METHOD OF REPAI RI NG A STATI ONARY SHROUD OF A GAS TURBI NE ENG NE USI NG
LASER CLADDI NG FI ELD OF THE I NVENTION This invention relates to aircraft
gas turbine engines and, nore particularly, to the repair of a stationary
shroud 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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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 efficiency 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 maintained 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



| gases. The base netal of the stationary shroud is typically not highly
resistant to the environnental attack and abrasion, and therefore an
environnmental ly resistant rub coating is applied on the gas path surface
of the stationary shroud. Over a period of tinme as the engine operates,
the surface of the environnentally resistant rub coating is worn away, and
sone of the base netal of the stationary shroud may al so be damaged and/ or
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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 (HVOF) 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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Its necessary nmechani cal properties, so that there is a risk of nechani cal
failure of the stationary shroud. There is needed an approach by which the
mechani cal properties as well as the dinensions of the coated stationary
shroud are restored. The present 2 invention fulfills this need, and
further provides rel ated advantages. BRI EF SUMMARY OF THE | NVENTI ON The
present inventjion provides a technique for restoring the mechani cal
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resi stance of the flowpath surface of a stationary shroud of a gas
turbine engine, and a stationary shroud repaired by this approach. The
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base- net alforf hsevih oft& lapplidatiaae of the stationary shroud by |aser cladding to
forma repaired base-netal flow path surface. The base-netal restoration
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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 includes 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 is typically in-process machined to its

desired dimensions, shape, and surface finish.

The source of the structural material may have substantially the same composition as
the base metal, or a different composition. The source of the structural material may
be a powder. The powder may be pre-positioned overlying the initially exposed flow-
path surface, and thereafter fused using a laser. Alternatively, a laser beam may be
directed toward the initially exposed flow-path surface, and simultaneously the
powder may be injected into the laser beam so that the powder is fused and deposited.

The source of the structural material may instead be a wire that is fed into the laser



be a powder. The powder may be pre-positioned overlying the initially
exposed flow path surface, and thereafter fused using a |aser.
Alternatively, a |aser beamnmay be directed toward the initially exposed

fl ow path surface, and sinultaneously the powder nay be injected into the
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shrouds for engine service. Unlike stationary shrouds repaired by the TDC process,
stationary shrouds repaired in accordance with the present invention are not
temperature-limited because of additions of melting point depressants such as boron
or silicon. The present invention is 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 is 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 provides achieves results superior to ADH, because the
stationary shroud is restored to its 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

conjunction with the accompanying drawings which illustrate, by way of example, the
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The present approach provides achieves results superior to ADH, because the
stationary shroud is restored to its original dinensions using a structural
material, rather than the rub-resistant coating. The rub-resistant coating
is preferably applied over the dinensionally restored base netal of the
stationary shroud. O her features and advantages of the present invention
wll be apparent fromthe, K follow ng nore detail ed description of the

pr ef er r ed PEREBIESRItES IvEREON-i n conj unction with the acconpanyi ng drawi ngs
which illustrate, by way of exanple, the 4 principles of the invention.

BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a cross-sectional view of a
stationary shroud assenbly, showi ng a shroud segnent and the shroud

f | ow pat hBRIEFIOESSRIPTEM 00 THEDRAIWDIGSE t ur bi ne bl ade, 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
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restoration, taken generally on line 5-5 of Figure 2; Figure 6 is a
schemat i c Figwe2d§f aphspestiveofiewrod aptaionangnshdowbsagerent;i n | aser cl addi ng;
Figure 7 is a schematic view of the use of injected powder in |aser
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i ncl udes statishayishradyarshiidugbiad bhésng a fl ow path surface 26 in a facing
relation to a turbine

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.

