METHOD OF REPAI RI NG A STATI ONARY SHROUD OF A GAS TURBI NE ENG NE USI NG
PLASVA TRANSFERRED ARC VELDI NG FI ELD OF THE | NVENTI ON Thi s invention
relates 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
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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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tolerances as determined by the engine's size as well as to restore the corrosion

resistant properties 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
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



as well as the dinensions of the coated stationary shroud are restored. The
present 2 invention fulfills this need, and further provides rel ated

advant ages. BRI EF SUMVARY OF THE | NVENTI ON The present invention provides a
technique for restoring the nechanical properties as well as the

di mensi ons, environnental resistance, and rub resistance of the fl ow path
surface of a stationary shroud of a gas turbine engine, and a stationary
shroud r epaientian fgfills Hiis negrb ead drtherpsovideswelptedrad vastnges typically utilized
after the gas turbine engine has been in service and the stationary shroud
has been subjected to extended operation in conbustion gas, high
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desired gbBBSH Ofier applaciondind surface finish. The source of the
structural material may have substantially the sane conposition as the
base netal, or a different conposition. The source of the structural
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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
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. 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. A plasma transferred arc welder beam may be directed toward the
initially exposed flow-path surface, and simultaneously the powder of the structural
material may be injected into the plasma transferred arc welder 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 plasma transferred arc welder beam and fused onto the



powder is fused and deposited. The source of the structural material may
instead be a wire that is fed into the plasma transferred are wel der beam
and fused onto the 3 surface that is being restored. The stationary shroud
may be any stationary shroud, but it is preferably a high pressure turbine
stationary shroud. The stationary shroud may be nmade of any operable
material, but it is preferably made of a nickel-base alloy or a cobalt-base
al | oy. Préﬂ@?%bﬁ@tméﬁﬁﬁﬁvﬁp mental ly resistant rub coating is thereafter
applied overlying the base-metal restoration. The environmentally
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an advanceﬂent of current technology for repairing and restoring shrouds
for engi n@'8¥rvice. Unlike stationary shrouds repaired by the TDC process,
stationary shrouds repaired in accordance with the present invention are
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wi t h HVOF coifipesifiors baxte appfoachtofreanosiasnitaldehi eves results superior to ADH
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a structural material, .rather than the ruyub-resistant coating. . The
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base restoring 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 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 is 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 is used
in the present approach, as compared with HVOF. The present approach provides
achieves results superior to ADI, 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
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metal of the stationary shroud. O her features and advantages of the

present invention will be apparent fromthe follow ng nore detailed
description of the preferred enbodi nent, taken in 4 conjunction with the
acconpanyi ng drawi ngs which illustrate, by way of exanple, the principles

of the invention. BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a
cross-sectional view of a stationary shroud assenbly, show ng a shroud
segnent aEnUAionyisl theracenmpatyingsdrewings vadshidioprate.dytwiey of gxampleatheur bi ne

bl ade, the_. sh o% ort. t he shroud hanger support and the support case;
Fi gure 2 PEPEIPRS, ﬁ%%[)v%u%ew of a stationary shroud segnent; Figure 3 is
a partial perspective view of a stationary shroud assenbly, conprised of a
series of shroud segnments assenbled to forma portion of a cylinder around
turbi ne BRBFDESCRIPEICGNIQF aHE DRIA WINGSdi agr am of an approach for
practicing.the present approach; Figure 5 is a schematic sectional view of
the stati 6HEH§ Ldh7SIRESSAGInALVIEWE] |aaﬁyf§m1aef shrewbassesblys shqvang arshran
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wel di ng. DETAI L DESCRI PTI ON N\/EI\FI'I | gure’'lis a

cross-sectional view generally depicting a stationary shroud assenbly 20 in
rel ati on Figue s biparspbitaceview of Arstatinmaty smand segmeantid assenbl y 20 i ncl udes
a stationary shroud 24 having a flow path surface 26 |n a facing relation
toaturb ebadet 28 of .the turbi bl ad term onary
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blades;

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 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

