7 Decenber 2005 METHODS FOR REPLACI NG COVBUSTOR LI NER PANELS BACKGROUND OF
THE | NVENTI ON This invention relates generally to gas turbine engine, and
nore particularly, to nmethods for replacing conbustor |i r¥ddecqembet 200Gsed
wi th gas turbine engines. A turbine engine includes a conpressor for
conpressing air which is mxed with a fuel and channeled to a conbustor
wherein the mxture is ignited within a conbustion chanber for generating
hot conbustion gaSETHADS FORSREPONE @@Mﬁﬁﬁ‘dﬁi b G a done :
assenbly, a cowing, and liners tomé?anne the cgﬁrﬁb%ﬂs{?%%ﬁgsases to a -
turbine, which extracts energy from the 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 edBAK tROUIAN® R ; the cowling, and extend downstream from
the cowing to define Jﬁ%mt%%@ ion chanber. At |east sonme known liners
include_a plurality of panels that are connected together with riveted,
bol t ed, This iprentienl relaten gensraltysto gaspottineomedie, thhe nias ?hﬁichmﬂwféememehé; Rg
nugget s et n_adj acen nel s, that extend radially outwardly
fromt hrgp%giﬁllgl%gmg}ﬂ%p#@ Seaﬁ‘g&c%ﬁmgﬁ?ﬁﬁg@ﬁ%nber. Accordi ngly, such
cool i ng nuggets are not subjected to the sane degree of heat as portions
of the pambime agincackudede CAPFRYSHIONCERFRET 2i2RhiaS; SIHB{% |

oper at i&n}&ge mal stresses nmay be induced w tghziin the lpsar'le {si‘ﬂglée?&illaprg

contin o # SAMbFER Whnsimtlle witeresedenited withinea pamnbsioh @hhmbe gyl | Y

fatigu Sraiisd Al d cracking to devel qp within the panels.

Curr enteg e?epgl?gr Iik%et_ hoﬁgﬁélpn%s%eﬁv%ﬁsé isﬂlae{i(ﬂggﬁﬁpmgﬁftpﬁ clpde,g dame assembly,

Addi t i drremling, grat lirees toraiyntid theadonttakish saesiorttrbihe RANGA SxitRAle @fgg Aﬁﬁke“ed
u

by ther tresses. However, if the thermal stresses have In er mal
fatig uéH%J%"“zbugﬁ?%g%%F FPTROMGERE fesomnsessetaas ek @b sragiucing usefipl wozkl totpyored

panel s antalrera@OAATHSH Y tIPYwWROS 1438V Sich gg Qle%ﬁ'[cﬂf%ﬁ{eﬂtog Nhe ; Kél’lk?t&%/?r\ém(?%ll}é[g% ﬁ uch

panel s tqQ enable patches to be attac I'n"su cases,

panel s ¢ Begigmeassesahly mith thpcowing, andextast dadnstichs feurh kHeReoRaifB Us B&finel th@er i s
r epl ac%gmmeléﬁgmeé}e liner is coupled to the cow and the done assenbly,
often the entire conbustor nust be disassenbled for the liner to be

repl aced. Furthernore, when the fasteners are renoved fromthe cow and

dome adé deast pomprkeovmeliners include a plurality of panels that are connected together with
riveted, bolted, or welded connections. A portion of the panels include cooling nuggets
formed between adjacent panels, that extend radially outwardly from the panels and away from
the combustion chamber. Accordingly, such cooling nuggets are not subjected to the same
degree of heat as portions of the panels adjacen‘_c the combustion chamber, and as such, during
operation thermal stresses may be induced within the panels. Over time, continued operation

with thermal stresses may cause panels to thermally fatigue, causing weakening and/or

cracking to develop within the panels.

Current repair methods include welding thermal fatigue cracks. Additionally, patches may be
attached to arcas of panels that are weakened by thermal stresses. However, if the thermal
| stresses have induced thermal fatigue or distress in larger areas of the panels or in a plurality of
panels, the combustor may not have enough structural integrity within such panels to enable
patches to be attached. In such cases, repair of such panels is not a feasible option, and instead
the entire combustor liner is replaced. Because the liner is coupled to the cowl and the dome
assembly, often the entire combustor must be disassembled for the liner to be replaced.

l_FuIthexmore, when the fasteners are removed from the cowl and dome assembly, precise
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-1 7 Decenber 2005 di nensional relations between the conponents may be
altered and as a result, special tooling may be required rin
re-assenbly. Thus, replacing a conbustor |iner including ggg??ﬁgwr%ﬁggets
may be a tinme-consum ng and expensive process. BRI EF SUMWARY OF THE

I NVENTI ON I n.one aspect of the invention, there is provided a nethod for
repl aci ng a gas turbine engine conbustor |iner panel, the conbustor having
a conbustion zone forned by inner and outer |iners, the inner and outer

| i ner s daaaidnaktelstiongbeiwser thesompomateingy hadltercpland a$ a rgsulif spedgal toofng
features, the cooling features fornmed by overhangin ort.ians. of the inner
and oup@ﬁlﬁiﬁ%WHe$émgP%fe?ﬁ@mgbbﬁ&H& B Egé%cﬁ@BW%%hﬁﬁﬁfﬁgﬁ EARE8P8 | said
met hod g st POa tihe-SheRSinehind e RRBVE PpRcak. | east one panel fromthe
conbuspo X angy?ngfa |1 ng a?gleaggﬁone ?gblacenent panel into the
conbustor such that the series of panels are arranged in steps relative to

one an®RIBF SUMMARY ki THENYENIIONhe i nvention, a nethod facilitates
replacing of a portion of a conmbustor Iliner within a gas turbine engine

