METHOD OF REPAI RING A STATI ONARY SHROUD OF A GAS TURBINE ENG NE USI NG
LASER CLADDI NG FI ELD OF THE I NVENTI ON This invention relates to aircraft
gas turbine engines and, nore particularly, to the repair of a stationary
shréud that has previously been in service. BACKGROUND In an aircraft gas
turbine (jet) engine, air is drawn into the front of the engine,
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ZP ]9 i g? ;223{63%?3&2%1&@; tglgy?)l dfg@%’;&“ I stion gas turns the gas turbine by impingement
against an airfoil section of the turbine blades and vanes, which turns the shaft and
provides power to the compressor. The hot exhaust gases flow from the back of the

engine, driving it and the aircraft forward.

In the gas turbine, an annular, circumferentially extending stationary shroud surrounds
the tips of the rotor blades. The stationary shroud confines the combustion gases to-
the gas flow path so that the combustion gas is utilized with maximum effictency to
turn the gas turbine. The clearance between the turbine blade tips and the Stationary

shroud is minimized to prevent the leakage of combustion gases around the tips of the

turbine blades. The stationary shroud provides a rubbing surface for the tips of the
turbine blades. The design intent is for the turbine blade tips to rub into the stationary
shroud, with the contact acting in the manner of a seal. The clearance between the
blade tips and the stationary shroud, and thence the amount of combustion gas that
can bypass the turbine blades, is minimized, thereby ensuring maximum efficiency of
the engine. The stationary shroud must be manufactured to and n_iaintained at highly

exacting tolerances in order to achieve this efficiency during extended service.

The gas path surface of the stationary shroud is exposed to abrasion by the rotating

turbine blade tips and also to erosion, oxidation, and corrosion by the hot combustion
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The gas path surface of the stationary shroud is exposed to abrasion by the
rotating turbine blade tips and also to erosion, oxidation, and corrosion
by the hot conmbustion 1 gases. The base netal of the stationary shroud is
typically not highly resistant to the environnental attack and abrasion,
and therefore an environnentally resistant rub coating is applied on the
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(ADH). The first three approaches restore the stationary-shroud di nensions
usi ng t he oEthergas turbinesdegsades bglawacoentabla lavelbut do not restore the
structural strength of the underlying shroud base netal. The fourth

appr oach 53%95’(13[3 df H{%l hqgh @8& o?ﬁ%csl‘faﬁ;ioingxyt srl]l?oud materials, rather than dispose of the
stationary shrouds, it is desirable to repair the stationary shrouds by restoring the

stationary shrouds to their original dimensions in accordance with preselected

tolerances as determined by the engine's size as well as to restore the corrosion

resistant properties to the flow path surfaces. In fhe past, this restoration has been
accomplished by low pressure plasma spray (LPPS), thermally densified coatings
(TDC), the high-velocity oxyfuel (HV OF) process, or activated diffusion healing
(ADH). The first three approaches restore the stationary-shroud dimensions using the

rub-resistant coating material but do not restore the structural strength of the
underlying shroud base metal. The fourth approach repairs holes and cracks in the

shroud base metal, prior to re-application of the rub-resistant coating material.

~ In the work leading to the present invention, the inventors have observed that these
approaches achieve the desired restoration of the dimensions of the stationary shroud,
but do not restore its mechanical performance. The stationary shroud no longer has
its necessary mechanical properties, so that there is a risk of mechanical failure of the
stationary shroud. There is needed an approach by which the mechanical properties

as well as the dimensions of the coated stationary shroud are restored. The present
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shroud base netal, prior to re-application of the rub-resistant coating
material. In the work leading to the present invention, the inventors have
observed that these approaches achieve the desired restoration of the
di rensions of the stationary shroud, but do not restore its nechani cal
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furnishing the stationary shroud that has previously been in service, wherein the
stationary shroud is made of a base metal, removing any damaged material from a
flow-path region of the stationary shroud to leave an initially exposed base-metal
flow-path surface, and applying a base-metal restoration overlying the initially
exposed flow-path surface, the step of applying including the steps of: furnishing a
source of a structural material that is compatible with the base metal, and
depositing the source of the structural material overlying the initially exposed
base-metal flow-path surface of the stationary shroud by laser cladding to form a

repaired base-metal flow-path surface.

