thereof taken through section 6-6. As shown 1n
FIG. 5, gaspath surface 42 1is laser clad by a series
of cladding passes performed sequentially as a series
of rows across platform 4. At the end of each laser

cladding pass, the cladding apparatus moves to an

adjacent row and cladding material is applied to

gaspath surface 42 on platform 4. As shown 1in FIG.

6, laser cladding 48 applied to gaspath surface 42

provides a series of raised areas 1in the form ot
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bumps 50. Bumps 50 traverse platform 4 and are
elongated 1n the direction of the cladding pass,
1.€e., YOw.

At this point, platforms 4 and 6 are
completely sealed with little or no evidence of there
having previously been alrfoills attached thereto or
cooling holes therethrough.

If necessary, platforms 4 and 6 can
optionally recelve additional vacuum heat treatments.

Machining operations are then carried out to optimize

material properties and ensure compliance with the
original dimensions (step not shown).

Once sealed and laser clad, the clad
surface is machined to match the original contour and
cooling holes 40 are then restored to platforms 4 and
6. Cooling hole restoration can be accomplished

using known techniques such as, for example, by laser

drilling or EDM (electron discharge machining) (step
30) .

At this point, platforms 4 and 6 are ready
to have airfoil sockets cut. An EDM machline 1s used
to cut sockets for the new airfoils into precise
locations on inner platform 4 and outer platform 6
(step 32). Alternatively these sockets can be cut by
laser, eg. using a CO, or YAG laser. A CO, laser
uses carbon dioxide gas to generate a continuous beam

at a set freguency. A YAG laser emits a pulsed beam,
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generated by a yttrium, aluminum, garnet crystal,
which is excited by flash lamps. CO, lasers are
generally used for cuttling or welding applications,
and YAG lasers are generally used for hole drilling
or cutting. FIG. 7 shows an example of platforms 4
and 6 with sockets 52 cut through.

Because alrfoil sockets 52 are cut into
completely sealed platforms 4 and 6, airfoilil sockets
52 can be repositioned on platforms 4 and 6 1in a
different location than during the original
manufacture of vane 2. This allows extreme
flexibility such that different sized airfoils, as
compared with the original airfoils, can be used, and
the class area can also be adjusted to optimize the
performance of vane 2 within the turbine engine.

Platforms 4 and 6 are then cleaned, and
vane 2 reassembled using new cast alrfoils (step 34).
During vane reassembly, the new cast airfoils are
placed into position using sockets 52 and tack welded
into place. The airfoils are permanently sealed into
position in vane 2 by brazing them into place.

FIG. 8 shows a perspective view of an
assembled vane 2 after ailirfoil segments have been

tack welded to the platforms. In particular, lead

airfoil 8 and trailing airfoil 10 are shown tack

welded to inner platform 4 and outer platform 6 by

alrfoil tack welds 48. Final machining of vane 2 1s
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performed to finish proper gaspath surfacing and

other critical surfaces i1ncluding the mate faces on

each platform end, bolt flanges, top and bottom edges

of the platforms, seals, etc. Gaspath surfaces 42 on

reassembled vane 2 are then coated using a
conventional protective coating, for example, an
aluminide coating, and coatiling process (step 36).
Cladding using the blended powder in step 28 allows
the aluminide coating to be easily and uniformly
applied to the replacement alirfoils and the platform,
thereby protecting gaspath surfaces 42.

A laser clad build-up on an X40 base

material comprised of a substantially 50%/50% blend
of X40/CM186 powder shows the laser clad region to be
well integrated with the X40 base material. 1In
addition, an alumilinide coating 1s uniformly
distributed on the laser clad region. As examination
of laser cladding on an X40 platform after a 100
cycle alr quench test was carried out. Each cycle of
the guench test involved subjecting the platform to
30 minutes inside an alr furnace set at 2,050°9F z25°F
and 30 minutes at ambilent alr temperatures, thereby

simulating the operational environment of the

materials in a turbine engine. Desplte repeated

gquench (thermal) cycles, no cracking or contamination
is visible in the joint between the base material and

the laser clad region.



