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known combustors include a dome assembly, a cowling, and liners to channel the
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flight or to power a load, such as an electrical generator. The liners are coupled to the
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the combustion chamber.

[0003] At least some known liners 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 adjacent 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.

[0004] Current repair methods include welding thermal fatigue cracks.
Additionally, patches may be attached to areas of panels that are weakened by thermal

stresses. However, if the thermal stresses have induced thermal fatigue or distress in
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BRIEF SUMMARY OF THE INVENTION

[0006] A method for repairing a combustor liner for a gas turbine engine
combustor, the combustor having a combustion zone formed by inner and outer liners,
the method comprising the steps of removing a portion of a combustor liner to form a
deficit in the liner; providing a replacement panel having at least one opening and a
thermal barrier material applied to the replacement panel adjacent to the opening, and

installing the replacement panel in the deficit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The accompanying drawings illustrate several embodiments of the

technology described herein, wherein:
[0008] Figure 1 is schematic illustration of a gas turbine engine;

[0009] Figure 2 is a partial cross-sectional view of a combustor assembly that

may be used with the gas turbine engine shown in Fi gure 1;

[0010] Figure 3 is an enlarged cross-sectional view of an outer combustor

liner used with the combustor shown in Figure 2;



0008] Figure 1 is schematic illustration of a gas turbine engine;
%0009} Figure 2 is a partial cross-sectional view of a conbustor assenbly

that may be used with the gas turbine engine shown in Figure I;
10010] %igure 3 is an enlarged cross-sectional view of an outer combustor
|l iner used with the conbustor shown inFigure 2; 3 100111 Figure 4 is

dcr -sect.ional. view of an alternative version of an inner
orousto 11 oD R oot Br LA b HomeiBmic eionins
Figure 5 i of aninabl @hasetopliad bW ind DEnERIP YRR il ik shown 10 Fi gure 4
and 190131 Figure 6 is an enlarged partial cross<sectional view of the

conbustor liner shown in Figure 4; and [0014] Figure 7 is a plan view of a
repl acenent pand@12] Figure 5 is an enlarged plan view of the combustor liner shown in

Figure 4; and

[0013] Figure 6 is an enlarged partial cross-sectional view of the combustor

liner shown in Figure 4; and
[0014] Figure 7 is a plan view of a replacement panel.
DETAILED DESCRIPTION OF THE INVENTION

[0015] Figure 1 is a schematic illustration of a gas turbine engine 10
including a low pressure compressor 12, a high pressure compressor 14, and a
combustor 16. Engine 10 also includes a high pressure turbine 18 and a low pressure
turbine 20. Compressor 12 and turbine 20 are coupled by a first shaft 22, and
compressor 14 and turbine 18 are coupled by a second shaft 21. In one embodiment,
gas turbine engine 10 is a GE90 engine commercially available from General Electric
Aircraft Engines, Cincinnati, Ohio. In another embodiment, gas turbine engine 10 is a
CF engine commercially available from General Electric Aircraft Engines, Cincinnati,

Ohio.

[0016] In operation, air flows through low pressure compressor 12 and
compressed air is supplied from low pressure compressor 12 to high pressure
compressor 14. The highly compressed 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.

[0017] Figure 2 is a partial cross-sectional view of a combustor 30. Figures 3
and 4 are enlarged views of portions of combustor 30. Combustor 30 may be used
with gas turbine engine 10 shown in Figure 1, and includes a dome assembly 32. A

fuel injector (not shown) extends into dome assembly 32 and injects atomized fuel
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i ncludes a high pressure turbine 18 and a | ow pressure turbine 20.

Conpr essor 12 and turbine 20 are coupleﬁ by a first shall 22, and
conpr essor ndg turbine 18 are cougled by a second shaft 21 In one
enbodi nent thf&&% UPBARSIRRGT higto p corbystiergoneiypimembusioe 3¢ teafokm aavsai | abl e

from Gener akellhigght if AEAIANGWEILARS 1SR LA . Onio. In anot her

| abl e
enbodi nent, gas turbine engine 1 engrne conner0|ally avai
from General Electric Aircraft Engines, C ncinnati, Ohio. [ 00161 In

operation, air HPb¥s @hmbmgllwnlzomﬁ ﬁﬁesﬁmrmd(bgrmhﬂ%wdwllgz ane manmdiggped air
ressure conpressor 14.

