METHOD FOR REPAI R AND REPLACEMENT - OF COVBUSTOR LI NER

PANEL FIELD OF THE I NVENTI ON The present invention is

directed to a nethod for repair of conbustor |iner

panels, and nore specifically to the repair of

conbustor inner |liner panels in |arge high bypass

tur bof an engi nes. BACKGROUND OF THE | NVENTI ON A

turbi ne engiATEHOBPEDR REPAMRANDREMIACEMENRI |y

i ncl udes a conpressor sectlon for conpressing air, a

conbust or sect i @R GFHVBMSIQR rT]gssed air with

fuel and burning it to generate hot gases, a turbine
FIEGs b ETN Fofnergy is extracted from the hot

gases O ustion to operate the conpressor and

othermnse prOV|de the aircraft and an exhaust section
- Thé prepimit dfventien iselimeitad tya nsthogdeetspaif OEWmmcprdmeopanels and

mofq PeEfiiafL s BeRPRF b LaRbRipPnt TR el ol A PRERTE bypass

turboTen &ifl@gesa | arge fan typically Iocated in front of the
corrpressor In the case of a front fan, the fan is

dr| ven a_second turbine, typically the | ow pressure
QPM?G%%P%EINNE$HEO%hrb|ne section of the engine

behlnd the high pressure turbine. 1In a |ow bypass

A tﬁlﬁilgeﬁ&?gqné HEd! tgepo%iag'aﬂ%rafs %@ic‘aﬁ& el %&egda &Qﬁ redtBe Eé&x@h%r

nmost ai r sing t an enters into
com;bressmgmr es sombagicr saction gmemn)eng ithe aoldpbsged air with fuel and
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thefﬂo@\@séar @fuastqnmﬁeﬁl&é %Lrawaleemm—sssop QRd GikisB Prb@de the

hr ust | e reduci ng specific fuel consunption. The
aquxaiéeeqhtanu qxhelmt isestionsindihieh tte raneaining hot @asngsaforombustion of

tion of t e h .t
redfiguetnrP et Ron ViR B fo B8, pRESH wbine
engintf RgthaninkMagy NRr&Eh aﬂgﬁctaftéd?lﬂ' fhanat oh me(aﬁnﬁﬂessor In the
currently manufactured b neral Electric npany, it

- casgof @ frand Tapfhe éamsmrtvyntbaf dotagend turbingi mwéﬂig ﬂrf-‘e]@W pressure
turlgﬂg llggalt%hglnqhg %Irbﬂe%gct%ptﬁ}ge %Igé‘lgé Bgmﬁ(ﬁ] @ng% %gég Lirg Yirbine.

‘Ind w by@smﬁﬁfamﬁrhmemmeserpﬂany ﬁsﬁrﬁr buprenealic Migkt, most of
conbustor is_located in the engine aft of the

the rprsEgothe fACIESHHREsHE FOMICSEa PRGN JUFMCRISHF @ddgh to
sup?ﬁeﬁ'ﬁgg nﬂ%rpétgsglp% RPN B SEn AR E SRG e 2ypidalll Led for
subsonic flight, more air flows around (bypasses) the engine, contributing to thrust
while reducing specific fuel consumption. The present invention is directed to the

combustor section of the turbine engine. Although the present invention finds
| immediate use in a high bypass turbofan turbine engine, specifically the GE-90,
currently manufactured by General Electric Company, it also has applicability to other
turbine engines including other high bypass turbine ehgines and low bypass turbine

engines,

As noted, in the combustor, fuel is mixed with compressed air and bumed. The
combustor is located in the engine aft of the compressor. The compressed air leaving
the compressor passes into the combustor. The compressed air exits the compressor
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at a high velocity, with |low static pressure. The
diffuser at the aft end of the conpressor reduces the
air velocity, increasing the static pressure of the
air. High static pressure and |ow velocity at the
conbust or entrance inproves nixing in the conbustion
Fuel .is nmetered into cup ef ore i

at aggﬁ ol T 1o RS BFESSUsTh T 3h end of the
coRRRRIP r¥duM AR diy Qélﬁéilt)} Mn&@ik‘ﬁigsﬁé s‘i’itlcsﬁi’é%?é of the air. High
I 'ndi vi dual pi eces. done assenbly ‘establishes a

staffi¢ pfefsuye dpd tlowsweéamtm a:éhQ lkembugiereentinee improvesimdxing in the

W he i .and . | .
ol et SR a2l B W e o e

cofblistdrde di aneter. The bolts and | ocking nuts typically
are tack wel ded to prevent themfrom separating. The

done structure conS|sts of _a_single spectacle plate, a
Thej cembysigns gnsaseesblyghagh B@rqaﬂmomlﬁrﬁ At iseyprajfindigjdupl pieces.
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thefPH b NGPardint:. 2T Re Wothd 8uireRRh5iSY ofta %ﬁ%l@ %ﬁectaﬂbe late, a die

conbustor liners forma substanti all osed duc
formpsloet ingtahpad drplutatityt olctveir mups aret mduflm;t mghs demofssembly

0 the hi sure turbines
for GaiBIB it Tl A ta¥ g wHih TR i ot e PER P UBES Lo igpite the
fucE i iHRhir® lindhbuzh i€ arTHeeindB08nd™ offer RotbEtor TidersSate WyMiGally
t hese conditions, exotic high tenperature alloys are

fabiigated foen irdindduad onashined forgirgs) erceastingspnchits weldedh ge bolted

tggtlﬂ an outer structure. Cooling air flows along the
%®rior surfaces of the conbustor in the annul ar
regi on between the inner liners and the inner

Thsdsdmlﬁliswremmd‘omm‘aenbdtdmanﬁ clanell duet,gypissliyuatnutae, thaicchannels
further SSI in th chl],lrablllty t he . conbus

the hof gases Fti“ﬁ’g oahe igh PrRSTUSE EBEneshriEh com ustor liners

muf! ‘Hftl?étéﬂdythgft Okl M Qnfhstioh $300F F durlﬁ erl Mro
i T

addi t lon ailr 1s i1ntro rough seve
survmwﬁlesé coﬂduﬂlcars e:xmtlb heehl tempersture allaystaneutilived. tHesh combustor

i 1565 il S S8 ol B S chiven ool Al s el erigrir
surfRSESt thé §01ﬁ9l%tt(ﬁ‘31n \he dhndlak R Bbetwoat fHeQﬁn&Qﬁ\Efs%d the inner

systems. Many thermal barri‘er coating systems exist,
strughule amd/ower liess and outer saictuse dTo Tirther hesistan thsaturdbality of the

o for Mok, 0Tt i ntusateRF siORe HRbityet Pl holgs in

the tddmbhibtoe lified r BMddeM UGS 8% 19 intrddb@l Sird1ih- several Tows of
holes in the liners to further mix the reacting gases. Additionally, the inner surface of
the liners, the surface adjacent to the hot combustion gases, is coated with a thermal
barrier coating systems. Many thermal barrier coating systems exist, and any of these
can be used. The thermal barrier coating systems typically include a metallic bond
coat and a ceramic top coat to insulate the surface of the liners from the hot gases of

combustion.




