METHODS FOR REPLACI NG PORTI ONS OF TURBI NE SHROUD SUPPORTS FIELD OF THE

| NVENTI ON This invention relates generally to gas turbine engines, and nore
particularly, to methods for replacing turbine shroud supports: BACKGROUND
OF THE | NVENTI ON At | east sone known gas turbine engines include a core -
engi ne havi-ng, in serial flow arrangenent, a fan assenbly and a high
pressure conpressor whi METHODS #R REPLAGINGPORTIONSIO®R engine, a
conbustor ignites a fuel-air_mxture which is then channeled through a
turbi ne nozzl e assenbly t owardRBINESERPUPFIR@RESr e tur bi nes whi ch each
tnclude a plurality of rotor blades that extract rotational energy from
~airflowexiting the conbustor. The turbine nozzle assenblies are

posi ti oned FiEL pesTAS oINS of rotor blades and channel” airflow
downstream towards the rotor blades. More specifically, at |least sone

known t ur bilhe Wyentiasrdlate gaweralbnés gabhatrbinet engingsadhdithyrebgiriedaiant nner
~and an ou d.. . Each nozzl e assenbly is coupled to casing surrounding

t he rotor }ngeglsolea%g?rfe@?mggBfrﬁllnglsﬁoygﬁ‘fpﬂ?%k assenbl i es that extend outwardly
fromthe outer band. Mre specifically, at |east sone known nozzle

assenblies_are coupled to the casing through a shroud support. During
engi ne opePAGKHAROSINIR QFEHRAY VENTIOMNIced to the shroud support through

from the YANG S kes. Over .tine, continued exposure, such
stresses rrfgg%(k:tgst?se crog@lﬁjgghébﬁg f’éﬁ’iﬁ’ﬁ&“‘é BHFPEe CBBREIDAVIRG @pﬁ?ﬂéiﬁew with
- such crackamggamynt, @ dhts SsspibIyednd' £hibR pkdssere bniph@ssih e _céﬁipfé% Efﬁ-ﬂow
Q&CCOI’dI' ngly, to facilitate preventing such premature failure, shroud
upports ardettuthefoine A sprbrear igpites park-aiy mixture which is then channeled

through a turbine nozzle assembly towards low and high pressure turbines which each
include a plurality of rotor blades that extract rotational energy from airflow exiting

the combustor.

The turbine nozzle assemblies are positioned between adjacent rows of rotor blades
and channel airflow downstream towards the rotor blades. More specifically, at least
some known turbine nozzles include vanes that extend radially between an inher and
an outer band. Each nozzle assembly is coupled to casiﬁg surrounding the rotor .
assembly by a plurality of hook assemblies that extend outwardly from the outer band.
More specifically, at least some known nozzle assemblies are coupled to the casing

through a shroud support.

o
FTs

During engine operation, stresses may be induced to the shroud support through from
the nozzle vane assemblies. Over time, continued exposure to such stresses may
cause cracking the shroud support. Continued operation with such cracking may
cause premature failure of the shroud support. Accordingly, to facilitate preventing

such premature failure, shroud supports are routinely inspected for craéking.

Current repair methods include welding the cracks using a gas tungsten arc welding
process. However, such techniques are time consuming as each welding process
requires a heat treatment before the support may be returned to service. Furthermore,

although such a process may restore the part to a base condition, occasionally, such a
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Current repair methods include welding the cracks using a gas tungsten are
wel ding process. However, such techniques are tinme consum ng as each
wel di ng process requires a heat treatnent before the support may be
returned to service. Furthernore, although such a process may restore the
part to a base condition, occasionally, such a -1 process nmay actually
result in excessive shrinkage of the shroud segnent which over tine may
cause pr opoicess mey ecsdly wesdt i exgessisrecshainkagesefhe sliro dd segaene wihicht dver us ef ul
service I%fe of the shro%d]%%%ﬁo t. BRI EF SUMVARY OF THE | NV NTI%g As used
herein, a“SFdrd BAIE PRITORY 6‘5 fackingeandh pubspapeniydegzeasg phthe usglll or gi ng
to a firskerdReE oPthe SRBuPLHPBAL I Nvention, there is provided a method for
replacing a portion of a gas turbine engine turbine support, wherein the
turbine support includes a body including a forward leg, an aft leg, and a

nount i ng ESUMMARY SHhTHEINYENHOMNI |y away fromthe body, the forward
leg axially upstreamfromthe aft |leg and the nounting flange, the

ToUNLT g lagBenauS S8l Bhicky IS OBl o LGgRECT 1O the aft 1 eg

sai d met hod conprising: naking a cut-thr east "one of the body, the
aft leg, and the mounting flange; renoving the forward leg and at |east a
portion ofActérdingodya fifsatspest abthermasent irorntidre there if prmvidedea metiodepr and

| i | t d t h ti of th i Ny L that i
Gownst r aaRPHBR AR, 0T gtioREPHG TG BBLBh JUBRLaPRBP e Bbtenr
inventi Onsuﬁphﬁriﬁclﬁ&s&%ﬁg%cﬁnﬁm%ﬂf RE, arf #PleBCAna% ﬁoﬁﬁfn%iﬂbﬂg@fhaﬁ turbine

support within a gas turbine engine, the turbiné support fabricated froma

first nateschaxtepddadigly adendrom therbodydthedigreard lesmaxiily hpsireamafrom gke end
radially jpyey dlmd QM LPINe, R0SoAnf0 LA b4 20, bWRAky SELeAdsial adi al ly
respect to the aft leg, said method comprising: making a cut through at least one of the
body, the aft leg, and the mounting flange; removing the forward leg and at least a
portion of the body that is upstream from the cut from the engine; and coupling a
replacement spad to the portion of the turbine support that is downstream from the

cut.