The base-metal restoration may be typically in-process machined to its desired

dimensions, shape, and surface finish.

According to a second aspect of the present invention, there is provided a method
for repairing a high-pressure stationary turbine shroud of a gas turbine engine,
comprising the steps of: furnishing the high-pressure stationary turbine shroud that
has previously been in service, wherein the high-pressure stationary turbine shroud
is made of a base metal; thereafter removing any damaged material from a flow-path
region of the high-pressure stationary turbine shroud to leave an initially exposed

base-metal flow-path surface; thereafter applying a base-metal restoration overlying




source of a structural material that is conpatible with the base netal, and
depositing the source of the structural material overlying the initially
exposed base-netal flow path surface of the stationary shroud by |aser
cladding to forma repajred base-netal flow path surface. The base-netal
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I's fused and deposited. The source of the structural material may instead
be a wire that is fed into the |laser 3a beam and fused onto the surface
that is being restored. The stationary shroud may be any stationary shroud,
but it is preferably a hig ressure turbine stationary shroud. The
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Embodiments of the present invention an advancement of the technology for
repairing and restoring shrouds for engine service. Unlike stationary shrouds
repaired by the TDC process, stationary shrouds repaired in accordance with
embodiments of the present invention are not temperature-limited because of
additions of melting point depressants such as boron or silicon. Embodiments of
the present invention are also an advance over low pressure plasma spraying
(LPPS) since no partial vacuum is required during the deposition of the
restoration, making the present process faster, cheaper, more effective and easier
to perform. Other advantages include less process variation and no preheat. Very
importantly, there may be much less part distortion, so that the ability to restore
the shroud to the original drawing tolerances can be done more easily and with
less machining. The present approach may achieve results superior to ADH,
because the stationary shroud is restored to iis original dimensions using a
structural material, rather than the rub-resistant coating. The rub-resistant coating
is preferably applied over the dimensionally restored base metal of the stationary
-shroud.

Other features and advantages of the present invention will be apparent from the

following more detailed description of the preferred embodiment, taken in




| ess machi ni ng. The present approach may achieve results superior to ADH,
because the stationary shroud is restored to its original dinensions using
a structural nmaterial, rather than the rub-resistant coating. The
rub-resistant coating is preferably applied over the dinensionally
restored lsegjgneiemvitbithe hecompmni wingsrwhidh ilstrate, by arayrefexample,

advant ages, of the present invention will be apparent fromthe follow ng
nore det ai"f%ed description of the preferred enbodiment, taken in 4
conjunction with the acconpanying drawi ngs which illustrate, by way of
exanple, the 4a principles of the invention. BRI EF DESCRI PTI ON OF THE
DRAW NGS Figure 1 is a cross-sectional view of a stationary shroud
assenbly, showi ng a shroud segnment and the shroud fl ow path surface

adj acent to the tip of a turbine blade, the shroud support, the shroud
hanger support, and the support case; Figure 2 is a perspective view of a
stationary shroud segnent; Figure 3 is a schematic partial elevational view
of a stationary shroud assenbly, having a series of shroud segnents
assenbled to forma portion of the cylindrical stationary shroud around
turbine blades; Figure 4 is a block flow di agram of an approach for
practicing the present approach; Figure 5 is a schematic sectional view of
the stationary shroud showing the layers of the restoration, taken
generally on.line 5-5 of Figure 2; Figure 6 is a schematic view of the use
of pre-positioned powders in laser cladding; Figure 7 is a schematic view
of the use of injected powder in |laser cladding; and
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Figure 8 is a schematic view of the use of a wire feed in |aser cladding.
DETAI LED DESCRI PTION OF THE I NVENTION Figure 1 is a cross-sectional view
general ly depicting a stationary shroud assenbly 20 in relation to a