2 Conbustor liners are formed froma single panel or a

plurality of conbustor liner panels that are wel ded

together. The liner is attached to the done assenbly

by a forward bolt flange. Recently, inner |iners

after usage in an engine have experienced cracking in
t panel assenbl y | ti-hol

ions of the af t he
CopburPhgngs aae Greehom; 4 apgeThaeL P w%urﬁﬂtyt combustor liner
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exXCessi Ve at Sone cracki ng. Addi t’i ona
that regionunbethegrst, tlesatcrasks bhve beankieparaddelsy wvtelchmg br bﬂar alloy

the wel d air.is not si bl e. because h
reppR byt Wad FPeielids: MG DBy Cafegighs dimensional and
ope%ﬁcﬁﬁﬁ'r&ﬁnreﬁienﬁsh haf ffechl eécoﬁbﬁﬂﬁﬁyré&hﬁfw Qf 36e level of
~“repair can result in aft lip distortion and

craslhng nRddigionathy, éhei mmbea end locatireofzgadki enabies it sudlr hat the weld
i amet critical

repfi a8 e bl ecardtohols reSioligh' o thg; BullFASE douhd ik i

extbAsieS, A@rtﬁle aft QRh & CRanigh &%&ﬁ‘ @a ﬁbﬂ' REH reshidt fh @R liy distdiBon
liner is made from GID has a nonm na

and;shrmpsege; /BN ISMﬁaW@p@hle as dhccet ths dpiife omhea_iner is a critical
dm‘i:eg iﬂ‘zthgl ﬁ%efnm%g %hétivd: ?8% %S ?scgfdtt% Pﬁcgg% liner and

repli@é Wit Mnewdiitr. ab‘s?pﬁball.y, Ghé Badrdk uide Bolh GTIDE22M Ivéticiehas a
bei ng ni ckel and jncidental inpurities, but the l'iner
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iners, so as to salvage as much of theé expensive
resﬂsiameallcas tlmbmyﬂieelsechndhiﬂ apphcert@nr api 1&@ em:ssmmmeolwa@i in ifs

maf it R alielor B B ot 15 ERThl T goldomartoeios

for repairing these liners, so as to salvage as much of the expenswe liner as possible

and limiting replacement material as much as possible.

A method for repairing the liners is set forth in U.S. Patent No. 6,568,079 to Farmer et
al. and assigned to the assignee of the present application, issued May 27, 2003. This

patent sets forth an acceptable method for replacing damaged panels in a combustor.
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al . and assigned to the assignee of the present
application, issued May 27, 2003. This patent sets
forth an acceptabl e nethod for replaci ng danmaged
panel s in a conbustor. 3 However, the repair nethod
does not address repair of a portion of the aft pane
assenbly, which is discarded and repl aced.. The, af

Hopgwen ﬂaﬁssf‘@msupethﬂ% Idgee 80t H@r%tfepii&rﬁ’é |al Porign a?rftthﬁa@ panel
assgﬁglazg ﬁt@ﬁﬁhf 1436&1 g@l ge{dt il hmbllye thcluld3S the aft

e ‘engl ne
pargel,r the afit lig ma rsaﬁlaﬂaﬂgegarm aiméaﬁqanelt h.@port rieg | Theesuppantdeg

extgycfsﬂaqs]@ C%&Ea?cﬁ gﬂ elgfslggg lé(t:rggstt e ﬁttérpr@qu rgglglré Sth{p%g ttheri%her liner
an®HREGHBREE afid RCKOIHAIMRUGe hite sﬁ‘ﬁ&tuﬁanﬁllthmﬁéﬁlohﬁ 6f the aft

typically is not affected. What is needed 1s a nethod
parfebassembly expegictrecraék dpmngd, thd afirpanelnsippbit deg typyeally is not

=GR, il 5 R ERE PP M b B g PR i v
repBictngPeHIe thes daRiet ﬂo@tﬁbn SIMYARYp ekl d43EmbINYRAtho\nddassitating

present invention provides a nethod of replacing the
theggreppiad ofrtheraft peoeksuppot IRg. aft panel assenbly of a
conbustor liner of a gas turbine engi ne conmbustor,

SUMNJA%\{@?”I%—![E‘?NVE@J{S rd bolt flange and af.t panel

suppor e co ustor The conbustor includes
at | east two panels, which are connected by a nugget
The prefscnt rimtdneion pravides asimetitod pi refirg s @tnagehm’ultbhele of the
d to refer .to

t t
ot B BV GF % oPIoY g ) & B PRAGETE BI 'Wie

reukinP &he %ﬁvahp hOR idge tdha ﬁp el &8P %/g bP tlﬂ';ef:fbrﬁﬁus@d} The
annul ar region, a portion of whi ¢ I nes the

comlosbarsnélodesa frast fwsr paniels, whithuse gfvnneafm*] byt m&bm@n‘a the

| o t es._ of st i,0 fro
lings R oRPSb e e Fe RiaghC SRaat e el B Regd fogter v
the Kofara@fidn SPDBhir 85 peidN, Y TRE ik and @ﬁf@ﬂﬁﬁ&farb heigéd by ey dome
i ncl udes an aft u&?nel support |eg radially_ extending

assenbly; to defiag an annujprregipn.dk RaTdon piwhich denesTthe cembustigh gpne

for%lrtljr z g@%%sto%\%r&%gﬁﬁgﬁ ?o i n@%&ﬁ#ﬁ{ h(gt%tats&eof' %&%ﬁstlon i%rom the

cothigtios zometol the highngressure tuliifiné hoxvl@aThe aﬁfpahhleasbembly of the
ases, does not. experience_ thermally- 1nduced crack rt]h
@g% e aft

sfog Tnep lneraneludesan aff panchsnppprt H?ﬂ wdipdlystend
lip #dvpard WY ififkrb&. aﬂ‘h%o%?l }%#@l %u:pg Es fh'é% Bhist8ARqHe i

orm ng a portion oun ary. e repair o
striichee prithdeiting myzest Theate pael lmpporttleg, isica it36 (iiosinrthp flofv path
fromthe aft Ctthkﬁf the conmbustor |iner

eri al
of %ﬁgf’t gayes> dasssnol expaissee highas upqdcraghing;gs is gperienced by
the Gh kL1318 PAnel and aft lip, which are along the flow path of the hot gases,

forming a portion of the fluid boundary.