According to a second aspect of the present invention, there is provided a method for
replacing a portion of a turbine support within a gas turbine engine, the turbine
support fabricated from a first material and including a forward leg and an aft leg that

extend radially inwardly from a body, and a mounting flange that extends radially




-2 outwardly fromthe body, said nmethod conprising: cutting through the
turbine support; renoving the portion of the turbine support that is
upstream fromthe cut such that the support forward |eg and at |east a
portion of the support body are renoved fromthe gas turbine engine; and
coupling a replacenment spad to the turbine support that is downstream from
the cut, wherein the replacenent spad is fabricated froma second materi al
that is diopfverdlst fromathet hedys uppbmicthod sompeisiegi abttinActhorgshnthet turbine hi r d

aspect of _th resent invent. on net hod for repairi a turbjne support
for a gas S{]Iﬂ)% rrlgrﬁ%‘ﬁﬁg e p?rh ntoﬁrtgf’ ﬁ‘éri)g’ﬁpsﬂfBP‘?rt iﬂ?‘?gllﬂéﬁ’ a E:’l"B’a &t orwar d
mounting tedt teowd agpbe Rrvadylesidld & itV b8l MdupBoditodyosat i ng
foot coupled to the body with an aft |eg, said nmethod conprising:

i nspect i n&rewed i theazas iyrbinerengine; and eqipling a reppesiorent spadrta dhetudeinect ed
wth a weldl ; i r turbine su Lt -SU hat a
portion o% ﬁBtp%g tp %ﬁglﬂﬁg”’%@ﬁ%?‘?gﬁ %1?: Icﬁgiq'lr;]}b&%ﬁ ﬂil%llé%g Pacg:ggx?tﬁﬁ{f ﬁsefa%gﬁ {’}eﬁﬁmunti ng
foot and fiem 4 scwat darxivinthatng dift@éntitianrtBepyppbitdirfimparetidle tur bi ne;  coupling
a replacenment spad to the remaining portion of the turbine support; and

heat treating.the turbine su rt after the replacenent spad is coupled to
t he turbi ﬁé(’é@%ﬁﬁ Iatt{“r‘ili-iﬁ@%g’g&@(?ﬁ?g’étdnY@tha Frite r}ngepla%f’r%n%l t ur bi ne

support f QippdrtoRs al %H’sb!.uﬂﬁn@ RALRE, the ifbihd! rsﬁ’;\glg_&?t ﬁl%fh?ﬂ{r%\gﬂ:g-ﬁ?ti DgbiAeg at | east

a forward nounting Toot coupled to a body th afo eg, and an aft
mount i ng Mmevatingiept esipted to hdodpsiythva forwand leg, and enaft Fiweintine v dowpled conpri se

W th o weledh oot behdl R 00 86 gndiRod Cimertsies i eoiae e PRGNt hat &
portion ofrathifg! thphirin® ErdEIROHbtettBE | With RO wRldihE 38dcedICorl¥fing Miough the

turbine support such that a portion of the turbine support including at least one of the

aft mounting foot and the forward mounting foot is removable from the turbine;

coupling a replacement spad to the remaining portion of the turbine support; and

heat treating the turbine support after the replacement spad is coupled to the turbine

support.

Herein disclosed is, a method for repairing a turbine support for a gas turbine engine.
The turbine support may include at least a forward mounting foot coupled to a body
with a forward leg, and an aft mounting foot coupled to the body with an aft leg. The

method may comprise inspecting the turbine support
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aft nmounting foot and the -2b forward nounting foot is renovable fromthe
turbine, coupling a replacenent spad to the renmaining portion of the
turbi ne support, and heat treating the turbine support after the

repl acenent spad is coupled to the turbine support. BRI EF DESCRI PTI ON OF
THE DRAW NGS Figure 1 is schematic illustration of a gas turbine engine;
Figure 2 is a partial cross-sectional schematic view of the engine shown in
Figure 1; fOIaﬁaCIHn@meBaIBng Slrfmks elnteategeuﬁt}c ao&ﬂdmgqﬂomal cmtmt@tlmMgh the ew of a