( . o,
ER Tt TR T NG e SN AT S
conbust or §ﬁeﬁkﬂMESukuhﬂdnﬁﬁmiﬁgﬁ%@n%Pn%ﬂﬂxﬁ%%bﬁl%%§P%#r &%ﬁn&ﬁghﬁﬁona

h a nozzle 24 Figure 2 is a part ross-sec
Enh re\?vugf a 8‘8}}?%‘&%1981209@36 Pﬁlfbwb@e:«}nmrhnm@ and| aaroye lineiets Tdchpioet idns of

Fgure 1, anataotanug atielRierf oiafthilt lRBs et BP o iEeoe lon)

Figure 1, and includes a done asse
extends i nbmhjowétnmgefntﬂgyon% ar@ndnjfieat dodt apdcattly BYelowndiréd 98l %leﬂom?
assenbl y 3%» ustion zone 36 of conbustor 30 to forman air-:fuel

m xture thatllitﬂl()?erﬁﬁ °0'¢d downstream of the fuel injector.

[0019] Liners 42 and 44 define combustion zone 36. Combustion zone 36
extends from dome assembly 32 downstream to a turbine nozzle (not shown). Outer
and inner liners 44 and 42 each include a plurality of panels 50 which include a series

of steps 52, each of which form a distinct portion of combustor liner 40,

[0020] Outer liner 44 and inner liner 42 each include a bolt band 60 and 62,
respectively, and a first panel 64 and 66, respectively. Outer bolt band 60 and inner
bolt band 62 are positioned adjacent to dome assembly 32 and extend downstream
from dome assembly 32 to first panels 64 and 66, respectively. First panels 64 and 66
are connected downstream from bolt bands 60 and 62, respectively. Each adjacent
downstream panel 50 is numbered sequentially, such that second panels 68 and 70 are
connected downstream from respective first panels 64 and 66. Bolt bands 60 and 62
include a plurality of openings 72 sized to receive fasteners 74 therethrough.
Fasteners 74 secure liners 42 and 44, bolt bands 60 and 62, and a cowl assembly 78 to

dome assembly 32.

[0021] Each combustor panel 50 includes a combustor liner surface 80, an
exterior surface 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.
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i nner supporting nenbers (not shown) and conbustor liners 40. Conbustor
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Figures 236 4und @Hféecé heat is generated within zone 36. Although air enters combustion zone
36 through cooling features 88 and forms a thin protective boundary of air along
combustor liner surface 80, a variation in exposure of combustor liner surfaces to high
temperatures may induce thermal stresses into panels 50. As a result of continued

exposure to thermal stresses, over time, panels 50 may become deteriorated.

[0026] Deteriorated regions of combustor liner 40 may be removed and

replaced using the methods described herein. More specifically, deteriorated regions



[0024] A layer 110 of thermal barrier material is applied on conmbustor
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[0029] After deteriorated panels 50 are removed from combustor liners 40,
replacement panels may be installed into combustor liners 42 and/or 44. If required,
the replacement panels are formed to include a nugget configuration that is
substantially identical to that portion of liner 40 being replaced. In one embodiment,

at least one of a forging, roll welded ring, or a casting is used as a replacement panel.
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| i ner nmade as descri bed above may result in replacenent of a conplete

annul ar segnmenpo®f]' trheidid ReAmAH Ehoide CORP . - i nnul ar i ner
segnment. Accordingly, repl acenent %a%el S ?%?%1% gd’tu?/(ggag%{hgéo&r%ﬂ)s S%((;nr l'i ner
repair woliPer Halidolgeeking48 inphise at dendt geodetnyaide piactledD, faocut tiheads i gi nal
l'iners theusshyesmbid ing Figures. Aterngtively, repairs nmay
be made with %_par_t%@aqtr %ﬁﬁﬁ?i@%@%‘ﬁeﬁt% Elll[\‘7\)'? Pl é@r gb?[ lep%’teéqéélﬁgrﬁﬂe with
r epl acemestovparie | Fgushil hhacacahépadial euc oy R8P eRTallyo tRok@MANGd4G ggyrent  of
t he conbu%gr | | ner S&ICP A£S r.%PI acenent panel 240 depicted in Figures 6
and 7. ugh a panel body 104, as illistrated 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 from deteriorated panels 50 being

replaced, such that a deteriorated portion of multihole region 48 is separated and

removable from combustor liner 40 to create an opening or missing portion (deficit) in



