;] }e3eh\ e*6T\ DH1 METHODS FOR REPLACI NG NUGGETED COMBUSTCOR LI NER PANELS
BACKGROUND OF THE | NVENTI ON ~ *cooooz* This invention rel ly to
gas turbine engine, and nore particularly, to nethods fdrim@@,@mmwﬂmm
nugget ed conbustor liner panels used with gas turbine qui ne
engi ne includes a conpressor for conpressing air which i's m xé¥¥*th a fuel
and channel g r I e 1 i.signited within a
conbusti on msiﬁ%gﬁgﬁgiﬁ%ﬁp&é%ﬁ@m%@@%ﬁﬁ RANELS sone known
conbustors include a done assenbly, a bolt banding, and j|liners to channel

t he conbustion gases to a turbine, which extracts energy f

conbustion gases for powering the conpressor, as well as p”mmmm”mwm“ul
work to propel an aircraft in fItht or to power a |load, such n

el ect ri caBAGEKSRQUND OFAHE INVENTION coupl ed to the done assenbly with the
bolt bandi ng, and extend downstream fromthe bolt banding to define the

conbust i . J e Liners jnclyude a pluraljty of

panel s pﬁgflg gfﬂg&?g%@géesd%%%é%ﬁheor @\%Q;'t‘ﬁrb}rlleve}é%aé, %(1). tmeoéf3 I%rrt 1<§,1\}Zarrhre °

connect i ansthods fpoidplaindiudgordrambustor hgdripdeels 06ddi wigh parageise érpinssd bet ween
adj acent panels, that extend radially outwardly fromthe panels and away
fromthe caonbustion chapber. Accordingly, such, coqling nuggets are not

subj ect ed I MCRERRINGHKERE OMAESPT fhs PHHLTSING B ViHRD i5dREed vath acent the

conbust i ofjeChHAMAGAnI D LSondbidr \merr‘éimeqas&a%gmgnh@&wmkn SbS §1%ﬁ%n may be

i nduced within the panels. Over tine, continued operation wth thermal
st resses chapbendisegprrding has ¢dmhustion \gasest | dtidgast samienknonenkembugorand/ or

cracking .t evel op withi.n t anel s. rrent repair, met hods incl ude
ver di ng cnErfE PR b, 4 B BARGRE apTAief o SRR IR oh Bieq < o
areas of tpaneldirdehathich exmgak @nedy biyorh NBE NEImIRisli6s $@Ses fdeVRIing thet he
thermal stresses have induced thernal fatigue or distress, in larger areas

of the paiRBIREESSPn a8 Welppamarducneopsetineprk o RroPEbAb FEElt Haflighbor Have
enough St}{olé&trtér l%lad,I QlcHHs! Y el\%t}igblnge?l%&tﬂorpa@ﬁé $intS eﬁgﬁzghﬁe@% (f%eﬁoﬂlg be
attached.” I'n such cases, reparr of~- such panels is not a fteasible
option, assembigtweidld thehboleiandiegcanbestend dbimstreains froapltlec bolt bBadiagde t he
liner is upl.ed tq the bolt band and the done assenbly, often the entire
corrbustor‘feﬁﬂglthebcé’“a?“ssgg%g?%‘?@& for the liner to be replaced. Furthernore,
when the fasteners are renoved fromthe bolt band and done assenbly,

preci se ditRasisonwl kiogmaline?s sndhiewe plurdl g of @A el ardTeohnbeted ltd and as
a result, special tooling e required during_ re-assenbly. Thus,

may b ) .
repl aci ngVih Eyaststalied) phelded cprrscHense od INCHEPTRlHE tRanslg ynahadegcooling
Ui e CONSiygfg @AMl PHRRISL YR REACESRs, BRLEGSIMABRCButE NUENTHON 11 an
exenpl ary enbodinent, a nethod facilitates replacing a portion of a
nugget ed pavelswstl aewalyifren thd tombustiogahambehi Aecadigighe ssdnbedingrnuggeta
cost-effectiv nd.religble manner. e . conbust or Jdncl udes a.co stion
zone t hat™ éwﬁélf ﬁcéﬁ‘ﬁt%/ﬁ?nsam?n ?gr%FnﬁgE??t@ﬁtpé’f&?an%#rthe'ﬁ?Baﬁ r?glba]cergﬁ Couter
liners eagmbutdleifanibes Sdridess fith,PdiRRIgSopRitdion thérfaR lsirégePmaP bgadediiced or med by
adj acent panels. A plurality of the panels, include cooling nuggets. The
met hod i ritithindhe paeelst Eysr Gimee gentingd opeistigh veith thesmsel BrrsSesamel caigget to
remove alyheRsh dGafR Btlout! OMHASGRIBHS bRY/or 8AMihET Akl dwithin fES! One
repl acenent panel 1 nto the conbuStor such that the Series panel's are