The repair of the present invention entails cutting a 360° strip of material from the aft
section of the combustor liner that includes at least substantially all of the distressed
region of the multi-hole panel and aft lip. This removal is accomplished aft of the
nugget immediately forward of the aft panel. Depending on the engine design, this

region may also include a multi-hole panel region. The liner assembly is also cut
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region of the nulti-hole panel and aft lip. This
removal is acconplished aft of the nugget imedi ately
forward of the aft panel. Dependi ng on the engine
design, this region my also include a nulti-hole
panel region. The liner assenbly is also cut 4
.adjacent to the seal flange area | ocation where the
adjpgent i dlg seal flrmee arerglasgtien sdherer Higi afft Ippnelosupperttlpg extends
[ ol :
redSon ¥ e R0 TR ENGRRHEAER R0l o 16 P bl 45 oD arcn
of thaieler EngpesdmbiegThe aft bewel suipottrlogist then cerfonetheatioved aft
nel senbly for reuse, the remai nder of the reppved
parlg psSsmBLY Tofstelifh e BRmHBLer Floibs THBA Yol Rpnsl psspyRhle) being
dis@aNdNg the same geonetric configuration as the renoved
aft panel is then provided. A new aft |lip and sea
face is joined to the aft end of the aft panel. The

A netw afp pensl hevipp dhe sameggeomtsitihcondigupstion ias thel spmoged ¢ gpanel is

they RGP e AP ERE e ip hndd o ARAH drtnd A panel

Theapinel agHoriity whitlewaepetiblislp adpdvedSEantHeyaftpanel H8Embly,
joined to the forward portion of the inner Iiner

be
is then deipeg tatthe mevwhalidin andneeeli Beelty faxnaa rsplacsmgat @ttopancl
f fit '
assblEy AL S 310106 W 1l i Rl Morpd of
the dntierviaer asadmble btnvthe mulghet ioomdalisttlgraxtiabf foseaddsofathd afthganel

aft. portjon_of the aft ane| ass ly. An advant a
ass blt)’r?é‘dr}’“%?@rﬂoﬁl%g theoq%’P pan ﬁ%@mmt%@ﬁgawf F CcOpRustor

wh@t Gt Hak nRRAE BbtweRS BRRhbuSRP 1AL sdafi G, fit Bﬁ?ﬁfoﬁ%f the aft
inner liner assenbly, while undamaged portions of the

pangf assgrablyl assenbly and forward panel and forward bolt
flange can be reused. This provides a significant

' ...Anot h d h
An SRR TR Rt PR RObD e HorieBR BPERE R o gt pone
asséhiSlyahi bo adiRdvedtiien aictinhdr RingNskséhiBlyaihils @adanyged pbftiens of

same material as that renpved, or anﬁ one of, or all
the gft papelassambly and forwardepaaek and; forward bokidlagge candh repspd. s
g o4 i fferent material that has the
proglgg%%%%?]tly J]tbogteslagfélgjg'oi ned to the nugget material and
the aft panel support leg material. The repl acenent
Anothtreadvantagaof the peeskmtdavanipe isihaethe madthed pdrmdis démacement of

the §Hagueds gg'ﬁﬁ@ﬁ?@ﬁh@@f scaf withahs ?éﬁei%'éﬁa?leﬂk S hatgryed gpany
onehntgf%’ g)}' I%glpcﬁf KR affaRéll HSaPipPald iheSafl BaD chll®e LHARMEHith a
different material that has the capability of being joined to the nugget material and the
aft panel support leg material. The replacement material can be a less expensive
material and/or a more durable than the removed material, but with adequate

properties, or the replacement material can have superior materials properties than the

- removed material,

Another advantage of the present invention is that the method permits replacement of

aft panel assembly material worn at the inner liner leaf seal interface.




Anot her advantage of the present invention is that the
nmet hod permts replacenent of aft panel assenbly
material worn at the inner liner |eaf seal interface.

5 Still another advantage of the present invention is
that it permts recovery of portions of the inner
|.iner assenbly, which previously were not cost

Stilrangther Q@afl@g? epdierreseht inyention iidhat itesmils sreqveryoh @prtions
of Méleﬁn&r&é?é?%ﬁ?t ﬁ/ﬁ&ﬁspr 10{15}1 v&rrg $60Eogk & aﬁ?EﬁVle% 1‘%41:11&“ and

be appar ent nore det
whilthswene giscandedf t he preferred errbodl ment, taken in
conjunction with the accorrpanyi ng draw ngs which

illustrate, 0 Xa the.. pri.nc es of the
Other BRI o bl PR abo Ryl heaPparg A5 <
followidlg Sﬁiaenmert@leﬂf daschipfb abf thghpRyfass eﬂﬁ)%dinh&d@l Rgken in
engl ne. ure 2 is a cross sectional view of

coxuyrmt@alm&b aetommnying dpsyingnvhicd illnsiates byap of example, the
pn%éltek 8{‘&16 llll\Lemlﬁlgo! I ng nugget_s Fi gu.re 3is a
cr

ss-séctional 'view of the inner liner assenbly of

the present invention having a single filmcooling
BRABE @HESEI@ TEONODE THEADRATAINGRI panel . Figure 4 is a
cross-sectional view of the aft panel flange region,

i ncl udi ng the t aft |i nd seal flange area
Figyfe | i e Shaveliel Geh b7es BT HOHEHY panel , aft

panel |lip and seal flange area. DETAI LED DESCRI PTI ON
F1g@r7e T EAMENEHiISM] bicaé®a Hypical SorBBIRGIDR Chembdr vingRinea with

h bypass turbine engine 10. The centerline o t he
muét ¢ flm ceolgigomseets- 11, al ong whi ch the engine shaft 26
is positioned. Air enters the engine 10, passing

e R L I E
havitg & Singlerfiimesoladg nigret and :hmuttehalre rdeled phighasses t he
engi ne core. The conpressed air enters the conmbustion

chanher, shown. at 30A 30B where it is mxed.wth
Fighfol Tk GPEPECHa ohe" QLR B e Hftes Tegon nhiing B af
pantP g; hifNiehPHangEBed O thd BR8Nt Qhv&BBRUSEIAMRROSE E)Qnel, aft
toward the rear of the conbustion chanber past t

panelilip andseabflasgeareanozzl es 34 and into the turbine rotor
20 where turbine blades 32 in the path of the high

DR B o SCR B, O TR R ENG AN T e "gases pushing on

t he
Figure 1 is a schematic of a typical high bypass turbine engine 10. The centerline of

the engine is shown at 11, along which the engine shaft 26 is positioned. Air enters
the engine 10, passing front fan 12. Some of the air enters the engine core 14 and is
directed to the compressor section 16 where it is compressed, while the remainder
bypasses the engine core. The compressed air enters the combustion chamber, shown
at 30A and 30B where it is mixed with fuel metered from the swirl cup of the fuel
injector 18 and ignited. The hot gases of combustion proceed toward the rear of the
combustion chamber past the turbine vanes or nozzles 34 and into the turbine rotor 20
where turbine blades 32 in the path of the high pressure gases of combustion are

mounted on turbine wheels or disks 31. The high pressure gases pushing on the




6 turbine blades 32 turn the wheels 31 which rotate
the engi ne shaft 26. After the hot gases pass through
the turbine section 20, they exit the turbine section
at 21 and enter the exhaust as a | ower tenperature
and pressure. The front of the engine is referred to
as the forward end and the exhaust of the en

turbige bfadenJ¢ madhe Whods o1 evtch mite e ensine whafi Bs sAficr the hot

£ FE 08| e S0 A R 1 30 v

thee:xbimse as ﬂ‘hm&:r mﬁmremdMIumn Thh&wheof tBO engine tsypiecmt to
conb S ha ers found.in al s turbine
as G GoRmat o B PP E O SRS s Fefer o i 45 s
_ turblne engi ne 10, which is discussed above for
Figukd 218t d @biORctidtal PRKESE a thPRar eTiibiitibR BhaMeB3Or(eidier A or B)

