METHOD OF REPAI RI NG A STATI ONARY SHROUD OF A GAS TURBINE ENG NE USI NG
PLASVA TRANSFERRED ARC WELDI NG FI ELD OF THE | NVENTI ON This invention
w.refates to aircraft gas turbine engines and, nore particularly, to the
*repair of a stationary shroud that has previously been in service. _
BACKGROUND OF THE INVENTION In an aircraft gas turbine (jet) engine, air is
drawn into the front of the engine, conpressed by a shaft-nounted :
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oxi dation, and corrosion by the hot conbustion
' provides power to the compressor. The hot exhaust gases flow from the back of the
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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
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~of the stationary shroud. Over a period of time as the engi ne operates,

1 gases. The base netal of the stationary shroud is typically not highly
resistant to the environmental attack and abrasion, and therefore an
envi'fonmental |y resistant rub coating is applied on the gas path surface

. the surface of the environnentally resistant rub coating is worn away, and
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' the wotherpojitihe stationaty shemdiie ha longEhepdrating dvceptpblyamid thepgératiorhol es and

cracks in _the shrqud, bas al, prior to re-application of the
rub-r esi ﬁféhﬁg%h%d%?&s{%&qwﬁﬁcwl%\bﬁﬁlsl eading to the present

i nvention, the inventors have observed that these approaches achieve the
dest e RSB LRSS B S DR AR a2 ™
stationary shrouds, it is desirable to repair the stationary shrouds by restoring the
stationaty 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 propetties to the flow-path surfaces. In the 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
O ' 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 -

2




its necessary nechanical 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

furt her pﬂe%naeefwlﬁlleﬂw%vm%b@ progdesarlagdMdsEtagys. THE | NVENTI ON Her ei n
disclosed is a technique for restoring the nechanical properties as well as
t he dinensions, environnental resistance, and rub resistance of the
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stationar hroud repaired by this approach. The present nethod is
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base- net alfor 38 i0sthéd pliomtnkyi ng the initially exposed fl ow pat h surface
the step of applying including the steps of: furnishing a source of a
struct ural rraterl al _that is co atiple with the base netal, and depositing

the sour c&cEprdmgdo &ifirgiaspegiof thea%?nt@n, Bewsrip wwgdqdr?empwp@. ol IEPAIERSAS o d

base- neta S h t el
transferrtgatgﬁarc ?Eff'&d w%%ﬁﬁe&f%ﬁ#@ clog%al r d}ﬁg metgﬁjn' ow-thf)at h
surface. Stafilwarpslwondréiaahas petvionsyibeen inssetwigd, odlergin |the— gratimmeysshnmehis ned t o

|ts desired di Si ons
made oge lBase 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 plasma transferred arc (PTA) welding to form a repaired base-metal flow-

path surface.




shape, and surface finish. According to a second aspect of the present

I nvention, there is provided a nethod for repairing a high-pressure
stationary turbine shroud of a gas turbine engine, conprising the steps
of . furnishing the high-pressure stationary turbine shroud that has

pr evi ous| yhephagaymietpl sestopptian is (nieadiyrintpecens glachinedstovitsedesired disremsipns,ur bi ne
shroud is g?ﬁ{mﬁﬁﬁgﬁﬁm?nﬁtal; thereafter renoving any danaged nmateria

froma flgvv-p region of the high- pressure stationary turbine shroud to

| eave an initially exposed base-netal flow path surface; thereafter
appl yi ng a\doesingnet ateconds bapeattdfale preserdt yavegtiviahéraiid prakided exnabed for

flowpath surface,. the step of applying,including the steps of. furnishing
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stationary turbine shroud of a gas turbine engine, conprising the steps of
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made of a met a nmovi ng” any ria
f | ow pat h sutssgincinilpthetdamelinhgrial Rk Gsbise nidi4l] ar@dupysiting HenusBlovedyihg | eave
an initially, eéaﬁosed base-netal fl ow path surface; and thereafter applying

"a base- meihs nigalbyoesnosedh basrameigl Algvtpath | syrfepeurof yhe bighorressurq siatiprary;

surface, s kERulh i [ f Skl our ce of
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source oyshl| yurfiges laadi theteafiéd wpplyppsed basmnmenhallyf tesistapatrhb seoatiage of t he
hi gh-pressure. stationary. turbine shroud by plasma transferred arc wel di ng
to form aoY‘gE?;l‘?g&‘ﬂtbﬂsa"é@Pahﬁﬁsﬁ’FatWow path surface. The source of the
structural material nmay have substantially the sane conposition as

According to a third 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; and 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 plasma transferred arc.welding to form a repaired base-

metal flow-path surface.
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. A plasma transferred arc welder beam may be directed toward the
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the base netal, or a different conposition. The source of the structural
material nay be a powder. A plasnma transferred arc wel der beam may be
directed toward the 3a initially exposed flow path surface, and