arr anged panelst eps rel ative to one another. |In another aspect of the
invention, a method is used to replace at | east one deteriorated conbustor

liner panel _within a gas .turhine engjne conpustor .that.includes an annul ar
[iner | nsdrehirhat s Era tiage PElO AR Rt ko gty B SUr T ace,
and a pl yhal bd Mtaehed 608 sf phhdls (TRt RdvdaReAdddARSthbMeal $ireddss. OowtNdr] if 9
through at 'l east one nugget downstreamfromthe at |east one deteriorated
conbust orth¢ ithrsmab siressest bavseindugsidaibernal Hatigwe i distess imakugesmecagfofithe | i ner
mul ti nug regi.on_ and the line | tihole region, fenoving the at |l east
Aol 8 R0 MG ron patEls. T e aPodal Rl R B o i elehi ng e

one deteriora r r ustor,

| east ondnfeghtyaeriiauclppawdls foenablel Rates ke gXdched.Nth ARARseY fophid of he
conmbustor for each deteriorated conbustor |iner panel renoved. BRI EF
DESCRI PTION OF THE DRAWNGS Figure 1 is schematic illustration of a gas
t ur bi ne engi ne; -1-



-2 Figure 2 is a partial cross-sectional view of a conmbustor with the gas
turbi ne engi ne shown in Figure 1; Figure 3 is an enlarged view of a
conmbustor liner used with the Figure 2 taken along area 3; shown in Figure
4 is an enlarged cross-sectional view of an alternative ~ enbodi nent of a
conbustor liner that may be used with the gas turbine engine showin Figure

1; and Figure S.is an | ar.ged .pl an . vi ew. of the conbustoy, |i.ner shown in
i gure 4. SUBEPARIED TSESGRSTHY ORIk AT RO PR EPBIROR ines 5 oliatat | ¢
i | Tustratgonuf tha 18R5 st dHubiedGo FNILAE bR ARCthE GoRR RsdrRWly PEHBSSHE EnfiRTPr essor

12, a high pressure conpressor 14, and a combustor 6. Ehgine 10 al so
i ncl udes @niugtor pness beadisassgntbletefor Sheahukrdo bouepaesls Ufwethermbienwha the

Conpressof 12 and turbine.20 ar upl.ed by a first shaft 22, and

conpr essopS TR E {HPBIcTas GF SofiBiandori: SHEBhY- SHEre SmeTPngne
enbodi MenkelatigAs bétwebh AR ntPorenth IndySbaltdr@PaRNeH M eesaRNFRERI Rloling @i | abl e
from General Electric Aircraft Engines, G ncinnati, Chio. |n anotheér

enbodi nmerle reguised dutingee-asaghbly. TlhussreplacingEnepmleustashinst enchndiyg aealingabl e
from Geneﬁ%lg t%ln?a tlgel alctié'ercgflﬁﬁﬁinEggaQ pS 'geﬁglc[c]g@t' , Chi o. _I'n operation, air
flows thr'owgh s pressure CONMpPressor KV, and conpressed air is supplied
froml|ow pressure conpressor 12 to high pressure conpressor 14. The highly
conpr esseBRHEHF SUMMAR Y OFHHE NVEIIUIONT 16. Airfl ow from conmbustor 16
drives turbines 18 and 20 and exits gas turbine engine 10 through a nozzle
24. Figu Cr 0Ss-sec view of a conbus%(or 30. view of a

re 2 is a partial,, tj onal
portion dft %WHB’(I%V %&Od%‘ﬁﬁugWh%i)&ﬁaﬂ}atﬁ%rwyé:g‘ge%@f’ﬁ@nl SAREStedn Figure

1, and i nomiiRkr FndPRRhASS B biRZenginS EstibUstdPih ANst-Richve aA® rdabRMDl y 32
and injects atom zed f assenbly 32 into a conmbusti on zone 36 of conbustor

30 to formannerhZhe cembymoniascludesmenmbastive roncibatiy defingd scainnetand avay be
used 3 i ot 161: A HE o Ll SRS PR idifle 4 RELP f;an(egoa&ld a plurality of
nuggets formed by adjacent panels. A plurality of the panels include cooling nuggets.
The method includes the steps of cutting through at least one panel nugget to remove
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.