I ncl udes inner cowm 42 and outer cowm 44 bolted to
suchmn%sb@fﬂymsi apgt CENeS$ angine.| Thie pndaaembystien ¢hamber 30 is

oLy P2 5 AP SRDE, e i
to §f m@%ﬁfa@s $ibide prgiimed0] ededthey discugsed nibevdi %ﬁﬁ]lh@'atlon

to as nuggets 62. The aft panel _assenbly
PUIRPSES aTheycqr%bus@an chambg %H@Me? SR cawh 2] aendaffut%{ cowl 44

bolﬁaldgﬁ %Bm@“asseﬁlﬁ ak! ThRFR: llﬁéﬁﬂg'%ﬁﬂlg% 19%8&1 il 6fthegluralhty

pressure Urbl ne section he co USt or
of mmp}spp&ne&%Z THeSGI8eind a0kt 15341,&:1 s8embly, 606 IT lenphn6ls 52 64 56,

simlarly ,jojned. together t t he out I iper .50.
58 T S D eSS do St i a3 B0giE 551 bR aft panel
asstRABRL AT diRith®) Bin&PRPEL tRheld FordRIBUH &ra ﬂ@g e§ 64 The aft

attached to 1 nner casing 70 and outer casin
panebasemblyso07ebntacts the hightpeedsnregnrbinengecticr8 2@ ht wbmbustor seal

suris P d P BERS Plrids P80%art ah b AR Dons lahfo Fom

the Otiter 3fer SO0 oRier ¥ SOANE El’u%f”hn&eﬁﬂ&ret]@mfe@ ké@ether to form
conmbustion chanber 30. Figure 3 is a sectional view of

coralpstas S @cpmbmstqﬁmﬂtﬁyclm tofinpercgips S0 A @iIngssing 72, at
locgttlo%g1 'ﬁzz?xld 28 € mnemiﬁn%p 48801I &ffnﬁ%?orlltﬁt f)é'i folt%(g?? the inner

present "1 nven I nNner ner asse

casidgamlbcﬁih&f ¢4 snd edoifee inBined atthdted talbe ﬁ’ﬂiey c@img I‘YQ, as
CFM 56 in that inner |iner assenbly 80 is not

- shopgmpy paeeprypnisNtINEANs  Fymeenpasescispbertl-af t panel
assembly. Rather, inner |iner assenbly 80 fromthe

Figli#e?Pid A8 i AbmbRARA! chamb
oSBTl TGS b g SBATA| chamber
ﬁomﬁE?ﬂ)b@glmtwhl&aml mgresetmatp)iewfahe presaft mmnabm ghe hnmzs liner
ar und i ner assepbly of
ey oo oo S AT e TaF R aeanbty GG thesGEM 56 in
that RASNLRY §SseHbBCYP ARGt REMBHES lﬁﬂiﬂl't § %Ist&dtalﬁeaﬁ panel
inner liner assenbly 80 of the 90 and o the af
assgablyl Ratteeribher 180r assembly 80 from the GE90 has a similar conﬁgurat1on
to the aft panel assembly 60 of the CFM 56 engine, the GE90 inner liner assembly not
having the plurality of panels such as are found in the inner liner assembly of other
designs. Notwithstanding this difference, the repair techniques discussed herein are
applicable to the inner liner assembly 80 of the GE90 and to the aft panel assembly 60
of the CFM 56 engine, as well as to aft panel assemblies of other designs have the
same type of configuration. The inner liner assembly 80 comprises a forward bolt
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of the CFM 56 engine, as well as to aft panel

assenbl i es of other designs have the sane type of
configuration. The inner |iner assenbly 80 conprises a
forward bolt 7 flange 81, a nugget 82, a portion
having a plurality of apertures, typically vvhi ch are
drllled referred to as the nmulti-hol e panel ion

flagge la agaggf:tofivz AatRosdoBavies apiprality @fapeﬁwés ﬁwwl Yhwhish are
f
dn?ﬁ(g fe{rag 'too{fb l;fh]E ehak fh%i’e é?lef‘?egfﬂ)esﬁ éJrﬁ& gﬁ&h@&‘ t8Sd aft of

sea ange I on ext el ownward from
thet dneltalidle ipagpel rregmnre&ﬁ-ralntd dshihe ettt lqp)ae@bn Sdapther aft lseagl; ﬂange

é}sff{h@f t a%@ggaé&'%gﬁé %@Fﬁ&ifpl @ Sa‘r&eﬂﬁa ) aséﬂﬂwﬂ SERP grt leg

88 Tkl Ne @b tAC BB Hanke r&éasn 7t eah Jah8N8HpoRIeQBS further

this distal end 90 rncluding a neans for "attachnent
includitg anhendidisidrfrana Siergtackiment o the dftrscal ftamge r@gion, s distal end

means for attachnent erture/bolt arran
90 {i0eing Sty F AFRRinen Wit A8 Eherthinl oy SRRARTFIRIR 3. the
mebl@ for @Xth6iIAknR ds thr Detire/boReirHashag, He th}_éhﬂetﬂnébéﬂturb Gh &he
anel region 84 extends across the inner |ine

distgk sedriropivinma aktexsandingplirayeh deay| cgping o O fbe nnult;th%ﬁ panel
re dd}lesi‘ 8;!& ”R&Jés‘s ftﬁé‘seaf ?i%ﬁ A5t mB s%BétBnééajﬁr a@égﬁza&c%mzs the

rom a ange egl on

ﬂowroe'\ihc()htﬁlcymhﬁﬁtﬁﬁ gagésadifssuppyie ldpetnentisiBrdoadwand frhe aft seal
i nner, liner assenbly 80 of the GE90 and in the

ﬂa@eﬁﬁﬁillgfla%wfbured aft panel assenblies of other
engi ne designs. These cracks have been nost

As %E&z%{ﬁm fofed *af»a%ky ﬁ&‘vé Boch iBsditd in-die lnﬁlep BH& asge%ﬂslgrso&ﬁ" the
he aft "'seal flange region 87, and occasionally in

GEPhendfin thd pnnkagiycumnﬁgured taﬁv@anlel membh@ew%othodeltgma Hesgns.

skil | d h t t hat t
Th seS pare brigrmpty Eeagubetriedip ob€ nifé-Hil rangpyregion 84
and {AB %ﬂ dehN@AngBSEEBRIRY, arﬁpéécﬁ§6@dll§rl 1ﬁ§théihﬁii§) Rgichtgd. Mt @il be
Eane assenbl i es of ot her etgl ne desig such as aft

d l@sﬁv@ﬁ@ philled irp thet anethaks ieltBeugh @cwuggte@smmé idengifies

| SSI on IS aI I I0
ROERE e regh ol panel
ass@BblaE YotBddenpait) dsafieNiuchfastdfeparet iasRndy GUtdthe CFM-56,
di scarding the renpved portions. This was acconpli shed

| disgpspadgatione. ewhish s dlissussipnsis algm ppnlicabls. Bhespmoroary pragtice

S
ot R Rt & the dFopE Mibly fPHRIB0 A BREiabdfoly
dlscﬁmﬁﬁg thed8movabpratonn TIEvaa$ wwmphzhddashgdhd tecknigddes of U.S.
003, al.so assigned to t as nee of the present

- 'Patsﬂﬁvlém pSA%OTRdo drasmen et phv ay, 27} 2003 aedrassigned fip the
ass fqirh%s pRlsedtnehviel t%ﬁﬁsPafeﬁf w2 §39i N §9ai@§1ea to

o s vage portlons of the inner [1ner assenb
Emilemewijcz issued June 24, 2003, also assigned to the assignee of the present

invention. The present invention utilizes some of the techniques of the those patents
for salvaging panels to salvage portions of the inner liner assembly for reuse,
specifically the aft panel support leg 88 and the forward flange 81, as will be

discussed, so the teachings of these patents are incorporated by reference herein.