turbi ne blade 22. The stationary shroud assenbly 20 includes a stationary
shroud 24 having a flow path surface 26 in a facing relation to a turbine
bl ade tip i bl ade 22. (The term "stationary shroud" as used
herein .re@rg}cg‘glf% S rregféfélf{r?@ Wwhi ch does not rotate as the turbine blade 22
turns with its supporting turbine disk (not shown) and turbine shaft (not
shown). The stationary 5 shroud 24 is to be distinguished fromthe _
rotating shroud that is found at the tip of sone other types of blades and
is a part BRIEMPEYCRIETIQMOWHTHE RRAYWINGSt e as the blade turns:) A small
gap 30 separates the flowpath surface 26 fromthe turbine blade tip 28.
The smal | &r s the cg%% 30, the.less hot conbustion gas 44 that can | eak
through t He8Y%d B& ERRI-Se6tionl viev phastatiprary shipud gssembly.shawing ashaeed 22,
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whi ch the stationary shroud hanger support 34 iI's supported. For reasons of
manuf act urj ng, assenbly, and thermal expansion conpatibility, the
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series of individual stationary shroud segnents 38. Figure 2 illustrates
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. "generally cylindrical stationary shrou e structure
st at i onar ytationanydhrowl atesnd tivbmhertdadesf ul |y in US Patent 6, 233, 822, whose

Figure 4 is a block flow diagram of an approach for practicing the present approach;

Figure 5 is a schematic sectional view of the stationary shroud showing the layers of

the restoration, taken generally on line 5-5 of Figure 2;
Figure 6 is a schematic view of the use of pre-positioned powders in laser cladding;
Figure 7 is a schematic view of the use of injected powder in laser cladding; and

Figure 8 is a schematic view of the use of a wire feed in laser cladding.
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DETAILED DESCRIPTION OF THE INVENTION

Figure 1 is a cross-sectional view generally depicting a stationary shroud assembly
20 in relation to a turbine blade 22. The stationary shroud assembly 20 includes a
stationary shroud 24 having a flow-path surface 26 in a facing relation to a turbine
blade tip 28 of the turbine blade 22. (The term “stationary shroud” as used herein
refers to structure which does not rotate as the turbine blade 22 turns with its
supporting turbine disk (not shown) and turbine shaft (not shown). The stationary




di sclosure is incorporated by reference. Wen the gas turbine engine is
operated, the turbine blades 22 rotate. As they rotate and are heated to
el evated tenperature, the turbine blades 22 elongate so that the gap 30 is
reduced to zero and the turbine blade tips 28 contact and cut into the
flowpath surface 26 and wear away the material of the stationary shroud
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decreases., At sone point, the gas turbine engine is renoved from service
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stationary shrsoudniagsrrade OPEa base net é‘% gs sge |gure %215_?&%&@%% nmet al
42 of the sitatiormnpslrost hangerppert B4 dfan adtlivh thetdstionanynilaled s 3oy or
a cobalt-base al I oy., Exanpl es of such base-netal alloys include L605,

havi ng a l?lé‘r"ﬁﬂ‘i’ﬁ‘le %Mﬁ)%qpppﬁr?aﬁg/%\é‘pghwh@h tapgationzgy penovd hangemsuppartn  about
10 per centgy @@%n dabout 15 percent tungsten, about 3 percent iron, about
1 percent 5| ¥ “Gbout 1.5 percent manganese, about 0.1 percent carbon,
and the bal ance cobalt and incidental inpurities; ReneTM N5, having a
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shroud segments 38, and Figure 3 depicts the manner in which the individual
stationary shroud segments 38 are assembled together in a circumferentially abutting
fashion to form the annular, generally cylindrical stationary shroud 24. The structure
of the stationary shrouds is described more fully in US Patent 6,233,822, whose

disclosure is incorporated by reference.

When the gas turbine engine is operated, the turbine blades 22 rotate. As they rotate

and are heated to elevated temperature, the turbine blades 22 elongate so that the gap

( 30 is reduced to zero and the turbine blade tips 28 contact and cut into the flow-path
surface 26 and wear away the material of the stationary shroud 24 at the flow-path

- surface 26. Over time, the gap 30 becomes larger as material is abraded from both the

turbine blade tips 28 and the stationary shroud 24, and also lost from the turbine blade

tips 28 and the stationary shroud 24 by erosion, oxidation, and corrosion in the hot

combustion gases. As the gap 30 becomes larger, the efficiency of the gas turbine

decreases. At some point, the gas turbine engine is removed from service and

repaired.

