; ope3ec’ | 6T?C) METHODS FOR REPLACI NG COVBUSTOR LI NER PANELS BACKGROUND OF

THE | NVENTI ON Thi s i tes generally to gas turbi nd
nmore particularly, Hmlmmumm“um repl aci ng conbustor i nerrmmmmlwmmw*ml
W th gas turbine engines..dob«Ur bi ne engine includes a conpressor_ftor
conpressing air which is mxed wwth a fuel and channeled to a c&ibUst or
wherein the mxture is ignited within a conbustion chanber for generating
hot conbusti on gaMBETHADSIFGR REPOIACINGDCOMBUBRTOROLNERIEANRESa dome
assenbly, a cowing, and liners to channel the conbustion gases to a
turbine, which extracts energy fromthe conbustion gases for powering the
conpressor, as well as producing useful work to propel an aircraft in
flight or to power a |oad, such as an electrical generator. The liners are
coupl ed BACKGRGIOND @ TeNVINTIONhe cowl i ng, and extend downstream from
the cowing to define the conbustion chanber. At |east sone known |iners
include a plurality of panels that are connected together with riveted,

bol t ed, chms IERiEn tebiefesnctally . to gap dybinsrengine; ped mne particnlariiide mebpdnfpr
nuggets | d radially outwardly from
t he pane{'ﬁ&m? °‘;a}ﬁmgy ﬁ?@?k@%ﬁ%ﬁgw ggs t&rﬁﬁl éﬁh&gccor di ngly, such cooling
nuggets are not subjected to the sane degree of heat as portions of the
panel s adnabmetengine indndkessd camprebsntier coraprdssirs &uMhictdlsrmncgdo/mﬁr atfuerand

t her mal tre es may be ind ced thlnthe Over t nt

oper at| ST Pribeimpouet BEEEn e Modueas JBRERSH R HephhFTn  Samhetor
causi ng JaRakerY R& c%ﬁﬂyuﬁtiorf?ga%%' )Slﬂlehﬁ sGﬁt‘éan@QnWohfb‘ué‘toPshﬁclﬁéé‘ﬁ ldSme @b‘sfehﬁﬂbt
repair methods include welding thernal fatigue cracks. Additionally,

pat ches aragylivg, and linghet cth@n@ﬁl émcctmblpm@ gases ke tuabigewhikle nétataqwelter@/rm
stresse h e ve in or
di st reszhe é?\pgursglgl’rl g%Sre%tg‘gs} ORV ?1?11% pea(?toe prgsss(8P| n%vaﬁpS go‘ﬁl%ijn “ggﬁélt%pr?ﬁg
conbust an a@aftiatlighve 1o @)@u@hasktardu siidhr 3l ani dtécﬁ@ctal tgynembhl 'nhé; lifidts pRN@upletio
enabl e patches to be attached n such ca repaif of such, panels is not
a feasi B9 eomcosserably vvlﬁsttleaBWllﬁ% %A eriead dapBHERa fromifas cq‘%hqrgets dsBusthe
Because (, ul;tid?lecrhain%ex(?oum ed to the cowl and the done assenbly, often the
entire conmbustor mnust be disassenbled for the liner to be replaced.
Furthernore, when the fasteners are renoved fromthe cow and donme
assenbl YAt lsasiciose known ligenseinglude @l ploelise o6 mendle thas cate chenestedplosethers withy be
altered an a esul I tooI ed.durin

e- ascedbire Safled FobbreT REEhRuishE b iR of nd BHF TE134, btiine usserss
may be ot dtEbeb WS Mn@bﬁel@%ﬁh@t@dté&ﬁl radialte setwakl BonSUYWARs &id drily from

| NVENTI ON | n gn exerrpl y enbodjnent, a nethod facilitates rep]acing of a
porti on B cAMBEHg BER nAECRHIngI sichy seoling, Begets citg nAk SEBFAES toothe sams
cost - ef fd%gfeb of h@&tdas g%hi&?a@ log ¢ HEPHHRELS- adEQ@ntQH@P&ﬁB&‘hoh Qﬁéﬂﬂlﬁ'&s arffdl &OBHSdUr Y

zone that 1's defined by an inner and an outer liner. The inner and out

| i ners epehatipnthamiel siressasimay bd induees] wntlamdhapprmlw aDientiroé, qmggmdsoﬁemtmd by
adj acent_.panel s. ; The net hod i ncl ude cutti en _an