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



fromthe rotating shroud that is found at the tip of sone other types of

bl ades and is a part 5 of the bl ade, and which does rotate as the bl ade
turns.) A small gap 30 separates the flow path surface 26 fromthe turbine
blade tip 28. The smaller is the gap 30, the |less hot conbustion gas 44
that can | eak through the gap 30 and not participate in driving the

t ur bi ne blade 22. Also depicted are a stationary shroud support 32 from
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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
stationary shroud 24 that has previously been in service is furnished, step 50. In the
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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case of nost interest, the stationary shroud 24 is a high pressure turbine
stationary shroud. The stationary shroud is nmade of a base netal 42, see
Figure 5. The base netal 42 of the stationary shroud 24 is preferably
either a nickel-base alloy or a 6 cobalt-base alloy. Exanples of such
base-nmetal alloys include L605, having a nom nal conposition by weight of
about 20 percent chrom um about 10 percent _nickel, about 15 percent

t ungst en, coBYEPasE AlkoX: edxampies of pesit baseppeiabptloxs indlede LaBoubaving 8 per cent

Mpar ¢ eRoMiH crhsRRICE st M hool 50 sifeoBr HRORSUH By [0 BrebiE o
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tantalum 5 percent tungsten, 3 percent rhenium 1.5 percent nol ybdenum
0. 15 per cdni pleafent umgngatesds apeutc 81t pemettooarbon,06dd pee dakinchd awbalt aavd t he

bal ance ni,ckel and ingcjdentaky . ipmpurities; LN-738 having a nom nal

conposi ti ngvtae‘m‘tﬁﬁeg‘?@ I\p/I Vl%%&PW}naiéomé’QF‘é‘Qﬁg’YcW?‘&g}f 9ﬁ7-53. 4
percent al.um ) -t anj n per cent
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inmpurities; ReneR 77, having a nom nal conposition in weight percent of
about 14. &.Ghpeneeninsarbeio® 04 pecrepe borom and e balaneronickadl ang éneidental

| ybd bout . 4. t | um ..abqut 3. t titani bout
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percent caudesrceabnimizsen,]l 1 78 grodnt Tamghmne s 012 petdend bérgee 0CEIY pedckatcon,
about 22.5 percent chrom um_about 1.5 percent iron, about 0.01 percent
boron, abd&icogun, S cpereentAliphivn and thy nigket epd inaidgiialdmpuaibiest 3. 5

ce
percent t and the bal ance .caobalt .and incidental .i rities. This
reting i SChRenmmad e ing! FRRos RE RakorBfthe Ok LR s TR, oo
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fl owpath region 40 of the stationary shroud 4, step 52, to Teave an
initially abxpiosmdatiar 8-3nperednt fitaoiwnpabbutslifT pereent@artoagcatieiug 0106 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 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



5. The flow path region 40 generally corresponds with the |ocation of the
flowpath surface 26 of Figure 1, but is not exactly coincident because of
the presence of danaged material and the | oss of base nmetal 42 during
service. The damaged material may include remmants of the prior rub
coating, damaged base netal, and oxidation, corrosion, and erosion
products, as we||l as soot. The damaged material may be 7 renoved by any
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a rub co%‘?ﬁ?z\/\%r %ﬁg%%% e .%%%ﬁ?df%ge%gégggg%g% @@gﬁ%@éﬂ (?i[l[tﬁ? ﬁ’igsge poi nt,
the stati emasid2 ahiieuldsidd pocist dhiraiest) Eﬁﬁwnf’i%ﬂﬂé fIGRChaA r&Abn PO QPEH | es and

insufficient resistance to bow ng (chording) when returned to service. A
base- et alstatieganyr shiovd 24 isstagpshine cangv beloy ribe athickinassc oequiceid iyt thet he

initiall d fl h f 7Q0.in the fl t h [ 40, st
54 The baRecigtins. B oRrpETivs G dickn i HadsSiiRle, Repgribd Bded to
{1 owe pat h e o Paar ety e, BRI SRRRCA ot e Sfahmy®

t ol er ance shamge@4ofodlddavhimskffecdant spebahicalproperticd and isulfvids iredstaecket 74.
The step of  applying 54 includes the steps of furnishing a source of a

st r uct ur alto bawing (chprdingdwhen reBivped 100iesVifet h t he base netal 42, step 56,
and depositing the structural material overlying the initially exposed

base: o iy bk Al 3279 sHbipd gL A AL g™
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 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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fl owpath surface 76, step 5 8. Plasma transferred arc welding is a known
process for other applications. The structural material used in the
restoration step 54 to apply the base-netal restoration 72 may have
substantially the same conposition as the base netal 42. The use of
substantially the same conposition for the restoration as the base-netal
conposition is preferred, so that the base netal 42 of the stationary
shroud 24 basedmetpd Bstpraienng? aarer ddly opempaible 2osh ecbemi¢allye dnprgspast dobot h
chemi cal |