Figure 4 depicts a preferred approach for repairing the stationary shroud 24. The




impurities; IN-738 having a nom nal conposition by weight of 8.5 percent
cobalt, 16 percent chromum 3.4 percent alum num 3.8 percent titanium
1.75 percent tantalum 2.6 percent tungsten, 1.75 percent tantalum 0.012
percent boron, 0.012 percent zirconium O0.05 percent niobiumand the

bal ance nickel and incidental inpurities; ReneR 77, having a nom nal
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percent chromium, 3.4 percent aluminum, 3.8 percent titanium, 1.75 percent tantalum,

2.6 percent tungsten, 1.75 percent tantalum, 0.012 percent boron, 0.012 percent

zirconium, 0.05 percent niobium and the balance nickel and incidental impurities;

Rene® 77, having a nominal composition in weight percent of about 14.6 chromium,
about 15.0 percent cobalt, about 4.2 percent molybdenum, about 4.3 percent
aluminum, about 3.3 percent titanium, about 0.07 percent carbon, about 0.016 percent

boron, about 0.04 percent zirconium, balance nickel and minor elements; and

(" MarM509, having a nominal composition by weight of about 10 percent nickel, about
0.6 percent carbon, about 0.1 percent manganese, about 0.4 percent silicon, about 22.5
percent chromium, about 1.5 percent iron, about 0.01 percent boron, about 0.5 percent
zirconium, about 7 percent tungsten, about 3.5 percent tantalum, and the balance
cobalt and incidental impurities. This listing is exemplary and not limiting, and the

present approach may be used with any operable base-metal material.

Any damaged material is removed from a flow-path region 40 of the stationary shroud
24, step 52, to leave an initially exposed base-metal flow-path surface 70, see Figure

5. The flow-path region 40 generally corresponds with the location of the flow-path




acid stripped to renove any alum nides, followed by a fluoride-ion cleaning

(FIC. Atypical result of this renoval of danmaged material, and the prior

renoval of base netal 42 by oxidation and abrasion during service, is that

~the thickness to of the base netal 42 in a backsi de-pocket (thinnest)

portion 74 of the flow path region 40 of the stationary shroud 24 is too
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flowpath surface 70 of the stationary shroud 24 by laser cladding to form
a repaired flowpath surface 76, step 58. Laser cladding is a known
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conposi t i SMtRAZInr hackside-packet (Hhinnepid ppeinn Heafihe flowepath region 40 o6 ther y
shroud 2439&%‘31151@76‘ shroud 24 is too thin, and below the thickness required by the
' specifications. This sub-specification thickness is undesirable, because if a rub
coating were applied directly to the exposed surface at this point, the stationary
shroud 24 would have insufficient mechanical properties and insufficient resistance

to bowing (chording) when returned to service.

A base-metal restoration 72 is applied overlying and in contact with the initially
exposed flow-path surface 70 in the flow-path region 40, step 54. The base-metal
restoration 72 has a thickness t, that, when added to t,, increases the thickness of the
backside-pocket portion 74 of the flow-path region 40 to a restored thickness tg,
which is within the tolerance range of the thickness specification for the backside-

'pocket 74.

The step of applying 54 includes the steps of furnishing a source of a structural
material that is compatible with the base metal 42, step 56, and depositing the
structural material overlying the initially exposed base-metal flow-path surface 70 of
the stationary shroud 24 by laser cladding to form a repaired flow-path surface 76,

step 58. Laser cladding is a known process for other applications.




base-netal restoration 72 are fully conpatible both chemcally, in respect
to properties such as the formation of new phases through interdiffusion,
and physically, 1in respect to properties such as the bonding of the base
metal 42 and the base-nmetal restoration 72, avoiding msmatch of the
coefficients of thermal expansion, and nelting points. The structural
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laser cladding, step 58, as depicted in Figures 6-8. In the approach shown in Figure
6, a powder of the structural material is pre-positioned overlying the initially exposed
flow-path surface 70. That is, the powder is pre-positioned by placing it onto the
initially exposed flow-path surface 70 prior to any heating of the powder. The powder
may be lightly sintered or held together with a binder such as an acrylic binder, so that
it remains in the desired location before being fused by laser, Thereafter, the powder
is fused (melted) using a laser 80 whose power output is adjusted such that the powder
( is melted and that the very top-most portion of the initially exposed flow-path surface
70 is locally melted, but such that the underlying structure of the stationary shroud 24
is not melted or even heated to a substantial fraction of its melting point. The
underlying structure of the stationary shroud 24 instead acts as a heat sink. The laser
80 is moved laterally relative to the initially exposed flow-path surface 70 so that the
pre-positioned powder is progressively melted when exposed to the laser beam 82,