simul taneously the powder of the structural nmaterial may be injected into
t he pl asndnitiahy expeased dlogrpativsidede, ped sinsbtapeausin the popderief thesstrugieal and
deposi t ed. .Of thUC I i Wre
that 1 s f Sna angh B8 fieal SpB TR, oIRER s PO BLRR S ettt 6 e
3b surfac q)owrt]lat isgﬁsegahﬂ dep@itedr E?e sﬁﬂi& @ﬁt&?} :Bt@mhtﬁtliml mhireﬁhlldnﬂyijhgttad oy
stationary shroud, t it is preferably a hig pressure turbine stationary
shroud. THESE il%rf%ﬁf vAte he PSRy trarsterirdoatst walder bease ang)| seprlo B, but it
is preferably made of a nickel-base alloy or a cobalt-base alloy.
Preferably, an environnentally resistant rub coating is thereafter applied
overlying the base-netal restoration. The environnentally resistant rub
coating defines a rub- coating surface, and the rub-coating surface is
typically shaped, as by machining, to the required shape and di mensi ons.
VWhile this rub-coating material nay be any corrosion resistant, oxidation
resistant and rub tol erant powder, MCrAlY conpositions have been found to
be nost suitable. Enbodi nents of the present invention are advancenents of
current technology for repairing and restoring shrouds for engine service.
Unli ke stationary shrouds repaired by the TDC process, stationary shrouds
repaired in accordance with enbodi nents of the present invention are not
tenperature-limted because of additions of nelting point depressants such
as boron or silicon. Enbodi nents of the present invention are also
advances over the (LPPS) process, since no partial vacuumis required,
making the process faster, cheaper, nore effective and easier to perform
O her advantages include |ess process variation and no preheat to
overshoot or undershoot. Very
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i nportantly, there may be nmuch | ess part distortion, so that the ability to
restore the shroud segnents to the original draw ng tol erances can be done
nore easily and with |ess machining. A |less expensive powder material may
be used in the present approach, as conpared with HVOF. The present

appr oach mexfaccthatdybeingsastdred. superi or to ADH, because the stationary
shroud is restored to its original dinmensions wusing a structural material,
rather th t he.rub-resi stant coating. The rub-resistant _coati I S

pr ef er abl ?Lﬁpsg?tfoé’ﬁryoélgfm‘? HRAY PRty BHAnay sopd, E‘ﬂf 1S PTRiE ?Y Gm%e

stati onar yprésire Udrbisd @ﬁﬁoﬁaﬁ‘?t SR aNthe AGMRMEAOSTo8E 1hile bR BEENbE 'aﬂ%’ ention

w Il be apparent fromthe Tfollow ng nore detailed description of the

pr ef er r ed oppisbli matarial, buk Bris ipreferablyompdm ef ik avickel-baset Al yaerco wplalyhasgy

dr awi ngs va h illustrate, by way of exanple, the principles of the

I nventi on. | EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a cross-sectional
view of a stationary shroud assenbly, showi ng a shroud segnent and the
shroud f| @refpably, sueivdmanrdjtgeetstim ritheoding iheRaftet dpplied bvaalding thbe

shroud suggort, Lhe shroud hanger support and the support case; Figure 2 is
a per spectPiFemyiRefesiirations: heoenyispnarpiglly reugamintub mabingededines 2arvhar t i al
perspecti ] 4R 0@ a¥n, . A [ o eries of
shr oud segﬁ%ﬁrﬁg?ﬂggg%%ﬁet@é to fggnnggﬁlg%{%tlgg}ﬁﬁ%@&ghgﬁﬁjﬁ%g?%cgﬁlﬁn 'Far bi ne

bl ades; Fithgureguited shapebargk Rimidnsionsli d@hdenthit rab-cagiprgoaaterfabmayr betangi ng t he
present approach; Fiqgure 5 i.s a schemati¢ sectional view of the ationary
shr oud shggﬁ“}?@"“{ h’ées1stf§§r§quat1°Phéesﬁsé§F0r33 i O folwant gavlen |1§4%61h ine 5-5
of Fi gur e c@mpditihshabe beenFoSE OBt Whigof the use of injected powder in
pl asma trans?erred arc welding; and Figure 7 is a schematic view of the

use of a wire feed in plasma transferred arc
_ Embodiments of the present invention are advancements of current 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 advances over the (LPPS) process, since no partial vacuum is required, making
the process faster, cheaper, more effective and easier to perform. Other advantages
include less process variation and no preheat to overshoot or undershoot. Very
importantly, there may be much less part distortion, so that the ability to restore the
shroud segments to the original drawing tolerances can be done more easily and with
less machining. A less expensive powder material may be used in the present
approach, as compared with HVOF. The present approach may achieve 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




wel di ng. DETAI LED DESCRI PTION OF THE I NVENTION Figure 1 is a
cross-sectional view generally depicting a stationary shroud assenbly 20 in
. relation to a turbine blade 22. The stationary shroud assenbly 20 incl udes
-a stationary shroud 24 having a flow path surface 26 in a facing rel ation
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 b ith its s arting. turbin i sk ot hown) and
turbine s Oglﬂﬁl cﬁ%%ﬁ%@%%?ﬁ%?%ﬂ@% 4gy g’aygilms@’t%gui shed
from the grigicidlener teriashtiopat is found at the tip of some other types of
bl ades and is a part 5 of the blade, and which does rotate as the bl ade

turns.) A small gap 30 separates the flow path surface 26 fromthe turbine
30, the less hot conbustion gas 44

bl ade ti o maller is the ga

t hat canpﬁ“i 144}5 Tﬂ@@@ﬁ@ﬁ@[ﬂ%‘gw(}%arti cipate in driving the

- turbine by 2. 0 igted are a.stationary shroud support 32 from
whi ch th?lg’%t%alﬁlggndg%} Ssegﬁ‘g‘ﬁi’gvﬁi?‘;a%t%‘b%ﬁé ,OUQ%WHP?%%? I’gﬁr%?}“hanger
suppor t - 3dgmeMandthe Rhrddae G- philoR@faye 8 r@é&ﬁt@‘ﬂ?@ﬂé ' ot £d, and a

suppor t ca%tgl 36 from which th@ stati%n ray shr oud gﬁgé%rbglggdg%dr%f% IS

suppor t eghrdedrsuppers othe shfouderangercuppom gnd tssaippoyt.cagnnd t her mal expansi on

conpatibility, the stationary shroud 24 is typically forned of a

ci rcunf erFenti l.l'y extendi ngiteser' es of individual stationary shroud

segnent s T3EHIC 5 1§ gRerspecilyq B p plastdinnapy shrpd segmeminary  shroud segnments
38, and Figure 3 depicts the manner in which the individual stationary

hr oud t ' i tiall tti
éﬁéﬁ?‘ons?gﬁo P o A Pl pRApERN Aol oR BRlorhil, Sybid FUBRET BBy fona oa°
e struatseries offshrd\gl seghhiseRSMYbISATORES d Sorfles of h BRthdePh@uhd hitbiden US