i n. . i he f,. i f h
Cheouon | roneDidsRH8T b SorgRAB 8F he py2seS BSierl Dt M, SRRt b oo
the bondi Rgrabedths phiaidsaush aél‘aleadb%dh(f)g?‘of?ﬁée rsansgfrhahl 47 834 Me¥Hab&hefA:

avoi ding m snatch of the coefficients expansion, and nelting
poi nts. Thestarhtion t7d; avoidiigemisrhatals ed the cobfficiesd of altérmal skpmshoh, tadndappl y
the base-netal restoration 72 maé I nstead have a different conposition

than the Bdieng peinty Lhe stochunl mgterishpsadom the reierplen step Sérataprytheot be

hi evabl - | . i o 72 .S th i ti
the bace VRTapeyL e ATER TTThA, WSS Aol bab HoPRRE M Bkposi ¢ ng
the strucintal42®taehicdt pmicumkmrﬁés&ﬁ%ﬁgﬁ& B &chiableNGherSthebas8. as

depicted in Figures 6-7. In the approach own in Figure 6, a plasna

t r ansf er r swetalrestorskidn72le the Bghel @mjiaséivne the basetrhetal 48.asma transferred arc
wel der 80 toward the initially exposed flow path surface 70.

Si mul t anequsl a powder flow 84 of the.restor.atign powder is injected from
S T owdor 157 HineBndgh are, pbpRHEOIer Siest ncepayiis T SPRBHaLmolssE BEo - and

uder ') & _ et i & |
oo anaPiEhedrexEURReRRIGod MpPis S HEUREE IFERI O, 18 OF, RBIRY, °,

power | evehowd iii Fegurt &S meplhdsran shesfered asy weldel Gesm® {ssdisRtRCiom e t hat
the injected powder is nelted and the topnost portion of the base netal 42
i s nel t edplasme trangtersedarewgkder B0 tgwandrthe dnitially exrospd lewipathisurfacd 0. not

nelted. T lasma transferred ar |.der 80 and the powder inj.ector 86
move- 1 oget PP EREREPr bostitrolia i OF e Teskro e phagal 1 buesisd KOBLAT ace 7o,
SO that thewdel BER6 86 MNEahe phasRI0PARIS EIY WBUELHAN]D £HPGRRCHE0 t he
pl asma transferred arc wel der

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 initially exposed flow-path surface 70, so that the injected

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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beam 82, and then progressively allowed to solidify as the plasma
transferred arc wel der 80 noves onwardly and no | onger heats a particul ar
area. In the approach of Figure 7, the plasma transferred arc wel der beam
82 is directed fromthe plasma transferred arc wel der 80 toward the
initially exposed flowpath surface 70. Sinultaneously, a wre 88 of the
structural _material is fed into the heated zone with a wire feed,

schenat i caThWPQWﬁllé‘Ql@ﬁﬂWPlaSm@ﬁéﬂsf@@@ﬂ atcrusAde0 isselented sofikat thewite of t he

wire 88 i fuse Si onto t itiall X d,fl

St face v88 R RddE T e Dulith bEd fishi Bl e 2 BRTr o Rk

conti nuou HONE | der 80
i s select 28861110)} 1n%§oflf¥lﬁ1e W r% a&gfg%#aéqrﬁm% '? gt Hﬂgﬁg&rﬁ{gé ophn%{rﬁggﬁéao%%of t he

base net alwelderi8® amdlthe siirebieed DO aotetegethaiatdryily acrpsy thie anitiafly thpodedse net al

42 is not nelted. The plasma transferred arc welder 80 and the wire feed
90 nove t Hgutpek sugiees a’{pt yo dbatolhe ipjestedpewdgn i 1;5 I@QE@‘@HGIYf%W%éﬁh?ﬂsurface