The inner liner assembly 80 is a complex part typically made of an expensive
material, such as for example, GTD-222. In the past, no techniques have been
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specifically the aft panel support |leg 88 and the

forward flange 81, as will be discussed, so the

teachi ngs of these patents are incorporated by

reference herein. The inner |iner assenbly 80 is a

conpl ex part typi caIIy made of an expenswe mat eri al ,

as _for exanp GID-222. In the past,

avql@bﬂﬁ? gtfectivs @pﬁégw inger ipsr assembly; &9, 89 f%’etrﬁ*{ﬂéwycomphshed
by F@RAal End JFRY xS R HndQusschfblf CRAL pre¥BR inventi

accor?‘p?llss%gcf%a@nrermvzl and repl agserren¥ of {nﬁe erllrtnlrepéon
contﬂnphatels wpatr cissembentineT hesembbsih Iaﬂemmakﬁpm the combustion

G0 Pl AR Bl Bt DR RSPS9t s

flasRegioh 139, tihﬁs FulctdmplRhed B fedt rérﬁ@hﬁ@ ti¥muBihiolt bBnel region

region 86 and aft seal flange region 87. This is

84 by coHpIg lérf@xén e ¢qm1mstqr@tr?mntng ﬂw%| dpinh bl can herratt at any
coqr’%glﬁﬁtglggé _ %5»%#'1'% to'f rl%lgecié(gle%{noc & o\ 151%@%%%031#\9%51:(3 Q{) rt%rward

bolt flgddel 81N ahididgbe ferimddne nhglet 82 Hoﬁﬂ%@eﬂtbﬁﬁ(tailbl@dnﬁt I égfobriied
forward to forward balt flange 81, and may be forned

alopg thehigetnifam thiskesssrof mefaliadig W%gfef.&% as mpchipigg pigparations
for%a%aghrh%g a}cbfn%re é'iﬁﬂ% %rmeﬁqh il ?etlétl ﬁi?ﬁ HnitefdityFhick metal
nugget 0 vachne

I ng preparati ons r reat
Thlalranm}rl s mﬁjriny,d hosardarth im thtpsor at hy uvief yny bonvenient cuttmg

un|f t.hi ck al. . IS remov rformed
S drr RO "ﬁlﬁwdlgs B‘%@Prﬂgﬁl A ﬂm}n%flm?é eIy aft to
Jonﬁtﬂt LiHch idPRARS mlﬁl@%}éeﬁane! Rpldnogh %fﬂ ?é‘%%rg REGaft E@al flange
portl on of the inner Iiner assendly a joint 1,

regwini &hanidredt prdel suppbit |leg18)8 éhfpﬁm phnal egpront 184 38 as cutlﬁ'Cpn the aft

aft .se regi.on. 87 and af
parfdsBRpTY siyPunietaty 00 anfSE a0 paRe odipragt (B er tier
asséthBIY §0VBetdebn jolRNE |and‘§§1ﬁﬂ’9| dn W' d&%ﬁfr@éde NThig!ihotu@ROhcttonly
{Tgl nt 3. The portion of the inner liner assenbly 80
mu

hole pang! segmen &4 anbalsepfhip Zegiom 8¢ andiaf senl Jawge repiog 87.
includes not only multi-hole panel region 84, but

Th%@ %léﬁ{()trt Id F{sos’r ?a%l @J‘regged%ﬂﬂ fle sf& éfﬂ\ﬂg(? ?egticﬁxgs r‘cp@%ﬁ lip

can e reuse

regiBag6 ﬁhcammmmhole I&Ylel tdpgora B4 rhugd ber mglaoesd 8@ haswlittine are
mul ti- hole panel %gon 84 nust be re Iace These
proyidgghas £gp ce@f%%waaféd § aftdip welondifrand cgpgion 87 are
f f
fon%ﬁ%h%{‘ B9 %g gt sgngzcl,eﬁggr} e’hgé;?t? hf)%ﬁ%eﬁ‘f8§;f1?%ﬁrsg£gllqgaﬁﬁg region
87 ang b@fmltmﬁglmddhﬂrege)rrfegneﬂ’]as 8 mgheypdre Hnlweveﬂ, these items are
ver t hese

hi d f | t.
curf P oRest oF Rhaey i) et iotpd, 1aPFk gk s by
Welﬁﬂ% s8Rzl &e%ﬂrpgestl ¢ patUCHORS tHY Haf@’elk dhYeka¥d is not an

brazing toforma single part. How this part is o
impfoatiant featueel of $heypresent mvemtont adowéesat theeafobeal Hiange eegon is

provfavc? w1tlh a we 1\:{\1%1\3/ S jomtrﬁe we}fwh wﬁﬂ)ecoln%n\%eld &It qn éirsnilarly, aft
support leg 88 is provided with a mating weld prep at joint 3 to permit the aft support
leg 88 and aft seal flange region 87 to be joined, forming a weld joint 3 when joined.
Similarly, the replacement multi-hole panel region 84 is provided with a weld prep at
its forward end allowing it to be joined to the inner panel assembly at joint 1. Of

course, inner panel assembly also has a weld prep formed at joint 1 after the above-
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provided with a weld prep at joint 3, which will
becone weld joint 3. Simlarly, aft support leg 88 is
provided with a mating weld prep at joint 3 to permt
the aft support |eg 88 and aft seal flange regi on 87
to be joined, formng a weld joint 3 when joined.
Slmlarly, the re acenent It|-hole panel redgi
descgibeg 6 i agcamnlished. Wehen the @gﬁarho ¢ anch & o § qdedS to the
lmé} bm Q&eﬁﬁ)lyt Qun:fd jo?ﬂtn§ﬁ)rﬁ19d tata%lﬂtrin?ﬁe Hﬁﬁﬁhol@? Lofon 84
IKe ourse, I nner ‘panel assennl so has
alsa haeladwpidqpelj (&mmd aautSJacft end gdoradspending & abmlépr@ formed or