Ut £ ace 4T e P P ShBE SRS L TGNy Rip S e SR Mo eas
one panezjract(h@ttoldavadﬂ,mmthéb@neag ea of the |iner that was cut, and
installing a replacenent panel into the combustor for each panel that was
renoved fromthe, conpust.or. c&?t her azfpect of the jnvention, od is

used to Glgfﬂnétf@aatmttb%sﬂnelﬁée B’él § Beapddauginsracksr Addifggna &rtatcf\ﬁf mw/ €a
gas tur %ttaalearteld?@asccst%étsqtlatt fdty éaﬁgdéaot%ﬂéﬂnamts%g 'Hdwévet b4 tttdth@ﬂna

mul tinugget region, a nulithole region, an inner surface. The nultihole
regi on euxesasibaiandisted dleammil fatigoder dmttctss imlgm arcag) phihe pamis ohia arrduﬂabty of

i ncl udes_t t eps ., of cuttln t hrou ast _one of i ner, mul ti nugget
Fogi on RUEIEHBe EBREPSRE My P Bave Shean Yo el Fudify Rt Rutt el g
combust gaidhiNRy bepafGhed: UnBecl @BbREQRir TTEIRVPAIEIstin R0 fehBISlopaBE, and instead
deteriorated conbustor |iner panel fromthe conbustor, and welding at | east
one replthe eptrcOmbHEpPT tiverds rqpéa@d Heeausy it tingy ipsongledyor the ﬁot"héfldcgﬁtﬁlegteor
for eac [ d I OF
THE DRAG\IVS%&&?: 6Hftjérar}e‘aftﬁ ?I;Mpéc emasl C |P?t5§ét“raas %sgﬁﬂ%lc’) g)retgé Ei!% SH;;?;B; gﬁia}gﬁm@e

Fi gure 2Fur1$1exancna,r tvhah the dssseneesc hicoraloved evono ftha cowhtaudtctmmeamemblyy ptetws‘e may
be used with the gas turbine engine shown in Figure 1; Figure 3 is an

enl arged view of a conbustor |iner usedyw th the combustor shown in Figure
2



taken along area 3; -2 Figure 4 is an enlarged cross-sectional view of an
alternative enbodi nent of a conbustor liner that nay be used with the gas
turbi ne engine shown in Figure 1; and Figure 5 is an enlarged plan view of
t he conbustor liner shown in Figure 4. DETAI LED DESCRI PTI ON OF THE

| NVENTION Figure 1 is a schematic illustration of a gas turbine engine 10
including a | ow pressure conpressor 12. a high pressure conpressor 14. and

a combusfi@ensiénal 18 beBvédnStBe cOMmboitass Mallbe Rlteled 2Hd S atresud, allgbcia% 1Gd1thga

| ow pressure turbine 20. Cbnpressor 12 and turbine 20 are COUB¥Fd Q@da
1R3¢ SeB¥Ed

first siadtbozrequiicd dsingriesissrmbiy aHuist tpbicing a gombisten lippiinc
shaft 2 e 10 is a GE90 engine
com‘rerc:lnellllgky av |b§ ﬁgé ?@%ﬁmﬁaﬁq #E)%f gx%té:rp%! rcraft Engines, G ncinnati,

Chi 0. I n anot her enbodi nent, gas turbine engine 10 is a CF engine
commrer ci BRIBF SVSIMARYeOF Tdth BEVIENAIORI ectric Aircraft Engi nes, C ncinnati,
Chio. In operation, air flows through | ow pressure conpressor 12 and

conpressed air su | i.ed from ssure.co ssor. 12 to h pr.essure
o oo df anremiplas BRBg et mo P S ARAREY PR LT 3ot S5 hau iR 5
Airflow Mlqmac‘g@m\min@rené@e %mwsioxtlblrabjoﬁtegfebﬁv@&ih RO a8 thaxbt STE@@ombﬂid@érﬂe
engi ne 10 through a nozzle 24. %Pure is a partial cross-sectional view

of a corbelydesra gubustign penegthptsis dafiegd by apeianer ang agrouserdiet.i bhe BinecadIEeror
and i nECeact Sholte OEe Gbdh A RBIHIGIR B BRE, REnedpr UMELA Padel 011

done asgmethbd n&]hdam the stemsodfcusimyberweer aredutthsupfagh anid o iraes eurfilcy 082t leatto a
combusti on .zone of combustor 30 to, form ai r-fuel t hat is

i gni t ed WEIEF P 15OV g %E%ast Poe mbﬁabﬁ@mﬁﬂ&he %ﬁéﬁ]éﬁe %erftfaﬁ\tmf W
annul ar ,anEialHété‘l’hhg a%bfa&exﬁ‘élﬂ ﬂaﬁél' iftlo! the IcBABstSHRR QatH B&w’l‘%ﬂ?%a% rérﬂ@%ecﬁﬁ@ffm
and conbustor liners . mbustor liners 40 shield the outer and inner
suppor t ithgcombisters fron1the heat generated wi thin conbustion zone 36 and
includes an inner liner 42 and an outer liner 44. Each liner 42 and 44 is
annul ar ;an I [.4] e i I e

Each nu|ﬁ|%5@§§ﬁﬁ %%f%ﬁ éhgg#gﬁﬁélﬁggﬂ?goﬁgaggge%%g% @En%%M8@ gégﬂ?%%deach
mul t i hol @nib@giodninéB paned withih negas tdibimnehgdde d@ﬁbmmmhﬁtudem aZ @ARuIA6 liner