In another aspect of the invention, a method is used to replace at least one deteriorated
combustor liner panel within a gas turbine engine combustor that includes an annular
liner including a multinugget region, a mulithole region, an inner surface, and a
plurality of nuggets. The method includes the steps of cutting through at least one
nugget downstream from the at least one deteriorated combustor liner panel to be
replaced and within at least one of the liner multinugget region and the liner multihole
region, removing the at least one deteriorated combustor liner panel from the
combustor, and welding at least one replacement panel to at least one existing panel

within the combustor for each deteriorated combustor liner panel removed.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is schematic illustration of a gas turbine engine;



t hrough done air-fuel m xture -3 Conbustion zone 36
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a plurality of openings (not shown). A layer 110 of thermal barrier
material is applied on conbustor |iner surface 80. Thermal barrier materi al
further insulates conbustor |iner surface 80 from high tenperature
‘conbustion gases. In an exenplary enbodi ment, thernal barrier coating

mat eri al is connercially avail abl e from Engl ehart Industries, WInngton

Massachus Durln erati as ato d fuel .is..i ectln into

conbusti o 0‘? pioggo %68%9@@8@3? &éﬁé}“&?é‘&dﬁ@ﬂw g%rtmgd t hough
air ent eraeﬁaeﬂagﬁéﬂ HOwAP AR é&nsht&qgterscwl Co@bhast Hh&s 48 sﬁleﬁ:ﬂflllefdi?&é?s a thin
protective boundary of air along conbustor |iner surface 80, a variation in

exposur e @¥fd m@mmrtxngl membsnsr e dhe heathgeghratasnyihiat Qrmlsusnaly zonel 136e

t her mal stress into nt| osur
her mal cuaREes 8 GrBf e o o By R . Ba Bk 20'R S RO
Det eri or agridintR@eOH ?fmﬂfm@gyébt@i(ﬁf 46 el rﬂﬁltlﬁalké Bgioh eﬂ%DVEQchaxlﬁdltfn@@gétC ed
US|ng t he nmet hods described herein. NMore specifically, deteriorated regions
of ei t herregionéid e¥iAnds fagydame a5eBhlyAS dovgsbieam teachigltihols regiondf.on 44 may
be renoved and replace using the nethods described herein. If a field
returned gngisng, a&&'% hﬂ)ﬁst]&l zb Bt EsnbiRbn %HPg%t &he ds%(gm
nul tinugget region |nc es at | east one deteriorated pane , a
ci rcunf erckmhé ai;sembiy B2 dmdmtredm Golgxhtmloinbumzzic (hothglrowt). t Qutere apd enner
deterior 50. Nb , sho i.n,Figute the cut is
g v oo ey P ARG eah Ml P e b S easa SHER B 4 SiS s est 1 ot e
with Ilneszlaabh StUgHich Podin 4 distifdt poRonTEembuAG? lind?@0, exterior surface 82 to
liner interior surface 80, and such that a portlon 122 of panel body 104 of
panel 50 belng cut remai ns, secur hi n conmbust or 30.  Furthernore,

1

the cut iQuiexhesddpndrpegidiner f‘%e&chzrecl%%bw@amﬁ WBM%rérnestl‘éﬁhé@nsaner s 50
bei ng rep| ﬁ{‘s‘? a &%ﬁta%%d’é?érs%e&% th%?%%ﬁQﬂn&%Osﬁgq{tﬁér%o @ aked

panel s 50 |ner reno ) ternatively, a second cut nmay then
be nmade upsitionadn ddjarentds edine atssanldpnd? sanB0ektend gicweqstremledfromu dbhmehat

det eri or at ed are separa and rempva e fromc [ i ner 40.
o Serassamig o Hte el BF @ &, JaperRY o Fifit sBils e ang efare

r epl aceneidinnfAEE dSwins®dans TRM) bolBYakB 60 dndl ds:edreslrscﬁvasmbeatmwjabaﬁrs 42
and/or 44, The replacenent panels are fornmed to include a nug

conf i gur sdavetream pane SQubgu@hﬁlieérsrqnena@lht isecy thatoseeprd pqw}&%wdom ¥ener 40
bei ng 1 epéoﬂﬁgcq d h&m?éheea ”ié’ Et’wﬁaﬁrslt ﬁ%ﬁ{l 6’4‘§n<f86 ;13 th%1?960 6y ko wel ded
ring, or a cast I's use epl acefrent panel . The replacenent panel is
t hen wel dﬁdud(ﬂta) ;xhambtys bﬁroplenmgs 72 sezed/ @r rébétves lfastenbnamttherertlephgcerrent