and then progressively allowed to solidify as the laser 80 moves onwardly and no

longer heats a particular area.

In the approach shown in Figure 7, the laser beam 82 is directed from the laser 80




9 toward the initially exposed flow path surface 70. Simultaneously, a
powder flow 84 of the restoration powder is injected froma powder
injector 86 into the |aser beam 82 and upon the initially exposed

fl owpath surface 70 so that the powder is fused and deposited onto the
tnitially exposed flow path surface 70. Again, the power |evel of the
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more of  SARRrfl isttBe il WHSHealR! e Rith aRPS fée&ns%ﬂeﬁatically indicated by a wire
" feed arrow 90, so that the metal of the wire 88 is fused and deposited onto the initially
exposed flow-path surface 70. The wire 88 may be supplied in discrete lengths or as
a continuous coil. Again, the power level of the laser 80 is selected so that the wire
88 is meited and the topmost portion of the base metal 42 is melted, but that the
underlying portion of the base metal 42 is not melted. The laser 80 and the wire feed
90 move together laterally across the initially exposed flow-path surface 70, so that
the injected powder is progressively melted when exposed to the laser beam 82, and
(\, then progressively allowed to solidify as the laser 80 moves onwardly and no longer

heats a particular area.

The three approaches of Figures 6-8 may be combined pairwise or all together. That
is, the feed may involve two or more of some of the powder being pre-positioned as
in Figure 6, some of the powder injected, as in Figure 7, and a wire feed of material

as in Figure 8.

The present approach offers distinct advantages over other techniques. The flow-path
region 40 which the base-metal restoration 72 is applied is typically rather thin. To
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in Figure 6, some of the powder injected, as in Figure 7, and a wire feed
of material as in Figure 8. The present approach offers distinct

advant ages over other techniques. The flow path region 40 which the _
base-netal restoration 72 is applied is typically rather thin. To 10 avoid
distorting the thin base nmetal 42, it is desirable that the heat input
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In any case, the result is the solidified base-metal restoration 72, with its repaired
flow-path surface 76, deposited overlying and upon the initially exposed flow-path
surface 70. As noted above, the amount of structural material restoration 72 applied
in step 54 is such that, after the laser fusing of step 58, the thickness ty (= t, + ta) is
desirably within a pre-defined specification range required for the stationary shroud
24 to be returned to service. However, it is difficult to achieve that result precisely
and with a highly uniform surface, and the usual approach is to deposit the structural
_ ( - material to be slightly thicker than desired.

The deposited base-metal restoration is then in-process machined, numeral 60, so that
the total restored thickness ty of the base metal is the desired value and the shape of
the repaired base-metal flow-path surface 76 is correct. The powder deposition
process 58 is not sufficiently precise to achieve exactly the correct thickness and

shape, and the in-process machining step 60 is used.

Optionally but strongly preferred, an environmentally resistant rub coating 78 is

applied overlying and contacting the base-metal restoration 72, step 62. The rub
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material to be slightly thicker than desired. The deposited base-netal
restoration is then in-process machi ned, nuneral 60, so that the total
restored thickness tR of the base netal is the desired val ue and the shape
of *the repaired base-netal flowpath surface 76 is correct. The powder
deposition process 58 is not sufficiently precise to achieve exactly the

t ot e,and the.i hining step 60 is used.
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coating 78, is ferably in the ran&e of about 0.005-0.15 inches (130 -
3800 m) i RPPY; Qﬁﬂugé&em%&or%r@%ﬁta{b @nerpemh@aﬂmgéh@ﬂnafanmnrmmm 05

inches ( 1%901der&§1091ﬂﬂ1t135' s Ilﬁ%ecsoatmg 15 applied by any operable approach, but
preferably by the HVOF (high-velocity oxyfuel) process. The rub coating 78 is
preferably in the range of about 0.005-0.15 inches (130 - 3800 um) in thickness, most
preferably in the range of from 0.005-0.05 inches (130 - 1300 pm) in thickness. The