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



bl ade tip 28 of the turbine blade 22. (The term "stationary shroud” as used
herein refers to structure which does not rotate as the turbine bl ade 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 sonme other types of blades and is a
part of the blade, and whjich does rotate as the blade turns.) A small gap
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in which the individual stationary shroud segnents 38 are assenbl e
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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



tips 28 and the stationary shroud 24 by erosion, oxidation, and corrosion
in the hot conbustion gases. As the gap 30 becones l|larger, the efficiency
of the gas turbine decreases. At sone point, the gas turbine engine is
removed fromservice and repaired. Figure 4 depicts a preferred approach
for repairing the stationary shroud 24. The 6 stationary shroud 24 that has
previously been in service is furnished, step 50. In the case of nost
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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 iren, 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



0.6 percent carbon, about 0.1 percent manganese, about 0.4 percent silicon,
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54. The base- netal

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.
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structural material by |aser cladding, step 58, as de icted in Figures
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The powdetaser 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
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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 melted 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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exposed fl ow path surface 70. The wire 88 may be supplied in discrete

| engths or as a continuous coil. Again, the power |evel of the laser 80 is
selected so that the wire 88 is nelted and the topnost portion of the base
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Is not nelted. The |aser 80 and the wire feed 90 nove together laterally
across the injtially exposed flow path surface 70, so that the injected

powder i s 3¥PKRIsEEINgIhe tlh@h&é@%ﬂg@p@é@@@@ thekthedeat ll‘lﬁé‘aﬁhﬂm thgnd t hen

progr essi as..the er rmve and no
| onger h\égétéraﬁo%g%g@ul% a?%rtg W@S%rﬁ% %’ﬁ e}‘?&w i F?FEB °5°8 may be
conbi ned pREMWHSE rr&'ltsathé rEQQl%hBﬁ mat&AAL but &@estﬁ’& ﬁlﬁ%ﬁué@ﬁqdr@‘ﬂéhf’ fhano or
nore of some of the powder being pre-positioned as in Figure 6, sone of
t he powdemecessayt €tlhe ase phite prepesifipnahpowder inetht esvbafimont ef Figure 8s i n

Figure 8. The present roach _offers di Stl nct. advant ages over other
t echni que? ?ﬁ‘gt?? BWLI%E{) poses flgw n?éhmm?%@om%e%mmngembpﬁmeon 72 is

applied i [ base
Toral Caz, Togot Bebfiso ok Ahirhdl i ARy e R ARl 10 b e W0 Cs s e
ho great enot hHawee@e@s@Juxe thfestdaedn #AtdiRs afd Weé hp?@ffrnda@gorthﬁ@f ﬂﬁ beam
that nelts the restoration material but does not roducé nore heat than

necessar y initialy exposed flowepath etp'wﬁﬂﬂmmehgﬂ\dmg thethieatirggyitleente endtromg Fi gur e
6 tect t I njti d fl h 70, f d

ol ngeneretdhirgiial bpid bkl e sestortiph 2 i (e indeving g MeiEiBhe base
metal 42 tu'ﬁ[ Eé’ﬁ@mﬁ RiferSEE s shth a %‘g&?ﬁ% qr%?%ﬁl‘éﬁ%r&&%sése ?’fe'sgﬁjc

mat eri al e upper nost ort I 'on Iy ~ex ose at h

surface 7@,pp1rcaclliral§oepi'odu<ﬁdsrw rélbvdlp danigs Qrainhgip€ ih $hé r&dtération metvaielnur gi cal
bond between the restoration 72 and the underlying base netal 42, unlike
sonme ot hePOH’@émﬁlithé&’ giach HAYOE precessesy whichsip &@&!’s@@@ amchguptunss ent
approach roduces a relatively large grain S|ze in the restoration 72,
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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 tz (= to + 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 tr 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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properties. In any case, the result is the solidified base-netal
restoration 72, with its repaired flow path surface 76, deposited
overlying and upon the initially exposed flowpath surface 70. As noted
above, the anount of structural material restoration 72 applied in step 54
I's such that, after the |aser fusing of step 58, the thickness tR ( to +
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percent hatefetdBly 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 pm) 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 fi/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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about 0.3 percent yttrium about 1 percent silicon, about 0.015 percent