conbustor. The c ustor,.incl udes a usti on.zong t.h i i by an
oo ST e ASREeATRS Riy@pror ek Foviaed RAR e o RTadih g rarifl CRERE OY 27
of  papghBusiatdiner Pabiél 2ttt Sonbustor Baahs af @idRstidlY za@ PaREd bp ek and Bagr met hod

includes the steps of cutting between an outer surface and an inner
sur f acéness, the ingegand enter lingisreagh ieludingeprseriaspiaencls apd @ piwalityapfesoolingt | s

adj acent . the area . of the |inper t and l.] | I ment
panel i gy ﬁ@e gg%fegﬁmrso P %55% E?pog\égﬁ%ngi ﬁgtpo\/\é(glsrée}sn%gé}éﬁe? %8%1 ({“ﬁég e
conbushiMels, the endingneadiddtittwednhgijdtehtghelsaeiillithethed coraptisiag g sttpsoportion

of a conbustor liner within a gas_turbine engi ne conbustor in a

cost - efdeing & 1gast opepangh fremnthp fembustor; alﬂfbtnﬁ@ﬂmﬂs%é@ﬁt FFe replacaipb BaRdn, a
net hod. I.s..used,.to re t. l.ea eter| t 3 t i panel
w thi i SRR SR B el B0 B8 RSk Bl 1T e o RS
including a nmultinugget region, a nulithole region, and an inner surface.
The nuld hidwhe akpgt oNthedni@iida, dmetindriediatesaoplhdiag oih portiopgeta ceghstor and
the nmet hod includes the steps of cutting _through at |east one of the |iner

mul t i nlipgeyithia gicantushiae enging covahuston) Therombusiey imspdey a gprabystigmzons Bat Bhe t he
at |ea els ' . in

The. ot Cop iy "ah Bhdofiald S8 AT YHRE e IniEH pf Biter Kok QUPARE S s 19
and wepglieliGanidta plagdity ofheuggets formed by adjacent panels. The method includes the steps of

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

least one panel that is adjacent the area of the liner that was cut, and installing a replacement

panel into the combustor for each panel that was removed from the combustor,

In one embodiment, the method facilitates replacing of a portion of a combustor liner within a

gas turbine engine combustor in a cost-effective and reliable manner.

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, and an inner surface. The multihole region
extends downstream from the multinugget region, and the method includes the steps of cutting
through at least one of the liner multinugget region and the liner multihole region, downstream
from the the at least one deteriorated combustor liner panel to be replaced, removing the at

least one deteriorated combustor liner panel from the combustor, and welding at least one
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-2 7 Decenber 2005 repl acenent panel to at | east one existing panel within
the conbustor for each deteriorated conbustor |iner panel, renoved 0 | EF
DESCRI PTI ON OF THE DRAW NGS Figure 1 i s schematic Tl st r ot Peoem %@gs
turbine engine; Figure 2 is a partial cross-sectional view of a conbustor
assenbly that may be used with the gas turbine engine shown in Figure 1;
Figure 3 is an enlarged view of a conbustor liner used with the conbustor

shown in Figure 2 taken along area 3; 7 Decenber 2005 Figure 4 is an

enl ar ge&EMaEenSpANe] Bhah legst ORC Sristing pred rwishin vhe eomdustordot eath determated t or

I i ner : i the gas turbine engine shown in Figure 1; and
Fi gure E&@%u%ﬁ%gﬁfg@%ﬁ%m%$%@ vi ew of the conbustor |liner shown in Figure 4.
DETAI LED DESCRI PTION OF THE I NVENTION Figure 1 is a schematic illustration
of a gaBRIEF MESCRRTION AIOTHEDRAWINGS | ow pressure conpressor 12, a high
pressure conpressor 14, and a conbustor 16. Engine 10 also includes a high
pressurg. turpbine 18 ang a l.ow pressure turbine 20. Conpressor 12 and

t ur bi neglﬁma bﬂSCE%%CéﬂUWHanPP?gestgﬂ)alﬁenzzl,e; and conpressor 14 and turbine
18 are coupled by a second shaft 21. In one enbodi ment, gas turbine engine
10 i s arF{gaR0? en9bReiaFQBERIetlidial YiedVsd 4 8hhtu i(fr%ggenﬁ?‘ﬂfa@hag!b%QIs% Gridh! h&T arf t
Engines, G ncinnati, Chio. |In another enbodinent, gas turbine ‘engine 10 is
a CF engasriurbensranging shbwy imBigitealol e from General Electric Aircraft Engines,
Cncinnati, Chio. In operation, air flows through | ow pressure conpressor

12 and ressed air is supplie from| ow pressure conpressor 12 tao, high
pressur g%n%}se%s%lrar %i w‘?’ﬁéﬁ 1iG m%;‘}“% ?é?g%g'ltﬁitﬁe anéb‘ﬁg%isgwf’é&‘ igure 2
conbust @kenlfongmeh Bow from conbustor 16 drives turbines 18 and 20 and exits
gas turbine engine 10 through a nozzle 24. Figure 2 is a partial
cross-sectional view of a combustor 30. Figure 3 is an enlarged view of a

