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

dorme agédest pomprieoiselinds Indiekemitira@QO0Sf 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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di rensi onal relations between the conponents nay be altered and as a
result, special tooling my be required during re-assenbly. Thus

repl acing a conbustor |iner including cooling nuggets na]%%cegl%etzoos

ti me-consum ng and expensive process. BRI EF SUMWARY OF THE | NVENTION I n one
aspect of the invention, there is provided a nethod for replacing a gas
turbi ne engi ne conbustor |iner panel, the conbustor having a conbustion
zone fornmed by inner and outer |liners, the inner and outer liners each

i ncl udidigergionel icksiond bgraeel theansipanguitumay be pltertd aodks agesuftespednk®olinge
cooling features formed by overh in ortions of the inner . .and outer

li ner THYrRY EeqUrAd dogRg iregsse {yur Sb‘%?%@’é’ﬁ %8?138%9 G pelding; 6oL ho g
conpri §i,Agtd 8y 6¢ §RfhetonsurhifPaNd alivd gasissone panel fromthe conbustor,
and mst%galélngyat Ieaestonf)nel epl a grrenrlltﬁlganel into the conmbustor such that
the series of panels are arranged in steps relative to one another. In

anot he BRAEPSEIMBARYOR TREANVENTI@NTet hod facilitates replacing of a
portion of a combustor Iliner within a gas turbine engine conbustor. The

mb i ncl ud . i on. ' fined b ' :
outor b s SpeeS RO L PRghd Tonerod RErbAENPY g P oo T

and a pbMb@idr MnedfpandlgaRt nitREtoE Hatiig adjoattRbliorp2diR! BrmddBy ifichadd ioardr udes
the steps of cutting between an outer surface and an _inner surface of at
| east tiners) thadnnes and jouter dingsicaeh includinga sersseolmands apd atplualiypfaeaohingt he

area of. the ljner .that was t nd. | Ling.-a.r . into
t he CO#‘&E}E?SO rth? §7 Olggc%a%ﬁeﬁ’%{lﬁ%g ym%fg%r%ﬁ u%é%gtfoﬁig n?%gqlgrg&nb%g tog‘?é.}q%uhérone
enbodi pals, théEodiBighfRatufed Cetvréenl RfackRPpaaRls) §aid fméethed Lomprising tiie stopdoofst or

liner within a gas turbine engine conbustor in a cost-effective and

rel i abremovingalrleast pnepanch &pmahe sembuestor; prd instaling ab feasbonegeplaeemat pansd t o
repl ace . at, | east .aone ferlorate stor |1 WLt D S

t ur bi n&"¢ |Cr981%8 %t%%%g glrlz&tﬂheaste%fgsnc plfggls%&n&r%ﬁﬁ% %?s&?qg%@?évewﬁg Phg{l (%582

mul ti nugget region, a nmulithole region, and an inner surface. The nultihole
r egi onn endtieddspeto v derigedgntibn oammethed fadititatis ggsibcing of @ portiondftahenimistood

i ncludes the steps of cutting throu,ﬂr at |least one of the |iner

mul t i nliggeyithie gieantushiae engng sorehusion Tharombusionmetides s sprRbYERRZORS Bal Bhe t he
at | eaﬁéqn%ﬁgiﬂ% ?ﬂrlg?%ﬁ(tl &d o%?e H%%ﬁglﬁsl[n%?f fuﬂf"@@er iiﬂg?%f&?ﬂlcﬂ.ﬁlgdac %é ! ng

t he at east” one deteriorat I ner pan rom-t ustor,
and wepghiefigandta pleadity ofeuggets Tordaddymljac2i(mnele pllzcembod invhnies thestets dfeast
one exl sti n% panel within the combustor for each deteriorated combustor
|i ner petieg beteiesy e 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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BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is schematic illustration of a
gas turbine engine; Figure 2 is a partial cross-sectional

conbustor assenbly that may be used with the gas turbine P&Fﬂéegﬁ%§% 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 enlarged cross-sectional view of an alternative enbodi nent of a
conbustor liner that may be used with the gas turbine engine shown in