Patent 6,233,822, whose disclosure is incorporated by reference. Wen the
gas turbfbl?éieﬁngi ne i s operated, the turbine blades 22 rotate. As they
rotate and are heated to el evated tenperature, the turbine blades 22

el ongate F%g(ﬁré 838 a bRk SRR ?l%gfa%l 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 injected powder in plasma transferred arc

"~ welding; and

Figure 7 is a schematic view of the use of a wire feed in plasma transferred arc
O welding,

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 shroud 24 is to be distinguished
from the rotating shroud that is found at the tip of some other types of blades and is a part
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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 fl owpath surface 26. Over tine, the gap 30 becones |arger as
"ymaterial is abraded fromboth the turbine blade tips 28 and the stationary
shroud 24, and also lost fromthe turbine blade tips 28 and the stationary
shroud 24 by erosion, oxidation, and corrosion in the hot conbustlon

f t ur bi ne
gases: Aoof 8 R, 38 BREHTRR: LALESL md HRAELES) SIS hat 5 B3Rl lhRLTS,
and repai ﬂW»paEi@ﬂa@e%ﬁ'@ﬁ'ﬂfettﬁrﬁhd%lﬁeﬁfﬂm BRREAAGs &ﬁggﬁ@@%é jelohdihe

stationary shroud 24. The stationary shroud 24 that previ o y been in

servi ce i%mblstpsigasid4 ﬁtaéparsbak thrrouglethe@péOcahdnnspartmnpeﬂeaﬂtdnvirigethe
ne, stati onary shroud. The
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2 6 cobal kP SEGHA22 r‘%ﬁ%ﬁe" PSR PO oY

havi ng a thﬂ(smtmhmmmpmﬂ 30yis seprittedPhnd R Quhpotcd’8 36 Fim MRI@AThe!m about

10 percent ni ckel , about 15 percent tungsten, about 3 percent I ron, about
1 percentS @iqniaﬁ’o‘?]ilm‘&}dmgersllpﬂ)l‘bé‘i mtippmdganese about 0.1 percent carbon,
and the bal ance cobalt and incidental inpurities; Rene N5, having a

I nal f 7. ent .cobal t. er ce chrom um
2021 Bgrcent aﬁéum num%ﬂg‘ %er?bg%t%%uﬁﬁm%al SePRRsion cf’%'ﬂ?@@f B‘E}' e per cent
rheni um statonpsr sieoid 0913y bﬁﬂmm foRmé® orer s@aﬁnﬂa%ﬂmmxteﬂdlﬁ s@ﬁésCSf“ |

carbon, Q. 004 percent boron and the bal ance nickel and i ncidental
gpur i tidBd qu‘dab%tlw pleroud segmends 38orfigwet2 Blustistevendgbf thef st@tidnaper cent
b

I t tit
S0 er RSk SRR ¥illhe T 0PSRN WY AUT SRRl Sitonetin 0012
per cent tmmn segmeﬂta 3BeIE RREmbRUESThét Th a%&ﬁnﬂ&éﬂtﬁdm& %h&ﬁgl{ﬁm&ﬂt& he

bal ance ni ckel and incidental inpurities Rene' avi ng a nom nal
conposi t ifen ithe wangar gp@ﬂr@lenpylu&bbstaum shﬂmudrﬁ4um1he ahocturel 6f €heper cent

cobal t, %Bt%%}lar?'sﬁrd%ﬁg Fsed%gcnrg%h ¥rl?oqu %ﬂ? in@gﬂgteﬁt' 6?2?3%2%? nWthose 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 30is
reduced to zero and the turbine biade 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

O

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
stationary shroud 24 that has previously been in service is furnished, step 50. Inthe
case of most interest, the stationary shroud 24 is a high pressure turbine stationary
shroud. The stationary shroud is made of a base metal 42, see Figure 5. The base
metal 42 of the stationary shroud 24 is preferably either a nickel-base alloy or a
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al um num about 3.3 percent titanium about 0.07 percent carbon, about 0.0
16 percent boron, about 0.04 percent zirconium balance nickel and m nor
el eneénts; and Mar M609, having a noni nal conposition by wei ght of about 10
" .percent nickel, about 0.6 percent carbon, about 0.1 percent nanganese,
about 0.4 percent silicon, about 22.5 percent chrom um about 1.5 percent
I ron, about 0.01 percent boron, about 0.5 percent zirconium about 7

ercent tun n out 3.5 percent .tantal u nd th al ance, c¢obalt and
ipnci dent al%oﬁiﬂ%ﬁﬁet %E%Y 'F%ﬁa@pﬁ'ss?fﬁlbchi Easﬁiégﬁ%} §ﬁ9y%1ﬁ%??‘r‘£q L%pgﬂ h3¥iBg 4and the
resent apBhR&a ' -1 al d
Ir[:nteri al Fig remr)b\?e ' E?%%@E?ﬁe%%g?ﬁ@gg?@gwﬁgt gi?‘%ﬁﬁgﬁétagéﬂglnd; é}%s roud