portion of conbustor 30. Conbustor 30 may be used with gas turbine engine
10 shown in
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Figure 1, and includes a done assenbly 32. A fuel injector (not shown)
extends into done assenbly 32 and injects atom zed f uel t?gpﬁg&ﬁg%&%
assenbly 32 into a conbustion zone 36 of conbustor 30 to F ! - fuel
m xture that is ignited downstream of the fuel injector Conbustion zone 36
is formed by annular, radially outer and radially ~ y inner supporting
menbers (not shown) and conmbustor liners 40. Conbustor liners 40 shield the
out er angkgi i r r e heat generated within .
combust | oe ons 5 SHEREH ek RIS el o I i halRR st D beordinens
Each | i ribpt may beied vithghagasithebineosnginieshbwal BSFigufdl: bh@ugget  region 46 and a
mul tihole region 48. Each nultinugget region 46 extends from done
assenbl v reamto each | ti hole region 48. 7 Decenber 2005 Liners
42 and %ﬂg%ggﬁﬁgé%gﬁgggPﬁBH“?Bﬁ&MSSQn Jiwer showomd'iggedxt ends from done
assenbly 32 downstreamto a turbine nozzle (not shown). Quter and inner
l'i ners 42EBAH BIPDESERIPTION 0FeTHE PNWENTION of panels 50 which include a
series of steps 52, each of which forma distinct portion of comnbustor
| i ner 4Q. Qutet Ilnﬁr 44 ﬁnd inner liner 42 each include a bolt band 60 and
62, respeErely? sshematiq fliustratignatia g2 wrhingengine skeditdluding 2 16wt pressued t
band 60 cghghrd i L1pned , ad] to done assenbly 32
Riprds§Ran, Qﬁighfp?@s@ﬂr QRnk&s ﬁl%lr éﬁtggccf%b?s?#rglt%e%}g&esﬂ) aggef) nelydess

and extend downstream from done “asse
r espect hight pressurer Brbipai 81 and6 loan greSuranebine 106 CCEMpARWISY SRNMMEBRH Ak

bands 6 2o [ es ively. Each _adjacent downstream panel 50 is
number eg"%"gg‘ﬁ@ﬁ% fiest g‘i‘f%eg% @Hgf%%i’res%oééé ﬁﬁg pubiar 4 8 e emvpleribyaa sscensinhelt 2éd
downst r &Rioné eAISodiBSRE Chds iarHind %ﬁg}g@ﬁﬁli§ SGGE% e co?%;%rgng? gd%?ga%leaﬁgmez

include a plurality of openings 72 sized to recéive fas
t her et hFshgRl ElesticeAterafty Engisesr Ginkinnati, SOUD. aird adihebembodiangs ©6 tathd2,

and a cgw; I -1 0 done assenbl.y .3 Each c ust.or panel 50
i ncl ude%elln %gﬁgg%t %:F %]%ﬁ%"r C(g]lﬁnf% %E’S%Yal%meé&'%%ie‘?ﬂﬁr@ [EIF%FE‘% Aiperath Engies,
over hanginsomatigbhiv. 84. Conbustor |iner surface 80 extends from done
assenbly 32 to the turbine nozzle. Conbustor liner surface 80 and exterior
surface; 82 are connect eﬂ?to et her at overhang portion 84 and forma rear
faci ng SdJET4E AT Hqypsa e Vo PReSRED FomBressoat Idr el g@nprsssed radrt is saplpliccient
conbust emiawghr&sie -cof I 2%hi ' e ' 90 whi.ch
receive ajJ. t?er et hr Oué}?\cs}?é&g% %%ugﬁ?;éé{‘giﬁ‘?nﬁp }egﬂrqq,_ THEHibALY Compretted air

is delivered to combustor 16. Airflow from combustor 16 drives turbines 18 and 20 and exits

gas turbine engine 10 through a nozzle 24.

Figure 2 is a partial cross-sectional view of 2 combustor 30. Figure 3 is an enlarged view of a
portion of combustor 30. Combustor 30 may be used with gas turbine engine 10 shown in
Figure 1, and inchudes a dome assembly 32. A fuel injector (not shown) extends into dome
assembly 32 and injects atomized fuel through dome assembly 32 into a combustion zone 36

of combustor 30 to form an air-fuel mixture that is ignited downstream of the fuel injector

- Combustion zone 36 is formed by annular, radially outer and radially inner supporting
members (not shown) and combustor liners 40. Combustor liners 40 shield the outer and inner
supporting members from the heat generated within combustion zone 36 and includes an inner
liner 42 and an outer liner 44. Each liner 42 and 44 is annular and includes a multinugget

~region 46 and a multihole 1_‘egi0n 48. Each multinugget region 46 extends from dome

assembly 32 downstream to each multihole region 48.



(not shown) such that a thin protective boundary of air is fornmed between

hi gh tenperature conbustion gases and conbustor |iner su%ﬁce 0.
Furt hernore, openings 90 permt convective cooling of co BB 290 40,
Specifically, openings 90 extend through features 88 which are forned
bet ween adj acent panels 50 and radially inward from nuggets 92 forned by
panel s 50. Panels 50 are connected serially, such that each panel

downst r kSy.gconnegt ed to an, upstream.end 102 of an adjacent
downst r gg%rg 2% e%&g § h (kﬁ% ‘3 ectoén% 108 20 %)# ne(fjo“gl@’rg%‘é r?o%lj%‘éc‘“éﬁtﬁndé dre daser
panel s. aseatbic B2 dewdsvdagt foenfiiARcneRE q'n%ﬂmo%ﬁﬂ.s Mierand inﬂe?%ne | €L 4

mul tinu t. region 46 includes a plurality of “nuggets 92. In the exenplary
enbodi n%%‘f% inchuge adpucabity; ¢fgrapele §0 phideinglude etserignf stipsd2, eash tof lndfich foegizon 48

i ncl udeisin® pHe@dd b¥corib | (not shown). -4 7 Decenber 2005 A | ayer
110 of thermal bar rii/%r rrugit%gp#léa}%%is applied on conbustor |iner surface 80.