Combusti,on zone 36 extends.from do assenbly 32 downstr ur bi ne
nozzl e (IHQPZ{@H&M%‘)‘ ““Eﬁ&eéFegéﬂ{’ela‘WﬂEﬁF FoELQTs an a%HH’eE%“rgaﬁE“ %H]'ﬁ “ngﬁ%reglon
plural i tagids H@%&t&a@fr%‘tﬁ@rﬂuﬁﬁiu#ﬁ@c r§g1§§rdn@5th@ﬁleﬁlbﬁlf?§c1§&s tRAGBpf i)
forma distinct portion of I'T ner . Quter liner 44 and inner
liner 42hwagh at leastiode o thedirter baldfmmetangioaznd tl@slp@cmubtdw}c, regiva, éowwrs:tam
panel 64fandt66t ﬁpect “%% X te boIt b qO ?nd |naer ?olt i Stdn62
are posit9Bndy %1 1ePiC COmgRHY L0 RETY 19,58 eplaseo A AR <P et er o one

assenbl ydetetiorated bmbus@@nlaies paﬂelefftdn Oife, conBiapRae] andeden@ dtdéaspanetplfedmand 66
are connected downstream from holt .bands 60 and 62, resp ectlvel%i Each
Hious

adj acentPagshingt ﬂ@awr}ﬁaﬁmtms@an%l Withip dheeprabuigios Ao earh gletetioratedy qentbustior Sner
panel s q%n? e@r € connected downstream fromrespective first panels 64
and 66. t g%nds 60 and 62 include a plurality of openings 72 sized to
receive fasteners 74 therethrough. Fasteners 74 secure liners 42 and 44,
bol t barBRIBBUDERGREVITOMOFI MR AWINGHI y 78 to dome assenbly 32. Each
conbust or panel 50 includes a conbustor liner surface 80, an exterior

surface stor liner surface 80 extends
fron1dodﬁgggggggﬁgn%%s ﬂﬂm%ug?éﬁ%g%égﬁ%KSQ%ngDnbustor | i ner surface 80 and
exterior surface 82 are connected together at overhang portion 84 and form
a rear flEgueg@ hsdgparﬂﬂ crésspleutiaial vievobf aicombuxdor asgerhielatthatasayBbe sedawih ¢he

adj acent co ust or, els r cooling features 88 include openings 90
whi ch ré¥§|W'“§FWgWﬁé Pb@éweﬂron1an air plenum (not shown) such that a
thin protective boundary of air is forned between high tenperature

combust i Kpuw@SBSRSanahthr eotdTMa dodniRisto Whéagsed 8dth b lcbMBLEBYF showdPRIFipEe 290
permt connective cooling of conmbustor liner 40. Specifically, openings 90
ext end ttAkenajong #82 3res 88 which are forned between adjacent panels 50 and
radially inward from nuggets 92 fornmed by panels 50. Panels 50 are
connected serially, such that each panel downstreamend 100 is connected to
an upstreamend |02 of an adjacent downstream panel 50. Nuggets 92 are
formed between adjacent connected panel g respective downstream and upstream
ends 100 and 102. Liner nultinugget region 46 includes a plurality of
nuggets 92. In the exenplary enbodi nent, region 46 includes three nuggets
92. Liner multihole region 48 includes a plurality of openings (not shown).
-4




A layer 110 of thermal barrier material is applied on conbustor |iner
surface 80. Thermal barrier material further insulates conbustor |iner
surface 80 from high tenperature conbustion gases. In an exenpl ary

enbodi nent, thermal barrier coating material is comercially available from
Engl ehart Industries, WI mngton Massachusetts. During operation, as

atom zed fuel is injecting into conbustion zone 36 and ignited, heat is
gener at efigivetdnis An 2AREzed Grosdstdrvnghvianiof anta@emat eEbodimenZaEcontbustor dideh
cooling features 88 and forns a thin protective boundary of air al ong
conbust dhatmaebe usgd Prthethggas tyrkynag engincohopn ia Xigsel candf  conbust or | ner
surfaces to high tenperatures may i nduce thermal stresses into panels 50.
As a res f. I t onver tinme, panels 50
may beco%ﬁrggtlgr%ﬁg{rﬂg{%g%l%éﬁgﬁPgrﬁlaetcga{ bpgtg%%rssg{)&ggﬁ Iél% of' liner 40 may be
renoved and repl aced using the nethods described herein. Mre specifically,
det er i orREEAIEY i RIPTEONK & THEARVIENTIOMugget regi on 46 and/or |iner
mul ti hol e region 44 may be renoved and repl ace using the nethods descri bed
herei n. [\.f i.el d . i.ne ..engi . Lndica th
conbust o¢lg}“i%n{erlgr?u ‘{hfg}k‘]‘%%ggﬁ“ﬁ%gf’@n"fﬁlé%%é\iﬁ’é{‘g"s%a%q &f égsltn Clggiél%déetef (Zvrvi l%rrgéas%lreed
panel 50congredsoc 12Tfadtiginpiesdur€dmpressnd4, dnldraciopibusi8s Baginkilnaisodfcliides a
renove deteriorated panels 50. Mre specifically, as shown in Figure 3, the
cut is gk bresars tyspinents)anh 2| lpwepressareatvebing 28 Jrorapisenes || 2 gy turkiue 2Q are
illustr i i , : i hor
sur face B3G B el Palted; anHEliiridbr L inias ) o bRy spFtorsyifi of
panel bddyorkOdmbddimants |ga$Guibaienenginet 10 eésrai GEIG engine dowintdreially ambiableo froBD.