Fi gur e Teplagsenent paneh tosal Ieast png @@tlga@amlawﬂunélw efmbustor forrbacht deteridrated
shown i @oxﬁb%%rqm%r PETA DESCRI PTION OF THE I NVENTION Figure 1 is a
schemati ¢ PTlustrabion o a gas turbine engine 10 including a | ow pressure
conpressor 12, a high pressure conpressor 14, and a conbustor 16. Engi ne 10
al so i NBRIBE DESCRIPTIONGITHEDRAMWINGS 18 and a | ow pressure turbine 20.
Conpressor 12 and turbine 20 are coupled by a first shaft 22, and
conpressor 14. an& turb ne 18 a e coupled by a second shaft 21. 1In one
embodi nBe fisse ?}?‘Tﬂcﬂ UEREPme ﬁéaﬁ%“%é“‘t@gg@ engi ne comercially avail abl e
from General Electric Aircraft Engines, Cincinnati, Chio. In another

enbodi NBigure B&Sa pitil HBss-@ | ! e
from Gen{aggl El egt ric Air creg?I{aF‘é%g Jr)gas%ﬁusﬁié%h%%b?ﬁﬂgﬁﬁ&%enﬁ%%mt ?%n

air fl osas tubinsugigineshown ésBignee conpressor 12 and conpressed air is suppl i ed
from|ow pressure conpressor 12 to hlgh pressure conpressor 14. The hlghly

conpres i s.deljvere rflo conbust or

drives %E{[)l nlessanl%llaarg%i v a 3 0891 gtor B’éesr I{S?ffmtﬁléh tofgll?‘ﬂﬁlb‘h ’rgmé’%ozzl e
24. Fi ofdkén dohgar@aParti al cross-sectional view of a conbustor 30. Figure 3
is an enlarged view of a portion of conbustor 30. Conbustor 30 may be used
wi th gas turbine engine 10 shown in Figure 1, and includes a done assenbly
32. A fuel injector (not shown) extends into done assenbly 32 and injects
atom zed fuel through donme assenbly 32 into a conbustion zone 36 of
conmbustor 30 to forman air-fuel mxture that is ignited downstream of the
fuel injector Conmbustion zone 36 is forned by annular, radially outer and
radially ~ y inner supporting nmenbers (not shown) and conbustor |iners 40.
Conmbustor liners 40 shield the outer and inner supporting nmenbers fromthe
heat generated w thin conbustion zone 36 and includes an inner
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liner 42 and an outer liner 44. Each liner 42 and 44 is annul ar and
includes a nmultinugget region 46 and a nultihole region 4? Each 2

mul ti nugget region 46 extends from done assenbly 32 downs ngﬁ?‘% W h
mul ti hole region 48. 7 Decenber 2005 Liners 42 and 44 -define conbustion
zone 36. Conmbustion zone 36 extends from done assenbly 32 downstreamto a
tur bi ne nozzle (not shown). CQuter and inner liners 44 and 42 each include
a pl ural Fj i . Ch: . ries of .steps 52, each of_ which
Form o G st SBafed SrokplsEClch BB S SR eBmiBnERe oF » 4 Eyon inter

li ner 42halapiy bensedsithabd gasttutbimecengeanow® i FieggepRGhd vel y, and a first
panel 64 and 66, respectively. Quter bolt band 60 and i nner bolt band 62

are posi:i jacent. to.do assepbly 32 and extend downstream from
done asg%h%?§q§§?%gm¥F$BPnBgﬁéggmﬁéwng%ﬁ¥dﬁ?fﬂg@%@@ﬂﬁﬁgpﬂ: First panels 64
and 66 are connected downstream from bolt bands 60 and 62, respectively.
Each adIREEAILEIbBESCREPMONOF THE INVENIMORr ed sequential ly, such that
second panels 68 and 70 are connected downstream fromrespective first
panels 64 and 66. PBolt bands 60 and 62 include a plurality of openings 72
si zed t 0¥ EEei ol 1SUERMEY ﬂiuﬁzathrhef ét gasoludtine Raginenkd) inchtlimpauow picssks 42