Thermal barrier material further insulates conmbustor |iner surface 80 from
hi gh t efWéardingr 44 codturst Licer 4@shk snclide @abole vebb@ayd emteshet®mily, ahdarfrsd

barrier tdn erial .is co rciall avai |l abl e from Engl ehart

| ndust r Pg‘g& %%ﬁé’t B Houek palf b oA pienen befh band; 6arenpestionadel | s
i nj ect i ndjacent e GEHD USIiOR TDRR I i t L.Lhin
zone 36, '?A\J:IFLE ugh ai.r en?{ers co%%@%#ggﬁﬁfygﬁﬁglﬁ%mgw%gﬁ‘gteﬁgfnﬁrses
88 and Pb éf?meﬁtltﬁlbt Eigstipagely 64 aud 6§ arsf comnected dovgnsteah dsimobolk bagts 60

surface Fakd of,, in . exposure, of co t.or Iiner surfaces to high

t enper a?lﬁfr)éezé Q%E#Iﬁ% cga%hh%dll et ésot“?]gggaég P F?:'%i § D o QH‘BL’?G% gf}qugguaily, &Cgﬂ thatof
cont i nugsdomk parslly 68 tand t70eirERbmRlcd BATSITOME Fronl FRpedtRe Slrst n@&efgﬁéh alRE 66 Te
deteri 0%81%?’? D%:Qegﬂlmgkﬁtﬁd regi ons of conmbustor_I|iner 40 y be renoved and
r epl acedoudPhds e othsludg s phyrafity ofepranings\Viz sizedeloi feceiue | fgsteners 74

det er i ofhatedflowB0i IR [ 2] [ i 46, and/or |jner

nul ti hol e regiggﬂ 44 Ir%g[%%SE%%%{]/%%Q%%gajjrdé’pqagg%g%ssﬁg(ﬁ%l(f%eaﬁ%? RYs*5E8eYi bed

her ei n. 78t danjejaspembl3dr ned engi ne, such as engine 10, indicates that
conbustor liner nmultinugget region 46 includes at | east one deteriorated

panel h ok A ut is de. thr u%& conbustor |iner 40 to
remove det e?flilg P%’? et Sggée I";ﬁll‘ggs al%?‘@@%‘éelfﬂef iSErg‘?q 0, 38 extprggsurtace 82, and an
overhang portion 84. Combustor liner surface 80 extends from dome assembly 32 to the
turbine nozzle. Combustor liner surface 80 and exterior surface 82 are connected together at
overhang portion 84 and form a rear facing edge 86. A plurality of air cooling features 88

separate adjacent combustor panels 50.

Air cooling features 88 include openings 90 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 80. Furthermore, openings 90 permit
convective cooling of combustor liner 40. Specifically, openings 90 extend through features
88 which are formed between adjacent panels 50 and radially inward from nuggets 92 formed
by panels 50. Panels 50 are connected‘seriaﬂy, such that each panel downstream end 100 is
connected to an upstream end 102 of an adjacent downstream panel 50. Nuggets 92 are

formed between adjacent connected panels respective downstream and upstream ends 100 and
102.

Liner multinugget region 46 includes a plurality of nuggets 92. In the exemplary embodiment,
region 46 includes th;ee nuggets 92. Liner multihole region 48 includes a plurality of openings

(not shown).



Figure 3, the cut is made radially through liner 40 and through a panel

body 104, as illustrated wth |ine 120, such that the cut, gxtends m
pheae A

liner exterior surface 82 to liner interior surface 80, and®
portion 122 of panel body 104 of panel 50 being cut remains secured within
conmbustor 30. Furthernore, the cut is extended through liner 40 downstream
from deteriorated panels 50 being replaced. Fasteners 74 may be | oosened
to separate d ri.or at e anels 50 fromliner 40 for renoval.
Al 't er nat} ifé’ﬁ/?hg Ogél?:%ﬁ‘ald erggierinbis applindga opbpstenlinerfsuserel 80. (Thomaled
panel s Bgrriee nidebria RlrBeLRsulses borh R B L€ 58RaLAL ed

P S or A BLERE SRR SmidllrE PERRHRY, ¢

and renovable from conbustor |1 ner er deteri
r enoved&fsesm &by sxempliry nembodient; ehérame rhenier paaths mateiial BheviihertRYlybe

i nstall . combustor. l.iners and/ ar, 44. The repl acenent panels are
f or med ?%%aﬁéﬁ%%%g%h%&d“%ﬂﬁ% ivgﬁ?’g’(git%ﬁw'f‘ﬁﬁ?h‘ﬁsimsubst antially identical to
that portion of liner 40 being replaced. In one enbodi nent, at |east one -

of a fobgiing opemlibnvel Aedized Fesl i9Enjectim@ShioGmbuSidSSFhed s &h t
panel . 7 Decepber 2005 The repl acerjrerf?@panel is then \X/el decirfgﬁ%g&co %stor

|iner 48eUSKUpGWithn zang3f. (Alhongherir ensers sombustionzene B6itkrongh dealingofeatures

existin : [ i thin, c ustor . liner 42 and/ or
34, Nor o BRLRyR d (o AR AT EF U 80 glinb ShRoRRENNS Sirage 5y vaatian

r epl aceenposuparialonitaistee liderdsurfacgsatochigh aelipgatitds Ghayliddudd theimal Coebies tugh 30.
In one _e Qﬁj nt, el ec%ron_ beam EB, wel dliarp?g IS used tgo secure the

r epl ac AT Fandt AFeSHF AL cuimged £3posyts, to) ihermal sHavsess erdiimenpanels i sagn

i nert dgasoméldcteridBligli Ng 1S used to secure the replacenent panel within
conmbustor 30. Thermal barrier coating material may then be applied on

repl acenent. panel conbustor |iner surface 80, and fastener 74 is then

re- t i gHPeipiaeratediregions ef epmlastar dingr 4 gnayebe stved end ngpilaved 18ingi thelingtitods t hat