HVOF process, which utilizes a high velocity gas as a protective shield to prevent
oxide formation, is a relatively low temperature thermal spray that allow for
application of a high density oxide-free coating in a wide variety of thicknesses, is
known in the art. The HVOF process typically uses any one of a variety of fuel gases,
such as oxygen, oxypropylene, oxygen‘hydrogen mixtures or kerosene. Gas flow of
the fuel can be varied from 2000-5000 ft/sec (610 - 1520 m/s). Of course, the

temperature of the spray will depend on the combustion temperature of the fuel gas
used, but will typically be in the range of 3000-5000°F (1650 - 2760°C). Preferably,
a slight excess thickness of the rub coating 78 is applied, and then the excess is
removed to shape the flow-path surface 26 and achieve the desired dimensional
thickness of the rub coating 78. During the machining, any features that have been

obscured by the steps 52, 54, and 60, such as holes or corners, are restored.

As in the case of the base-metal restoration 72, it is difficult to deposit the rub coating
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HVOF process, which utilizes a high velocity gas as a protective shield to
prevent oxide formation, is a relatively |ow tenperature thermal spray
that allow for application of a high density oxide-free coating in a w de
variety of thicknesses, is known in the art. The HVOF process typically

uses any one of a variety of fuel gases, 1. .. such as oxygen,
oxypr opyl n/.h xtures or ker Gas flow of the fuel
can be va(raﬂetﬁ %g‘?ﬁfé 8‘%87{1? & Sﬁ@ﬁ@an 115' Ipyong gpproach,ithe

t enper at ur C ti ure of the
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2760C) . Prifckhed| ¥ wekl astd tRtdeSkEESHTARIRRNESS of the rub coating 78 IS
applied, and then the excess is renoved to shape the flow path surface 26
and achi eve the desired dinensional thickness of the rub coating 78.
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finish. G her features and advantages of the present invention will be

appar ent @ 8 preferredemboglimpntior e detail ed description of the preferred

enbodi nent; taken in conjunction with the acconpanyi ng draw ngs, which

il Iustrate, by way of exanple, the principles of the invention. The scope
f the invention is not, however, limted to this preferred enbodinent. 13
Al VE:
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1. Anethod for repairing a stationary shroud of a gas turbine engine,
conprising the steps of: furnishing the stationary shroud that has

previ ously been in service, wherein the stationary shroud is nade of a
base netal; renoving any danmaged nmaterial froma flow path region of the
stationary shroud to leave an initially exposed base-netal flow path
surface; .ying a base-netal restoration overlying the initially
exposed fﬁ@&égﬁ surface, the step of applying including the steps of:
furnishing a source of a structural material that is conpatible with the
base netal, angdgaRashis : |- ri.al overlying
the initially quposegbﬁgggFﬁgggﬁﬂ m§%é¥%ﬂ§“$%gggbgéﬁFﬁggéﬁg?ﬁgﬁé?y
shroud by stegsef: cl adding to forma repaired base-netal flow path surface.

2. The nethod of claim1l, wherein the step of furnishing the stationary
shroud i ncl udé%mt‘?bé“gt]th@ﬁta&?‘?arfﬁ qnd thak §aspreyignsly besssin serviagy whereingthat i onar y

shroud. 3'staT{§ﬁaﬁ§MQi€ﬁngﬁéﬁ'}‘£rbéxe%et . wherein the step of furnishing the
ro e

stationary s I'ncludes a step of? furnishing the stationary shroud

nmade of a ni cketmbeiag agy dnyaged mafdiial Fothotlowipathl resith &f Mk st%tioﬁ!?f%ﬁbﬂdt he
step of furnishing the stationary shroud includes a step of: Turnishing
the stati éhiEaye ammiballyarpesesbase-ssial flowspash saifsesyands. The nethod of any one

of the precedi i v i st ep ;of furni shing the ource of the
structural mat %EP % %Eﬂaﬁ%@’?aﬁ hljéSté{Lglﬁno :eﬂmlﬁnﬁlﬁg h‘f‘ﬁﬁhy HEPOE G ﬁ%wfﬁat he

st r uct ur alsurfadeptheatephd\applyirfpliBsluamiithd dt¥pddre sane '
furnishing a source of a structural material that is compatible with the base

(, S metal, and '

depositing the source of the structural material overlying the initially

exposed base-metal flow-path surface of the stationary shroud by laser cladding

to form a repaired base-metal flow-path surface.