and 44, cbfiptesfngdsa R , senml 7 0.do assemhly 32.
Each cor(r:bﬁJgtegr pan% %E??%ﬁgﬁfgg@%asg%%%bv%%fo?oﬁ?%? 1565#%%6 ,Soalﬁ"lga?séh or
sur f ace high prassyreafurbiog d 8 red foov piessuré 18¥ine Q@Ubﬂﬁin?fesédrnﬂ alRUAkRRE 26 Qe

ext ends turbi ne nozzle. Conmbustor |iner

SS y 32 to the
surface c@@Q%%?gg{sg%ﬁﬂg &P‘? Strapeessog 14 apd kine dd aroepphrsibya secondahhfi 3.
por t i onkBénarthbb@intend FRAuHIAC Afn€d8Ss 86¢ Id fiaflh " |
f eat ur 6(53888 separate %d' acel_nt ﬂé%lrlrbust(%r 6%22%%?&{5%_&%}}?&818@ iar‘lf%?a?’ieaﬁg%s 88
i ncl udeUspeAl RlsstrsoAkiadh Epgises, v@inginnati, h@hiet himugbthér embadingint, gak aitbie (NOt
shown) éﬁﬁiﬁbt hin.norotective bou ry. of air is formed between high
t enper at Ut e lggﬁﬁlﬁ(é:?i %{rélr%agée%mglf? Yo ﬂg@ﬁrﬁqm n(g‘?ne&! rlflgetaic gdireratl inginesor e,
openi ng€i@hnpeyGhib. convective cooling of conbustor |iner 40, Specifically,
openi ngs 90 extend through features 88 which are formed between adj acent
panel s o0 _and.radi gl|ly jnward from nuggets 92 fornmed by panels 50. Panels
50 are ]g‘o?]‘%é% B a‘é?ﬂ‘%"é hv? &by OBy Pressure Sempisases| | 2deheemprgssed it 50Bpplied
connect femtlowafessits toofpesehd] 212 ' r anel 50. .
Nugget s, 92 _argﬁefor med bet ween ad%gﬁ%‘ﬁ%gﬁﬁg%%seo q‘é@ﬁ@@ﬁ@‘@%‘&%@?ﬁ% ar
downst rié dsliveser toromtator d Ad Aitfbewv et cob@iistor 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 region 48. Each multinugget region 46 extends from dome
assembly 32 downstream to each multihole region 48. |



Li ner mul ti nugget region 46 includes a plurality of nuggets 92. In the

exenpl ary enbodi nent, region 46 includes three nuggets 9 Li ner I hol e
region 48 includes a plurality of openings (not shown). %ED?mﬁgfﬁﬁ@ti 2005
A layer 110 of thermal barrier material is applied on conbustor |iner
surface 80. Thermal Dbarrier material further insulates conmbustor |iner
surface 80 from high tenperature conbustion gases. In an exenplary

enbodi mMgRfers tBEL AL DAL er coatin rial is.commercgially available
from Egg[er%r4? %&gt%g,c%“%*oﬁg?%%%ss%%gw Lonyp; sxiendp dFaim i dome as
at oni zedsfenbly B2 donjnstedan® 4 RFEINEASRUSIOOEARNE RNl g IR0, 416@&1 45
generated w thin zqne 36. Although air enters conbustion zone §6 t hrough
cool i ng PeLinghde a mwralitypfingpels 58 whishinglude e serisseoftstaps s sachiof aitictafopng

conbust Qistihbd}RrtiHof nfbuSRr liflerd' | @1 0n in  exposure of combustor Iiner
surfaces to high tenperatures may induce thermal stresses into panels 50.