Furthernmpre, .the cut,.is extended t.hr.ough Li.ner 40 wnstream from )

ot o orael Bt st RS GRURNAR Qb it SrGRAnShRERMsRL s Jusbine
separ at eerig@feel 0 9 at €H dagiiel Connferclallin dvialle 4k WerefiMMadtric Aiv@hfl alghdsy. a
second cut may then be nade upstream from deteriorated panels 50 being

r epl acedCinginaptitQfHe. det eri orat ed panels 50 are separated and renovabl e from
conbustor liner 40. After deteriorated panels 50 are renoved from conbust or

[ ners A0 R R o b R 1P R bl DG

conf i gurfa¢mdowtphessutiesospest@nt @l High pobssitre captessdridt Therttigldy cafiptessedrairt O

being replaced. .| n one dijent, .at | east o f a forging, I | ded
ing. orSaeRNtd foeohbisid SaetiE o SR efERs R RaftiveS airbings, 18 uad Bl pnd i
panel i sgdsh@BineehgRd 10MhRuglaRusAOP4.] i ner 42 and/or 44, such that the

repl acenent panel is welded to an existing panel 50 that remains secured
Wi thin conbustor liner 42 and/or 44. Mre specifically, a dowstream side
(not shokiEyreck is2 nseii) carssepeionalyigweatemombanter 39.s Fiasrgid is aneniarged viewasf a
portion ik Rj t i t ron:.he .

el di ng TEaobok ChREATE! Gomisck 0308, 6O BOR R cos T Ek QRIRCEIMS, n
anot her Egtedi, mpdtincludesgs deme iassemblygadz., ATfug] injedtai (ypt skowrsleekt¢mls Setoutomd he
repl acenent panel w.thin conbustor 30. .Thermal barrier coati mat er i may
{ hen bo BRI g itirl RS SO droueT ALY Grserithis? P pokoattigion e 26

f ast enerofibnibustol 80 td BriiadMiefetmidthre dhdtiieigdité UM NBLaRNF It ueFinfddtoRS

engi ne 10, indicates that conmbustor liner multihole region 48 includes at

| east one deteriorated panel 50, a cut is made through conbustor |iner 40
to renpVeonbusionorapeedp garfermesdy mmulars gadially eter yandgradiahly\inet, sepReting 3,
the circ i j i alhy 1y

panel  badug3 haidhofitard ook Adab ColfiaMEPIRRR0 SHYPRE o2t ABlhng
from | i newppexing memmbesfromabe Beattgondrated within E@nbusiion zamd36 adhinchides pamabr
body portion,.122 renmai ns secured W.thin co stor 30. Furthernore, .the cut
o b erkisd PG A ORE R Bet B (At I heatn AR ot aenTg; g BT STlph e
repl aCEdregi%nSWC&ﬂQ &UﬁulﬁHMet@giBnbﬁ.n@B%hthhinﬁlFQéﬂ feblodl 86 reReindd i adtne
upstream from deteriorated panels 50 being replaced, such that a

det er i orasserablydedovmsiataniigl qach sludtihadgfegipnd.i s separat ed and renovabl e from
conmbustor |iner 40. Fasteners 74 may then be | oosened to separate the
deteriorated portion and nultinugget region 46 fromliner 40 for renoval.
After deteriorated portions of nultihole region 48 are renoved from
conbustor 30, a replacenent panel nmay be installed into conbustor 30. In
one enbodi nent, at |east one of a forgigg, roll welded ring, a casting, or
a sheet netal panel is manufactured and used as a repl acenent panel. The
mul ti hol e regi on openings may be forned after the repl acenent panel is
attached. In one enbodi nent, the openings are forned with a | aser process.
I n anot her enbodi nent, the openings are fornmed using an el ectron di scharge
machi ning, EDM process. In yet another enbodinent, the newy forned

o o - r r ) ., £ = - .