1 dt ) TAlI LED
P oR, o1 R TR Sish et biorp Bk Sorink Db B nE BT Gas o R8T & gas

tur bi ne engimsunlidg ot labdiRg a Iom/pressure conpressor 12, a high pressure
conpressor 14, and a conbustor 16. Engine 10 al so i ncl udes a hi gh pressure
turbine 18 and a | ow pressure turbine 20. Conpressor 12 and turbine 20 are
coupled by a first shaft 22, and conpressor 14 and turbine 18 are coupled
by a second shaft 21. In one enbodi nent, gas turbine engine 10 is a GE90
engi ne commercially available from General Electric Aircraft Engines,
Cncinnati, Ohio. In operation, air flows through | ow pressure conpressor
12 and conpressed air is supplied fromlow pressure conpressor 12 to high
pressure conpressor 14. The highly conpressed air is delivered to
conmbustor 16. Airflow from conbustor 16 drives turbines 18 and 20 and
exits gas turbine engine 10 through a nozzle 24. Figure 2 is a parti al
cross-sectional view of engine 10. Figure 3 is an enlarged cross-
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sectional view of a portion of engine 10 taken along area 3 (shown in
Figure 2). Mire specifically, Figure 2 is a partial cross-sectional
schematic view of a portion of high pressure turbine 18. Turbine 18
includes a plurality of nozzle vane segnents 40 that each include a
plurality of nozzle vanes 42 that extend circunferentially within engine 3
10 about aformsrdmobntit fot Hrefi@vald FoRehd QurbRRC Bolihe & a&ﬁnegl% sﬁ@ fnds
generally radially between a radially inner band 44 and a radially outer
band 46. Efatemginiigretioe pf hetebis suppdrtdod heatfteating theltabineaspporbhffer50 and

an aft rai th extend outwardly froma radially outer

sur f ace 5451&1'@%13?%?&%3&%11%£§$p}§£ﬁ%3hgﬁxé@ﬁ%%%, each hook assenbly 50

i ncludes at | east one hook 55 that is coupled to outer band 46 through a

forward raBRIBB DESCRIPTIGN OPOTKEBRAWINGSO0 extends substantially

perpendi cularly upstreamfromforward rail 56. In the exenplary

enbodi nent . af t rai{l 52,18 substantially parallel to forward rail 56 and

i ncl udes ahif9pehiswhepaticidipstetion s anbwkinp eagigsi bet ween an upstream si de

62 and a downstream side 64 of rail 52. Nozzle aft rail 52 is positioned a

di stance 6BjoMpsh i ighdl B SR RE f Z ey n 6, such

~that an aft g‘Elet aiﬁfﬁ?h%ﬁ %%Sé%ga%%fl s out egqggﬁgq&@%%?@%ldm }g%%%iﬁi cally,
aft retainefd portion 70 extends in a circunferential direction between

nozzle aft rail 52 and nozzle trailing edge 68. Each nozzle vane segnent 40

is securedpt o a,shroud.80 that extends circunferentially - around turbine
18. More gli)lg%ef ? &R y?nlasrﬁ?%ﬁ’é? S%'W%“ﬁﬂﬂuscfg‘gmﬁmb |V1ﬁﬂé|0%13ypqg¥10g mfdﬁ% engi@gnent s
827t hat eaﬂhmﬁﬁlﬂi@eeaahaﬁmﬁqlogﬁg@é@_84 t hat extends into each segnent 82
froma | eading edge 86 of each shroud segnent 82, and an aft groove 88 that

ext ends reamfroma trailing edge 90 of each segnment 82. Each nozzle
vane segng]ﬁﬁ%ﬁgﬁEQI%%S(?]?\mH@%QE%m BNTEQ¥Nssed area 92 that extends from

a radially inner surface 94
Figure 1 is a schematic illustration of a gas turbine engine 10 including a low pressure

compressor 12, a high pressure compressor 14, and a combustor 16. Engine 10 also
includes a high pressure turbine 18 and a low pressure turbine 20. -Compressor 12 and
turbine 20 are coupled by a first shaft 22, and compressor 14 and turbine 18 are
coupled by a second shaft 21. In one embodiment, gas turbine engine 10 is 2 GE90
engine commercially available from General Electric Aircraft Engines, Cincinnati,
Ohio.

(o In operation, air flows through low pressure compressor 12 and compressed air is
supplied from low pressure compressor 12 to high pressure compressor 14. The
mghly compressed air is delivered to combustor 16. Airflow from combustor 16

drives turbines 18 and 20 and exits gas turbine engine 10 through a nozzle 24.

‘Figure 2 isa partial cross-sectional view of engine 10. Figure 3 is an enlarged cross-
sectional view of a portion of engine 10 taken along area 3 (shown in Figure 2). More
specifically, Figure 2 is a partial cross-sectional schematic view of a portion of high
pressure turbine 18, Turbine 18 includes a plurality of nozzle vane segments 40 that

each include a plurality of nozzle vanes 42 that extend circumferentially within engine




- of each vane segnent 40 al ong segnent | eadi ng edge 86 towards forward
groove 84. Nozzle vane forward hook assenbly 50 is coupled to nozzle vane
segnent aft groove 88 such that nozzle vane segnment 40 is inserted within,