24, step fikel, ebbwdGepearent tungstah,lapoaxppaeehtlingme abait al pekdeprsiBasd) abstl ace 70,

see Figure 5. The flow path region 40 generally corresponds with the
| ocati on of PREeRt gigngangse, aeputadé pecett carbomearnd thribalagcasobelk ot v

coi nci den yse of...th I €% of damaged mater,i.al ;and the | oss of
base met aFnci%%g‘jer 198?’&“3’5. 'ﬁi%a}?ﬂ?&gaeﬂo FPIPOSIHAY erﬂf‘FlEg‘eoéﬁéﬁnant s of
the prior ' PansYs [o) ol date i @n, and
er osi on p?gﬂggncltc@matggggﬁé as glggtﬁﬁ’%l’ggkgjaeﬁtagie lﬂn'é%l’eg'lgaﬁ% P"r%lﬁg@ﬂ‘%" rge nmoved
by any opperabiteuagstenga perecehtrhemeng i geredht nidlgbdehony, 0abher@at Rafnihth,i s first

degr eased %ﬁ any operabl e approach. The flow path region 40 is then ground
or grit - BiVaspetent ¢arkare\le0Gdhpencertnborpn andethierfoplandedaiskelNuxdt incidental ow- pat h

{1 dor i do- FORrRELAY-RS8 RRES « i B EnbFof b NelatERss mresbartall 1Bammged

mat eri al , p@8sht chRnkmos 4" : I¢: y ' ' abr asi on
@ri ng selrjvi ce, is that trﬁg%%ﬂ%hclﬂlne@g%te%p 0 &?ﬁle as’el'(?%(rgglgkﬁtj%] tlglﬁglé

cksi de- pécpertert tthigwters t .75 petdenntandalofh, O 2f pereemtabdione0ien pHcept t he
stationary shroud 24 is too thin, and bel ow the thickness required by the
speci fi cafremeumTh3 psrasnt piodium ane ithe belaneapiskel and inaidlesial ibperitissecause i f

b ' | i dir 1.y to the expose rf t t.hi oi nt,
? h:aus‘t af ?%%Iléérllg] ﬁ@%rggg%?%qv%ﬁb@%ﬁ%én St tBé‘%ﬁlﬁt ' Hﬁhf‘égépﬁrﬁﬁlﬂ%‘?t Pes and
- I nsufficigivut 'ES0 PeBRBE 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
C‘} cobalt and incidental impurities. This listing is exemplary and not limiting, and the

pr'esent approach may be used with any operable 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
surface 26 of Figure 1, but is not exactly coincident because of the presence of
damaged material and the loss of base metal 42 during service. The damaged material
may include remnants of the prior rub coating, damaged base metal, and oxidation,

corrosion, and erosion products, as well as soot. The damaged material may be




to bowi ng (chording) when returned to service. A base-netal 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-netal restoration
+72 has a thickness tA that, when added to to, increases the thickness of
t he backside-pocket portion 74 of the flow path region 40 to a restored
thickness tR,  which is within the tol erance range of the thickness

speci ficat] si de- pocket 74. The,st of ,appl ying 54 incl udes
the. st epa oVt Ay e RE R oaho it Ghe fomnedaly e e Par Brofdlts Rt

conpati bl g 'atsedtﬂg,edr@a@@ e 3 St PGn_ ht:l t uct ur al

mat eri al ovgg‘ral yi ng the irﬁitiak?lfl)g(él}(pgg%dﬁ@gs%@gn{a a@???gé\/_ﬂ%& gﬂ?%gce 70 of
the st at i gnilablpsted torain@®v dny tightlyrmihtring skides eNeatrthe (IohApathetgdbndotie form a
repaired flowpath surface 76, step 58. Plasma transferred arc welding is

a known [A%¢EwDed to resigysthe pluminides.dalowsd by s flupsiderian cleaningi @ Clsed i n

the restoration step. 54 to apply the base-netal restoration 72 nay have
subst anti gl L1 ) base al 42. The . uyse of
cubst ant (AR e SEIENEAERETA 4 S Pieet RSB RC o IR et sl 386 e o
conposi t iraeal 42 By ekikfiedlandsbradioh difife BaSRTRIRA tHe Ieary
shroud 24 and thfé 8 base- net al restoratior?’ 72 are tfh‘g({lﬁn%&?%%g{elt%%‘ bot h

cheni cal Imsta] 42 ineg packsidegpocketdfivnndstpostiain 74 8 thedldvopathtregion @l ofalie phases

o AL 2420 Db et B st s
e bondi s ibyn ,

i di ' ey of e .of t her nal ' d _nelti
oi nts. heaeichesy THASBRREAIEL R Bifkadsd % SR TEBROeBtisg 8 b apply
Ci;e bas eomth@lworesppliad tRectB2tda dipokeRdutAdeathil F&iﬁﬁ%ﬂ& SERIERGS) 1 on

an the base. neta 42 to achieve particular properties that nay not be
achi evablsbravdedt whelddwye insufiiciéntmeechanianl propéies and rsuffivienteesipasdd i on as

the base nmetal 42. Two .approaches are of particular interest for depositing
the strudt BPaineberdity) Ben feturted {6 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 ty,
- which is within the tolerance range of the thickness specification for the backside-

pocket 74.