Panel s 150 are connected serially. Inner liner 140 includes a bolt band 160
and a first panel 164. Inner bolt band 160 is coupled to a done assenbly
(not shown) and extends downstream fromthe donme assenbly to first panels
164. First panel 164 and panels 150 are connected downstream from bolt band
160, such that each adjacent downstream panel 150 is nunbered sequentially.
Accordingly, a second panel 168 is connected downstream from first panel
164, and.igert Hi2r andpdn edefihé Ccansbustimmeohe @ 6doGosibustion fonend6 extends fiane ldofiks.
Bolt band 1 i.ncl udes a plurality of openings 172 sized to receive

f ast enera§se?§3x 3Rdamiean fg @rgrpem?zlg é@t}ﬁ?\ﬂ\jﬂ)-i néPtei& {1t Haerg gfteand 42
assenbl YaclFREMaE ATUELEY ofSiels SP0niR hattlSs ErOBRUREO5 | daBFbf Which¥efin 450,
an exterior surface 182, and an overhang portion 184. Conbustor I|1i ner

sur f ace diSicepartonlsf ¢onabnstdréindo#fe assenbly to the turbi ne nozzle. Conbustor
|l iner surface 180 and exterior surface 182 are connected together at _7

over han ortion, 184 .and ,forma rear, f.aci,ng ed 186, | ur.al jt f air

oool | g QBSH ThRa58 1B 1t T SadtEBn® A S0 st rReebels: nd i

f eat ur e9ah&8864 Aad W4e rexpdtiveBl. i Onted fbodipbaridng6 ahdQnidti ol baRELY @rdibsitioned

t heret hrough from an air plenum (not shown) such that a thigﬁprotective
y

boundar ydicentitp domerasserally Heand swtend glawngineiar Hopy doraeatsemblyol? Wlaekpansls
e . . STI/O] ;

ood oxt S HI rapedRe itk iR ARM 86 e FlmcMMbABLEUh ighP PP BERSD |

m Xi ng cihd®@niaspedtivalygdineb adjatérit notvinstreaompared 60 is humbdred soqueptialyy such that

enbodi nent, .openjn 1 are substantially ci.orcular. S ifically, e

o T BEc Ao i 4o RS atieRnd BotyAstudhnd ot TheatvR drsotels 8 avh5hy
204 ext egyli Bandsh60 eﬁﬂt L Ehcluffane Iimilﬁ? ST Spen@ipierd %@cd%cfkc&ib@tf_aﬁéaﬁs pranel
downstream end 202 is connected to an upstreamend 200 of an adj acent

downst r dberetbzaneh. Fagenam gdsecyreineraf2 andifdgltdandieehandi cade cewhprsembly
panel s . iV ream and upstream ends 202 and 200. Nuggets 192 are
known a£%§§§§§w§$%gﬂﬁ€3%ets. In the exenpl ary enbodi nent, |iner 140

i ncludes six nuggets 192. In an alternative enbodi nent, a | ayer of thernal
barri er Hasheombhsténpinel b wejudes a @pmbustdr hoer orfineesi0y an kxtedor sufacade, ddain and

enhances the thermal protection of conbustor |iner, surface 180 fr hi_.gh
Cenper atUPREL AL 85 quaaisialisy GHATS B0 Al ORdrodt eBctStBIY| Phis s
nmay be rngmauesb2Rd C&RbAEQinS isidadeg) ARE HQ8lFordesfacd P2 dreh@niédied tdgetef el d
returned engi ne, such as engine 10, indicates that conmbustor |iner |40

i ncl udewvathang pertiasnd4 ded &ropacadapasedza 80, A phurelityofraigeooling features 88
circunfer j.al r or liner 140 to renove deteriorated panels
150. wbP@&Q%%%ﬁk¥%§pPﬁggggpéﬁ%§ﬁﬁ%n Figure 4, the circunferential cut is
made radially through liner 140 and through a nugget 192, as illustrated

wi t h |i neir 28d8lingsfeatioresi88tintlbde openings 96 vdscH reoeive aireherethtoamgh dirons an diapkenii®? t o
i ner surface 180. .In one enbodi nent, the cut., i.s_nmade between third panel
170 and (o S9Peh ShcthBiet 33510 BRIcEES hmdan: Fbaie it STCE EBHra e hrSRFR Hner
140 downphit@sied gafesdgh®rdobsRd Ratebifed 981 NGuiRRhREEdopeMAgr 90 permit
deteriorated portions |iner 140 are renoved fromthe conbustor, a

r epl acerrenvedpianepolinge! edmusjorringr HO. iSpeeificalby openingt Wrbxtend thrpuglefeatiues. | n
one enbagi , f f i | I j j or
2 shoot TRV Bh srflopinfELRRF afnedhy pREE Y mnd Pl B Eb B 8B by
The replacgatelstSopaPdicls 30 tleasonnedtete skriatly osuch thatsdack phrieh @owhstteans eied 100 &t

t he repl acenent panel is secuyre ithin the conbustor. Nbre ecifically, a
downst r RRNEH IhaR UpRETHR) et ltO%egﬁ @blaa@%?f’é oWhisHeam jRanglepQje dNyegetsn’2 are