~and supported by, shroud segnent 82. Nozzle vane aft retainer portion 70
is received within shroud segment forward recessed area 92 and i s retained
t her ei n byl Oeatioat heneis Sfrotdtiah fex tegicks 10.NRagh ozAt tvaki@lld eRedd pendelly Mor e
specifically, fgstener 94 extends through o.enigﬁ 60 and coupl es nozzle
vane segmintialinbetyeshpsibialbdgnehand 44 end auwhally atfierdead d6pport 100, Shroud
support 100 includes a body 102, a forward nounting-foot 104, an aft
nount i ng t: I n eneral ly
axially {)%t% Weﬁeb%@lgn&ggrstﬁerlﬂegez%@s%ﬂgdéflﬁqgﬁvg}g%ggﬁég%@gﬁ]@@ %if& %(;arwar d
mount i ng fassstobly 42 tiov each extand| eativardlyoiboty ak@@iallh botagiurfacé 64 wlooker Bghdl14 t hat

ext ends sybstgnti al | er pendi cul ar | d radially inwardly, from body
102 Nor o J8pdRTd Serifipally AR oK RIGHPISNS) FbICeE Oh st oK AN ol |3
per pendi cubagiby td MG bRAd RGO WBFwhrd (88 skl 4ucH Hat HE%EM&?% 106 1s
coupl ed to body 102 through an ait leg 120 that extends substantially

per pendi cgknily substantialyi petppndiovlaryl| ypstrearomibodyork@2d fufir 86. sdacitei cal |y,

f orwar d ting foot 104 exten subst anti gl | erpendi cul arly _downstream
fromar: Fegnbitsy RBhpty 3 ERGR Soaubiunly RbulEl B fmerd, il S & |
per pendi Citlhidey anapeningdioahhtyex@enivaiciétiroulh ®eiReA ¥n 13dresdNSldE $2 and a
substantially axially aligned with, and oppositely disposed from aft |eg

120. Fast épwhstgampside fdof rail B giozaletaftrail| 520 positionedx distaneeyfd apstispani ng 130

_Q'déf' di 4, i ficall en, nozzl e
vane seqmist s ot tRPRE by hOLNRLAG g B B BORGat T ptrtionrlS Foor 104
i s recei vedteni Hdhidn 46 hisodefincdegripatificallyjanfl Gr-a0MepSfios UTh ddbaidsnpzal e vane

segnent 40,1 s Ué)p_oi't,ed by _forward . .
circumferential direction between nozzle aft rail 52 and nozzle trailing edge 68.

Each nozzle vane segment 40 is secured to a shroud 80 that extends circumferentially
around turbine 18. More speciﬁpally, shroud 80 includes a plurality of shroud
segments 82 that each include a forward groove 84 that extends into each segment 82
from a leading edge 86 of each shroud segment 82, and an aft groove 88 that extends
upstream from a trailing edge 90 of each segment 82. Each nozzle vane segment 40
also includes a forward recessed area 92 that extends from a radially inner surface 94

of each vane segment 40 along segment leading edge 86 towards forward groove 84.

Nozzle vane forward hook assembly 50 is coupled to nozzle vane segment aft groove
88 such that nozzle vane segment 40 is inserted within, and supported by, shroud
segment 82. Nozzle vane aft retainer portion 70 is received within shroud segment
forward recessed area 92 and is retained therein by a fastener 94 that extends through
aft rail opening 60. More specifically, fastener 94 extends through opening 60 and
couples nozzle vane segment 40 to shroud segment 82 through a shroud support 100.

Shroud support 100 includes a body 102, a forward mounting foot 104, an aft
mounting foot 106, and a mounting flange 108. Body 102 extends generally axially -

between an upstream side 110 and a downstream side 112. Forward mounting foot
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groove 84. During operation, thermal stresses and nechani cal | oadi ng may

I nduce stresses into nozzle vane segnent 40 that may be transmtted to
shroud support 100. Over tine, continued operation with such stresses may
cause cracking to develop within shroud support 100. Continued operation
Wi th such cracking may cause premature failure of shroud support 100.
General | y,104h cuatddi 4 oD gshn s g Mo 104 Ve YR €
adj acentynoztzﬁlge. \}lgne ﬂggbdr(raeyﬁlt 4(t)l§ s%gh %g‘g%gtfﬁfén 19ogﬁlargﬁrg%§%fﬁan 1 or
forward nogengdigulaslyt andaadiatly fngeirdlyt fom bodye hoR. ndlae spedifitally, fervatd shr oud

] d _and/ d ar. f, shroud t 100
et enoved antiieasLilh Shehfy iR AomerfiEtany od e Hoohgpaad
speci fi callby114.n mmoagia?i'fdmnbé if @6WREdItd BOIYL IR thrb PRI S T4 gy f oot

(0}

104, and a portion of, y 102 may be replaced. In another enbodinent, aft
| eg 120 arféiteadls suhstantiaHy perendicdarimagndaradinllysinmapilpcleomvbiady ¥02r wifode | eg

114, for . i ot 104. apd.b 102., 1f an i.ngpection..of field
retur nedmghgﬁlﬁg#ﬂé u@%wlél@ SNGiokas 1?ff°ti 2@%’0388@3,[ afstap oﬁﬂpe%ddf}ﬂ?fﬁf 100 is
det eri or atdedmstagin | frohUdgs 16g arid. ng Mébtitinigalflasgs N OB bx$dhIP Obibs@fallyp Or i t
-5 blasted to facilitate renoving any contam nants that may be undésirably
att ached ®sPeagicBladysapbediallyoprtwaydhy kisom dody d@2aand isasubstantallyr exiallen

wel ded usi ' css (GTAW. If the inspection
al so indi gg e‘?‘g ,0%1%%9@6%8@5@3@%@ Orgﬁ%é)@d nmounting foot 104 is
deteriorated, a circunferential cut is made through shroud support 100.