The step of applying 54 includes the steps of firnishing 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 plasma transferred arc (PTA) welding to form a repaired
flow-path surface 76, step 58. Plasma transferred arc welding is a known process for

other applications.

The structural material used in the restoration step.54 to apply the base-metal
restoration 72 may have substantially the same composition as the base metal 42, The
use of substantially the same composition for the restoration as the base-metal

composition is preferred, so that the base metal 42 of the stationary shroud 24 and the
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pl asma transferred arc wel ding, step 58, as depicted in Figures 6-7. In the
approach shown in Figure 6, a plasma transferred arc wel der beam 82 is
_Jdirected fromthe plasma transferred are welder 80 toward the initially
rexposed flow path surface 70. Sinultaneously, a powder flow 84 of the
restoration powder is injected froma powder injector 86 into the plasm
transferred arc wel der beam 82 and upon the initially exposed flow path

surface a . er..| S depeosi;ted gnto, the initially
‘exposed %%%%h}eg ]lt',lgl‘il é‘@g\ﬁo%%ﬁgi}g gﬁ%ﬁ%eﬁ&g‘f clleggcﬂp)és% re3Psts #Oer red
arc wel dgjro 'éﬁ&ﬁ'a@ﬁie&ﬁnﬁﬁidnhﬁtnew}ﬂwbéytﬁfdu iR RIsidrS af® bhfdcaapd t he
t opnost g{)rﬁ}gn . of the base netal 42 is nelted, but %r{gt t eﬁﬂ%d t1ying
portion dh redpecttageopertied suth as she baiding bf the .baJdmmeal 42 and thababaneted ar c
wel der 80 and the powdey, injector 86 nove _together laterally across the

initial | yeERREORI'% 1yRding mismpaichct the, cosflicients of bermyl expamsiopotser i s

i . d 3 . {r. | d
beam oo, ieltite PRIE T SRGRPESedd phef BT RalHOR Sieb! £t Ay I "
transf er ngge-aiefal ré@bAGENSR MBY eHsteVBER ¥ dARFeMongRERlon'@ah Sha bRgy ti cul ar

area. In the approach of Figure 7, the plasma transferred arc welder beam
82 is di meetalAR tofachieve pertiziudes ipropertiesthat may nat be adhicimbleB@heroirrtthse-he

initially exposed fl .path surface, 70. Simultaneously, a wire 88 of the
st r uct ur PCIRECPragon; lggmam%cméo%@dhggwmﬂa wire feed,
schematically indicated by a wwire feed arrow 90, so that the netal of the
wire 88 i | : 2 0 bl e h
surface '}é’lé #ﬁgﬂe\n&{}g aggeﬁgéﬁlgglag l%tgﬁsggnl n bé%@éé ékfeeg%ﬁ%%%g% Qa@%ﬁaﬁ?&a

@_nt i nuowtasami thansfedrelinec welkiig, Iseypes 8, af délbieteali@m%uésr@ms iR tHeegpprbsechvel der 80

selected so that the wire 88 is nelted and the topnost portion of the
base net ghown in &ighse tbed, plovma transferrad aremebler peary §Roistdicevtest frohethsase net al

50 move. PUERESFERE Y o kGe SDdeveLLE drhl piseD Beua b Ul cur face
(he pl sty aReqBLe e Slvaa Y 3 EIRDRSRaLIGH bolBer BOMOEd SBIPESTT 1o
powder injector 86 into the plasma transferred arc welder beam 82 and upon the
initially exposed flow-path surface 70 so that the powder is fused and deposited onto
the initially exposed flow-path surface 70. The power level of the plasma transferred
arc welder 80 is selected so that the injected powder 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 plasma transferred arc welder 80 and the powder injector 86 move

together laterally across the initiaily exposed flow-path surface 70, so that the injected

a

powder is progressively melted when exposed to the plasma transferred arc welder
beam 82, and then progressively allowed to solidify as the plasma transferred arc

welder 80 moves onwardly and no longer heats a particular area.

In the approach of Figure 7, the plasma transferred arc welder beam 82 is directed
from the plasma transferred arc welder 80 toward the initially exposed flow-path
surface 70. Simultaneously, a wire 88 of the structural material is fed into the heated
zone with a wire feed, schematically 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.
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to solidify as the plasma transferred arc wel der 80 noves onwardly and no
| onger heats a particular area. The two approaches of Figures 6 and 7 may
. .be .conbined as well, with some of the source of the structural nmaterial
‘being introduced as a powder as in Figure 6, and sone of the source of the
structural material being introduced as a wire, as in Figure 7. The
- present approach offers distinct advantages over .ot her techni ques. The

f | ow pat h 1. eqi 4 hch the base-netal restqratign 72 ig applied is
yo cat 1y TRRPRERFIaRH S Dol RSt Py it B00h pelPusdod Paf B wise 10
desi r abl egg hahelk&PaktPie iopRidst gaﬁioﬁgoftth@ baSe RepdIA) &r&néﬂed)%upﬂqa%ﬁ ter than
necessary. The plasma transferred arc welder 80 has a nuéh T ower heat

i nput t hamdetliimg roetibmoff desbaseahetab4 hisHMd® metteder The plasiatirantferfelitagc t he
restoratioagmat erial but does not introduce nore heat than necessary.