zirconium about 0.015 percent boron, about 0.06 percent carbon, the

bal ance nickel and incidental inpurities. The rub coating is applied by

any operabl e 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
t hj ckness, nost preferaggz in the range of from

i nches (1%% - 3800 ng@k? ) K
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t hi cknesses, is known in the art. The HVOF process typically uses any one

of a varienﬁ of fuel gases, such as oxygen, oxypropylene, oxygen/hydrogen
m xt ures &thriefegupeandsadvantages of the hrestuteinventionbwill be iapparent fro200@- 5000
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excess i s the prinsiplts bf tiehiapentidie ThHeBvopabhtieuni@ridnds naf) honehbe Yitnitdde
desired dinensional _thjckness of the rub coating 78. During the machining,
any f eat ute#his pepferred/embedimenbbscured by the steps 52, 54, and 60, such as
hol es or corners, are restored. As in the case of the base-netal
restoration 72, it is difficult to deposit the rub coating 12 78 to
precisely the desired thickness, shape, and surface finish. In one
approach, the surface of the rub coating is optionally nmachined, step 64,
to the desired shape and thickness, as well as to the desired surface
finish. Other features and advantages of the present invention will be
apparent fromthe follow ng nore detailed description of the preferred
enbodi nent, taken in conjunction with the acconpanyi ng draw ngs, which
illustrate, by way of exanple, the principles of the invention. The scope
of the invention is not, however, limted
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to this preferred enbodinent. 13 CLAIMS: 1. A nethod for repairing a
stationary shroud of a gas turbine engine, conprising the steps of:
furnishing the stationary shroud that has previously been in service,
wherein the stationary shroud is nmade of a base netal; renoving any
damaged material froma flowpath region of the stationary shroud to |eave
an initially ﬁaspsed base-netal flow path surface; and applying a

base- net a ation overlying the initially exposed flow path surface,
the step of applying including the steps of: furnishing a source of a

structuraly, mat e jnadholl mtrffﬁagfmh%}y%f@ua Pf/ % E@ t?%(%%i eﬁ?tﬁ%"fnyﬁ&% gdgposi ting

the source of the struct mat er | over posed
base- net alstep ofi- pat h surface of the stationary shroud by |laser cladding to

forma repaired base-ngetal .fl owpath surface, 2, The nethod of ¢laim1,
wherein the st g‘b‘“&ﬁl‘]ﬁgﬁ?ﬁ‘%‘?%@’ ?hﬁ%u%thaﬁ?aé REFWOUS T RsGH I §eRdEe dsraimthest ep of
furni shi Ngta@oMir9 BrBLE SSHLEE & j ationary shroud. 3. The nethod of
claiml or aZ?%erei nﬁtsﬂﬁe stfeja[)ﬂyggﬁ*eﬁ’ni shing the stationary shroud

i ncl udes a st epeméving anyndastzigadmhateeiakfrah iadloav-yath sghacb fitel@atifnagy shigildel - base

alloy. 4. The nmethod of claim1l or 2. wherein_the step of furnishing the
stati onar {° Y%%fﬂlmti‘%]é'leﬁa%%edé’aiec‘@ﬁta@)ﬂpwfmﬂgfﬁc?@n@he stationary shroud

Clai e, whor of rrpRazcs SasCeabrel BRaBE LR if (A ARE Bipddf RhPRA, "0
mat eri al swddcedihs stepef apgpingfincluding 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.