Speci f i calFastencars34strdendsi thrdeighy wfierad, ofichingc60 thrsuginake opéaas aEO Bdﬁfiﬁéd)ﬁﬂ h .
\shroud support bod 02, il|yustrated with Iine 140, such that a_ portion
of suppor ?&fﬁ SIHBWéT jﬁﬁ‘%rwsaé‘gz?ge&ll‘t:n b\ﬂ?rﬁ Wsgrfially, ovhen nozzle vane segment is
coupled to shroud support 100, forward mounting foot 104 is received within shroud '

segment forward groove 84 such that nozzle vane segment 40 is supported by forward

groove 84.

During operation, thermal stresses and mechanical loading may induce stresses into
nozzle vane segment 40 that may be transmitted to shroud support 100. Over time,
continued operation with such stresses may cause cracking to develop within shroud
support 100. Continued operation with such cracking may cause premature failure of
shroud support 100. Generally, the cracking within shroud support 100 may be more
severe adjacent nozzle vane segment 40, such as within forward leg 114 and/or

‘ forward mounting foot 104,

To facilitate extending a useful life of shroud support 100, deteriorated and/or
damaged areas of shroud support 100 may be removed and replaced using the
methods described herein. More specifically, in one embodiment, forward leg 114,
forward mounting foot 104, and a portion of body 102 may be replaced. In another
embodiment, aft leg 120 and aft mounting foot 106 may also be replaced with forward

leg 114, forward mounting foot 104, and body 102.

If an inspection of a field returned engine, such as engine 10, indicates that a shroud

support 100 is deteriorated, and includes cracking, initially shroud support 100 is grit
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| f however, the inspection also reveals that body 102, aft |leg 120, and/or
~aft nounting foot 106 are deteriorated, a circunferential cut is nade

t hrough nounting flange 108 rather than through body 102, such that only a
portion of nmounting flange 108 remains secured within engine 10. Mre
specifically, as showm in Fi gore 3, the cut in this case is nmade through
mount i ng follastegietolf8ilitais réphdvitg bay eontwiniints thet 1P beSinabsitddds attdBedas d | eg
114, forwayd nounting fogt 104, body 102, aft nounting foot” 106, and aft
leg 120 arsémﬂl FORRGSH gocf' r GicEnigeaied fé?hahflﬁlérﬂr%lgl%r"?%d@t@mg 2ghotwegden shr oud

support 1 : ngi . a ortio not
Shonn) | may e I PR PV D e e o RO BARRR o 18RRI Mg
wi t hi n enghdfer forwafthenowpingctooe nid4siadetértorhied s b z@fbunFeRatiadntutals! daliglent i cal

to the ori,ginal di nensions the deteriorated region of support 100 being
repl aced, ﬂ%ﬂ‘dﬂ‘ tgﬂréffqg SHPRATH lg{)rpp%ch‘f%@ﬂy’i as ghawn Hb%l%e Sultke ght isampde t he

origi nal pxssl {Hgg]gg}pm%@%% [ ' .2 nf- ac nt | s then
wel ded to th_eg{)ortion 0 sh ud Bs‘ﬁ‘%%??%%ﬁ?tﬁagﬁéﬁg?‘% gltir@ stuﬁléﬁ%gta 140 or
150. Mor e pspiwwidfiseppidrty] O0aentoim stowwedwithibeen@itet 10shown) of the repl acenent

spad is welded to the existing portion of shroud support 100 that is aft of

ut 140 0. Inth di.ment., el ect b EB) wel ding i
Coed to Clitivet tnd PRI R TR R oaraif e 190, S tbonb Gt s pad
i s fabri céioedobnamigetordREd birSuriRt&ltiaRluttih fladk $hrdl ﬁ{oﬁggné ,{h,‘?,l?%é &

material orjiginally used in fabricating shroud support 1
speci f i cafather thae &;?0@611 dodieHi2, syuall thett enlyad podsore nfiamomtingefangant&t r engt h
char act er | st i ' ris o,fhe material originally useq in .
fabricati fnegﬁdslﬁsfsoelﬁ e(sia)%g%?{aﬁ%g%largiore _s%ecﬂfi:'\cahy, as st:ho%n 1n Fllglre §, {jhe cut in

this case is made through mounting flange 108, as illustrated with line 150, such that

forward leg 114, forward mounting foot 104, body 102, aft mounting foot 106, and aft

leg 120 are removable from engine 10.

Aﬂer deteriorated regions of shroud support 100 are removed from engine 10, a
replacement _mporﬁon {(not shown) may be coupled to the‘ portion of shroud
support 100 remaining within engine 10. The replacement spad is is sized
* substantially identical fo the original dimensions of the deteriorated region of support
100 being replaced, such that shroud support 100 is returned to substantially the

original predefined dimensional requirements.

The replacement spad is then welded to the portion of shroud support 100 that is aft of
the cut 140 or 150. More specifically, a downstream side (not shown) of the
replacement spad is welded to the existing portion of shroud support 100 that is aft of
- cut 140 or 150. In the exemplary embodiment, electron beam (EB) welding is used to

secure the replacement spad within engine 10.