Conbust ort ieRE 43RS A7 Siie B H0anf 2 i SRt 4SS A0 ot

shown) ofdemdRdymelly 32he repl acenment panel is wel ded to paneI body portion
122 within conbustor 30. In one enbodinent, electron beam EB, welding is
used to secure the replacenent paneI mnthln conmbystaor 30. In another

enmbodi nerﬁachtcnmj% tor Prpel 30 wlndestp combuptar Hgern Wrfase §0¢ an sxleTipr syrface

repl ace to r rial my
thon be. aapi e il SRR Cotbus b THIE wultRiel AP ERR Hof TBEE

f ast ener aEdemlslyBlem theetuthlgé‘mmhﬂ Cmﬁbwstdri lavled suréca 80 add emy'rmesurﬁue B2as

engi ne 10, indicates that conbustor % i hol e r i.,on I clxdes at
4 by 8

| east ond&i&PRISCHII ST AP VSRR gap%pn Iy 599 @Bgrﬁ %‘t I“*ner 40
to renovegalig éf%i@é(%ﬁngﬁé’h%&s @seﬂXQ&ft@a&jQ&‘ﬁt EdBBlskof padidls SDOWn i n Figure 3,
the circunferéntial cut is made radially through Iiner 40 and through a
panel bogK 104, as illustrated with line 120, such that the cut extends
from | i nehireppling &atues B declale epeningsdl0 which geeeiwgair ahsicthrpush drom apanel

body portj FU¥ t he cut
is exten P ﬁéﬁdﬁﬁﬂﬁw §§%H§%%1 lﬁghﬂe ﬁ%ﬁﬁgﬁ@ﬁ¥§ga%€% &%gﬁgﬁ&&ﬁﬂ bei ng
repl aced. hlgh saﬁpeidtuwtomustiohegasésamdemmstm tinefuinirfdae | 89. r Egitheimdge, and
upstreantfrontdeterlorated anel s, 50 being repl aced, suc¢ hat a,

det er i or APEHINGS PP PSHNIS LORYR lr%r(émgégﬁ@m%tor ingiodlyr SPesifically, PRERIAEADI e fr om
-6 conbustor |iner 40. Fasteners 74 may then be | oosened to separate the
deteriorated portion and multinugget region 46 fromliner 40 for renoval.
After deteriorated portions of nmultihgle region 48 are renoved from
conbustor 30, a replacenent panel may be installed into conbustor 30. In
one enbodi nent, at |east one of a forging, 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 nmay be fornmed after the replacenent panel is
attached. In one enbodi nent, the openings are forned with a | aser process.
In another enbodlnent the openlngs are forned usrng an eIectron dlscharge

—r—~—~R A o o o,



Because deteriorated liners are replaced using the nethod described herein,
conbustors 30 are returned to service using a replacenent process that
facilitates inproved savings in conparison to renoving and replacing entire
‘conbustor liners 40. Furthernore, because the replacenent panels are forned
to be substantially identical to originally installed panels 50,

aer odynam erformance. and cqnmbustor perfornmance are not adyersel
i mpact ed%egtﬁ@d rté"iﬂ_u ﬁefﬁ%tﬁ{esp@n@!’é&‘ gFgf?_F’Ee‘il betveeh aéiﬂﬁcﬁ?tg_g%lle éésa-n ecti onal
view of apdally ghiatd g@nﬁﬁﬁ%ﬁgﬂtfoﬁﬁecﬁ%y' PHels SOMMSERS 50 iREborkfiBrelinat nmay

be used with gas turbine engine 10 (shown in Figure 1 ). Figure 5 is an
enl ar ged gsrialy,vduehythdt eaolmipandl slownistteam £4d.100iineonret®dite anupstramnical| y

imlar tg.Ji 0 in Fi d 3 is installed withi
conbust or 1PHek AR Sonast S B0 PRI 3 phEd bPVPheeeflyy | "
i ncl udes gmnbdiad pAdeeiespdcii®s davinstreahdddapsiréuh anUlosan@uber |iner (not

shown) that is fornmed substantially simlarly to inner liner 140. |nner
liner 140 includes a plurality of panels 150 which include a series of

st eps 152LingnawlEruggpl weiqnotonizcledesta pbwalgy ofinmgeets Ronbuthicopxemplay 140.
Panel s 15 npect e j i 4 Gl . band 160
and o f1rDioamEREghere REHE infee MUREE 5. [Thersdhahlle UGS 48 iiMdes 70T
(not  shovanplueatitly eképendes dootrshowelrm from t he done assenbly to first panels
164. First panel 164 and panels 150 are connected serially downstream from