70, that th ted |ted wh

(he ot asmaspisa it B REE ARG BRI % ol R eSS B A ovea
to solidi tysadibhs ﬂ%%ﬁéﬁ?ﬂé fraRFEreed 8¢ El8eMBD BRveSSnivaND Ijaﬁd‘%rlgﬁg/era“d no
| onger heats a’ particular area. The two approaches of Fi gures and 7 may

be conbi nbdataa pagidularnar¢sh sone of the source of the structural material
bei ng i ntroduced as a powder as in Fi gure 6, and sonme of the source of the

or csent B GHEHPaIOREhE GHIUBIRRD SHavAARY GE ORI t"ggh?ﬂ“&f’u%%'];eThe
fl ow: pat hso i egi PRl abmfa%a%gﬁggﬁ& bhud B B8 a%%n'rﬁ%@[@pé gl IS

typically rat avol d or Ing t I N base

desi r abl e sbdhaibof tHesohgtofithpstiucturhl MmatetiaEbeing fteydatedas Hdilkeasia Hgaat er t han
necessary. The plasma transferred arc welder 80 has a nmuch | ower heat

i nput thar- ot her techniques such as a TIG welder, so that it nelts the
restoration material but does not introduce nore heat than necessary.

rovever . 1REGRUSS dffoalff 8hEl Al ARbSLE! oVt il BcHRBSL e AWPhE" O he
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
restoration 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
flow-path surface 70 are melted during the heating, there is a strong metallurgical
bond between the restoration 72 and the underlying base metal 42, unlike some other
techniques such as some thermal spray 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 tz (= ty + t) is

10



flowpath surface 70 are nelted during the heating, there is a strong
netal lurgi cal bond between the restoration 72 and the underlyi ng base
nmetal 42, unlike some other techniques such as sone thernmal spray
processes. The present approach also produces a relatively large grain
size in the restoration 72, when conpared to LPPS and HVOF processes,

which is desirable for creep and rupture properties. In any case, the
resul t i sdeHEAbSY I 2 pee-gelmed speeification rvpae resvireg fordhe statiparysheguded

f1 ow path (6 i ted overl yi.ng..an op.the, initially. exposed
f1 ow pat hzagéfrb? %(g:‘télz_'ﬁﬁl. tg%_ggﬁ%ef e‘g"as%%?{ " ﬁlgﬁgﬂ%ﬁg chigve ?’HS?‘H?BW%}?‘E{ eri al
restorati@nd Hﬂ@@ﬂ?h@dnﬁfoﬁn%@ﬁcé{énﬁ%%ﬁl appRbachal tPdepoli HEERARWrhION St ep
58, the thickness tR'(~to + tA) is 10 desirably wthin a pre-defined
speci fi camaberial dmbe slightly theckef thantdesired.at i onary shroud 24 to be returned

to service. However, it is difficult to achieve that result precisely and

with a highly unifotm surface, and .the ysual apprqach . is to posit the
structural eﬁgpwﬁe&ﬁ)age@mg@?gqs OL#Hqryss dﬂ'é’?oqeﬁg‘%a@'ég?q’ é‘HmefﬂllgS it ed

pase- et aknd Bpll A6 A thicRnds0 e llof e BEALRBEN TRAD B NIPAA 18 UnadiOof Nat

the total restore ckness ase neta esired val ue and

t he shapetief repalred bapaietsd espatteb@ifade! ToviPadiietUrTHRCfoviler SepRitioRct . The
powder deposition process 58 is not sufficiently precise to achieve

exact |y t Ppeocgsy p&ds nehsulkiniesty ameciss rapdhicvenekacty the cprrecdabisknesstandi ng st ep
60 is used. Optiopal.ly but strongl referred, an environnental ly resistant
rub coatifi p?Baﬁl‘g&edBﬁr?‘éeaS%&r@’l‘%ﬂg%ﬁé %Witacti ng the base- et al
restoration 72, step 62. The rub coating 78 is preferably a materi al,

typi cal |y GpichfBy bat Sirefigly frepen, andnbR¥iMentaBy ff@é?hﬁ% %V&daﬁﬂg% &l

resi stance which is rub conpliant. Exanples of such rub coating materials
i ncl ude apppiEdAYIXingvaed eoMactngthecbaspendtabelstratbnh 72,001 B2, Treonp
consisting of cogbalt and nickel and comhinatjons thereof and é?}()@ s an

Vv

el ement  SeAlHg: &4 15 Proderebly msissiab typiselly 18 dheiforah ok e moNglenane haviagd gamma
P e, Bl s Sl PO i OB Bl Ry o
haf ni um  go4ling marfialsthclabe 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, hathium, and zirconium, and
combinations thereof; and BC-52 alloy, having a nominal composition, in weight
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 um) in thickness, most
preferably in the range of from 0.005-0.05 inches (130 - 1300 um) 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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conbi nations thereof; and BC-52 all oy, having a nom nal conposition, in

wei ght percent, of about 18 percent chrom um about 6.5 percent al um num
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 bal ance nickel and incidental inpurities.