The replacement spad is fabricated from a bimetallic material that is different than the
material originally used in fabricating shroud support 100. More specifically, the
replacement spad material has enhanced wear and strength characteristics in

comparison to the material originally used in fabricating shroud support 100. For
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exanple, in the exenplary enbodi nent, shroud support 100 was fabricated .
from either Inco 718(r) or Waspalloy(r), and the spad is fabricated from
Rene' 4l (r). Accordingly, the replacenent spad provides enhanced strength
and ductility over the material used in the original fabrication of shroud
support 100. Once welded in position, the spad and shroud segnent 100 are
heat treateg@ingled id- fieN exdplaReemBediiRat shtoudeapoar W0 g HPRLH Wolh a
metal coating, such as thermal barrier coating material. The material used
in fabri cgithergInche7 8| arc Biaspalloy@a dandf ghei bpadaise fabrisatedi frgmr Bpnd'r 41®me by

- reducing tjnme-consuym ng.re-work qf cr.gcks and ssoci at.e t treatnents.
Furt her rrof%c,coﬁd‘f:ﬁgl%;tp‘éf%éarce{”fn et gg‘iag‘fegrf?‘e%@rﬁn@rfg’cgﬁa’i Y& shroud
support ”ﬁﬁd%ériaﬂlhsedﬁﬁ%@&j%ﬁﬁﬂffabrﬁﬁﬁbﬂ bagfoed suppbrYBosuUpport forward _
mounting foot 104 is facilitated to be reducéd. Because deteriorated liners

are replaced using the nethod described herein, engines 10 are returned to
servi ce udingg weldadgnawsition: therspedard shrand segradnt (180 ase ey tiseted anddhémgs i n
conpari so J . I aci LI hr or

Fur Eher mon 36 KRR (£ R FRAR Po BB Wi 5 25 U0 e AR B, B fherma

subst ant i dhirier dodey n@adridl0 Thé Ghatatidlyuded Stnaldbeidatidy ed réplaapaichs spadedesi gn
and sizing issues are virtuall é el i m nated. The above-described shroud
suppor t r%@llaé@%?ﬁwrwmrr%v% ¥ reducing fimerqoasymipg grimorknelgragks @nd apl e.

The met Nodedufieldies ki ShEDT Photr IRV ASLATL A3 BEARLLLANGS bt he

. shroud support, suc eterio d portions € shroud supports nay
e repl acadinal shrond seppooidmaentl, andtasrsuok,adhemikpee bf shirsudseppoetforedrdoy

Leutti ng through _radjally through the shroud support body such that the
forward |8&u§ﬁ%m3é‘f&f¥ﬁ%@m é’efrﬁglce‘ére renovabl e. In anot her
enbodi ment, the cut is nade through the mounting flange such that the aft
~leg, aft pRufst detchioRied BRGs bRErpcEY dsifl RRO bleitRIWescribed herein, engines

10 are returned to service using a replacement process that facilitates improved

savings in comparison to removing and replacing entire shroud supports 100.
Furthermore, because the replacement spads are fabricated to be substantially
identical to originally installed shroud supports, redesign and sizing issues are

virtually eliminated,

The above-described shroud support replacement/repair metﬁod is cost-effective and

highly reliable. The method includes the steps of removing deteriorated portions from

o the shroud support, such that deteriorated portions of the shroud supports may be
| replaced. In one embodiment, deteriorated portions .are removed by cutting through
radially through the shroud support body such that the forward leg and forward

mouhting foot are removable. In another embodiment, the cut is made through the

mounting flange such that the aft leg, aft mounting foot, and the shroud support body

are also replaceable. As a result, a method is provided which enables deteriorated

portions qf shroud supports to be removed and replaced in a cost-effective and

reliable manner.

Exemplary embodiments of shroud support replacement and repair are described

above in detail. The methods are not limited to the specific embodiments described
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are also replaceable. As a result, a nethod is provided which enabl es
deteriorated portions of shroud supports to be renoved and replaced in a
cost-effective and reliable manner. Exenpl ary enbodi nents of shroud
support replacenent and repair are described above in detail. The nethods
are not limted to the specific enbodinents described 7 herein, but
rather, aspeteins toft etich aspebisdofreycibencthod imed bendéipeddpidcpshdantly and
separatelysfrogho%gerﬂgethqgs q§%cnib d herein. While the Invention has
been descr PBIG T H LS HECTRehady drsed $fic enbodi ments, those skilled in
the art will recognize that the invention can be practised with

modi fi cat | Whildl theiiflvenbién 9185 bebn ABstrSEQRE t&inst Syl Ak 'Egeciﬁ§ edotnts 1 A
met hod for replacing a portion of a gas turbine enginé turbine suppdrt,
wherei n t hopg skillsd isufhgorrt Willcrasdgsiza thatdihei mobntthinngar beopraatistd| with an af t

| eg, and 1N Lhat. each tend radially -away fromthe body,
the forwar °ﬁ§§&%¥?gﬂﬁ§%ﬂ%%%%?%%H¥?P%ﬁﬁ£ﬁ8ﬂaF% | eg and the mounting flange,
the nounting flange substantially axially aligned with respect to the aft
| eg, said nmethod conprising: making a cut through at | east one of the body,
the aft leg, and the nounting flange; renoving the forward | eg and at

| east a portion of the body that is upstream fromthe cut fromthe engine;
and coupling a replacenent spad to the portion of the turbine support that
is downstreamfromthe cut.

Fales

(\7.‘_‘_.