However , Wedetdkand the wise fend-30 meverdagsthes lateradlytaseossphe inially eposedn of t he
initially, e fl pat rface 70 are nelted duting the heating,
there is %&gﬁg@n%‘nﬁa&e %ﬁ"gﬁtﬁgﬁh‘* Bﬂﬁ%e‘gé’f’{”,\vg@hl REO%fS%wasgm%Wdﬁﬁ%d t he
under | yi ngpbaato MRifsniPtranifriddGrs AeRILPEREE 82, 1A T eSiiedly %oﬁcfam.
thermal spray processes. The present approach al so produces “a relatively

| ar ge gr domokidifeas thet plesme stansfatred arc/eldeh 80 movasaaehrily 40dRH mgeIHVOF
Kprocessej_ieawhi ch_i@ desirable for creep and rupture properties. [n any

case, thdCPBARFIGWALGHEAso| i dified base-netal restoration 72, with its
repaired flow path surface 76, deposited overlying and upon the initially

exposed f , b . the anpunt, of stryctural
mat eri al %ﬁ?@%&? f°3§ﬁ%8§1§‘§?‘ pegﬁén?é}%g;?%ﬁﬁﬁ}%én%c{]@nw a‘?”l,th S4Pe P% ﬁﬁe
' @posi ti Goukk & tBSstriidt@rat hiaié’ﬁlﬁﬂ)%iﬂgﬂnﬁﬁdﬁ&d+astf‘goi}vﬁer 40i it g thin a
"e-defined specification range required for the stationary shrou 24 to
be ret ur seatetod thessouiasen thi slewenral inaterial téihg intrdduced ane wiry as infipureesul t
pr eci sel)e and with a highly uniformsurface, and the usual approach is to
deposit t'he structural material to be slightly thicker than desired.

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
avoid distorting the thin base metal 42, it is desirable that the heat input during the
resteratiop 54 be no greater than necessary. The plasma transferred arc welder 80 has

a much lower heat input than other techniques such as a TIG welder, so that it melts
the restoration material but does not introduce more heat than necessary. However,
because the restoration material and the uppermost portion of the initially exposed
(7 flow-path surface 70 are melted during the heating, there is a strong metallurgical
- bond between the restoration 72 anfi the underlying base metal 42, unlike some other
techniques such as some thermal sﬁray processes. The present approach also produces

a relatively large grain size in the restoration 72, when compared to LPPS and HVOF

processes, which is desirable for creep and rupture properties.

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 deposition step 58, the thickness tg (=t +t,) is -
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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 value and the shape of the repaired base-netal flow path surface
76 is correct. The powder deposition process 58 is not sufficiently

preci se to achi eve exactly the correct thickness and shape, and the

I n-process machining step 60 is used. Optionally but strongly preferred, an
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enhanced environnental resistance s rub c

rub coatandgvittes bighdy anifornt sut€acaanditheistaXhpmivacieisv idepauit thé giRsbrapel ect ed
fromthe rQup consj sting of cobalt and nickel and conbi nations thereof

~and (X) i@*ﬁﬁfﬂalépéﬁeﬁlﬁghﬂgémléﬁrébm@%ﬁfﬁdhe group of solid solution

strengt heners and ganma prine forners consisting of titanium tantalum
rheni um I nd., e . and .arain boupdary str t hepers

consi sti rIIIgB oc% B o{r%:(l‘)i anaS%a rﬂg%ﬁ%ﬁﬁ} lﬁ%?ena%ﬂﬁjr%qsﬁ B}ﬁcﬂ'ﬁtﬂ‘d’mﬂﬁgﬂﬁ%@ﬁ ons
thereof ; tanbtBFedidred thR¥nediay bPthe®aSOmchalis FRTHRESL] | ' [ percent,
of about 18 percent chrom uﬁ]X about 6.5 p(lasr centgg %%ﬁ%%}h@%@%&?ﬁ@ﬁf per cent
cobal t, disotapaieddasemettlafiowipath satfmet 76 ipeosestt The powder agsitioh 5
percent hafnium, . about 0,3 percent yttrium about 1 percent silicon, about
0. 015 pePrSss 28 i¢ Ot swEficiently nregsetosaghieveceracty rthe corpelthiolnes aner cent

car bon, b ni - -] NGI tal inpurities. The rub coating is
appl i ed %@5@“@%@3%@%%8@%@%@%‘8?%b‘%‘é eélr ably by the HVOF

@i gh-vel ocity oxyfuel) process. The rub coating 78 is preferably in the

nge of OpbionallY bAOStrEndl profhed, i 3AviroRROR diftaht t

preferably in the r_ange}:i!lgflj from0.005-0.05 i ﬁgﬂgg 1( 130 - kél%g%gr?)@lﬁn

t hi cknes 8PplipgeoverbnaE apd sonstingiiliecdtaseimdtalzrestomatiorg 2, vebm62.t igasbas a
protective shield to de formation, is a relatively |ow

: .
t enper at fpaing, _ hsaplfeg%% V_eapﬁ’é‘fe%)é#’l BRicpYy 1n the Eorp pE amoatfdebﬁn@%ﬁvgg density
Oxi de- 1T gtha@ad bRfirortnéntdf ASistdtd FhYchE b SKIPRERE SExdriples of such rub

coating materials include an MCrAIY(X) where M is an element selected from the

group consisting of cobalt and nickel and combinations thereof and (X) is an element
selected from the group of solid solution strengtheners and gamma prime formers
consisting of titanium, tantalum, rhenium, molybdenum, and tungsten, and grain |
boundary strengtheners consisting of boron, carbon, hafnium, and zirconium, and
combinations thereof; and BC-52 alloy, having a nominal composition, in weight
G percent, of about 18 percent chromium, about 6.5 percent aluminum, about 10 percent
cobalt, about 6 percent tantalum, about 2 percent rhenium, about 0.5 percent hafnium,
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 balance nickel and
incidental impurities. The rub coating is 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 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
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known in the art. The HVOF process typically uses any one of a variety of