CA 02381490 2002-02-11

WO 01/12381 PCT/US00/21272

The method of the present invention
provides a compfehensively refurbished high-pressure
turbine vane, produced at a significantly lower cost
than a new vane. The component assembly vane allows
significant modification from i1ts original form,
while minimizing the time the vane is out of service.

The method of the present invention also
allows airfoill castings to be upgraded without the
need to upgrade the platform to a similar base

material, and without fear of cracking due to

different coefficients of thermal expansion between
the platform base material and the airfoil base
material. For example, the present i1nvention allows a
CM186 cast nickel based superalloy replacement
alrfoil to be used with a X40 cobalt based superalloy

platform in turbine vane 2, or a CMSX4 single crystal

cast nickel based superalloy airfoill to be used with

a X40 cobalt based superalloy platform, or a DSR142
nickel based superalloy airfoil with a X40 cobalt
based superalloy platform, or a R-80 nickel based
superalloy ailrfoil with a X40 based superalloy cobalt
platform.

Because new alrfoil sockets 52 are cut into
inner platform 4 and outer platform 6 to position the
replacement airfoils, the class area can be changed

without modifying the contour of the airfolls by
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adding or removing material from the airfoils as
required in pridr art vane repalr methods.

Also, because the present i1nvention removes
the airfoil stubs and closes platform passages,
gaspath surface contouring operations can be easily
automated, thereby reducing cost and the time
necessary to perform the repalr on vane 2.
Subsequent airfoill replacement 1s also simplified,
thereby reducing cost and out of service time for
vane 2 because alrfoil replacement on a component
assembly vane 1is less complicated than performing the
replacement on an integrated cast assembly. This 1is
particularly the case because vane 2, once repalred
using the method of the present invention, converts
an lntegrated cast assembly to a component assembly.
Of course, the vane undergoing repalr using the
method of the present i1invention can be a component
assembly.

Although the present i1nvention has been
described in relation to particular embodiments
thereof, many other variations and modifications and
other uses will become apparent to those skilled 1n
the art. Therefore, the present i1nvention 1s not

limited by the specific disclosure herein.
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WHAT IS CLATMED IS:

1. A method of refurbishing a turbine
vane, the turbiline vane having at least one platform
and at least one airfoill, the method including
replacing the at least one airfoil with at least one
replacement airfoil wherein the at least one platform

comprises a first cobalt based superalloy and the at
least one replacement airfoill comprises a first

nickel based superalloy comprising the steps of:

separating the at least one platform from

the at least one airfoil;

laser cladding the at least one platform
with a blend of a second nickel based superalloy and
a second cobalt based superalloy; and

reassembling the vane from the at least one

laser clad platform and at least one replacement

airfoil.

2. The method of Claim 1, wherein the
blend comprises 20 to 80% by weight of the second
cobalt based superalloy and 80 to 20% by weight of

the second nickel based superalloy.

3. The method of Claim 2, wherein the
blend comprises 40 to 60% by weight of the second
cobalt based superalloy and 60 to 40% by weight of

the second nickel based superalloy.
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4. The method of Claim 3 wherein the blend
comprises approkimately equal amounts of the second

cobalt based superalloy and the second nickel based

superalloy.

5. The method of Claim 2 wherein the

second cobalt based superalloy of the blend is the

same composition as the first cobalt based superalloy

A

of the at least one platform.

6. The method of Claim 5 wherein the

second nickel based superalloy of the blend is the

same composition as the first nickel based superalloy

of the at least one replacement airfoil.

7. The method of Claim 2 wherein the
blend 1s effective to provide a gaspath surface for
the at least one laser clad platform which 1is

compatible for coating purposes with the surface of

the at least one replacement airfoil.

8 . The method of Claim 2 wherein the
blend is effective to provide a gaspath surface for
the laser clad platform with improved mechanical

properties.
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9. The method of Claim 2 wherelin the

first cobalt based superalloy 1s X40.