[0034] After deteriorated portions of nultihole region 48 are renoved from
conbustor 30, a replacenent panel may be installed into conmbustor 30. In
one enbodi nent, at |east one of a forging, roll welded ring, a casting, or
a sheet netal panel is nmanufactured andZF used as a repl acenent panel. The
mul ti hol e regi on openings 96 are pre-forned in the replacenent panel before
the repl ac p | is~attached hermal barrier coating 110 is al so
appl i ed as%ﬁ%?r'r ?(%,gtelller{ I7%&l?ar¥gt e, be #é)s?}ﬁit?lis‘fﬂf‘r%? thsistiriogaicdporgion aad t o
cover edgesnudfinigget ep@ni4ogEon? Enand) BHfdhRNAMNE M aces of the repl acenent
panel. In one enbodi nent, the openings are formed wth a | aser process. In
anot her enbodi &88 the openings are formed using an el ectron discharge
machi ni ng, EDI %Sr]o GRITS |ty ayOmbiisior hiaer WAt dewtibed heovaewyyresult ired

openi ngs 1 i i [ , re-positioned, to facilitate
i mpr ovi ngngégo%b?rrﬁ;z%f% @cagr(‘f%%lg{egérﬂaé%glm (E%é[?lgo(ggfheRg%ﬁa%{ghe%thH@B? Ray be
formed fropemapgibimanndar Inebsegnéital Agcopliggrreplhegher®pan@s &l @ls b 6P IS

thenfornegot@]tthﬁlireﬁgir.edsuﬂﬁetq conformto the deficit in e liner
bei ng repl aCed S FntE HEDAT HOUh 82 Yo s Figf: tsheres padtgeomeimatdepiced fonttee a

cyl i ndri cabsigis@MimesyihbAI&ah the RREMHER); =S i r_.any required
shape. Openings are forned int(1) t he 91t%JéPrl g as B@gﬁaﬁg%y’trgpm Sé%{ayt fe

r equi r emen@doithHepastial aninplap segnesn we witholiscrae pathéshaadeowblu sépdicehicner ,  and

may inclu Iggl‘gﬁﬁ) var.l tterns and sizes. | | an_ vi ew, the
panel s rnatsﬁd be ‘squar fgfe ?13 %)&laﬁ)g%ﬂ%aeg, nc()lreto5&?“8??9«2?6@9‘?%%{]@%09%‘513%0? &eryse in
repl aci ng tush anpmplaccmbhiepadelf 1401 depicredtin &igesigidor. | i ner . 100361
Repl acenent panels may be sized and shaped to fit a particular portion

renoved froml iper, 1 r.nmay be pre-fapricated in one or nore comonly
used sizes andk@ﬁﬁbeg&eﬁ{gﬁﬁeﬁf@éﬁe@d’&ﬂa‘%@ 1nHﬁ§‘°l%@B@é&%ﬁé removist Bompeni ngs
96 ext endiddgbublF SN a0 caMentBpdlde B/ be,b?xfs'idl%g iRt 9(%rhﬁlﬁstojrl§)o_aqﬁl led to at
| east one surface. Thermal barrier material 1 may be applied o Kot h

sur f aces, eéfihﬂ)dﬁ%‘jptbé kepssl ane o fso faging oratowelded diggsa ofistinpeoos shast endgleni ngs
96. Howev%,raneltg ﬁhfak&?&dﬁaﬁf%‘ééﬁ%@% |1'%P3?9%:§[1?68{1|P$$f5-|:i1§g%éélﬁgllacenem panel s