fuel gases, such as oxygen, oxypropylene, oxygen/hydrogen m xtures or

. kerosene. Gas flow of the fuel can be varied from 2000-5000 ft/sec (610 -
1520 nms). O course, the tenperature of the spray will depend on the

conmbustion tenperature of the fuel gas wused, but will typically be in the

range of 3000-5000F (1650 - 2760C). Preferably, a slight excess thickness

LA N R e A
e, BRI R AR 1 st S5 Bl ™

obscured by the steps 52, 54, an es or carners,“a
rest or ed. sukh asoxypen, oagpropflehbeoxdygeshydiogen eistieed ifoséae. Gias flGwdrf fi cul t

t o deposi té}g rub coatjng. 78 to Eﬁeci sely the desired thickness, shape,
and surf a hiath be | yarigd frep 2008000 fidsec 6l ac E526F myHe Qfubowrsmttheg i s

optional | i.ned, ep 64, 10 the desired shape an t hi ckness, as well

25 to t neb ARt bRy il abend B oneiot R ol G el e

present i ueaNButOAIIWpitalBELARRBE BiifoeldrB0DH3B00S L e blyed

description of thew%ﬂr)efgftr)ed enbo |errent, takgn 'lhwcg%?m't Fgéri;&%b h the

acconpanya slightrexwessothicknbiscdt thiel rubtaoating Myisvepplied, @xottieh @he ekbesfs i nci pl es
e of the invention is not, however, limted to

of the inventign. The cop s ) ! |
this prefl@foygcd Béﬁ’erréﬁ"t low-path aynfese 26 ang aphiavedhe clesireshdimensipnal

st ati onary. bine. engi ne, .canpri Si th te of :

f ur ni shi n%lc?(ﬁé&s éﬁ% B%a&%aggﬁgup%&ﬁﬂawngmlfggfﬂ?éﬁg?tﬁmggi@?%e,

wher ei n - dHReureldlyitBOSEys $1115qUshd 50 RER tho%s%ﬁ%@m@Fst B reftBPERY | N9 any
maged material "froma flowpath region of the stationary Shroud to |eave
¥ initially exposed base-metal flow path surface; and applying a

base- met aks inghe oasgtof the eweniefal mesteraton A2t il difficalt podembsit Hmvupabhting

78 to precisely the desired thickness, shape, and surface finish. In one approach, the
surface of the rub coating is optionally machined, 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 from the
following more detailed description of the preferred embodiment, taken in
conjunction with the accompanying drawings, which illustrate, by way of example,
the principles of the invention. The scope of the invention is not, however, limited

to this preferred embodiment.
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surface, the step of applying including the steps of. furnishing a source
of a structural material that is conpatible with the base netal, and
depositing the source of the structural nmaterial overlying the initially
exposed base-netal flow path surface of the stationary shroud by plasna
transf er r AMSye| ding to forma repaired base-metal flow path surface. 2.
The nmethod of claiml, wherein the step of fam shing the stationary shroud
i ncl udes tjhe st ' i:sihi ) r hi . ' ry shroud.
5 The method of el Sr i feBbENE Aoy kAT afs il Bl Mok RGRK D0
shroud i mled siehsofa step of: furnishing the stationary shroud nmade of a

ni ckel -base al l.oy. . 4. The nethod,of claiml , wherein the step of .
furni shing the f%%&!‘}n&n Fﬁtagﬂ}l%(f’hrquﬂct*"%% Pée‘g%‘ﬁ‘/ SF‘?’“ FLSSRYIEH W ¢iR e

st at i onar Yhhatherydhedudab nde ePabhsehags; al | oy. 5. The nmethod of claim1,
wherein the step of furnishing the source of the structural materi al

i ncl udes the stapowdng ahyrdamsigbd gnaterial Soum geflow-natte regiow of thalstatianay i al

havi ng su i the. conmposi kion as the base netal. 6. The
met hod of tg%llogﬂﬁi %fl&?y/\?‘?elr;l g}%@t %0%33 ot Lﬁ?ﬁvﬁﬁ‘rﬁj‘ fi& QBurce of the
structural mat epplgingi ) Ghstd@stal hestsrhedh oberdyiig itlsdhidiGallshexsoabd FRwepath he
structural terial having a _different conmposition than the base netal. 7.

The met hod¥k cecqh_aismffanm@ingirﬁ%di@g&ws@msp irni shing the source of the
structural materi al fdlﬂﬁhfﬁg%sv\%)tg?% SH L ArRbural HABLANhAGs LBRpSOME SRadhe t NE

structural material as a
base metal, and

depositing the source of the structural material overlying the initially
exposed base-metal flow-path surface of the stationary shroud by plasma

transferred arc welding 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 , 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 , 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 claim 1, 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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8. The method of claim7, wherein the step of depositing includes a step
of. directing a plasma transferred are wel der beamtoward the initially
exposed flow path surface, and sinultaneously injecting the powder into
the plasma transferred arc wel der beam so that the powder is fused and
deposi t ed.compositian ppthsbdseonetel ai m 1, where the step of furnishing the
source of the structural material includes the step of. furnishing the
source of the structural naterial as a wire, and thereafter nelting the
~wire using.a plThsmmaethbdnsdf daifed, aereie|the stdpeaifurdighing e Bl bfofhec! ai m 1,
including an additional step, after. the step of applying the base-netal
restorati SHuctyR H’ﬁfﬂrﬂ?ﬁ?ﬁh‘gﬁs BavtePSBnent al | y resistant rub coating overlying
t he base-net al , [ |-l LNC '