bolt band, 1,60 ch.t.hat ch. adj acent. downsiream panel .150 i s nugbered
sequentiaﬁl@yaﬁiloPﬁ?ﬁﬁ@?E%@T§5@%ﬁ ”BdﬁéP%@%%°P§°EEWN8£ﬂ%ﬁY88§%§t§2an1from
first panpherdh@h baditd Mafehhl GurBRP Shslfts icdnBAROL Ained sties 8O e@dmf high second
panel 168. Bolt band 160 includes a plurality of openings 172 sized to
recei ve flagperatire combpsiiongasesn Ipiagaxemplary gmbadiment. dkermahbarrigycpatist he dome
assenbl y. cQm el in e L . face 180,
an exterﬂ%gggﬁrf§c6’§§§%“§ﬁ éwkgggéhgkggp%?gf%ﬁpggﬁﬁg%ggbEgégéﬂépﬁer

surface 1dassaxheess from t he dome assenbly to the turbine nozzle. Combustor
|l iner surface 180 and exterior surface 182 are connected together at

over hang portion 184 and, for ear .facing ed 86. A rality of air
cool | ng roing eerdipn. 3 griied Bl Hininetbe o SR it te Mg iehted o) g
feat ures ne8Bid guletiti@l VitRiizael 16/ AfitheREhid @aitdrd Bornbustion r26€ 3% &hiugh

t heret hrough froman air plenum (not shown) such that a thin protective
boundary @Pligg fegiures 8% andi foyas\actlin profastive hpadaniueferic dlang sembystefaléres and
conbust or.l¢.per r i iBe<ap i ﬁ%hg@ ni ngs
and ext ensgk%gk‘[av\?eoz% ‘{%ﬁ%{g?l%gﬁ%pgggl@l 0 g%b%@tggthg?l orﬂgﬁr algglll taot&%gci litate
cool i ng ahay relucentxiatabstregmee into Addelt iS0nals epesulhgf chBdnuddnoywoswas taool i ng
hol es, extend.through each nugget .l 52. Specifically, openings 194 extend
t hr ough ﬁ%ﬁ?ﬁ#é i OMﬂﬁHH@éPgaF39Hﬁﬁ*ﬁ8@%&8ﬂfﬁ@ﬁ§%ent panel's 150 and are
radially inward from nuggets 152 forned by panels 150. More specifically,

each pangbetdBbraiedclepidas ofiRompaitoeHMReAImAP be @Rndovd shd espReidis#@Zheand a
body 204 extending therebetween. Panel s 150 are connected serially, such

that eacHnpfhndy dewmned rhemine nopp speciticalin detcaarated Egianssel eithar difer 200 of
an adj ac ; frar j acent
connecteﬁﬂ%%ﬂgggﬁﬁéﬁaghﬁg@gg%3?@%“@%&%%%%ﬁgﬁfﬁﬁﬁﬁﬁ5%ﬁ?§§ﬁ?§%§§ﬁ§%§gand 200.
Nugget s Ishgathe kethods descsibpd heimt Ifhadipbt seturhed ehginexsichlarepgmebldli nent |

l'i ner 14Q includes six nuggets 152. In an alternative epbodinent, | ayer
of "t her nelndaEs e cbutpaie utissshieeite eBrRde S lealRRATE el e
surface IR3@el 30dal HipdtndeRAIEO TRV Hadki MESughUEdABBtNSAndr" DON1D1 @hhove

t enperat ure conbustion gases. Deteriorated regions of conmbustor |iner 140
may be r eletariogated panepls8ceMotsi spgeificallyreashshosndiasEightsed, theraat ds maflea fi el d

returned engin such as,engine 1 i ndi.gat hat . tor in 140

i ncl udes rﬁ?‘%%i‘?@“@h@ﬁe‘%@?‘%ﬁﬁ?‘é@ %gﬁ%qlcbfgg,slog’ |1r1@8tg$l§(?&ﬁ{hl lérfe ?uot’ i s made
t hrough coskust tie dut BRendsHorh dineLemvtordaitfacd 87 & latr paaddrsulfaés Sdylane

speci ficall s shown in Figure 4, the cut is_made radially through |iner

. a \ ;

140 and tw%a;@qf apoitigget2216Dpangt bofy U9 reft RaneldP themgreutxpmains sepuredat t he
cut extends fromliner exterior surface 182 to |iner surface 180. In one
enbodi nent, the cut is nade between third panel 170 and a fourth panel 222.
Furthernore, the cut is extended throuigh |iner 140 downstream from
deteriorated panels 50 being replaced. After deteriorated portions |iner
140 are renoved fromthe conbustor, a replacenent panel (not shown) may be
installed into conbustor |iner 140. In one enbodi nent, at |east one of a
forging, roll welded ring, a casting, or a sheet nmetal panel is
manuf act ured and used as a repl acenent panel.