10. The method of Claim 9, wherein the

first nickel based superalloy 1s directionally

solidified CM186.

11. The method of Claim 10, wherein the

second coba

t based superalloy 1is X40 and the second

nickel based superalloy 1s CM186.

12. The method of Claim 1, further

comprising the step of coating gaspath surfaces on

the reassembled vane.

13. The method of Claim 12, wherein the

coating 1s an aluminide coating.

14. The method of Claim 1, whereilin the

separating step includes the steps of:

cutting each airfoil from the at least one

platform to form a corresponding stub on each of the

at least one platforms; and

y——

machining each of the stubs flush with a

surface of a corresponding at least one platform.
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15. The method of Claim 1, further

comprlising the'steps of:

plugging openings 1n the at least one

platform, the openlings including at least one airfoil

opening; and

brazing the at least one platform.

16. The method of Claim 15, wherein the

pluggling step 1ncludes the steps of:

machining a plug from a blank, the blank
being a material compatible to the at least one
platform and being formed to substantially f£ill a
corresponding airfoil opening ; and

welding the plug into the corresponding

alrfoil opening on the at least one platform.

17. The method of Claim 1, further
comprising the steps otf:

sealing the at least one platform to form a
corresponding at least one sealed platform; and

restoring cooling holes to the at least one

sealed platform.

18. A method of repalring a turbine vane,

the turbine vane having at least one platform and at
least one airfoil, the at least one platform having

an opening, the method including replacing the at
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least one airfoill with at least one replacement
airfoil wherein the at lest one platform comprises a
first cobalt based superalloy and the at least one
replacement ailrfoil comprises a first nickel based
superalloy, comprising the steps of:

separating the at least one platform from

the at least one airfoil:

restoring a gaspath surface to the at least
one platform;

laser cladding the at least one platform
with a blend of a second nickel based superalloy and
a second cobalt based superalloy;

cutting at least one airfoil socket into
the at least one platform; and

reassembling the vane from the at least one
platform and at least one replacement airfoil, the at
least one replacement ailirfoil being coupled with the

at least one ailrfoil socket.

19. The method of Claim 18, wherein the
restoration step includes contouring the gaspath

surface using an automated machine operation.

20. A method of repalring a turbine wvane,

the turbine vane having at least one platform and a

plurality of airfoils, a distance between two of the

plurality of airfoils defining a first class area,
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the at least one platform having openings
corresponding to a quantity of airfoils, the method
including replacing the at least one airfoil with at

least one replacement airfoil wherein the at lest one

platform comprises a first cobalt based superalloy
and the at least one replacement airfoil comprises a

first nickel based superalloy, comprising the steps

of:

separating the at least one platform from

the plurality of airfoils;

sealling the openings 1n the at least one
platform;

laser cladding the at least one platform
with a blend of a second nickel based superalloy and
a second cobalt based superalloy;

cutting a plurality of airfoil sockets into
the at least one platform, the plurality of airfoil
sockets being cut at a location different from a
corresponding opening; and

reassembling the vane from the at least one

platform and the plurality of replacement airfoils,

each of the plurality of replacement airfoils being

coupled with a respective airfoill socket.

21. The method of Claim 20, whereiln the
reassembled vane comprlses a second class area

different from the first class area.
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22. The method of Claim 20, wherein the

first cobalt based superalloy of the at least one

platform 1s the same composition as the second cobalt

based superalloy of the blend and, the first nickel
based superalloy of the at least one replacement

alrfoill 1s the same composition as the second nickel

based superalloy of the blend.

23. The method of Claim 22, wherein the
first cobalt based superalloy is X40 and the first

nickel based superalloy is CM186.

24. The method of Claim 20, wherein the

sealing step 1s accomplished by brazing a third

material to the at least one platform.

25. The method of Claim 23, whereilin the

second cobalt based superalloy 1s the same

composition as the first cobalt based superalloy and
the second nickel based superalloy 1s the same

composilition as the first nickel based superalloy.
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