Mbust k. i | i i . includes at.least one. deteriarated
panal Sp-orblierdly MAGSEIRAE Ul RiorkBE UG of i BB ERGevdPe 86 at o

panel s ab@d/or Nbnee napitieilé iregidd ¥4 mey bhewnovdd MmdorpRed usih?@lé&a % FeSiHokd@l cut
ody ., as

1 ust PRRE it A FPerehned g, SHah HeneRR 16k ihehie dow dcontertoediner | or
e ne Seneh Ty e e PO, AR RarRTSE o BRI o e
t hr ougthrongh epmbsterdines #0 taranicveretiziopated patebdshaviirs spificilpgas sphaded. A
secondpeiihe T8 UPR Bie 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 linets 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.



made within nultihole region 48 and upstream from deteriorated panels 50
bei ng replaced, such that a deteriorated portion of rrultiZBI?g r.e b@’(ﬂs 48 is
separated and renovabl e from conbustor |iner 40. Fastener “ﬂ‘%f‘g en 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 may be installed

at |east one of a forging, roll

i nt | mbodi nent., (
wel deq r e ebncitent, ool B HER°SRlIER el Samiphive s 4Bnruil ek s Barbel tsed as

a repl acsla®snienp pas] is WeRlel b tah R Rink $2hA S 0ORSY NS "BV ulR§ &ﬁ{lﬁgm%‘&sft&gri the

repl acenent Banel i s attached. In one enbodinent, the openings  are med
with a HBseAZmpndlastd. Merarpesificallye rbdetimtedm sidve (mpieshiongy ofirebsdr GEehelsi NG

an el ec ' e: i RN E roce I n. yet anot her_ embodi nment,
t he newtrgﬂ%oe?iﬁcégl %ﬂnﬁsﬁgﬁ%@'ymg%”?l)%éycﬂ%@f 174 I‘V,ﬂ}/‘Pe torp}0. In one

r e- posi eibodiipent,ocléamwinl bdaat, CB,MRINInBds GRE tdSectfe %ﬂi&g&&: e Gandl ithin

r epl acenaﬁ) ganﬁiohsﬁ?tgagn wel ded to an existing panel 50 that Tremains
secur ed “RPCHTH f embodigent tappstenfinerbgasy TIG, weldingtis esath toisdand tint
shown) edadeadit : s welded to panel bo [tion
122w ¢ oot Snct Wy RBLAEORPH. TR ler oo g teR Db abBss
beam EBR repacsineyt paschmetbusor tinansuefatd %), aeplaseasemtis BRagt-tiphichéd) conbust or
30. In another enbodinment, tungsten inert gas, TIG welding is used to

secure nt. panel wthi cqonbustor 30. Thermal barrier material
oy 1 el EE R e B0 AT st 10a RdIcaies HBt st ver mudioieEion 48

Becaus eindhules utleat egb ddttidtedpendl SD! 2GRS MAIWIIR BRHIAG: ARIGDPRG DL o1 1.
corrbust(grs.BO re returned to service using a replacenent process Nt

facil it SRELOTAled N89els S8aviMers specifientiyans skywn iroFigerm3; thg civdmieaitat cngis
entire | r ror e eca t repl.ag nt.__panel s
are for%g%@%gta%g %B@% glrlle?ichgl ;ﬁ(/i %@ﬁﬁg apel ?8&yorqg4giaﬁﬂqu§;aeﬂé“f1§ﬁ$@d2}9aﬂ’éhs 50,
aer ody rihai the cperftordriinoelinmdxaoioh watae S0es lin6BAEE: 80,and AhtAHNEA8 Body

| mpact g&rﬁ hgf repl acenent . panels. Figure 4 is an enlarged

Cr 0ss- S€C %Ib IWEEW R IBFHH’?P‘\%‘@P Frb Btiasiore ftheputi i putendadothinugh or
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Fi gure

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 papel 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 ﬁrocess'. 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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5 is an enlarged plan view of conbustor liner 140. Liner 140 is

substantially simlar to liners 40 (shown in Figures 2 anﬂ 3éﬁ%an206§
installed within a conbustor (not shown). The combustor ihEFf r
conbustor liner that includes annular inner liner 140 and an annul ar outer
l'i ner (not shown) that is fornmed substantially simlarly to inner |iner
140. Inner liner 140 includes a plurality of panels 150 which include a
forma distinct portion of conbustor

series of st 1%{% each of whic ]
i ner 146 baE e 89 15 Peeddgrinence i relapotneny pangleithinicambustad0.nbt anigkera
bol t - banemB&limaidlnmelich HerP@RONIG, Ldding HGed™8! ol dBhclReri PARUSGAS @

done assenbly (not shown) and ext ownstream Ttrom

first paffnistos40. dihegnalbarrer magetiahmdy taenehesapbhiod an eeplaeneat goel coMMEIGEaM
from bol t;, , such that each adjacent downstream panel 150 is
nunbered sequentially. Accordingly, a second panel 168 is connected
downstreamfromfirst panel 164, and a third panel 170 is connected