The repl acement panel is then welded into conbustor |iner |40, such that
the repl acenent panel is welded to an existing panel 150 that renains
secured within the conbustor. Mre specifically, a downstream end (not
shown) of the replacenent panel is welded to an existing panel 150 such
that a nugget 152 is fornmed between the replacenment panel and panel 150. In
one enbodi pent, el ectraon beam EB, welding is ysed to. sec t he
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oS Pthg e ubSRaft BTt TheR 8¢l 30 ERRSTRlYed, Sy i BB 30 o
panel s frpifeld B0 £08&P48dted ald R{fovalle Font bhbishst 1HRE 801 or at ed panel s may be
repl aced with repl acenent panels. In one enbodi nent, the deteriorated

panel s are renoved by cutti nae;f hrough the body of the panel, and
r epl acenefitep deierigragde pensdh Siedrd agmoged Hwnb sginbystop dinerss 4 replacemesli n

attached w.t.hi r.| al t LVEer: ogh he
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t he det erieplaaémentpamnels arafidnmiedpb andidni npggee lesnfagiratidiethaniyl adstahiiallyhe

exi sting panel . such that a_pugget is formed between the replacenent  panel
and the Mraahlp hRqrtiongf Hnqred efng PGt dd o cpiboy it ariﬂ?aéh%%fm es
deteri Oraéﬁﬂgﬁ@,%ﬁ%éwed HhE lor Q%Qﬁin% it Qselaeasraergiﬂ}i@éﬂné}ﬁﬂaﬁe@.m aced in a ]
cost-effective and reliable manner.” Whil e the i nvention has been descri bed

in ternms of various specific enbodinents, those skilled in the art w |
r ecogni zeThteeplacermentaaeltis dhencwgldesbingr emmbustar ligier A2 aadfor #baurbthahihehi n t he

spirit a 0 i - ‘g L 0 . Tur bl j nel2Low
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Tur bi ne20dcanbStor diner 42 and/bt 42 Voee opedifidall | £ bwiisieam side (not shown) of a

Shaft 24Nozz] e30Conbust or 32Donge, Ass | y36Co stiqgn Zone4QConbust or
Li ner s421 skyrofithe gplasemert pane @r\mﬁéﬁo 9 mb@ﬂwl%ﬁw&%ﬁguswr
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surface 80, and fastener 74 is then re-tightened.

If a field returned engine, such as engine 10, indicates that combustor liner multihole
region 48 includes at least one deteriorated panel 50, a cut is made through combustor
liner 40 to remove deteriorated panels 50. More specifically, as shown in Figure 3,
the circumferential 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 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 ffom deteriorated panels 50 being replaced, such

that a deteriorated portion of multihole region 48 is separated and removable from



1401 nner Conbust or Li ner 150Panel sl 52St eps160Bol t Band164Fi r st

Panel 168Second Panel 170Thi rd Panel 1720peni ngs180Conbust or Li ner
Surfacel82Exteri or Surfacel840Overhang Porti onl 86Rear Faci ng Edgel88Air
"Cool i ng Feat ures1900peni ngs192Nugget 194Qpeni ngs200Panel Upstream
End202Panel Downstream End204Body220Cuti Li ne222Fourth Panel -12 CLAI MS 1.

A et hod for, repl.aci as turbine_engi ne comhustor |iner panel (50), the
Conbust or TAFRRATE §0a FaRBYS L1 aHEY, U8 By RaR fodoryet fie ACEHArER of
liners (ézorﬁéﬁlzmd hﬂﬁiﬂuggarrggaﬂm%%1ihérnmrf§rf=e%mal.ncl uding a series of
panels (64. 66, 68, 70) and a plurality of cooling features (88), the
cooling features fornmed by overhanging portions (84) of the inner and outer
| i ner panéfter dat¢reorated Iporitpns edmurltibolp acgiew A8 ady wowmved frome cembuster 3¢,al ity of

t he panel s_jncl uding cooling n et 9 sajd et hod coppri si t he steps
of : cutti rr?Biaf’?{P%fﬂé‘r?gﬁltm%hg%‘%ﬂ%%ﬁ e‘%orﬁ%]jﬁboé? G oﬂe%%g%ﬁgf@taép%gﬁte panel
from the egdustapgingandl weRledlrlnghg cattidggash she@ mepl parMNmapdeirddnt o t he
conmbustor such that the series of panels are arranged in steps relative to

one anot & ussd apageplacement paeed oFlipamulihgle gonansninggmaydienfosaedh afieinel  (50)
i ncl udes . 104