2. A nethod in accordance with Claim1 wherein coupling a replacenent spad
further conprises coupling the replacenent spad to the turbine support
using electron beamwelding. 3. A nmethod in accordance with claim!l
wherein cutting through at |east one of the body, the aft leg, and the
nounting flange further conprises cutting radially through the body
upstream fromthe aft leg and the nounting flange. 4. A nethod in

accor danc&lvklMS:cl ai m 1 wherein cutting through at |east one of the body,
the aft leg, and the nounting flange further conprises cutting through the

mount i ng fl ange, r adi al out war d fron1 he aft such .t.hat the aft |eg
o gt a7 BRAGRL BRE S okl R fad birping g Ll subor

accor dancevhatdil thel tafbifelsuppat @idluded ol f Shodudi@Ph QRN fegS A8kt 1deUbdder

conpri ses couFllng a replacenment spad to the turbine support that is

f abri cat edounbipg{langs;thateopehexterd @d}aélw apiay frorrhihe begwi thel Erwerd legexiglly bi ne

- epl acerensSafffifthg i M ACROGRMY ko Bt RELE SubgiRddtd,
di fferent amatly:ahgied with fespdchiorthe afriy, sA48 netiod| dongridingepl acenent spad to the
turbine support that is fabricated froma binetallic material. 7. A method

in accordance with claim1l f i Sin at i t he | acement spad
with a netal Hﬁi(inﬁga c‘gn}‘W“ﬁE get?Stf ?}}en;?%b? é@&hdgﬁ aB(:\gg’l B tBe “g‘uPHF%l ne
support wfkfdd) a gas turbine engine, the turbine support fabricated froma
first mterial and including a forward leg and an aft |eg that extend

radially inwardly froma body, and a nounting flange that extends radially
out war dl y fronfeintng, fogfaard legendat leasipr postion of the body that is upstream

from the cut from the engine; and

coupling a replacement spad to the portion of the turbine support that is

downstream from the cut.

2. A method in accordance with Claim 1 wherein coupling a replacement spad
further comprises coupling the replacement spad to the turbine support using electron

beam welding.

3. A method in accordance with claim 1 wherein cutting through at least one of
the body, the aft leg, and the mounting flange further comprises cutting radially
through the body upstream from the aft leg and the mounting flange.

4. A method in accordance with claim 1 wherein cutting through at least one of
the body, the aft leg, and the mounting flange further comprises cutting through the
mounting flange radially outwardly from the aft leg, such that the aft leg is removable

from the engine with the forward leg.

5. A method in accordance with claim 1 wherein coupling a replacement spad
further comprises coupling a replacement spad to the turbine support that is fabricated

from a different material than the remainder of the turbine support.

6. A method in accordance with claim 5 wherein coupling a replacement spad to
the  turbine support that is fabricated from a different material
-9




cutting through the turbine support; renoving the portion of the turbine
support that is upstreamfromthe cut such that the support forward |eg
and at | east a portion of the support body are renoved fromthe gas

turbi ne engine; and coupling a replacenent spad to the turbine support that
is downstreamfrom the cut, wherein the replacenent spad is fabricated
froma second nmaterial that is different than the support first material.
9. A net hofiirther domprisksn ceuplingha GeplameiBerthgradi o ahaplibitg suppepd dmenent spad
to the tyrbine support that is downstreamfromthe cut conprises coupling
the repl %béﬁéﬁfi%?ﬂgﬁi’%etgﬁéqqﬁ?rﬁ?ne support using el ectron beam wel di ng.
10. A nethod in accordance with claim9 wherein coupling a replacenent spad
to the tygrbi ney SHEREd tinf UEOR®IhcS ORI | @it COURIth&I cBmpARhAC&ABRL @®pad that
is fabricated froma binetallic material to the portion of the turbine
support t AgiHacemegbtgd trikgmetel eaptinge cut. 11. A nethod in accordance with
claim 10 wherein cutting through the turbine support further conprises
cutting throug fL. - 11, A

met hod i nrgélcco:A d{a.rtr%:?lemcﬂvu\}%gJ %Eﬁclf(gﬁ%él m%l{e(rag?n&%bgg% %‘Er%’o ‘?Vlodﬁlglﬁa tgﬁse}"}r "Bi ne
support f engiherthctmpine sypoetfbbridagdtfron o dihsttoistesal pRo idclkitlya tpehsddegn from
the aft 'ﬁﬂd 1%.1 A _net hod irgl1i ccordance with claim 10 wherein cutting
‘through t AR & AHileeethal gxfped fe Ytlﬁé’ﬁr‘@b%ﬁﬂ 3 Bedy, fnd jafgoyming e H@t rount i ng
fl ange suglieh ; araNal) (8] ' Lromthe turbine with

t he forward |‘£%?‘d‘ti‘t§f°‘z met xggnﬁﬁkgggg’rsggn%%&?ﬁh@%ﬁ' 10 further
conprising grit blasting the turbine support to facilitate renoving

cont am nants f phng Hwougly the hubise sprpott;

removing the portion of the turbine support that is upstream from the cut such
that the support forward leg and at least a portion of the support body are removed

from the gas turbine engine; and

coupling a replacement spad to the turbine support that is downstream from
‘the cut, wherein the replacement spad is fabricated from a second material that is

different than the support first material.