exXi SUi NGopA0Pberkth AYflkn! BncBed ARAL rel S 1ive dbRMRANPEIMER e end SRIGERITEN
panel ang panéi 150§Hlnnone gnﬁog%%gng,geﬂéctron beam EB, &elg?ng I's used
to securl®2t he repl acenent panel within conbustor liner 140. |In another
enbodi ment, tungsten inert gas, TIG welding is used to secure the

r epl acement nel within nmbhustor |iner 140. T |, barrier naterial my
thon be TPy Tanogee} kehich S RHIRRER ol of By P R o Bl piedloy BB e
above- daggibh d6dndteddulsee hugdeney?. rciptaaehibole rogibhas inctudes atpl @hligeifiopéeniagd
highly reliable, The nethod includes the steps of renpbving deteriorated
panel s f(PeSHOW®)-conbust or 1iner, such that deteriorated panel s may be
replaced with repl acenent panels. In one enbodi nent, deteriorated panels
are renoved by cutting through the body4of the panel, and repl acenent
panel s are then welded to into the conbustor liner. As a result, a nethod
is provided which enabl es deteriorated conbustor |iner panels to be renoved
and replaced in a cost-effective and reliable manner. Wile the invention
has been described in ternms of various specific enbodi nents, those skilled
inthe art will recognize that the invention can be practiced with

o o, Y



-9 PARTS LI ST 10Gas Tur bi ne Engi nel2Low Pressure Conpressor 14Hi gh
Pressure Conpressor 16Conbust or 18H gh Pressure Tur bi ne20Low Pressure

Tur bi ne21Second Shaft 22Fi rst Shaft 24Nozzl e30Conbust or 32Done

Assenbl y36Conbusti on Zone40Conbust or Li ners42l nner Liner44Quter

Li ner46Mul ti nugget Regi on48Mul ti hol e Regi on50Panel s52St eps60Bol t Band62Bol t
Band64Fi r st Panel 66Fi rst Panel 68Second Panel 70Second

Panel 72 eRien 337 HFanérAiae bartREoNdters S8 BPp1I0SH ohbhaRsr hdieuriasd B@camBanal

| nner Sur f ace82Panel Exterior Surface840Overhang Porti on86Rear Facin
Edge88Chetriangnarsial fiyreen insulatessombhsforbegrsheacebtipmdigpiimpgrstere comanssion

Body PorERSn1481 A ar CRRNL ST PO Ay HAARACEe fouthg ALY trofrilbt 5™

180 182 alfifablSrorhThgléhart 18sAR, RAEninGbn M4ysachdséiseps Bolt Band First Panel
Second Panel Third Panel Openings Conbustor Liner Surface Exterior Surface

Over hang Portion Rear Faci.n e Alr .Cooli n Feat ur es en s. N

Panel U r%"&a‘?ﬁeﬂ%’d’np%éﬁo E‘FP Saiyeetine Ba @PPW?%%DI}Q% ?’HP%QH%CF gﬂ ghis
- nr Nr enérateﬁ‘ Wiglih 98nd 95. rﬁﬁmoﬁ% A e?&t&@@oﬁﬂéu@ioﬂezoﬁ@ el Qﬁroﬁgﬁ"%@h@ febﬂufh%r

panel t he conbust or aving a conbustion zone &C f or med
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panel . herein. If a field returned engine, such as engine 10, indicates that combustor liner
multinugget region 46 includes at least one deteriorated panel 50, a circumferential cut is made
through combustor liner 40 to remove deteriorated panels 50. More specifically, as shown in
Figure 3, the cut is made radially through liner 40 and through a panel body 104, as illustrated
with line 120, such that the cut extends from liner exterior surface 82 to liner interior surface
80, and such that a portion 122 of panel body 104 of panel 50 being cut remains secured within
combustor 30. Furthermore, the cut is extended through liner 40 downstream from
deteriorated panels 50 being replaced. Fasteners 74 may be loosened to separate deteriorated
panels 50 from liner 40 for removal. Alternatively, a second cut may then be made upstream
from deteriorated panels 50 being replaced, such that deteriorated panels 50 are separated and

removable from combustor liner 40.

After deteriorated panels 50 are removed from combustor liners 40, replacement panels (not
shown) may be installed into combustor liners 42 and/or 44. The replacement panels are
formed to include a nugget configuration that is substantially identical to that portion of liner
40 being replaced. In one embodiment, at least one of a forging, roll welded ring, or a casting

is used as a replacement panel.
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made radially through liner 40 and through a panel body 104, as illustrated with line 120, such
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that the cut extends from liner exterior surface 82 to liner surface 80, and such that panel body
portion 122 remains secured within combustor 30. Furthermore, the cut is extended through
liner 40 downstream from deteriorated panels 50 being replaced. A second cut may then be
made within multihole region 48 and upstream from deteriorated panels 50 being replaced,
such that a deteriorated portion of multihole region 48 is separated and removable from
combustor liner 40. Fasteners 74 may then be loosened to separate the deteriorated portion

and multinugget region 46 from liner 40 for removal.