368 P B8 6o S LSRR S s, S0Pl o288 rgion
to B& ¥ th('ai a%ilﬂrdgﬁzlnn% ht?ofrﬁ’ DRhicH bdcBines whid oM 2 after the
t|-hole anel region al so has a weld

weifbrm@dmad g oadar afigingeg thespoledicnty togethensiol fgnp rthp repaired
1nne? fqugr asgeénblg% r1]s| D& m{pﬁrtan#ﬁll{o?_ %\ﬁfl@e ee{jan%ea}%fls lélel %rﬁedp {he rBultb

holje@iaﬁadeglen BhGs Bé jouieldno rtla@fo@mﬂ%maﬁon of the uﬂler ‘Mibtcel'ssembly to
beconmes. weld joint 2 after the weld

f
Forgr ROt | P ISP YL SERerdABA is 0GR L0 e S0 mehin Foieh seal
I
ﬂalé%eol% )?g?r%’ tg @&Hwhd &i[ats f‘; ?‘g?ﬁg rférfrélg Hg 'W%l(ﬂ%i t'tZrE}_&H‘h):l)fEéeg the inner
hnqsraassémblgg%o nB8t40tiher eupmicn dok joumngl eha‘se reizmenitqomay iberused to

|nner i ner to form
foralr © e lingr s gRbLY) @%8 lﬁngomtﬁeas 41@8&5%‘* tb%ﬁa%le the
ovérhlﬂ) lé@ﬂ?‘ﬁﬁd ﬁ%a(ilamt:ﬂeﬁ 69 the 1%?519&1 §1¥1elt Hnéroel’s%dﬂﬁs/ Gall HifHin key
. formng weld join conpl etes the inner
dlmann@nala&@wmm pr 80 Buup of ther repetje muws liner agsemblyng0 to the

dto . f h I
cory @807 B8 ot 5 B it PRt RO, gy Sfppusstion
chaitdk BD Aotrlmcamf,ab&cohmgﬁga and the dianeter of the

repalred inner liner assenbly fall wthin key

di mensi onal features, or else fit-up of the repai red
Nepnmake combysterskinash F)gplcaldm age pgsufacped, fogr ons mpkerial.  As an

exdngﬁn%al habls: af W&?efog @l? RS OC%@%Elg{fa%&‘ O3 N6TD-222.

Pion “char B) cann
Combastogsl itghieddly New mhefaemréausﬁ@ﬁ Ilmg}ertsnipym'tural hickelr ebase

manuf actured fro mat eri al npl e,
p@fﬂm@t Dioring s SRSt EEQ?FSth@ BfrRRCh SHRPEes S8 And the
Bdtflan &t Qiseq.t F@ iegald hndl l‘ﬁle'i@F'éé f % 86 Seb z{s d in

I'gh tenperature nic base superal During t
the (&), Itheﬂbplacﬂmemt un%holetﬂaaela‘églopan,eﬂhe sﬁﬂmmegloh &6 288 the aft

d the rd bol.t f re reused. So for, an
scaf g Youiqun ¥ h0et ABp, PeoBa SR TR Ghe s iatet o Hopfiuer
the RRLARSIRA forMheld rdpRcEmBRNSIrts 8 HoPBo Béktridthe aht réﬁlﬁ’cement

region 86 and the aft sedal flange region 87 nmay al so

muliehelgpahelotgipe §4fand he ok lipamgion®bédi sehl flakgsaegpn 87 may be

. manufactured from any material that can be compatibly joined to the material of the

forward bolt flange 81 (or portion of the inner liner assembly forward of joint 1) and
aft panel support leg 88 respectively, and which has suitable materials properties to
. survive the harsh environment and temperatures of the combustion chamber 30.
Thus, for the GE90, the replacement multi-hole panel region 84 and the replacement
aft lip assembly 86 may be manufactured from GTD-222 or any compatible material,
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the material used for these replacenent parts is not
so restricted. The replacenent nulti-hole panel
region 84 and the aft |ip region 86/aft seal flange
region 87 may be manufactured fromany material that
can be conpatibly joined to the material of the

forward bolt flang or t|on of t i pner |iner.
suchisas I%WP Fo‘fl%ahgg B‘f?“‘fgibi'( ‘1‘)% ﬁ@sedafi‘fpeﬁagﬁ’éﬂ H%‘G%c?r frominal
coﬁiﬁ% % f. 79 to SREGH IpsRledt, AN BRG], ta@@hﬁzi%trﬁﬁk@' Sout

surV|ve t he harsh envi ronnent
15 5%11mgat:mr®9ubﬁ 5t eronpatimwd (2% manigansse r at®ot 0. 4%1 lﬂdl,con,oabout

0.1 bt spefi s mn B i § bty R g tmBiiies

Théepet Gtibhe tbrIMQBS Pt 4 St AN if ANABIIobke THE hicddeveral
10 such _as exanple HS-188, which is a cobalt-based

advagiseesapf eybsHiingg diffesert ﬁaaten@oﬂmélsq priginal matepial, gc}ﬂpendmg

Ol B3R B2 L B he Bl 4 Shore st

avdilablg ahasthe oatgmall rr(hiéﬁkﬁ S Thk geplacedidntimatddiall Hag diabe better high
about 0.9% | an um and the bal ance cobalt and .
tempREatyre prenert ee%rlgma#wéatg ci fhecgplagsnaent gnateyial fagy be

cheg Sitfarfthe oﬁgpafsﬂx%{eﬁai Br Me@ggé??ngﬁﬁfe?iaﬁﬁﬁgr%?gﬁ&? workable

vant ages stituting rent nat
than tiee origigelnahtertalt eThefinaldapanidengssentbdy 80 he thip @mhodmgent is
condi,t i ns The raggpl acenent material may be nore

Cm?@é?&flloi/" 1S8{paiaf W51t han the original material. The

repl acenent material nmay have better high tenperature

Refbsaehdo: 8Sinithal BRnvaDbNAk 68¢8d balk fladSHEsT R fHeaiFepdnel
material may be ‘cheaper than the original material,

suppprtegess érpmathém lirven @Sﬁablyr%ly Vih mf@rencmp KEipire 3, finsthe
ol SR TR R oI S BT 1 287 5 SORLY e
inspeRtedl S. Refurblshmsnt is initiated by renoval of the
orward bolt flange 81 and the aft panel support |eg
88 fromthe inner _|iner assenbly 80. Wth reference to
As thegigpemmended magthed, af repairdy by w lﬂér‘ﬂdéé’lﬁipsfqr%\ﬁ{}é’l to the

of it Blpof 36586 RO SE o B0 oHTPtcBic ST QA part. Ap theat

lip veeicohi 86915 wmerd g ite ferwardenpt o\thel aahiti- ho]blpanelaéglop ddad produce
ort 88 as well as to the aft eqgi 86 of

the TR wbfigrnent Auvienarht s PGSR0l ABtS & Wal gEkp 3 i

forwhrd én@r Wahfle %ﬁiiﬁ%’g{:?eoe%rfohne@ b$ aRPRete Ip'ia%gé Rt El@ctron

produce the fabr ed repl acenent” spa art, It
beaneweldgmgriy ohe amepmbtbenathmélanld p¢®ptahte thlé prépa rfwacldctendbeam

we]ﬁ\g{gl?g@raﬁ!%?s(ggtﬂp]g%yfop g G%%Ibf pane asg{emq:)ri}¢ afes e&n?r? lFlgure 4.