(referencing replacenent panel %lﬁdl'egl)onhave a
per i pher alopeuiges 26@ronredbrnies! @t tht egicepiit paakl NofordNHe WM& BmBRY RS is
substanti ah'lﬁ ar ully, free of thermal barrier material 110. Repl acenment
panel 240% %j‘e | starmal brsien contipg B sralsonanplied ed reqtyrsd 2u8luding mcihki t at e
wel di ng owi@bipebf $86MA tenPL0Le i 0 ; rmng the nmultihole
regi on openi ngf 96§i n %ﬂg@rsgp Sa@e?r@%’? SS Setf gl%dp%;é%%lfggi%ggm@h%?wpdlﬂér rier
material $4dadsePbihe ieplseahdnaipiod. peont eisbodimenie fleagennpt apabghed @ithe

quality c i.ncl udi ng, checking and verifying the airflow properties of
openi ngs gg%ﬁ%ﬁ%"r@ QSCOEI{ (o) %oﬁngbé) 1%?‘}}? g‘ﬁr?él’ie{“in%élﬁﬁ %Pﬁée(béﬁ?l%)ﬁér@%mr@@rti on of

the repl adankate patkiiifee MHNMISp2dbst aRtjeahldnd 88 0a] o
material to facilitate securi%g t he r§S| ace%rér?t Barlllé .t’e%%lewg[a%@g? The

r epl acemeRPOyRETERAY Setstrer dudprgaidy, tredusad.exi rstrionigiopethdd f&dlithtvaitnyreviag ns
secur ed V\:i;&d]jdg&@giiﬁgﬁ%&l’g@o. More specifically, a downstream side (not
shown) of a body of the replacenment panel is welded to panel body portion
122 within conbustor 30. In one enbodinment, electron beam EB, welding is
used to secur d083%¢ rRegplascwneinparsinelayvilet firmed didaisi pran@Oor bilbseM@hIeT

enbodi ne t i.nernt s, Tl wel, di is used to secure the
repl acene i néﬁ;&rﬁ}g O\?vir}?éht?lﬁal(%ﬂ%h?t%?n ”{neq‘ﬁé&‘%ﬁf’q%ﬁlﬁfﬂ@?@ fesanfoig tedberi al may
then be apilatsd tntiddidoneriphesRlriadss AlluieRABEHARDEh. A4 AN

e we ot her

conmbust or Iiger ,suljrfac,e 80 In the vicinity of t I ng or
secur emerft ,YHRIRLp paRieetlindecata srheriepl, benjitsabetabver anherequisa slgpe96 t 0

mai nt ai n @Miﬁgs%@lfbﬁﬂecf:ﬁﬁ& Kﬁéjm%i)e@gi tclé (f)Qquired to meet the requirements of the

deficit or removed portion of the combustor liner, and may include holes of various



10 [ 0039J Because deteriorated liners are replaced using die nethod
descri bed herein, conbustors 30 are returned to service using a repl acenent
process that facilitates inproved savings in conparison to renoving and
replacing entire conbustor |iners 40. rthernore, because the replacenent
panel s are fornmed to he substantially identical to originally installed

panel s 50, ,ag5RdY, r c d conbustor performance are not
adversel y iprrparct elgﬁ%&fﬁgélé{)f}%g’éﬁnﬁe anglér%a[ys_e Suas; 1‘3(5833}5‘]1 UOf AREOWe 5 an
enl arged craps-seitahié¢ onabe inireplacihg ae @pliebieddiéd i8FRADnmERLr Bferan i nner

conmbustor liner 140 that may be used with gas turbine engine 10 (shown in

Figure 1). Fig i n enl ar ge | an vi ew of conbustor |iner 140. Liner
140 is substanﬂpgﬁ?y elpﬁqcfglgremtgﬁl Fllgﬁ[g‘/’ryieészegé‘ﬂgwpieﬁ tfijupastiogarnestiad) | and
is install aghovet Hioin aineOMHEISEOMmal Mt pre BMEhted Iﬂeon%%ﬁjgéxteoc{?rﬂn@&h G @

an

coi nbustor liner that includes annul'ar i nner |iner an anhnular outer
liner (notSi&fodR] shppgs. | Replicpmeants pyslsamtayalncindsi ond ar Inyort cogenings d6i ner