After deteriorated portions of multihole region 48 are removed from combustor 30, a
replacement panel may be installed into combustor 30. In one embodiment, at least one of a
forging, roll welded ring, a casting, or a sheet metal panel is manufactured and used as a
replacement panel. The multihole region openings may be formed after the replacement panel
is attached. In one embodiment, the openings are formed with a laser process. In another
embodiment, the openings are formed using an electron discharge machining, EDM, process.
In yet another embodiment, the newly formed openings may be sized differently, reduced, or

re-positioned, to facilitate improving cooling of combustor 30.

The replacement panel is then welded to an existing panel 50 that remains secured within
combustor 30. More specifically, a downstream side (not shown) of a body of the replacement

panel is welded to panel body portion 122 within combustor 30. In one embodiment, electron
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body (104). 9. A nethod in accordance with laim6, 7 or 8, wherein said
step of installing a replacenent panel further conprises the step of
wel di ng each repl acenent panel to respective existing panels (50) secured
Wi thin the conbustor (30). 10. A nethod in accordance with Claim9 wherein
said step of welding each replacenent panel further conprises the step of
wel ding a body of each replacenent panel to respective panel bodies (122)
of exi stieag, BB)eleddiagediiRd tvisbhire tiehepRoshets tpahel(Within coﬂn%ustor 30. In another
CARCA, T, VA ?. Ae. A3, LA ?, AR, . A3?. A3?. A3’> Ah e. AF, . A3?/ K

H' o 984 xaphadimetalimastenjnes &aé] EH?,c\aqlé@pd&}léeaﬂ f@aﬂeélél]ﬂébﬂ E“'&’}Q?SIP@&‘] wrbmtbal] ca]

(C::ECi:]G%i}—Iﬁ M%gﬁgqﬁ% cg%r ca ca?rlg m "1“%‘?%}6‘%’2’? 3 ca?{ca 5(L?a (c:;gl]C

ca] ca] cdjmeapwddce®8Dca] ca] ca] ca] ca] ca] ca] ca] cal LODQQ?R%?ORV\/UUUUVVVX. YYYZ[}[\a
\\ ] OMAAR \ [ "}xsnid_Z] ca] ca] ca] ca]ca] ca] ca]ca] ca] ca]ca]ca] ca]ca]ca]calca

d oo Rl R AR B S A R GRL LR S IR esribec ARG ey 0l L
] ca cal Gelemiioslsealeak ERHGRAGH pREeal A Sl G L0 m L) - 1
0948 ()- 9510948 ()-f 109448 () - #S10%& ()- 10%4& ()

kbC#10%-48#¢09gmg jand replacigg ¢ Ure Fombugpr gy 401 eqmorg, beeaugeighg yepkacement

i%oo/;/fk(&) (@gﬁ%%{%ﬁ&§%8}%@&dﬁ% & (gﬁglf%%%{@lléa pa#e}so 5/§‘ afe}ociynamw

performance and combustor performance are not adversely impacted by the replacement

panels.

Figure 4 is an enlarged cross-sectional view of an alternative embodiment of an inner
combustor liner 140 that may be used with gas turbine engine 10 (shown in Figure 1). Figure
5 is an enlarged plan view of combustor liner 140. Liner 140 is substantially similar to liners
40 (shown in Figures 2 and 3), and is installed within a combustor (not shown). The
combustor includes a combustor liner that includes annular inner liner 140 and an annular
outer liner (not shown) that is formed substantially similarly to inner liner 140. Inner liner 140
includes a plurality of panels 150 which include a series of steps 152, each of which form a

distinct portion of combustor liner 140.

Panels 150 are connected serially. Inner liner 140 includes a bolt band 160 and a first panel
164. Inner bolt band 160 is coupled to a dome assembly (not shown) and extends downstream
from the dome assembly to first panels 164. First panel 164 and panels 150 are connected
downstream from bolt band 160, such that each adjacent downstream panel 150 is numbered
sequentially. Accordingly, a second panel 168 is connected downstream from first panel 164,
and a third panel 170 is connected downstream from second panel 168. Bolt band 160
includes a plurality of openings 172 sized to receive fasteners 74 (shown in Figure 2) for

securing liner 140 to the dome assembly.

Each combustor panel 150 includes a combustor liner surface 180, an exterior surface 182, and
an overhang portion 184. Combustor liner surface 180 extends from the dome assembly to the

turbine nozzle. Combustor liner surface 180 and exterior surface 182 are connected together at
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1096&' ()fr@d ha%rspl¢num (B shé®n) such that a thin protective boundary of air is formed between
high temperature combustion gases and combustor liner surface 180. Openings 190 are known
as dilution openings and extend between liner surface 180 and exterior surface 182 to facilitate
mixing of combustion gases within the combustor. In the exemplary embodiment, openings
190 are substantially circular. Specifically, each panel 150 includes an upstream end 200, a
downstream end 202, and a body 204 extending therebetween. Panels 150 are connected, such
that each panel downstream end 202 is connected to an upstream end 200 of an adjacent
downstream panel 150. Nuggets 192 are formed between adjacent connected panels respective
downstream and upstream ends 202 and 200. Nuggets 192 are known as super slot nuggets.