The rub caapiistiionofadpeh dansity exide-bise casfing mpbPade varigiyof thieknesseshisy by t he
HVOF (hi gh-vel ecist f T b coating 78._i ferably i
The r ange KBP RIS o5t 5HE Y QB B RERSSpichlS uict3nf 83k P R xdiey BEABLEaSho0y Y "

pref er abl y¥uéHad ﬁrtggrpg; & AKMSS 3 |
t hi ckness. uThe &%H\%{éf procepsyg, \’/\n}ﬁ?% ut’i I(?g;égslﬁa hi %%Egée}log%nijet %ggma%ﬂqa

prot ect i véhe fied|laintle pardace fibm 8ROGS000Miredd (H10 i 4520 neisat OF ebyrskothe

tenperature thermal ,spray that allow for 11 application of a high density
oxi de- f r e&eTeRRIB AR Of eaﬁPWd@?%ﬁPFB@ gndhe combystioademperature Rf HeuEheashe art .

Tne T RAAESSDY BERANY Y208 ARk SUOLi LYY Slole moRll, 51"

as oxygen, ogen ow of

the fuel eaflighe exddst thckicRfof RO P eBatidy 386 bFPIRkd; ahd@2ReriR) excels {OUT S€,

the tenperature of the spray will depend on the conbustion tenperature of
the fuel gemovagstedshapattheuflaw-pgthi sufdcy Aseandh aclieve Hvgdesifed 3TBRASOBAUF ( 1650

- 2760C). Preferahly, .a sli xcess, thickness of the ryb coating 78 is
appl i ed,  ShiEKHSS AT Heavh peaiag 7 WERR Hagmaghiafe, any #@W&ﬂ%ﬁﬁw face 26
and achie i i S| i e ting 78.
During t héﬁ.ﬁ%@ﬁi ﬁfﬁ{ger&%r??; Zpgg’t éd{rag@ ,tngl{‘éiﬂgd\}gé reéegnm&gbas%gg%%%gy t he steps
52, 54, and 60, such as holes or corners, are restored. As in the case of
t he base- mstialthe @st of thkibase-m2tal idstoratich 17, iitds diffitwit d:eam;»aisit theheb codiingoat i ng
78 to precisely the desired thickness, shape, and surface finish. I'n one

appr oach, 78f@ presiselythe desiradibickpesscempeand surfape finish) Iy onmaniirpad, thet ep 64,

to the desjred d,. thick I t i f
i on. Ccowsct ARR POkl SERGSAI BB Rsch BRI SN S he
appar ent iKigkRdss ts vl A00/thY 8RR stffhdd figdndescription of the preferred
enmbodi nent, taken in

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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conjunction with the acconpanyi ng drawi ngs, which illustrate, by way of
exanple, the principles of the invention. The scope of the invention is
not, however, limted to this preferred enbodinment. 12 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 nade of a base netal; renoving
any danagéaﬁﬁﬂﬂﬁiial froma flowpath region of the stationary shroud to

| eave an initially exposed base-netal flow path surface; and applying a

eave an | _ _ . plying a
the step f aptt JeastfordVRing £\l sfhob i Yas AR EHeh: Wakfhile gp, =

structuralstepgbfrial that is conpatible with the base netal, and depositing
the source of the structural material overlying the initially exposed

base-metal | ofpishinadhs stadenass shrond thethas prryigpskyhestiin $pyvips. sdeeein the
t ransf errggﬁ?ﬁ&r\éﬁllogjir&gﬂl%@e (gtqarﬁ%sﬁn{e ai red base-netal flow path surface. 2.
of ctarm1,

The net ho erein € st’ep of furnishing the stationary shroud

i ncl udes the st&powdhg adyudtaniaghd Ngtefialrgth aflowspath eegiotl dfithestStioahiyadhadid shroud.
3. The method of claiml or 2, wherein the step of furnishing the
st at i onar y° kAveayinitially erpessd base-wmetabflownah sufage; avde st ati onary shroud nade

o 3 Mokl DRl skl ELAR Sl T iRy (DR o B! = ©

furni shing the onary shrou ni'shing
stati onar yusiveothd stpdsf applymgintladihg BRstepslofoy. 5. The nethod of any one of

the preceding clains, wherein the step of furnishing the
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 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 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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source of the structural material includes the step of: furnishing the
source of the structural material having substantially the sane 13
conposition as the base netal. 6. The nethod of any one of clainms 1 to 4,
wherein the step of furnishing the source of the structural materi 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 th&owpPatiten aythe baseactalvhere the step of furnishing the source of
the structural material includes the step of furnishing the source of the
structural material as a powder. 8. The nmethod of claim7, wherein the step

of deposi i ng The netdesl of afiy i sffclails | @6 1] Wikkréin BedpPoftiimnainghedusice wel der
beamtoward the initially .eqwsed fl ow path surface, and sinmultaneously
i nj ect i ngof ke spuakueal matereal ingdudss therstenefansf erred are wel der beam so t hat