addi ti onal st eggst?lﬁsgﬁrgetrﬁg ltsﬂje}cgsg’%%egﬁﬁ%tg%}l ?%ﬁegrm %’%’éﬁ%g}s‘iﬁﬁg e{%OHngglt%%ati on,
of : appl yitleg therbasewetanment al |y resi stant rub coating overlying the
base-netal restoration, and 14 machining the rub coating. 12. A nethod for
repairing a high-pressure stationary turbine shroud of a gas turbine

engi ne, cqnmpri ghedmeMed SHeBRin®fr, waDi @bi G LR SulHi @il HRS Siire Jrahkonary
turbine shroud that has previously been in service, Wherein the

hi gh- pr es stecurgl metepabingludes the step ofir oud i s made of a base netal;

thereafter re [.N4Q: terial froma flo ath region of the
hi gh- pressure Etsqlféﬁllngﬁg?%%?%%ﬁ?lhegsﬁfgﬁﬁgﬂdn?tgnﬁ]@g\;@og eIi")ni tially exposed

base-netal flow path surface; thereafter

8. The method of claim 7, wherein the step of depositing includes a step of:
directing a plasma transferred arc welder beam toward the initially exposed
flow-path surface, and simultaneously
injecting the powder into the plasma transferred arc welder beam so that the

. powder is fused and deposited.

9. The method of claim 1, 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 plasma transferred arc welder beam.

10.  The method of claim 1, including an additional step, afer the step of applying

the base-metal restoration, of:

applying an environmentally resistant rub coating overlying the base-metal

restoration.

11.  The method of claim 1, including additional steps, after the step of applying
the base-metal restoration, of:

applying an environmentally resistant rub coating overlying the base-metal

restoration, and
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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 substantially the sane material as the base netal, and depositing the
source overlyin%§%Pe initially exposed base-netal flow path surface of the
hi gh- pressure RastingRgthe ihGa8HRE shroud by plasma transferred are wel di ng
to forma repaired base-netal flow path surface; and thereafter applying an
envi ronnenbal | ya Less t 1 W

Festorati on 15 TRTARE R rehHine o hialrgate Kbt by PRSI 2 850 g ¢ he
sour ce of turhine epgmectompaisingghestepd ofi ncl udes the step of: furnishing the

f the structural, material as. .14 T t hod of. claim 13,
wher o n_the ot EPBRRABb LR RS r TTisBa s strid kel grevigpely tsfhonm.
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surface, and sinultaneously injecting the powder into the plasnma
t r ansf er r &ptely teigefieler beam so that the powder is fused and deposited. 15.

. The met hod of ' t f i.shi t t he
structural 1 Gy ey ELEdaRReTaRg = Ao Piftein of BBt Eflre o e

st ruct ur alstatiegay indbingsheoudl theav@nth inedligadxpsed et fldwepihrs@rfisd;ng a
pl asma transferred arc wel der beam 16. The nethod of claim 12, wherein the
step of apPr$A®y t he base-netal restoration includes an additional step,
after the step b : . - 1.al., of:
machi i ng the BONEREE 3 <y B8l PRGBS Budtlyid e SHAMR) Mbeed HoSl bk

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 plasma transferred arc
welding to form a repaired base-metal flow-path surface; and thereafter
applying an environmentally resistant rub coating overlying the base-metal

restoration.

13.  The method of claim 12, 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.

14.  The method of claim 13, wherein the step of depositing includes a step of:

directing a plasma transferred arc welder beam toward the initially exposed

flow-path surface, and simultaneously
injecting the powder into the plasma transferred arc welder beam so that the

powder is fused and deposited.

15. The method of claim 12, where the step of furnishing the source of the
structural
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17. The method of claim 12, including an additional step, after the step of
applying the environnentally resistant rub coating, of: machining the
environnmental ly resistant rub coating. 18. A nethod for repairing a

hi gh- pressure.statipnary turbine shroud of a gas turbine engine,

conpri si nd‘lﬁt?f@igf’%‘ﬁgsgﬁ SI“t'Pr‘l‘fJFjshi ng the high-pressure stationary turbine
shroud that haguRiiQHs bohr@EGMN 41 fifterifIR o8l LG it fifePr eSSUT &
stationary turbine shroud is made of a base netal; "‘thereafter renoving any
damaged nat er i aeltifig themarefusing qoplbdma egisferredfare tvelder béenpr essure stationary
turbine shroud to leave an initially exposed base-netal flow path surface;
and thereafter applying a base-netal restoration overlying the initially
exposed fligw pghb Sethbacst claf $3,eWhefeiRRé Yhdpo of | APl NHe thiSe-flcpirs of
furni shing a source of substantially the same material as the base netal,
and deposiestargtiominchdey ae additipnalistay, efier thaistepadfl depesiting dt $saxes ofethal | ow
path surf Qtfalltngﬁ h]! gp-pressure stationary turbine shroud by plasm
transferred arc vvepal’ng' to forma repaired base-netal flow path surface.
19. The net hodnakhigim the bise-metel restoragioan additional step, after the step of
appl ying the base-netal restoration, of applying an environnentally
resistant rub coating overlying the base-netal restoration. 16

17.  The method of claim 12, including an additional step, after the step of
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applying the environmentally resistant rub coating, of:

machining the environmentally resistant rub coating.

18. 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; and 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 plasma transferred arc

welding to form a repaired base-metal flow-path surface.
19.  The method of claim 18, 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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