140. I nner .} ' a.plurality of panpels 150 which include a
series of %%tg@%é%?edé@gkﬁgg av%lﬂg@ﬁmf‘gl’?ﬁlér maéfﬁﬁaﬂ?ﬂgﬁaf’ﬁ%w 8 leggnbigst or
l'iner 140.surface. Theiddl baRinehaster 80! 18r8aE BE B0 IRH Rlrtakes, WRPSay fener 140
i ncludes a b?.lé) band 160 and a first panel 164. Inner bolt ban 166 i s
coupl ed t o™R1GOR SO HAYFY eqanst Ofsprsnp Mt opsttiegsde6. d dlavever donfidilitiet he dome
assenbl y tQchiehsht RAMENSied §40. £ nd.panel s 150 ar nnect ed
downst r eam from bol t band lg%,legﬁgim%ﬁg)t%%%gr%fegejcé%rﬁplaaﬁﬁﬂgtpﬁggrﬁaganel 150
i s number edfusienieseint Fightey 6 aialcOritivegl peripherabedyed J0ankich 168 bt @@ﬂﬁ@ﬂ%t ed
downst r eam f;r i anel .164. and third el 170 is connecte

downst rea%nidr g]_rﬂnlcileé%&d&pasﬁl_)eﬁta 24 %oﬁahybg%ﬁf fggg‘?fﬁﬁ e ampetrlal {dy of
openi ngs IR@lsiement fancl ROah¥Ealb@sicRRLaDevded SN Ad E&%%% t@kac?lﬂ%t Securing
liner 140 t@ t he donme assenbly. 100421 Each conbustor pane ﬁo

i ncl udes aVEGIBGEPHIET fechEmeatPogessesi80, an exterior surface 182, and an
over hang portion 184. Conbustor |iner surface 180 extends fromthe done
assenbly to thgoswr bpf&iRe7 CRIbusk | her rface 180 and exterior
surface 182 arg pzqnnect édgt%égg{u#er la?ggﬁ)é\}lg??l%ég%sp%lrij léﬂceﬁe&gﬁ’ﬁ? a 11
rear faci rfgdetiplinggBermal phuicaliateriabfl 1 @befocobkiatigidrepdrhiie shel@BlaseRaH at e

adj acent r nel s, 150, . 10043] ,Air. cooling features 188
i njcl ude a%gﬂﬁﬁgf’?%ﬁw a&%&ﬁﬁ?’ﬁﬁ‘gu‘i‘% Cb\ﬂ‘ﬁ%ﬂg 4"@6’@7‘@’@%&:"3 agﬂ@Wé’@";ﬂeﬁiRgl@ff rom an
air pl enumpgmiogs 960wWider Sétdbroll B tfadodyhbdhdRiRt eCThy ?eﬁﬂl‘r@i‘ﬁaﬁéﬁi% ﬂ‘"f' fhe! S

n

f or med bet.WEI\en hi gh tenperature conbustion gases conbustor 1iner
surface 18%P'2CPER AYs! 1ominy substrainlladediol tharmnl bpeini ngtriahth &xiliened bet ween

liner surfassnidQ exterhon surface 182 to facilitate mxing of
conbusti on gag%s W fn t]ﬁéblgcg"nbustor. In the exenpl ary enbodi nent,

openings 190 are substantially circular. Specifically, each panel 150

i ncl udes an ufd8638arilencpRo@neat plowhid teamanel 202n @@db@n% RREYs5 2 Bt
ext endi ng _t her ebet ween. . Panel s 150 are connected, such that each panel

downst r eahi &HE 269V EbEner B 03 Gn Migs tspeabicadlve apbovnstreana sidsdinat ent
downst r eashd@al) @l a boly oNig98818cchRat phikel fal B @%@%@gﬁﬂé@%ﬁ ri?l% ngﬁlx?ne cted

panel s respective downstream and upstream ends ggets 192 are
known as SUBBIta 3% Inwgesmbodiment hdewsoarhshay i Bemobligrsnised to seenre 140

ot ides. Syl BUBSRoLEA, g ARR, o WISl OE R LSS 5 © 179
TIG, welding is used to secure the replacement panel within combustor 30. Thermal
barrier coating material may then be applied on the peripheral edge of replacement
panel 240 and combustor liner surface 80 in the vicinity of the welding or other
securement, and a protective mask may be placed over the openings 96 to maintain

their quality checked condition.