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:

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
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furni shing the source of the structural material having substantially the
sane 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 nateri al
includes the step of: furnishing the source of the structural material
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

t he struct® ﬁﬁﬁ?égﬂﬁlaﬁHEﬂ@Hes the step of: furnishing the source of the
structural material as a powder. 8. The method of claim7, wherein the step
of depositing includes a step of: pre-positioning the powder overlying the

initially Gexposks nidtlnd @fahp onciofl cdims 1a0d, whdreineld $t€F off fufiishengl the sqipuler
using a Ia% 9. The nethod of claim7, wherein the step of depositing
i ncl udes 2Idhegrughural anaterial incfudss hesop efeam t oward the initial |y exposed

beam bo that 1 e e SO bERRACNAMARL My IS AR siBbeilely, Sne.

of cl ai s thari the 6asewhenle t he 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 nelting the wire using a

| aser beam 11. Iﬁ@{ cedin ns. ., wherein the
step of appl yi r;%-gt asey(rer)%?gf%r gpﬁ%g‘?g %@HH%JHV %Egtg gh’(ﬂ“ﬂ%ﬁ% st ep,
after the sstuep obthedapeaia hagriahich@ys 8@ stepfoft he structural material, of:

machi ni ng the base-netal restoration. 15
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:
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.

15



12. The method of any one of clains 1 to 10, including an additional step,
after the step of applying the base-netal restoration, of applying an
environnmental |y resistant rub coating overlying the base-netal

restoration. 13. The nethod of claim 12, including an additional step,

after the step of applying the environnentally resistant rub coating, of
machi ni ng the ryb-coating. 14. A nethod for repairing_ a high-pressure

stati onar urﬁﬁh?én%tﬁ?‘i)ﬁfga“ﬁfonﬁo glaimg |t Hb indduding,an additional seppfienhest eps
of : furnishi Pﬁm@ € r i ry turbine shroud that has

previ ousl é%ggr?b stgge%%g:ﬁéahrgﬁtglltaﬁytl’ﬁ}?hi gh-pressure stationary turbine
shroud is nade applyingbas enviedrahentallyhesisaaht efib cosfng oerbing drRNMBgedndat eri al
froma flow path region of the high-pressure stationary turbine shroud to
| eave an ITFREHPYy exposed base-netal flow path surface; thereafter
applying a base-netal restoration overlying the initially exposed fl ow path
surface, the step of applying including the steps of. furnishing a source
of subst anBi al ITheththehoflaint £, indudise Aheddisal ﬁeﬁ,&ﬁcrﬁl@@tegetﬂ'@ﬁ) in3g the
source overlying the initially exposed base-netal fl ow pat surface of the
hi gh- pr es $if @v&camEBHY Jesistanbiyhcosins ®f by | aser cladding to form a

repai red base- s L h.syrface. 15. The nethod of claim 14, where
the step of fu;ﬁﬁ%cg%lln%ﬁwﬁgéé%&?lgé of the structural material includes the
step of. furnishing the source of the structural material as a powder. 16.
The method of claim15, wherein the step depositing includes a step of-
pre- posi t iténi nd MEhog dergepaigngs hightpgessire siatipnary turhine styowdof 4 gasvunbineh

surf ace,

%H&ne, 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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16 thereafter fusing the powder using a |laser. 17. The nethod of claim 15,
wherein the step of depositing includes a step of: directing a |aser beam
toward the initially exposed fl ow path surface, and sinmultaneously
injecting the powder into the | aser beam so that the powder is fused and
deposited. 18. The nethod of claim 14, where the step of furnishing the
source of the structural material includes the step of: furnishing the
sour ce of theseafigrructural material as a wire, and thereafter nelti ng the
wire using a | [ 19. . The,. net hod of any one of clains 14 to 18,
wherein the stg‘%ﬁ%gggig}vﬁrnﬁsuf%aelaﬁe&e- metal restoration includes an
additional step, after the step of depositing the source of the structural

material, of. nmachi ni(g]g the base-netal restoration. 20. The method of any
one of cldfms Tdemrethel ofihaimuld, mderain Bedtepi Sdaposstingunclafdesor stethel: step of

| yi t he base-net al t [ fo. | yi i tall
resi stant rub BSTTHey" JOF KT WA ik nifiali Preted tigplapsh irfgge, ane”
simultaneously

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

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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