ext endi ng&? ﬁ@%&%@gﬁl@ﬂg%ﬁ%&?p egng&[\%&m)écﬁﬁ{g&f %o{})g]geﬁmgts “F%@S? e‘gﬁ’gy‘&gna :
nugget (983erfpro¢dser Incmpthiesienthothrers) e qfentmgstdredomadi atihy anhheleutgh at

| east one,of a panel .u m end and a panel d tream end., 3. A nmethod
o cor dlischati prhenn b VD Petsaravat Biher R neriaBediaviik Jorsted cant
one repl G RARIRE n@e@nﬁé sizd "dﬁ?errelﬁB”Pédu%@é, 6r'1€-p%%§i6n@é, toehellinge ﬁn%x%%f"gce”ent

panel to an existi'ng panel (122) "secured within thé conbustor (30). 4. A
met hod i ncogtivppfieemslusigrt3?. Claim 1, 2 or 3 wherein each panel (50) includes
an upstreamend (102), a downstreamend (100), and a body (104) extending

ther ebet g e SRENRLAREE 1 A2) JSAIPE RELURER: Pl 3ol RANSKSeechRled ot P

of cutting't ast one panel nhugge urther conprising cutting
bet ween awithiaeninbpstoeB8.. More Apsuifidadly, & downstcradaside (it shovamyofombodyfoft he

precedi ng, cl ai.ns wher ei n,sai tep of .installing at. least one repl acenent
et 1 urbharbiimnt bl it e kied 1S Bt od? gruorbrnyith By 2By Bor ench

{ﬁpl ac rerb rreaHet dmﬁ( 3%1;1&19, %ctk&agémg 'EB, SRdifk ifude@SBQ6durY ehePRPRLemSfpagsd W thin
e conpustor .-

within combustor 30. In another embodiment, tungsten inert gas, TIG, welding is

used to secure the replacement panel within combustor 30. Thermal barrier material

may then be applied on replacement panel combustor liner surface 80.

Because deteriorated liners are replaced using the method described herein,
combustors 30 are returned to service using a replacement process that facilitates
improved savings in comparison to removing and replacing entire combustor liners
40. Furthermore, because the replacement panels are formed to be substantially
identical to originally installed panels 50, aerodynamic 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 liner 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
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each replacenent panel to at | east one end of a respective panel secured
within the conbustor (30). 6. A nethod in accordance wth any one of the
precedi ng cl ai ns wherein each panel (50) includes an inner surface (80) and
‘an outer surface (82), said nethod further 1 conprising the step of
applying thermal barrier material to the inner surface of each repl acenent

panel att ed. wthin the c tor. (3Q), 7. rrehdf r repl.acji ng a
portion o?&g%%ﬂg’ﬂ ?r ?‘l’tﬁ'éﬁn?rélé‘?t W‘}(Vm%ﬁh%f léafAmE“ffi BT ﬁg"i%iﬁ'b@st or
(30), theingemngt 0. NBYENEnG MOMRERIESR pheaBty(FopankRr f‘ﬁﬂwﬁiﬁh@'ﬂchﬂ@%r and
outer liner 42, 44), the inner and outer |inérs ‘each including a series of

panel s (mrleanﬂstapqolizs gdchtof vdficniogget distigpportiohef nembestter liner 184 by adj acent
panel s, said nmethod conprising the steps of: cutting between an outer

ST 2ce B 0E LRSS, Thab )5 RARSE BRIShTHOLGR ST

nstal ling
a repl acepampt laanelhndernbcﬂt bhsd ¢e0tivsbapled ao I’ae&érﬁe%sﬁmﬂiy ameshovaiandd from
t he conbust or. thod in accordance w Claim7 wherein the conbustor

(30) furt%?nqsrﬁ@mé@%a%ﬁoﬂb@ﬁd@%%mmﬂy 1@5581 awl%l%mﬁgﬁtrp@a% ¥iand 100), a
ooy DaNfnclsofs0 BR) o LS delifly! BEwGRERNCHOM HAP bERRTLENdCH ffk o)t Dand
C ace

(60), said step o uttrng between an outer su an I nner
surface (a&ijécehtjdbhﬁxtrerannpanesh]rig ishmmlbeeq:d séquenlhall)ng Acbomh@iyaarsa@gﬂt (92)
f or med bet\/\/efgﬁé he third 170

vt r ocRAMeT 6k i ook ted seiimstreih drara el 65 oAb n Al B i6 7 or s

wher ei n S&ixﬂe&&&ﬁo@ﬁsddﬁﬁi bl REorA peRl 136@”3@1"{ bR&N €60 fﬂé[ddé?ﬁ ARy stes the
step of welding each replacenent panel to respective existing panels (50)

secur ed v@nepingstlfeé S@@dﬁ@sqcswe(fawnesm% (sheam in Higgged ferogyuting kegrnd@ bet ween

each resp nt panel and existing panel. -14 10. A nethod in
accordanc@gbégﬁméggeﬂl%&gr 8 wherein said step of installing a repl acenent

panel further conprises the step of welding each replacenent panel to
respect i vRachxdositiusigr panmet 150 (1) des acomdastor tihersutface t&hansktariof 3Gface- 15

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 overhang portion 184 and form a rear facing
edge 186. A plurality of air cooling features 188 separate adjacent combustor panels
150.