100441 In an alternative enbodi nent, a |layer of thennal barrier material
(not shown) is applied on conbustor |iner surface 180, and enhances the
thermal protection of conmbustor |iner surface 180 from high tenperature
conmbusti on gases. 10045 Deteriorated regions of combustor |iner 140
may be renoved and replaced using the t hods described herein. If a field
returned engin 0 ine 10, jndicates that conbustor |iner 140

ﬁﬂChBaS eng € 4 ndi cat : .

i ncl udes at | edS?> OneBEelss Purderagd Jngts arq seplagedcysing thepmetbod described

ci r cunf er ehtief], | gonidusR#G B 0C IREbHSHRED kd k40 ri.oraped panels
150. More sgpecifical Isy, as shown ri %d llt:(% gglﬁlé&4951%lgea{ 2@%%#@ gﬁotcfjsa%l hl@ﬂt i's
made radi af4cYiiieE oligHOY§hepvingo inncomiparsogy hoa remgge 492 reglacihg | disitd at ed
with line 220, ! t t extends . fromliner exterior surface 182 to
li ner surface]i(%ﬁﬂﬁﬁbggeF@ﬁg%ﬁpﬁ%ﬁ??“?%g”&ﬁ?”?@nﬁﬁd@nﬁ%?" Fghior be panel
170 and a fubsknfialpaiiehi@22o offgintinerRNG) piddR Tl heiody@tie RSk LArough | i ner
140 domnstreq£1&%3§hgeteriorated panel s %0 bei ng reg}aced. 12 [ 0046]

Repairs t o“@"¥H FOfRcRare il advershidewerict by thsplcerasnt pesld. t i n

repl acenent of a conplete annular segnment of the liner with a conparabl e or
conpati bl e annyg@)] | iReleSEIEen} - 0@l Mo I mept _papel s.for this
type of conbustor Fi né%h?epair mﬁrﬁﬁgﬁ%sdé&?’h%dg@g,‘%gﬁaBE,anaﬁgerB%tb‘f?etry
depi ct ed f@rbadiaedralginianericombugor lirens 40 dmsman bt heedw i ERANRGergh@Ur €S.

Al ternativ i made. with a partial annular segment or with
di screte p@t %’H%é’gﬁrg&!éguvﬁg?ﬁ' Sﬁ%’frggelﬁélﬁten ) gy 05?@“@%&153&161’ 340.
correspondliher #0 éevethmsialyRAhilR o tihRrC oMyl id ik S | acenment
panel 240 dﬁ@@ ed in Fi gulr]jgs 61 ang 7. CATR [OOZZ] @Elees pg{r}(’?ﬁgnal{dgﬁoved
fromthe ¢B Within; yeqbustpr ¢agt sBewmar Theagompbustorfinglides suombusidetindry

renai ni ng (RAihERAS Hndieinh Qs 412h a}xh %ﬁranﬁéﬂr oﬁ[;e(r: ]{glgl:‘, ?rgxlt %féov%r} Cnhoved

portion marfy forman aperture in the Iiner of any 0 té‘f‘utaﬂﬁe of
deficit i Aoxmes subsi@ntially similaflpel Btherfiner] 40etivndrdtmt ed0 RRIde®RSLRAL 1 ner 140

are renov the combustqr, a replacenment panel 240 may be installed
into conbg)gtr%%gp]i 1r?gr W@fg?mfﬂr‘fg%ﬁeseé‘ﬁ%éi is?‘?ﬁ?]tl,Sia?aqhe‘é%Wh@heme aadistnggi ng,
rol | wel dedrtionng,comba®t li& 140r a sheet netal panel is manufactured and
used as a repl acenent panel. [ 0049] Repl acenent panels nay be forned
froma pl anar ﬁr ubstantially planer sheet of material which is then
formed to the | %ﬁi r Banednkideare eonmeeiedparially. er Heéd kiltinglnddsheoltitaad  bei ng
repl aced. 1ghi i f 1.Agq.t et of eri.al into

cylindrical, aé%%?f%’rg%/ ﬁégﬁ?gaﬁﬁﬁ%% letrqgggﬁgﬁéseﬁ?qpé%ﬁéqr?gﬁﬁn? aésfmﬁ’ﬁﬁl(r}oéqui red
shape. Op&hivwigsindreidroks reavnistitam tilom thatdenicadssasbleguikeshibr 1Haetyithe