As a result of continued exposure to thernmal stresses, over tine, panels 50
may  be&bis liner 44 japd dnred linBetXcdchimtlwit 4 boit basl 60 asdDUsiRE Vel @hd 40igRY be

d | aced using th t had i bed herein. Mo
oot e d4eBIPEE ity R Bl band Kranl gse Bk bhiLbS ee pegifionsdas
and/ or hdjpeht EoIE6IE QbRMbBISD fad ke tdHRYdREnstBIR Rth 85e RERk @rf?i%%i £ Lhe

nmet hods lges ribed herein, If a field returned engine, su as ‘engtne 10,
i ndi cat 8828466, respestivalr Firstrnepels fdiand 66 gryetonneéddowistienn frogieBolabatdsag®t  one

deterio . , CiC erential cut ..s mad hr ough .conbust or
| i nerI 4%&%%2;8%%%‘{%& g?ﬁ%ﬁ?ﬁ?‘%ﬁ%@#’?’%@ﬂ%b@ g%ﬁ?tpq& é%ﬂ“g&,‘aué(s S%ﬁcﬂm in
Fi gure $condpamelt 68 sindeideare adiniicled downRiedin IHoRE FestRR Q'uEtkkSaﬁHEkE@a:P?@&r

body 1 s illustrated, with Iine 120, such that the cut extends from
s ot i A7 pad @3 ginchige 14 phyational ppAningsr T2 sized 80, reasive Sasttnarh i a
por t i onthdrdtir&dehd ANBlenDATY 24 i [ ins secured wthin
conbust or 30. gFurthee?lnDre,Séétlﬁ% celﬁtp@?ghdeg‘?’el}r% eb%‘gﬁiro%(ﬁ ’f’ﬂcg?cﬁﬁij?fﬁw ream
from dEttedomeassampisidel s 50 being repl aced. Fasteners 74 may be | oosened
to separate deteriorated panels 50 fromliner 40 for renoval.

Al t er nat,j t hen be.made wupstream from deteriorated

banel o M Eoibbudlod BERNS0 fltlo I chBloare St B, G0 ereriosnes Lome anod

and 1 evweshabg gofti@gsonderabesor! lifee sudhee £ (RiendHRM %&E%&@ﬂ%ﬁ R0l €
sho

ustor- liners 40, replacenment panels (not ) may be

rermveq%%r om co rr@ r
i nst al ["EAMEARBZEonbe@PwTon lings surfage 89randagxteripr swrface $harecomettedptapether atr e
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). '



formed to include a nugget configuration that is substantially identical to
that portion of liner 40 being replaced. In one enbodi ne at .le one
of a forging, roll welded ring, or a casting is used as gP@?ﬂ%@Z@éﬁ
panel . 7 Decenber 2005 The repl acenent panel is then wel ded into conbustor
|l iner 42 and/or 44, such that the replacenent panel is welded to an

exi sting panel 50 that remains secured within conbustor |iner 42 and/or
44, l\/br%jf{)eci L@c?l ly, downst ream si de (not shown) of a bodé of the
r epl aceRbiehaL Pt of BalsHAkIS aplgd 98 rombstan ingsi surfeee §&n st 30.

In one beRe Rl furflfmbilaBs aﬁﬁﬁﬁstcﬁ%ewgﬁ gﬁ() h‘ét}lﬁ%ﬁtg@&)ﬁ%ﬁrg rcglalhgsgl[ogn

repl acenment panel within conbustor
i nert g&8sesT| @ apepinpjary serubmtiment, shaumb Hahéer coaphgerimeidi Ras&hmeiciailyn

conmbust 9r . he barrier. c in terial may then be applied on
repl acegr%aﬁfégga%%?%&Bﬁ%ﬁ%ﬁ%ﬂ%@%&%ﬁ-fastener 74 is then
re-tightened. If a field returned engine, such as engine 10, indicates that

conbust Buribi wperativh,t dshabfize® Gdis AfectingGhisd@miktidLag W&@@xﬁé&, Head £

panel 50, a cut . is made through conbustor liner 40 to renove et'eriorated
panel s Etneraled @itimeeqne; 30a| Although aihentersicambhgfianezoBe 36 Herough cootingr featuieal cut
ftms ¥

is nmad i ar Ny r anel body, 104, .as .