downst r eBenafiseatetsincaad lipasate rb?l&cedl?&iﬂg tha ﬁ%tﬂcﬁpdeshﬁ@d%?én,%oﬂlbﬂét‘gg 30/ a@f

openi ngs E?Z si zed.to receive [ 'gure 2)

asteners 74 (shown in Fi
secur i ngeluRgto $oice disinge raplagemaent piopesy that fxilitetsaimproved srvingss i 6@nparisoudes

a conbushembiiRek | u e 182, and .an over hang
portion 184. Vég%baﬂgﬁgl Il%éﬁggﬁr g@%&r?%%ei 'eir? LGOS (oReAUsR s TeRIagemes ¢ o
the turl§nele apoforined (Cheisubtatially identisal itb aciinkd) installadp@els B0, SHolAGENE82
are conr})%%ﬁglantcg etdher g\tt-7 7.Decenber 2005 overhang portion 184 and form
a rear faacing € %é“ 1 5ENOURtar) prrigrmptce are not adsrichy impagterdt b thegeploeqsaenit e
adj acentpagelstbust or panels 150. Air cooling features 188 include a plurality
of _openi ngs 190 which receive air therethrough froman air plenum (not
shown) ﬁ:uch t42at a-thin protective boundary of air is fornmed between high
t enper at lFES Coith @8t s seesssptionalnisiest of dn perngtivg ambodig®nt Gfemi igswr 190

are kno bl bl ] ' e . between .l iner sutface. 180 and
oxter o DubBfotines 146 R LR ABeR Uit L Rthind BP0 GG BSE&S 1 Rt ne
c_onbulst Sris an anlatgs i de))kzunpl | ibwrof cembﬂdbmmwo,l_élo,ol@i\%@gﬂo i&&ﬂ)sﬁhﬁalwm%@g%dbﬁﬁéry
circul ar eci f.i eac ane] . incl udes an upstream en , a
downst r égn@goﬁg] é’b%alg'é‘ﬁ%j zaa’b‘g(}& ?Billse%%séqy&fln@“bﬁe? epatbisien (ngasheivar) 1 5har e
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upstream end 200 of an adjacen
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 paﬁei 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 to gether at



downst ream panel 150. Nuggets 192 are forned between adjacent connected
panel s respective downstream and upstream ends 202 and 222 lélgr??egﬁoiw
are known as super slot nuggets. In the exenplary enbodi Pte A 40

i ncl udes six nuggets 192. In an alternative enbodi nent, a |ayer of thernal
barrier material (not shown) is applied on conbustor |iner surface 180,
and enhances the thermal protection of conbustor |iner surface 180 from
hi gh te ases.. Dete ted i ons ,of conmbustor |iner
140 may e re egﬁ%g%d? %&eaﬂgqcﬁbg ?‘{ggolﬁg Bé“aq ir srdingdeaipiss 188 o
field reseparaeddmgltmemb&stsﬁpaaéls%gl ne 10, indicates that conbustor |iner
140 includes at |east one deteriorated panel 150, a cut is nade

circunfe ent| II}( thro?qg&t:t conbustor liner 140 to renove deteriorated
panel s iprclude aplusafisinpl ppenmgsute Whlch trm1m aic thefrﬁhmugh al
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illustrated with |ine 220, suc e‘cu exte
surface ]ﬁgemetalﬁne pombuﬁtrbagaeiaﬂd combuster b ogtfre ﬂBO Ob&nﬁgbt 1905ar8RARV

bet ween 170, and fourt ane] 222. Furthernore, the cut Is
ot onaods AbSord SAtGines Aa 30y Pt ot AR B0sind skiarioaeupiane] 82 Sofasbiat

r epl acethixibt &ff cotteiuidrO bk e dithRY r a?fg
corrbustié1 fg lgzgl acenen% anel iﬁgjtaﬁls%t&nﬁ I%raﬁ% %{gﬁlpi #g%ly pemr%%stor
| i ner 0 apg,s @“E#b’o’éif t ,Spael e‘éﬁsteadnparwﬂ 150 mdmctpsmg upsetdm \ead deo, 4 i ng,

a casti RGwnQF I factured d as a
repl acegent pegi;’]h ‘Tgﬂe@g % dSr’b%g)rﬁ B‘“‘Gg "Eﬁﬁer?gﬁ%ﬁ?}en%’i‘fﬂségﬁ&e ¢anne¢ted syeh ded
into coﬁiausadr phnahelowhéfdcans ead 20D ab dohifect@PtR6R WpSteanPAREL0H %fsa‘?acﬁg%?t

within “the conbusto re specificall a downstreamend (not s
t he repﬁi%‘@eﬁji'?ﬁ?l% 50, g@ flad a2 ?E?f&ﬁn@iib@t”ﬁﬁgacbmt co}.iﬁ@f:tecllpmeistlmpeauvmgget

| é ?rtz) 0 11 |S rr% nt, e Imelct?frd on g%ﬁl%n&seﬁz%ﬁ{%w m:%g s 32 g 3P etalm%évélclz%(r)sélp F‘h%lo{]'é"fﬁgﬁtée nent

panel Wintthf gxerapiptsmdhodinens Tinks 040 irrclmiambﬂxemggasrﬂ)mil ment, tungsten inert
gas, TIG welding is used to secure the repl acenent panel Wi thin conbustor

l'iner 0, mat.eri al hen. be applied on replacenent
panel 1%0%52;[&%5@} |%§I?Jd§1§?ltta% éayfé(j’f thet r}ﬁa& barrier material (not shown) is applied on
combustor liner surface 180, and enhances the thermal protectlon 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

22 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 above-descri bed conbustor |iner replacenent nethod is cost-effective

and highly reliable. The nethod includes the steps of re I n
deteriorated panels fromthe combustor |iner, such that Ijge)tsg?q%m"&%%oé

panel s may be replaced with replacenent panels. In one enbodi nent,
deteriorated panels are renoved by cutting through the body of the panel,
and replacenent panels are then welded to into the conbustor liner. As a

result, ' rqvi ded whi . enabl es deteriorated conbustor |iner

panel s t%e&rﬁbirlg%‘béﬂifaaﬂds gﬁ?ﬂ 5’8&5@&IHthCQf%@tstOéflmébMQﬁeﬁuahdhatrtée irepldasmeninner .