Air cooling features 188 include a plurality of openings 190 which receive air
therethrough from an air plenum (not shown) 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 cooling of the combustor gases. Additional
openings 194, known as cooling holes, extend through each nugget 152. Specifically,
openings 194 extend through features 188 which are formed between adjacent panels
150 and are radially inward from nuggets 152 formed by panels 150. More
specifically, each panel 150 includes an upstream end 200, a downstream end 202, and
a body 204 extending therebetween. Panels 150 are connected serially, such that each
panel downstream end 202 is connected to an upstream end 200 of an adjacent

downstream panel 150. Nuggets 152 are formed between adjacent connected panels
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10g: 10%‘%3&3 1onlc(:)o glsggr 1r1r111er 1591;@ QO an%i 8fat§:g 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 circumferential cut
is made through combustor liner 140 to remove deteriorated panels 150. More
specifically, as shown in Figure 4, the cut is made radially through liner 140 and
through a nugget 152, 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.

The replacement panel is then welded into combustor liner 140, such that the
replacement panel is welded to an existing panel 150 that remains 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 152 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 stator assembly is cost-

effective and highly reliable. The method includes the steps of removing deteriorated
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panels from the combustor liner, such that the deteriorated panels may be replaced
with replacement panels. In one embodiment, the deteriorated panels are removed by
cutting through the body of the panel, and replacement panels are then welded to the
body of panels which remain attached within the combustor. In an alternative
embodiment, the deteriorated panels are removed by cutting through a nugget
downstream from the deteriorated panel, and replacement panels are then welded to
the existing panel such that a nugget is formed between the replacement panel and the
existing panel. 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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PARTS LIST
10 Gas Turbine Engine
12 Low Pressure Compressor
14 High Pressure Compressor
16 Combustor
18 High Pressure Turbine
20 Low Pressure Turbine
21 Second Shaft
22 First Shaft
24 Nozzle
30 Combustor
32 Dome Assembly
36 Combustion Zone
40 Combustor Liners
42 Inner Liner
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46 Multinugget Region
48 Multihole Region
50 Panels
52 Steps
60 Bolt Band
62 Bolt Band
64 First Panel
66 First Panel
68 Second Panel
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74 Fasteners
78 Cowl Assembly
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Surface
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84 Overhang Portion
86 Rear Facing Edge
88 Cooling Features
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100 Panel Downstream End
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104 Panel Body
110 Layer
120 Line/Cut
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C

109" 310%& () -'-+3& 3109%&' ()-'-) 310%& ()-'-+3& 310%&‘ gg %@&
ZV] WV WixA 2¢uiting through at least one panel nugget to remove at least one p rom 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 cutting through at least one panel nugget (92) further
comprising the step of cutting radially through at least one of a panel upstream end

and a panel downstream end.

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 replacement panel to

an existing panel (122) secured within the combustor (30).

4. A method in accordance with Claim 1, 2 or 3 wherein each panel (50) includes an
upstream end (102), a downstream end (100), and a body (104) extending
therebetween, each nugget (92) formed between adjacent panels, said step of cutting
through at least one panel nugget, further comprising cutting between adjacent

panels.

5. A method in accordance with any one of the preceding claims whetein said step
of installing at least one replacement panel further comprises the étep of welding a
downstream end (100) of each replacement panel to at least one end of a respective
panel secured within the combustor (30).
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said method comprising the steps of:

cutting between an outer surface and an inner surface of at least one liner panel

nugget;
removing at least one panel adjacent an area of the liner cut (120); and

installing a replacement panel into the combustor to replace each panel removed from

the combustor.

8. A method in accordance with Claim 7 wherein the combustor (30) further includes
an upstream end (102) and a downstream end (100), a first panel (64, 66) coupled to
the combustor upstream end with a bolt band (60), said step of cutting between an
outer surface (82) and an inner surface (80) further comprising the step of cutting
through a nugget (92) formed between the third (170) and fourth panels (222)

extending downstream from the bolt band.

9. A method in accordance with Claim 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) such that a nugget

(92) is formed between each respective replacement panel and existing panel.
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