1 ust oy Sl R R oty n R alolle 3B RRE SR 8 e or
sur f aceexp@sure dfi avarbustor fineresuBficesatodhigh cbmpdiatirdgangl indeskytheilt suesed 2o

remai ns_secured w thin conbustor 30. Furthernore, the cut is extended

t hr ougI‘mec:‘:snge(‘jr3 ) %@ﬁﬂ%?f%‘%{m@?‘%ﬁ‘m foothsrnaad shesses. oventime panclel) meed. A
second KadbmeRtetibefied’e made within nmultihole region 48 and upstream from
deteriorated panels 50 being replaced, such that a deteriorated portion of
mul tihale region 48 is separated and renovable from conbustor |iner 40.
Fast endP@errorated reginasy oheomigistos dingr #18 maypby e ved endl edpdaced naingdhparetiods  and

multin ' iLper .far.removal.. . After detferiorated

por 1 ongaafoc At Moes SRMAGE ackich tRP A0 i s D g8 Gesion 4o

repl acemdfor lpaneiultiole begiomd4 ahdyete rethovadoamiugpRte 38ng the AtehRTRRGFRAL , at
| east %ge.of ?% fﬁrlgi ng, rcﬁll wel ded ring, -a cas ting, or a sheet netal
panel " Hnufadt HPEqreliged, s8gings sych aspenginadfs indieatss tha ccombusion diner

regi on nARRRNGIIS rdFh 4ink : t ' ached. In
one enbodi rregr%, the Qpenl?%%%ﬂg%g{%rdﬁ%ﬁ' %&%B&gﬁ a§3r&%g§'%%gf§&al'?{rllglaﬁgﬁﬁer
enbodi HeAngh combegserlineg 40 & wricenteteriosited parelseite c Mma spiciidaly ge sieehiini ng,

EDM p il e not.her .enbqdi. nent., e newy f d. openings may be
i ved” EFSTebeiel: BibeRaaaR ERoRa S ADisaf dioteiee porel oGat & amphareng
cool i ngyithf linzotd0y stieh thadbthe 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.



The repl acement panel is then welded to an existing panel 50 that remains
secured within conbustor 30. Mire specifically, a downst rﬁgm Si dezgﬁ?t
shown) of a body of the replacenment panel is welded to pa m%}?ﬁ tion
122 within conmbustor 30. In one enbodi ment, electron -6 7 Decenber 2005
beam EB, welding is used to secure the replacenent panel within conbustor
30. In another enbodinent, tungsten inert gas, TIG welding is used to

in. combustor 30. Thermal barrier material

t | t | wit . X
eyt et o EMBAGT BineP B enchilied jafforormindingr 42 ridior 4 pisbetha0 e
Because rdslhesnient phiedl id WdRId 18128 JxBiRing (RA:I YD A% &Q%Eﬂéﬁggﬁ‘%%? doB54 icggg.ﬂ%h% ein,

conmbustqrs 3Q are returned to service using a r process
faci|itaties ridirett- s Mormgwerificabnpadowmstrean csidee (mti showan df r2pdBCHN he
entire ¢ | jes.s .4Furt he e, beca the replacenent panels
are forrreig tpeag plguegs{sa‘ﬁr |§ﬁllt§/) qulg[]{ggg%|p0{t5)n0ﬁ§i ipyequifstor| 3y darfnes 50,
aer ody n&nibodingmt,f demmncleeaat) EB,0bIdingis RBES & FRAREHR & ﬁg&mﬁﬁvﬁﬁlélewhin