6. whore the steheBinerl s ERF L et o Ay BhhuB e ARbell Grthnaticl 27 T 1

i ncl udes ti@ thé¢ Bise@hetalfl Ur ni shing the source of the structural naterial as a
wire, and thereafter nelting the wire using a plasma transferred arc
wel der beam 10. The nethod of any one of the preceding clains, including

an additi gnal af t t he ep_of ..appl yi ng,t he, base-petal..regtorati on,
of : appl yighg aﬁﬁ‘gﬁ‘%ﬁtl?"én‘ﬁ%ﬂl’aﬁ f&%gfeg?%{ﬂg%&g@ﬁfeﬁh Smgﬁg"'ﬁlﬁangﬁ}?

base- net abourt@6f @k 8trh@iral hteriihRchBENGE s oy one of claims 1 to 9,
including additional steps, after the step of applying the base-netal

restoration, ofumispimigftheepuace ofribé stouviak matesialrassimtalar. rub coati ng
overlying the base-netal restoration, and

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 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 plasma transferred arc welder beam.

10.  The method of any one of the preceding claims, 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.

11.  The method of any one of claims 1 to 9, 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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14 machining the rub coating. 12. 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
previously been in service, wherein the high-pressure stationary turbine
shroud is nade of a base netal; thereafter renoving any damaged nmateri al
froma flow path region of the high-pressure stationary turbine shroud to
| eave an initiéW¥?H%W$%@é@3%E§égnetal fl owpath 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

substanti ably tAhgesedTortBpfbiindd high-prdiSurd 8BofRY lrbing Sittot® BOS bds tidirdehe
source overlying the initially exposed base-netal flow path surface of the

hi gh- pr es $bgige.soatrisigrtle stepsfhe shroud by plasma transferred arc wel di ng
to forma repaiged, base-met al {1 ow pat h r.f age; t hereafter applying an
envi ronment af | S PEURETIG Rk HissnsRt g any B Tou ey Bref Ry bedh
restorati gérvick3whdrm Hetigtipeisued sthiionhdy tadbiRE 8hioh@ i$ iRBe of aftdsdinehi;ng t he
source of the structural material includes the step of furnishing the

source of theseafierructural material as a powder. 14. The nethod of claim 13,
wherein the step of. depositing incl. s a step of: .directing a plasm
Cransiorrod ar Songying ARy g arareom b S ERef isaisbuttdhs b pBus
surface, apdosdrithibaRedisid/to RARCA BEtidlCepRYEEbast HhQall wPafS fRface;
transferred are wel der beamso that the powder is fused and deposited. 15.

The met hodhesgafist ai m 12, where the step of furnishing the source of the

structural 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; 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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15 material includes the step of: furnishing the source of the structural
material as a wre, and thereafter nelting the wire using a plasma
transferred are wel der beam 16. The net hod of any one of clainms 12 to 15,
wherein the step of applying the base- netal restoration includes an
additional step, after the step of depositing the source of the structural
material, o machining the base-nmetal restoration. 17. The nmet hod of any one
of cl ai s megeriadinphndes theistePofy an addi tional step, after the step of

appl yi ng the base:- net restoration. .of: |yi ng an _enyironnmental |y
resistant rub ?gﬁslﬂﬁlé%g%%%r% (_?1%_&? F\téuclg‘ggrem?r@g as q@é‘?’@flg 65??%658. The et hod
of claim17, i ngtich the wafe Red 4 pIadad riistiredtrt feldehBeadd.ep of applying the
environnmental |y resistant rub coating, of: machining the environnentally

resistant rub coating. 16
16.  The method of any one of claims 12 to 15, 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,

17.  The method of any one of claims 12 to 16, 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.
18.  The method of claim 17, including an additional step, after the step of applying

the environmentally resistant rub coating, of:

machining the environmentally resistant rub coating.
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