A replacement multi-hole panel region 84 and aft lip region 86/aft seal flange region
- 87 are supplied. The aft end of the multi-hole pancl region 84 is provided with a weld
joint such as depicted in Figure 4, and electron beam welding is the preferred welding
operation, although other joining processes such as for example, TIG welding, laser
welding, or other acceptable welding process as well as brazing may be used. The
forward end of the multi-hole panel region is welded at joint 1 and provided with a

weld prep so that it can be welded in a manner set forth in the prior art patents, U.S.
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beam wel di ng i s one acceptabl e net hod and accept abl e
wel d preps for electron beam welding of plate
assenblies for a GE90 aft panel assenbly are shown in
Figure 4. A replacenent nulti-hole panel region 84 and
aft Iip regi on 86/ aft seal flange region 87 are
ied. The aft end of .the multi-hole panel tgl aon

sup

Patgnt ﬁg DPORP AL andyth Batens Np- @iﬁlngs%ué‘ﬁlsa‘é’eléé@ %ft g fpryard
[ t

ond, S g flolce FEE! Ko S e ld ol 3 BAARL B no

necs:ssahl)ass ﬂmr lastxarnid| ae:compﬁsmé,l i mplbtasrefurbmbhmtmg inmar liner

oSSR, (GBS iR St BV aCRarRat of LPHEIARIS PNl pigh apeion
87 BPﬂie%‘es'eﬁt nedirg, ﬁfuch% j@ﬁ'ne@ té‘ﬂi@ dH phehe tegMit!oB, ahid¥e kBown

prep so that it can in a manner set forth in
in Figore$ deerem thepaft @nm@rt l§g§8 lsmmad\ttfe the #ib lipaesies, 8G7adt scal

nd U. S 6, 581, 285. This welding of the
ﬂmf’%?rﬁgf’améiﬁge@ﬂo{%é nul ti-hol e panel region 84 to form
weld joint | typically, but not necessarily, is the
Thé asilackpiedt antompld phetl ,regmn Ganphetbe 4 dbmuudel platepnt casfing, a
inner liner _assenbly 4 depicts the

Fi gur
forgiggy » shask metal pangli g ar@aneaﬁe%gyﬁqd)% Fypirrly: thegneiti-hole
- PN-Y géh@p
Pal%? trééflsoﬁltp%glrsltq h g%e Ogg%gérﬁ Sis sﬁ% ﬁelaﬁl |g§f o ically
isnmhmaauifacmi'felcﬁffbnmdm:latel leg 88 is joined to the aft
lip region 86/aft seal flange region 87 at weld joint

BH“HEB E)lgl? erenégla ﬁg?:ﬁée B%lpgrp nﬁilr}-b)rleesg:; on. 84 %%fg%eoraaﬂer
it iPRERled ﬁfto o, ity 16 0 e rolohRs VL Gtk heldiddi@bich is

multi-hole panel region 84 is in ané one of these
accpmphshedmma/ @pertwmaraftvplpalbr fcegneé rby8EDIM) mashining of By laser

nuf.act ure { Th e

arif B, STOUER Eneiion abShEia PR forde B by plpd) IriRasts a
corRefmOethOdisRific of i finidhed Wiletltfds | dileOtop it tveliing oppiatians, the

to the aft lip region 86 as the first welding which is
apesEE Y bsrformedrhs arpeonieniest ragthod gfrcealdipes or ned by

EDM rmachi ning or by laser drilling, although
AUGRBARE biefked BT o e G oAt T8 i e fbed al
panep essembBysis dyefotroingheeldel 41 agl dpkipate Hriy, eledimn beam welding,

o GEREP OTAVRLGHC R R ISRENOBSR 6 Tejoie g ohand
oth&ogi%oﬁi%ﬁl srd %Iahﬂgg (Gmmﬁ&hﬁﬂ sbethrphito pRaRfizeds Ik Mhe

formng welds 1, Figure 3, by electron
methed mﬂmirﬂng] gestriged ém wﬂdlhgd sFocrf exneipdid, nigindng: by dwatiag evhich

_acc\g&llpﬂ'lshneg’ a satls(‘}'S (Etgrrgr ]loqgtr Es 963 \Ale'agéeg feTIteCé'am%ﬂg. Any joining

technique may be used that controls distortion so that the critical dimensions of the

inner liner assembly 80 can be maintained for fit-up with combustion chamber 30.

The surface of the inner liner assembly 80 exposed to the hot gases of combustion
must be provided with a thermal barrier coating system. Although the thermal barrier
coating system may be applied to each of the individual elements 84, 86 comprising

the inner liner assembly 80 exposed to these hot gases at any time, it is preferred that
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ot her gas netal arc welding (GVAW techniques can al so
be utilized. Nor is the nethod of joining restricted
to wel ding. For exanple, joining by brazing which
acconplishes a satisfactory joint is also an
acceptabl e technique. Any joining technique may be
used that controls distortign _so that the critica

thethermpnd j hgprier groating systemdie snphisd tadhe wyiey liger é%?ﬁmﬂ?@’ 80 after
oG e bl SRILLD GORRIBAARR BUARERH Pl T

systent C@ﬂ&ﬁﬂp}ﬁ){bd troarbinglei operation sdthdrethqor mvd plechlivy dfhopgrations one
t her rri.er atin em _Alt h .t he thernal
forygih og,the siyinvy et iy b el pb T gladguinio e phered
with T6d ek bafi %M% S?Qtem&@ PROABE iR rBghirddHRote AR fol | St fdces
assenbly 80 expose o0 these hot gases at any tine,
exposedtioghehotaapnibiusiion geest he t hermal barrier coating
system be applied to the inner liner assenbly 80 after
I t.ed. [
WIS G PR BRET P PR R S SRS S S bl hpgiment, i

wilbpp bhdstood By $hdaglskillep ek del ﬁﬂﬂfa&bﬁlﬁfustdhaﬂigds ﬂn@ be made and
plurality of operations one _for each of

equf»ém wax eé}l@%ﬁ@% orﬁmnftr%ﬂmoa withpy de@?lmstfgm hesgegpe
of € i gg[)fd[n é’(‘fd‘tnm %r dif] atiBRs [ beclﬂ%ie' f&%dﬁ%@& gﬁ?tl Rlar

provi he requite I'on surtaces
' sxtﬂaﬂoﬂi foe rhaittmdomfbﬂhe tteazhinga d sthe \Mi/énﬁoh heithawy e]npartmg Hemsn the