I mpact ed {% theBQ,e | acenent  panels. Figure 4 is an enlparge

cross- s SBPPBHE i’g\ﬁnﬁ ch Rpdigtenh tunastea ipgytigase BIG.oveldingi is msad tocoseitieor

i ner 14&hiddadde ; ' S | .engine 10 (shown . in Figure 1).
Fi gure 4%) i's aﬁ%ﬁg‘?%%gfn\yﬁgtgf %@‘v g%%%‘n%%s‘?o‘%%“ﬁ@ﬁ%‘ may heg be apgiieds
subst an®i &tHlgcesions panel dombiustoe tiser shffa¢es$ 0y W faBtefdrgrie thed rélfiigh@hed. and i s

installed within a conbustor (not shown). The conbustor includes a
conbust g, & i,nner liner 140 and an_annul ar outer

' h I.ncl udes annul ar.
li ner (not Iéslﬁg%/\%ltgne‘?%na%llm?’ §H%W%J®SMWW§W%C@PW%@WF maltiholesegion 48r
140. | nimehudes adeasi 46k ddtdridrhide i thRARE! a i a
series of steﬁa a.}LS52,, e;chrof \%ﬁ%ﬁb%@i&%ﬂmﬁ st gtcag%jrﬁ‘%?%eggoég%ﬁgfgor

|i ner 198ergsgisd | nanels 304 Mersranecifieallys es skavityin Figuer 3] thaairctdferemial vates a
bolt b ; | 1: mgl .. lnner.b band 160 i.s coupled to a
dore a?ggdn%ﬁgla?lgg@géﬂog\%r an %e%oég@zsl P a%fikﬁ’gi‘% g(g’nas ﬁﬂgﬁf’t@gé‘“@‘dﬂ@ ’Qgsﬁlﬁhl y to

first phatths cabbekiends fiotn basreixtctivd saticte [sane liser sofadd 80,GANREG @Sk AeVgal,r eam
from bg& trﬁé)ang%wo. such that each adjacent downstream panel 150 is
nunber S UYL &% Repaing Seoued Suithin fgmpustar 3¢ Enrhesmers. theeutiis cxisnduscthuagh

downst riagfm4DrdoWmsirésst a0 8ter&died BE tHd ) 79081 sannected
downstream from second pa_nele 165?. I?Bag f%gaﬂr%g{g%& p(?dﬁc%‘u%géndac%llﬂ?ya{l’le yeof
openi ngBaderwithinzltihgler gioinA4S fad upsteam ffdm(dehaiunatid pehesi5e BRngf @placed,
securi ng.p kRl a %@ri&&tédhso%ge of™ Isl‘l?.lﬁﬂ':%hé/ 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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Each conbustor panel 150 includes a conbustor |iner surface 180, an
exterior surface 182, and an overhang portion 184. Conbustqr |i.ne rface
180 extends fromthe dome assembly to the turbine nozzle.%gﬁﬁﬁﬂ§¥ép&finer
surface 180 and exterior surface 182 are connected together at -7 7
Decenber 2005 overhang portion 184 and forma rear facing edge 186. A
plurality of air cooling features 188 separate adjacent conbustor panels

150. Air,.coold features 188 include a plurality of openings 190 which
receive ‘lgarm’t ég’&a{l Uy Hsedrip sreuts the replapmentpenelt widhis wambutien3q. hi anothéri n

prot ect i eebdideaiAtheSEen Fdrt &S fl‘Rfr,Wﬁég%ng t&%’ﬁ&'& to @e%SttﬁéTgﬁ AQLHER pane d‘il‘J’ﬁ]EﬁiiPon

gases and conmbustor |iner surface eni ngs ar e known i on
openi ngs“UrFsex 88n d hsmnalderricr inméariab maf dom Bebsppind orxédadentenSptint PeRnHiiiort O
facili taﬁﬁerg?f%ﬁe% of conbustion gases within the conbustor. In the

exenpl ary enbodi nent, openings 190 are substantially circular.
Specifically, each panel 150 includes an upstreamend 200, a downstream

end 202, Bemusealehmidyatedhiners hendplaged Biaipahe bR dBamsddhelaR. BhbusBaried,
such tha% eadégé%%nel downstream end 202 is connected to an upstream end
t