2. The method of claim 1, wherein the step of furnishing the stationary shroud

includes the step of’

furnishing a high-pressure turbine stationary shroud.

3 The method of claim 1 or 2, wherein the step of furnishing the stationary shroud

includes a step of:

R

furnishing the stationary shroud made of a nickel-base alloy.

4. The method of claim 1 or 2, wherein the step of furnishing the stationary shroud

includes a step of:

furnishing the stationary shroud made of a cobalt-base alloy.
5. The method of any one of the preceding claims, wherein the step of furnishing the

source of the structural material includes the step of:

furnishing the source of the structural material having substantially the same

14




14 conposition as the base netal. 6. The nethod of any one of clains 1 to
4, wherein the step of furnishing the source of the structural materi al

i ncludes the step of. furnishing the source of the structural nmaterial
having a different conposition than the base netal. 7. The nethod of any
one of the preceding clains, where the step of furnishing the source of
the structural paterial includes the step of: furnishing the source of the
st ruct ur al CopRestioR asghe basg t. 1. 8. The method of claim7, wherein the
step of depositing includes a step of- pre-positioning the powder overlying
the initially exposed flowpath surface, and thereafter fusing the powder
using a | ager. Phe Mbthodef fiycbnebf clhimhgm %4,%11@&%“]165&? of i RisRing #RPRHk! NI
includes a step of. directing a |aser beamtoward the initially exposed
f1 ow pat h @fip¢ steecturahatesiphinelidesebestey ofinj ecting the powder into the |aser

beam so that t IS . fus and deposi ted 10. The net hod of, any one
of clainms 1 toh@frﬂ\%ﬁgg éh G HerE t‘)ﬁh%&"}“g‘}fﬁf@ﬁfeﬂal haywesp gHfszent sompgition

st ruct ur al thamitRrbasgd meatl udes the step of: furnishing the source of the
structural material as a wire, and thereafter nelting the wire using a

| aser beam 11. The nethod of any one of the preceding clains, wherein the
step of applyi t he ase-netal..restoration inclJudes an additional step,
after thepfs?t epng?e%%%‘gf’f?lﬁdm?ﬁtﬂ?&ﬁ?‘@gmg aingwhere thestgp0f thmishingthe of .

source of the structural material includes the step of:

furnishing the source of the structural material as a powder.

8. The method of claim 7, wherein the step of depositing includes a step of:
pre-positioning the powder overlying the initially exposed flow-path surface , and
thereafter

fusing the powder using a laser.

9. The method of claim 7, wherein the step of depositing includes a step of:
directing a laser beam toward the initially exposed flow-path surface, and
simultaneously

injecting the powder into the laser beam so that the powder is fused and deposited.

10.  The method of any one of claims 1 to 6, where the step of furnishing the source
of the structural material includes the step of:

o

furnishing the source of the structural material as a wire, and thereafter

melting the wire using a laser beam,

11. The method of any one of the preceding claims, wherein the step of applying the
base-metal restoration includes an additional step, after the step of depositing the source
~ of the structural material, of:

machining the base-metal restoration.
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machi ni ng the base-netal restoration. 15 12. The net hod of any one of
clainms 1 to 10, including an additional step, after the step of applying

t he base-nmetal restoration, of applying an environnentally resistant rub
coating overlying the base-netal restoration. 13. The nmethod of claim 12,
including an additional step, after the step of applying the

envi ronne Iy resistant rub cqatin of ; .machining the rub-coating. 14. A
met hod f opl epal 14 Iﬁﬁtﬁg‘?ﬂf W‘B’F@g §Ei‘v“@g;tt%1tl P-onelrging gn prdisionalstape afier the gas