been descyi be reference referr
essETRb AR Therort Thgierreis 1 aied o thy THEBLE: uat g Lgitpd o
the lHaRic@ldr htRllint@H ldRRs&ANIR DB I00E c&?ﬁgﬁ RRA for carr)fnng out
eqU|vaIents may be substituted for elenents there
thisninvegion, deptat thegnfention vl isdugdeall embodisentsvighingorithin the
add%&l many nodi fications may be nade to adapt a
SCoBg P 8@?3@1 dFliMYi on or material to the teachings of
the invention w thout departing fromthe essentia
scope thereof Therefore, it is intended that the
invention not be limted to the particul ar enbodi nent
di scl osed as the best node contenplated for carrying
out this invention, but that the invention wll
include all enbodinents falling within the scope of
t he appended clains. 13 CLAIMS: 1. A nethod for
refurbi shing a conbustion chanber of a gas turbine
engi ne, conprising the steps of: renoving a conbustor
fromthe conbusti on chanber of the engine;
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renoving the inner liner assenbly aft of a forward
““bolt flange, the inner |iner ”assenbly further o
~.-conprising a multi-hole panel:region. at its pr oxi nal
“end adjacent to the forward:bolt flange and a di stal
end further conprising an aft lip region aft of the
mul ti-hol e panel region, an aft seal flange region
cL&fRnding from the aft lip region and an aft pane
support |leg extending fromthe aft seal flange
region; separating the multi-hole panel region from

| the inneg nlléﬂ[ﬂoc{ fo??e%ﬁ%p af éon?rf sHBE chel ? %}blﬁ o

fl ange; separa pane suppor rom
aft seal. %3% |on d| scardi ng the separat ed

et ?‘?m%ﬁ%g gi on, the aft [ip region and aft

- renf®®ilg a donfNGRr HBH 108 coﬁb@éﬁo@llcﬁﬁnaerf AhAGRIRA
mul t'i - hol e panel region and an aft |ip region/aft seal

renmlvmgg@e ripfr der ja R gefah dormard bplt éhungg thi gnrgir tliner
ass 1S, 3B QhptiSfle 20 ot MbAETIRU AR o ROl opd,e

~ adj atoeml wchegstivaal bolt flpngy €@l o disal lend Gathel lcam@esing ghif B
prep; joining the refurbished

ft.]ip region jaqint,
regl@nta%ﬁéfﬁ@ mgub%@e paned gegion.teatpieal Jangi regian gatepdige srom
the o 10} R ERUTRRIT Sonely b REhToB TR (EEh RO (B
regiopnj t fl ange to reformthe i nner liner assenbly; and
coatl d netal surfaces of t e reforped | nne
SGP?IF‘H%% ﬁ’oﬁ@e Wepe ggiopfEpmpe E%Heﬁ BFT aBaT éfgtt&?n
fervaardmgﬂgﬁg@od of claim1l wherein the step of coatl ng

exposed netal surfaces includes coating the
Separei@m@&@ r8manehshpporhisk dropathel aﬂrsegh fymgamgiote

discgflind F e oot Tone oot O wCRbrBRoRiond A FR

ﬂanlgeg:@gioﬂi ner assenbly aft of the forward bolt flange by
providin rep to the 14 inner |iner assen‘gﬁ/
prowifiingo# re @efn@n i-helet paneh neponvaed entdfe lip regionfaiin

.y is separated fromthe multi-hole panel
ﬂan%‘g%eegg&{’ 4. The method of any one of the preceding

inspetangEndwefirkisiing i £1 wineDdupport leg and the forward bolt flange;
joining the replacement multi-hole panel region to the replacement aft lip
region/aft seal flange region at an aft lip region joint prep;

joining the refurbished aft panel support leg to the aft seal flange region;

Joining the replacement multi-hole panel region to the inner liner assembly aft of
the refurbished forward bolt flange to reform the inner liner assembly; and

coating exposed metal surfaces of the reformed inner liner assembly with a

-thermal barrier coating system.

2. - The method of claim 1 wherein the step of coating exposed metal
surfaces includes coating the replacement multi-hole panel region and the replacement

aft lip region.

3. The method of claims 1 or 2 further including the step of refurbishing
the inner liner assembly aft of the forward bolt flange by providing a weld prep to the
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i nspecting and refurbishing the aft panel support |eg
~and the forward bolt flange 'r'egion further includes
- inspecting and refurbishing the thermal barrier :
“‘coating system applied to at least the forward bolt
flange region. 5. The nethod of any one of the
preceding clains wherein the step of inspecting and
'"R’Q{bﬂl r
lmgﬁlﬁﬂ&? ang a?&gitﬁh ur eorltsﬁ%%%u‘g}é%gg}eg@ggg fifer a§§e é)(ri s
sepprateyd ftomn tHeemwaltithdlé panebgigom. where the aft panel
support leg is separated fromthe aft seal flange

4, regi on. The Hethodedfag ée @ﬂlbheq:ﬁ@ceﬁfngt $18inldr KB&dinNGe step of
claims wherein the step j oining the repl acenent

inspagiing apd|refurkighing the afth@anleh sanport legr ands thentoryargs polpflange
regfoﬂq:unﬂé}_}%[rsﬂe fifr?rgfeﬁ&rgaﬁg%hﬂ&sﬁﬂg %@J @hﬁf}lﬂ g)aﬁ’u% cae?ﬁng system

one € prece
apphbdltcﬂ&t ledstethe iforwiahdbalt ﬂangmfreg;pn ovi ding a repl acemant
mul ti-hol e panel region and a replacenent aft lip

5. region/ Eid meﬂﬁd|off d.n?rlgﬁ% ook QPRededilgUsl SignsPwhatehll 1he stépeof
aft lip_regiaon and seal flange region as a_single
inspestipg gnp apfurbighing e At pAsEl sPPaFylegrsidothe foawandahals flange

regljfoﬁl vt %Fc%(ﬂes ﬁ])pcrvu.s(’lhgpa Qteld 19 % tﬂE Nf 1@) %Bh%%%??&% aft panel

e pane ion a plac
suppey)legrié sephtatedsfearh tiid sfbgmal ﬂaggecragbﬂcl udes providing the
aft lip region and aft seal flange region as separate

6. parts sullgeaiu®odlof an9lcnﬁdoftmlqiré&ﬂm@ycwmisdwn&em%elét@ of

met hod of any one of the clains 1 to 6 wherein the

joindngs theofeplasemontaniifi-holeeiseitseie e mpt ilingo pesepheaft of the
| aft |
ford i 0% At %ﬁfuﬁﬁ%ﬁﬂﬁl@%ﬁw 'nS The aft 1ip region

7 A R R R s o

proﬁatﬂqurepfac@ﬁmtqmquqfolé ?@epf irfd0h FdpBicBmehtlHTt I region/ aft
including the steps attachi ng the reforned I nner

seal| flange r%%n@ltgdes quvllfbng themfslip feglcgh@]da@?gmlﬂan@ regiog as a
singtO TR Qhre N he engine. 15

8. The method of any one of the claims 1 to 6 wherein the step of
providing a replacement multi-hole panel region and a replacement aft lip region/ aft
seal flange region includes providing the aft lip region and aft seal flange region as

separate parts subsequently joined together by welding.

9. The method of any one of the claims 1 to 6 wherein the step of
providing a replacement multi-hole panel region and a replacement aft lip region/ aft
seal flange region includes providing the aft lip region and aft seal flange region as

separate parts subsequently joined together by brazing.

10. The method of any one of the preceding clalms further including the
steps of attaching the reformed inner liner assembly to the combustor; and assembling

the combustor in the engine.
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