200 of a4 1ce Jising ipRlasamyahpiocess that Krnilifetes impmved savings iecorhpdrisean
adj acentGepEak afd ol i r and _upstream en 202 and
200. Nuggets 19% ar gaﬂkn(l)%&ggggﬁ%gﬁr@%rl 1o wnﬁéggg s.enqoﬁe’%ﬁ(éaué?(g}r‘?ﬂf’&z ment

e g o(cji | neRnels jay T@mnmd@? iba ﬁubnﬂia?iagjr xdenticed b s;rigfa-auillyl iﬁstamedﬁﬂ,@egs 58t baedyn anaic
enbodi yer. o rmal barrier material (not shown) is applied on
conbus Fﬁ# Ibff)fn?]laenrc gszﬁlfif 3?55%’ , Prfgmangs, aecnot, adverselit dpagied bE dhe geplagement
conbust @andls.ner surface 180 from hi gh tenperature conbusti on gases.
Deteriorated regions of conmbustor liner 140 nay be renoved and repl aced

usi ng t%e met hods described herein. |f a field returned engi ne, such as
engi ne TASUTY (fit 4R enlaged ceamstsetionnl viemeof andeltemetived embedinieatsi’ @ énner

det eri Olcgf86k ' e circunferentially thraugh  copnbustor
l'i ner 1A?Q tot@?%ellg%tmé?? ré:tdesgd g@tﬁegiaghkgﬁl.e Ver& @S(Ié]&‘%/vf‘? E’alfolg'gﬁe Ls Figmon in
Fi gure 545 an helarged plaf wewndficatbastbdr liser made e @bl iy sibeuan, silmaF 1olfReand

t hr ough et. 2, a illustrated with |ine 220, such that -the cut

ext ends@r@%‘gﬁ? ﬁlé:l‘%%%%ﬁi 8?& 3 rf“&ﬁég 1‘8‘91_”@‘6 Vithiar a combugier (agoshowm)ondhe
ebodi meaibustdicineliticd & dRMRAstoP BhuCAA ttdds RARGh: hil: 36 fad ONI bR AARE

222. Furthernore, the cut is extended through[iner: downs
det er i oPHFEHISH ARRlIshown) thet is dommmd| subsahtiallf tsimilaibt terinmerdined 1400 rThhe et i H@r

140 ar eirefigey § nlrhRY dr fans8 TYSHRH iR SFRIDRG 298D 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



(not shown) may be installed into conbustor liner 140. In one enbodinent,
at | east one of a forging, roll welded ring, a casting, or”?.ja sh%%%ga?t al
panel is manufactured and used as a replacenent panel. - BB 2005
The replacement panel is then welded into conbustor liner 140, such that
the replacement panel is secured within 'the combustor. Mre specifically,
a downstream end (not shown) of the repl acerr;ant panelb s wel ?ﬁd to an
existin a_nugget 192 j for . t.ween, t he

repl ac e?r}evﬁfﬁagg A éﬁ%é‘ﬁ@ﬁ%é’ﬁ g‘%}rﬁ% g ?%l%‘é‘?gg nli§§d ﬁTBH‘?ﬂI%P eHE Peptingdagtprer8s

vel di ng separateuslpderteos®asioipahbie 15ep! acenent panel wi thin conbustor |iner
140. In another enbodiment, tungsten inert gas, TIG welding is used to
secure the repl acenent panel within copbustor |iner 140. Thermal barrier
nat eri al Qoﬁ% PEC S etpde s plugslisc eheprninggsnk0 whichipecsiverait eecthmugli ace
180. Th irdfS R E{\)ﬁip j, ment nethod s