0. A method in accordance with Claim 8 wherein coupling a replacement spad to
the turbine support that is downstream from the cut comprises coupling the

_replacement spad to the turbine support using clectron beam welding.

10. A method in accordance with claim 9 wherein coupling a replacement spad to
 the turbine support further comprises coupling a replacement spad that is fabricated
from a bimetallic material to the portion of the turbine support that is downstream

from the cut.

11. A method in accordance with claim 10 wherein cutting through the turbine

support further comprises cutting through the support body upstream from the aft leg.
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14. A method in accordance with claim 10 further conprising heat treating
the replacenent spad after the spad is coupled to the portion of the
turbine support that is aft of the cut. 15. A nethod for repairing a
turbine support for a gas turbine engine, the turbine support including at
| east a forward nounting foot coupled to a body with a forward - |1 eg, and an
aft nounting foot coupled to the body with an aft |eg, said nethod

conpri si ndgl. i nspeuntthedyirt hecotdanbe méthsa:lpim)ﬂt) Wlmreinrcattkigr@mughebaiturbmg cracks

detected w t | di ng _process; . cut r h the tur sypport such
that a poP‘f‘?pgﬁtafH\fqﬁ?rrFé’“&’W%% ‘f‘r‘gmgfbffﬂ]ugi‘ tﬂ‘?g B’g%ﬂﬁy‘éﬁ’s ey ﬁ@%’?eg he aft
nmounting foot and the forward nounting foot is rem)vable fromthe turbine;
coupling a replacenent spad to the remaining portion of the turbine

support; 12nd PeaietHodeiatdcogrdadi with bldim S0MERHIn abiag thivech eRé agement spad

is coupled to turbi ne support. -11 - ------ ---- 16. Anmethod in
accor dancéuRﬂofthR‘Ethﬁli FAMBS ISR EVIENS thugugh thf‘gmaumlﬂﬂ Bangqeneh gphtha $ipperie

remai ni NQ,RHLL k0 conprises using electron
beam wel %il?n 1to cg\fjag Jgﬁ? erep %éc{é&ﬁg fow%gdhgéthe turbi ne support. 17. A

met hod in accordance with claim 16 wherein using electron beamwelding to
couple the repl acenent spad further conprises using el ectron beam wel di ng
to coupl &-a r épmetedeint acsprdandeawith cdaind 16 forthen doimpsisingegrér blastingothe he

turbine SHERRE tsuppo‘;jlttto fcilitate removing contarninants from the turbine support.

14. A method in accordance with claim 10 further comprising heat treating the
replacement spad after the spad is coupled to the portion of the turbine support that is
aft of the cut.

15. A method for repairing a turbine support for a gas turbine engine, the turbine
support including at least a forward mounting foot coupled to a body with a forward
leg, and an aft mounting foot coupled to the body with an aft leg, said method
comprising;

inspecting the turbine support for cracking;

repairing cracks detected with a welding process;

cutting through the turbine support such that a portion of the turbine support
including at least one of the aft mounting foot and the forward mounting foot is
removable from the turbine;

coupling a replacement spad to the remaining portion of the turbine support;
and

heat treating the turbine support after the replacement spad is coupled to the
turbine support. '
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fabricated froma second material that is different than the first
material. 18. A nethod in accordance with claim 16 wherein using el ectron
beam wel ding to couple the replacenent spad further conprises using

el ectron beam wel ding to couple a replacenent spad fabricated froma
bimetallic material to the turbine support that is fabricated froma
material that is different than the binetallic material. 19. A nethod in

accor dancéowi t A méthpdnnlBcoddened withisiang 18 véetraio nodpdiagawepldéangent spadaoupl e t he
I ses using el ectron beam. wel di couple a

repl acenent spad.further coppri i n 0

repl acem&*ﬂle ?B’ﬁﬂ“‘%@%ﬁ%ﬁﬁ?ﬁ‘é‘?’gﬁwm SORFT (CREPTIF FRe USRS Beﬁtég%hﬁ%rt i s
returned weldinbetanpledhd Iab&nél{tisﬁﬁd‘fé'th@ﬁﬁﬁﬁék ndi mensi onal requirenents
of the turbine support. 20. A nmethod in accordance with claim 16 wherein

cutting through the turbine support further conprises cutting through the
t ur bi ne suilgport such that the forward nounting foot, the_ aft nounting
foot, andlét |A&a@pthad ippscordanss witheclpign|o aerainpenasiestron peam mreddingr bi ne.

-12 _ to couple the replacement spad further comprises using electron beam welding to
couple a replacement spad fabricated from a first material to the turbine support that is

fabricated from a second material that is different than the first material.

18. A method in accordance with claim 16 wherein using electron beam welding
to couple the replacement spad further comprises using electron beam welding to
couple a replacement spad fabricated from a bimetallic material to the turbine support

that is fabricated from a material that is different than the bimetallic material.

19. A method in accordance with claim 16 wherein using electron beam welding
to couple the replacement spad further comprises using electron beam welding to
couple a replacement spad to the turbine support such that the turbine support is
returned to substantially the original predefined dimensional requirements of the

turbine support.

20. A method in accordance with claim 16 wherein cutting through the turbine
support further comprises cutting through the turbine support such that the forward
mounting foot, the aft mounting foot, and at least a portion of the body are removable

from the turbine.
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