Wi | e t Ipanélriv sedur@nwithin e @BmEessy | ' 0 ' RANC

enbodi nents, those skilled in the tgfr%tge %c{fﬁ%lgggg%%%%t n?ﬁg&isﬁ?\(}‘gfll)ﬁfon

can be pheaEaceRen Rarchsawelieditd om ewisting patdhd 58 sucti that anthegeol Bifokha
4 86 88 90 92 100 102 104

cl ai ms. pérdRq el LI.ST 8 A

110 120 122 12%"1%%“@5;[%?& R@‘%H&%neh\_%\? pmbedimest. celpgirans beam, ¥Rgh

Pr essur aveltlinpriesisatl 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 repléced in a cost-effective and

reliable manner.

While the invention has been described in terms of various speciﬁcl 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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1. A nethod for replacing a gas turbine engi ne conbustor |iner panel, the
conbustor having a conbustion zone fornmed by inner and outer liners, the
inner and outer liners each including a series of panels and a plurality
of cool LhéIM&at ures, the cooling features formed by overhanging portions
of the inner and outer |iner panels, the cooling features between adjacent

DA oL A eI 0 fp Bl 2 Wbl onhn8RBmBlstof FAE Pl B comBiorTavadaa '™
combustion zone formed by inner and outer liners, the inner and outer liners each including a
series of panels and a plurality of cooling features, the cooling features formed by
overhanging portions 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 includes an upstream end, a
downstream end, and a body 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 of the panel to an inner surface of the panel.

3. A method in accordance with claim.1 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 secured within the combustor.

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.

5. A method in accordance with claim 1 wherein each panel includes an inner surface and an
outer surface, said method further comprising the step of applying thermal barrier coating

material to the inner surface of each replacement panel attached within the combustor.

6. A method for replacing a portion of a combustor liner within a gas turbine engine
- combustor, the combustor having a combustion zone formed by an inner and outer liner, the
inner and outer liners each including a series of panels and a plurality of nuggets, the nuggets

formed by adjacent panels, said method comprising the steps of:

-12-



installing at |east one replacenent panel into the conbustor such that the

series of panels are arranged in steps relative to one a her. 2 (g
net hod in accordance with claim 1, wherein each panel inc{lﬁhg%e"%h‘f[a?) ream

end, a downstream end, and a body extendi ng t herebetween, said step of
removi ng at |l east one panel further conprising the step of cutting
radially through at | east one panel body froman outer surface of the
panel to an inner surface of the panel. 3. A nethod in accordance with

cl ai m . cpitiggdeeyasn gajoutes susfrco ind arsinat surfgeeef at &easttonsiimer pagl;acenent panel
further conprises the step of welding a body of each replacenent panel to a

| b it hi t . A et hod i d ith
Gl i m 3 ahenEs i€ thd QU IR PR e lyer PP BT Comr i ses the step of

using at | east one of an EB wel ding process and a TI G wel ding process to

secure tinealligph aceaentenppaed inbtthe RotbesteOmDLPIaRE cabh pelREMOEEd flom the
accordance,with claim1l wherein each panel includes an inner surface and an

outer s&PPRESOT said method further comprising the step of applying thernal
barrier coating material to the inner surface of each replacenent panel

at t acheq, MinidMoR it Q&oﬁﬂﬁ%ih%lairrpébwﬁbr@ﬁtsﬁ@%ef) 3 8‘%‘%@9&%% R %Tlgga{s;fe had

conbustor liner wwthin a gas turbi ne engi ne e Co or

havi ng an datreb sutfaeeniuribae coropmsesl thy step off rotiingathtbughtaeparel dewnstidag fibmngr and
out er Iiner§ each including a series of panels and a plurality of nuggets,
the nug§®&*" forned by adj acent panels, said nethod conprising the steps
of: -12 7 Decenber 2005 cutting between an outer surface and an i nner

sur f aceg oA nithddeiaSlecdtighde vl clBANE wherelPERY 5B ofbuthi %ﬁ&tw@@x‘? iﬂp BEL sﬁ%%@c ent

an area of the liner cut; and installing a replacenent panel into t
conmbust &l atonpersueses wrther quanpsises therste df Eutting thneughcopnektioely. 7. A nmethod in
accordance with claim6 wherein said step of cutting between an outer

surfacega i N face further conprises the step of cutting through
a panel g'ﬁ%eéﬁhefélm fg Jr;r(gl?inﬁ{%f_ Wﬁh&&ﬁ‘ Frherginngid) 5gp i%‘%@ﬁ?@ﬁﬁ%awt SWP m 6
wher ei nfusthi csihBised fthe bicp iofGvdddihpREEh APIREMBAt Sael &F fespective existing panels

secured within the combustor.

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 of existing panels secured within the combustor.

11. A method in accordance with claim 6 further comprising the step of applying thermal
barrier coating material to the inner surface of each replacement panel attached within the

combustor.