cost - ef %%?%gngﬁd hi gﬁ’?f/ re :égﬂfgl.a{ b?‘ﬁé P %@F#@%%Oﬁﬁéal%gémf Fﬁefogiﬂg‘ﬂ)éet&?en
renovi néigletempetsture eompuastioh gades amd bdsmbmdifhhﬁf Surfdck N80., Oﬁétlﬁhgs %Me known
deterior -panel s may.be replaced.with replacement panels. In one
enbodi nea%%iﬁgu‘ﬁle?%eﬁ%séﬁ%ax‘ﬁ%ﬁ&tﬁe% nsr shidassd $9yand gieriansurfaee ighta helligely of
the panedixingnst doRfbusGeBiRks wWBREhS RhfbubldeN] ed&@m%%éj @%1893iﬂ%nﬁo%%%§1§1%§) '

l'i ner. a result, a nethod is provided which enabl'es deteriorate
conbust @?0 Rrhespatdhscirylase Speetbivally, zach payel 466 dndlnlea anagstrefth ead i2ve, and

| i abl iohe ' tion .has. be describ in terns of various
(ol 2! ofRRt el B BRI a2 ot e, sk
i nvent i tat each pangrdactsiteth whd uoguRj? ié:ﬁ)ﬁi&éﬁ%_édgf% wé legtfgbg;mg%@ Qgg |(}fgaé1a£tﬂac%ﬁ{)pe

' P
of the gclw?rllls%'anjpagglclesgt.) ?\Eugégtg 5192 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 wélded 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 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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conbustion zone forned by inner and outer liners, the inner and outer
liners each including a series of panels and a pIuraIity,P%

features, the cooling features formed by overhangi ng porti AE nﬁ? ﬂﬂé i nner
and outer liner panels, the cooling features between adjacent panels, said
met hod conprising the steps of: renoving at | east one panel frontthe
conbustor; and installing at | east one replacenent panel into the conbustor
such that the series of panels are arranged in steps relative to one

anot her CLAIM&: net hod in accordance with claim 1, wherein each panel

i ncl udes an upstreamend, a downstreamend, and a body extending

t her ebe of vVin e ne her conpri si ng
the st e%"%ﬁﬁ‘e o (ﬁog@ ;aﬁ gae\ R;et{ﬁﬁ) ngtcofngﬁg?ﬁbrﬂeé% %etll1e ugto Put er
sur f acecsthbistien peieeforrhed Wtﬂn@flﬁd Siter§ 186es, He ihh@ aBa '&tﬁter liders RadE i RMid
accordance with claim. wherein said st ep of installing at |east One

repl aceffsies famanely gpd h@arplélt?ht)’r o eepoling Hrwmpesoftheveiodling faathredyfonmed drgh

i
t
|
J
et hod  riaeRaerddh B RS N el B RS R SRR B o ;
i

f ur t her panelyniid sethotl Bemptisipg ¢e sips 8@ at | east one of an EB wel ding process
and a TIG wel ding process to secure the replacement panel within the
conmbustor. 5. A nethod in accordance with_claim 1 wherein each panel

i ncl udeSmoning#h lsastane papel fromythg sombustes: aadir f ace, sai d method furt her
conprising the step of applying thernmal barrier coating material to the

i nner - Tel o
met hodSlﬂgtdeﬁ S%giﬁﬁ‘gl@a&%gém orqg{j)l*el gﬂ Q?‘ %@%ﬂaﬁgﬁégrﬁl\% t?{ﬁtsgﬁes oq;{}%ﬂgl 5i ne
engi ne arcogediststaps relitevedowhe statherhavi ng a conbusti on zone for rred by an
inner and outer liner, the inner and outer liners each including a series

of an s an ur a n t he nuggets, . forned by adjacent
D angl s, qlﬁ(gq ﬁ‘baccgﬁiqﬂgq thgclf%ﬂ‘bisyvggugmoeacggpfgel includes an u%streatjm 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:
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