In the exemplary embodiment, liner 140 includes six nuggets 192.

In an alternative embodiment, a layer of thermal barrier material (not shown) is applied on
combustor liner surface 180, and enhances the thermal protection of combustor liner surface

180 from high temperature combustion gases.

Deteriorated regions of combustor liner 140 may be removed and replaced using the methods
described herein. If a field returned engine, such as engine 10, indicates that combustor liner
140 includes at least one deteriorated panel 150, a cut is made circumferentially through
combustor liner 140 to remove deteriorated panels 150. More specifically, as shown in Figure
4, the circumferential cut is made radially through liner 140 and through a nugget 192, as
illustrated with line 220, such that the cut extends from liner exterior surface 182 to liner
surface 180. In one embodiment, the cut is made between third panel 170 and a fourth panel
222. Furthermore, the cut is extended through liner 140 downstream from deteriorated panels

50 being replaced.

After deteriorated portions liner 140 are removed from the combustor, a replacement panel
(not shown) may be installed into combustor liner 140. In one embodiment, at least one of a
forging, roll welded ring, a casting, or a sheet metal panel is manufactured and used as a

replacement panel.
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The replacement panel is then welded into combustor liner 140, such that the replacement

panel is secured within the combustor. More specifically, a downstream end (not shown) of
the replacement panel is welded to an existing panel 150 such that a nugget 192 is formed
between the replacement panel and panel 150. In one embodiment, electron beam, EB,
welding is used to secure the replacement panel within combustor liner 140. In another
embodiment, tungsten inert gas, TIG, welding is used to secure the replacement panel within
combustor liner 140. Thermal barrier material may then be applied on replacement panel

combustor liner surface 180.

The above-described combustor liner replacement method is cost-effective and highly reliable.
The method includes the steps of removing deteriorated panels from the combustor liner, such
that deteriorated panels may be replaced with replacement panels. In one embodiment,
deteriorated panels are removed by cutting through the body of the panel, and replacement
panels are then welded to into the combustor liner. As a result, a method is provided which
enables deteriorated combustor liner panels to be removed and replaced in a cost-effective and

reliable manner.

While the invention has been described in terms of various specific embodiments, those skilled
in the art will recognize that the invention can be practiced with modification within the spirit

and scope of the claims.
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CLAIMS:

1. A method for replacing a gas turbine engine combustor liner panel (50), the combustor (30)
having a combustion zone (36) formed by inner and outer liners (42, 44), the inner and outer
liners each including a series of panels (64, 66, 68, 70) and a plurality of cooling features (88),
the cooling features formed by overhanging portions (84) of the inner and outer liner panels,

the cooling features between adjacent panels, said method comprising the steps of:
removing at least one panel from the combustor; and

installing at least one replacement panel into the combustor such that the series of panels are

arranged in steps relative to one another,

2. A method in accordance with Claim 1, wherein each panel (50) includes an upstream end
(102), a downstream end (100), and a body (104) extending therebetween, said step of
removing at least one panel further comprising the step of cutting radially through at least one

panel body from an outer surface (82) of the panel to an inner surface (80) of the panel.

3. A method in accordance with Claim 1 or 2, wherein said step of installing at least one
replacement panel further comprises the step of welding a body of each replacement panel to a

panel body (122) secured within the combustor (30).

4. A method in accordance with Claim 3, wherein said step of welding a body further
comprises the step of using at least one of an EB welding process and a TIG welding process

to secure the replacement panel within the combustor (30).

5. A method in accordance with any one of the preceding claims, wherein each panel (50)
includes an inner surface (80) and an outer surface (82), said method further comprising the
step of applying thermal barrier coating material to the inner surface of each replacement panel

attached within the combustor (30).

6. A method for replacing a portion of a combustor liner (40) within a gas turbine engine
combustor (30), the combustor having a combustion zone (36) formed by an inner and outer

liner (42, 44), the inner and outer liners each including a series of panels (64, 66, 68, 70) and a
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7. A method in accordance with Claim 6, wherein said step of cutting between an outer surface
(82) and an inner surface (80) further comprises the step of cutting through a panel
downstream (100) from a nugget (92).

8. A method in accordance with Claim 6 or 7 wherein said step of cutting between an outer
surface (82) and an inner surface (800 further comprises the step of cutting through a panel
body (104).

9. A method in accordance with Claim 6, 7 or 8 wherein said step of installing a replacement
panel further comprises the step of welding each replacement panel to respective existing

panels (50) secured within the combustor (30).

10. A method in accordance with Claim 9 wherein said step of welding each replacement
panel further comprises the step of welding a body of each replacement panel to respective

panel bodies (122) of existing panels secured within the combustor (30).
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