12. A method for replacing at least one deteriorated combustor liner panel within a gas turbine
engine combustor including an annular liner including a multinugget region, a multihole
region, and an inner surface, the multihole region extending downstream from the multinugget

region, said method comprising the steps of:
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and an inner surface further conprises the step of cutting through a panel
body. 9. A method in accordance with claim8 wherein said,f§%g q{
installing a replacenent panel further conprises the step %ea?%%s each
repl acenent panel to respective existing panels secured within the
conmbustor. 10. A nethod in accordance with claim9 wherein said step of
wel di ng each repl acenent panel further conprises the step of welding a
body of each repl acenent panel to respective panel bodies of existing
panel s sugingehroneh it deash ene efrthgstiner multinuggehetgimandhthediner daultkoleiregion| ai m-

Lo the CRRERRErl Rudhd el G Sl R ke o e el tne

conmbustor. 12. A nethod for replacing at | east one deteriorated combustor

liner paemobving theianleastgmas deteribiated cofBEOE]iR PFhuts fidin b chmBhdiar; asd annul ar
l'i ner including a nmultinugget region, a nultihole region, and an inner
ti hol e regi on extendi ng downstreamfromthe nultin

surf ace, que I . m t ugget
regi on, "&Hge %F?’F(S ane ERAcEuen papsldo ot least ape exiptipp paneb@ithpoibs C@@bﬂﬁt?rgf%f
t hr ough oalh dofarBl Corfthustd ki MEE AtbbAUgget region and the 1iner

mul ti hole region downstream fromthe at |east one deteriorated conbustor
l'iner panel to be replaced; rermoving the at |east one deteriorated
conmbust 3. A methqelaire lacdordamce heitic ol s 2 rwheaein said diepgofatveldags tat d@xst one

repl acenent panel t t |east. ong existing panel within the conbustor for
each defeé’?ﬁc lglg{ltglbneggwﬁlggtcgmppﬁéﬁe iR USRS g?f‘.s‘: qre oharh EBRwelding R{eesst dance
w th cl ghdm ¥2GWhedis ' ' I i ner
further conprises 1t gm?tééesgo g%&%sﬁzgwgélgﬁeggzgﬁ%{ﬁg%%acgg&g tﬁglegﬁﬁgﬁgénggess

and a Twghindhelcomgbystarcess to secure each repl acenent panel to each
respective existing panel wthin the conbustor. 14. A nethod in accordance

with claym13 rein ch el .incl udes. an ypstr.ea nd, a downstream

end, an@‘? %%@@e% e cetﬁ&ﬂé[?@f’ eWﬁ?rglé‘i ?fcﬁtpéﬁeldF‘_r’PE ta}nn‘g‘,}’sfrﬁ?lﬁlf&ﬁ» At

| east od@vnstlearntad] Anded byl drteAdBGShercbGvesh, 38 st tlchit tlg%hgﬁ leSist 'bﬁ@' on
further conprises the step of cutting through a panel body Wthin the

|i ner nefl thiedingg sultimugicetnregivd. and the finodmiuttibete mgtantuethed ¢cdmprises thel gepvoér ei n
each pa@u%tl

1ngI h(r:cl)uu %.Spa%& b%%)sft“;i il %rlli%’er I%ultinugget region.

15. A methed in accordance with claim 14 wherein each panel includes an upstream end, a
downstream end, and a body extending therebetween, said step of cutting through at least one
of the liner multinugget region and the liner multihole region further comprises the step of

cutting through a panel body within the liner multihole region.

16. A method in accordance with claim 14 further comprising the step of applying thermal

barrier material to the inner surface of each replacement panel welded into the combustor.
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downstream end, and a body extending therebetween, said step of cutting
through at | east one of the liner nultinugget region and |

mul ti hol e region further conprises the step of cutting th?gﬁgﬁm%§3%¥%|
body within the liner nmultihole region. 16. A method in accordance with
claim 14 further conprising the step of "applying thermal barrier materi al
to the inner surface of each replacenent panel welded into the conbustor. 7

Decenber 2005 MgJHQ P ‘ BSTRACT OF THE
DI SCLOSURE A replaceagﬁﬁgﬁgﬁﬁgéﬁggéﬁygggﬁgg{ﬁﬁxﬁé 1 Aiﬁﬂié rtion of a
conmbustor liner (40) within a gas turbine engine conbustor (30) in a
cost-effective and reliable manner. The conmbustor includes a conbustion
zone (36) that is defined by an inner and an outer liner (42, 44). The

i nner anp t i include a series of panels (50) and a.
pIurali%gsgﬁﬁﬁ35bgﬁ§h§9§§&99gﬂﬁgd by adj acent panels. The nethod incl udes
the steps of cutting between an outer surface (82) and an inner surface
(80) of Aabpth@ddnt ARehodi fAGTtaRARE acih S TPY ipBficatof! i Rk 4

adj acent L%e area of the Iineygéﬁ%tgmaspcu% {ﬁfg??%gﬁﬁpyﬁ§ﬂ§§1|ngkgfﬁs

r epl aceiEine gagiar dombyston€30)cinb usisbeféative cmdhrelisble | marmat. WeEher esbtethr f r om

the conbuRhal, 5 8WiiGn %one (36) that is defined by an inner and an outer liner (42, 44). The

inner and outer liners each include a series of panels (50) and a. plurality of nuggets (92)
formed by adjacent panels. The method includes the steps of cutting between an outer surface
(82) and an inner surface (80) of at least one liner panel, removing at least one panel that is
adjacent the area of the liner that was cut (120), and installing a replacement panel into the

~ combustor for each panel that was removed from the combustor.

Figure 2
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