requirene t he deficit or renov ortion of the combustor |iner, and
ma;c} i ncl ugée&}'ugﬁé!ésa ngfp a%}gllsﬁéhsar?)ﬁ‘f’ri“é?tr‘?g%ﬁﬁ’ﬁs%a%§f.0m holpbar V6Qwuch Hat panel s
may be sqemhegdjdceatdangidhasm 11391{61 A5 isGhulifer ANBRG Y1 ,?%Leg%nfligélyyz? geflﬁlg(!s 0]

repl aci ng thgéggpl i cabl e defi i

icit in the conbustor
Repl acenebt’® I's saonaesd dewisized famd fekaped §64.,fitd a tigar parell 20 iportion

removed fgom.lin rolBY.De Prerfabr ed in one or nmore commonly
used si zes a_nJ sﬁgvgésé?eaﬂ&e)%f)éceﬁ%nﬁt&ﬁglng@‘ %?W# ngldeompluglityf e
openi ngs @& diidisigdtthecetvrrugheran (shoihen Pakurbay fr QbR 8hial 4210
appl i ed ta t@é | east g@) surface. Thermal barrier material 2I0 nmay be
appl i ed t'Q BotHmE e and may be
[0042] Each combustor panel 150 includes a combustor liner surface 180, an
exterior surface 182, and an overhang portion 184. Combustor liner surface 180

extends from the dome assembly to the turbine nozzle. Combustor liner surface 180

and exterior surface 182 are connected together at overhang portion 184 and form a



13 applied so as to cover edges of one or nore openings 96. However, to
facilitate securement to the |iner 140, replacenent panel 240 has a

peri pheral edge 250 which is at least partially, and which may be fully,
free of thermal barrier material 110. gqplacenenp panel 240 may al so

i nclude a bevel ed or chanfered edge 245°to facilitate wel ding or other

secur enent ogesses Repl acenent panel 240 may be inspected
and tested rQgsluca?i g 2450 3¢ H%c‘%lrﬁ % 8haHi FYSIBolAEsE KSetarpiat adipedit ow

properti es,copbustor pelsnsoal | ati on because the configuration of openings 190
is not altered after installation, such as by application of additional
adj acent to or upon edges of one or nore openings.

th | b r eri al

108[32?l Thgr ; Iegl L’Qg%ﬂe NP IpEaeane ifeatege 8&en@léde iaritlar abb’nﬁijm@omgb ilgerwlidld, such
that the r tor
speC|f|cal%ﬁ%ﬁgggggﬁgggggg%gﬁg§ ng%%E ? 5%?§%) 5@9@H{WBEWEV€|S

wel ded to &favekisef vy 1Spf'ane¢d UG @eaultlgh ttém;ﬁelatummﬁiustl&ﬁgdsé‘s dndrosethubetr ween
nbodi nent, el ectron beam EB,

150, |
w1 o TTEDrBR0 Tk P ReR R S ko e SHRBRS WPIHIE: EOREGE brvErmer 140,
| n anot her ligabagfa0en8o dhdnA&LBR shifgdet Iﬁaﬁw fall lﬁ:’atg\i‘fﬁ%ﬁxg 11 ﬁ%oﬂ?t?o% éa%ess ecure

the repl acenent panel w thin conbustor |iner arrier materia
may then b@“ﬁﬁbﬂ?é@“@ﬁﬂpbnﬁiﬁ@ﬁ@@pahelﬂubmbusnODphumﬁrMmuﬁéaﬁemﬁﬁ&hz

100531 The | i,n | acenent thod is cost--
effective a%gﬁ y8¥%ﬁ§éﬁp9n%¥ﬁ§%hé ﬂBgﬁﬁ Bﬂﬁ@?nt epdoypstresiovi ng
deteri or atemﬂmehmbomam@ummﬁmbetwee@rPar?e%cnota?@&onqe&@d 59&1%99 panel s
'nay be reg Bcedﬁg&th repl acenent panels. In one enbodi nent eteriorated
4°

panel s are BYPSEEAR R Zp%ﬂ%aﬁﬁw?ﬁét%@ﬁym@ﬁﬁmm@mk%Wkﬂfamﬁﬁmcmﬁ
repl acenendopanehs @8 19venNUEleterbt fel ed g&w%éﬁ@cﬁ% g( conn c‘%edt %elmei  ner

result, a nethaod i s provided i ch enables deterior
panels to %@%éﬁ%@@ﬂnﬁmmrm unstrdamm rends 203 tanéﬂf)&cﬁ\luggetamﬁz ael rblneasTanner .

b er of , various specific
égggg}nZﬁliﬁegﬂggg@%§§1]9§‘ a?ﬁ@ﬂ%?y ﬁ#mngQS%b Belvdes s HigEPR At i on can
be practi ceeioist bf thediider aadyl oieludet MimihbRetyPRIdpkhingN 6 SGERGs Aepich@ &l ai Ms.