t ur bi ne ' Eg{%ﬁ ' ofe furnishing the high-pressure
stationar?@uﬁpﬁe S r%gﬁéa?ﬂ%ttgﬁﬁ?g%%@é‘v‘?%uy y been in service, wherein the
hi gh- pressur e sipalyingnan envinoherealiyh eeisthit &uH&ﬁ@thﬁ%‘ oferlDABE the bate-metal

t hereafter rempvi ng any damaged material froma flow path region of the

hi gh- pr es<EfaeR-at | onary turbine shroud to leave an initially exposed

base-netal flow path surface; thereafter applying a base-netal restoration
overlying the initially exposed flowpath surface, the step of applying

i ncl udi ng 18he sftepsethéd dilolatisiD, hkledifO b 6@1i06nas Wop A1 ki étélp éﬂhﬁo %ﬁ?
material as the base netal; and depositing the source overlyi 8 t e
i ni tially tsehydeamsnigty mstsiant fuboseaiag.iof: surface of the hi gh-pressure

stationary turbjne: oy _lL.aser cladding to form a repaired base-rrétal
il Bl eadiEy

fl.ow path surface. f claim 14, where the step of furnishing
t he source of the structural

14, A method for repairing a high-pressure s'tationary turbine shroud of a gas turbine
( engine, comprising the steps of:

furnishing the high-pressure stationary turbine shroud that has previously been in’
service, wherein the high-pressure stationary turbine shroud is made of a base metal;
thereafter

removing any damaged material from a flow-path region of the high-pressure
stationary turbine shroud to leave an initially exposed base-metal flow-path surface;
thereafter

applying a base-metal restoration overlying the initially exposed flow-path
surface, the step of applying including the steps of:

furnishing a source of substantially the same material as the base metal;
and

depositing the source overlying the initially exposed base-metal flow-path -

)

surface of the high-pressure stationary turbine shroud by laser cladding to form

a repaired base-metal flow-path surface.

15. The method of claim 14, where the step of furnishing the source of the structural
material includes the step of:

furnishing the source of the structural material as a powder.

16.  The method of claim 15, wherein the step depositing includes a step of:

pre-positioning the powder overlying the initially exposed flow-path surface, and
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material includes the step of: furnishing the source of the structural
material as a powder. 16. The nethod of claim 15, wherein the step
depositing includes a step of. pre-positioning the powler overlying the
initially exposed flow path surface, and 16 thereafter fusing the powder
using a laser. IT The nethod of claim 15, wherein the step of depositing
includes a step of: directing a |laser beamtoward the initially exposed

fl ow path @e, and sinultaneously injecting the powder into the |aser
beam so t hat thﬁ' oiﬁier iiﬁff used 1and deposited. 18. The method of claim
14, where the s @‘glg C R S8 S ‘& source of the structural nmaterial

i ncludes the step of. furnishing the source of the structural material as a
wire, and thereafter nelting the wire using a | aser beam 19. The net hod
of any onel”f . cThe methad of dait@ | 5 whibsreiinnhd step of epositing pilydes @ stherbase- et al
restoration inc(budes an, addj ti onal sttﬁp,, after the step of depositing the
source of the UEFHRE dr4FeTRsam jtayardgihe iniialy pesedndowpath mefage, and
restorati Qmuittheoddde Met hod of any one of clainms 14 to 19, including an
additional step, after the step of applying the base-netal restoration,

of : applyi ng arinjectingrtivnpendeniinty thedasesbaant sothdl eQRfwddisTHRA ladd Bhoking.
base-netal restoration. 17
18.  The method of claim 14, where the step of furnishing the source of the structural
material includes the step of:
( furnishing the source of the structural material as a wire, and thereafter

melting the wire using a laser beam.

19. The method of any one of claims 14 to 18, wherein the step of applying the base-
metal restoration includes an additional step, after the step of depositing the source of the
structural material, of:

machining the base-metal restoration.

20.  The method of any one of claims 14 to 19, including an additional step, after the
step of applying the base-metal restoration, of:

applying an environmentally resistant rub coating overlying the base-metal

restoration.

™
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