Figures 4 and 5.

[0044] 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.

[0045] 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.



14 CLAI M5 A nmethod for repairing a conbustor liner for a gas
turbi ne engine conbustor, the conbustor having a conmbustion zone formed by
inner and outer liners, said nmethod conprising the steps of: renoving a
portion of a combustor liner to forma deficit in said |liner;

provi ding a repl acenent panel having t opposed surfaces bounded by a

eri pheral edge e repl.acement panel  having at |east one opening;
gppl Si ng a therwg%‘&ba{{?&é‘rs "y eRRStos Jingt madg g d_é??élbéq abeye may fesubdn

adj acent t eefidicthedt dreaonNfe WPRAaNGegRMtNot AR iR §ithPhelAlpaPRid lpn of
thL at Ieas#ﬁone surface‘g%h said Serf%hera? edgé grelpree(§¢?5ald0?herwa
barrier matenpaiible apaulpnknelsepments ab ecordipglac epkempanahels Hostiidiygefoifci t .

2. A nethod,i c . Wt laiml.. further conprising the step of
2. o\ oot b ARORRIANGE, WA $h L L USRe OB R e RSP T
i nstal |'i ngosgindl leps deanelnts Pahehcdompaayifs ¢afuki tlternatively, re?airﬁnHFBQOd In
accordance with claimz2 further conprising the step of applying a .

prot ect i ve ™ Hf§ R‘”ﬁ’oa gl gnawias segraeht g avith disvele nsthes meds wibtrepnenopeni ng

prior to sghftlSwWRRhOke JRPLY tdeoitdIBEMR PRITIVEE LN bflie combustor liner,

such as replacement panel 240 depicted in Figures 6 and 7.

[0047] The portion removed from the combustor liner 140 may be partially or
fully surrounded by remaining portions of the combustor liner 140. Accordingly, the
removed portion may form an aperture in the liner or any other size or shape of deficit

in the liner.

[0048] After deteriorated portions of liner 140 are removed from the
combustor, a replacement panel 240 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.

[0049] Replacement panels may be formed from a planar or substantially
planer sheet of material which is then formed to the required shape to conform to the
deficit in the liner being replaced. This may include forming the sheet of material into
a cylindrical, semi-cylindrical, spherical, semi-spherical, or any required shape.
Openings are formed into the material as required to meet the requirements of the
deficit or removed portion of the combustor liner, and may include holes of various
patterns and sizes. In plan view, the panels may be square, rectangular, or any other

shape suitable for use in replacing the applicable deficit in the combustor liner.

[0050] Replacement panel 240 may be sized and shaped to fit a particular
portion removed from liner 140, or may be pre-fabricated in one or more commonly
used sizes and shapes. Replacement panel 240 may include one or more openings 96
extending therethrough and a thermal barrier material 210 applied to at least one

surface. Thermal barrier material 210 may be applied to both surfaces, and may be



4. A nmethod in accordance with claiml, wherein said step of installing

sai d replacenent panel further conprises the step of welding said

repl acenent panel within said deficit. 5. A nethod in accordance
with claim4, wherein said step of mel éng further conprises the step of
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at least partially, and which may be fully, free of thermal barrier material 110.
Replacement panel 240 may also include a beveled or chamfered edge 245 to facilitate

welding or other securement processes.

[0051] Replacement panel 240 may be inspected and tested, such as “flow
checking” openings 190 for specified airflow properties, prior to installation because
the configuration of openings 190 is not altered after installation, such as by
application of additional thermal barrier material adjacent to or upon edges of one or

more openings.

[0052] 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 remaining panel combustor liner surface 180.

[0053] The above-described combustor liner replacement method is cost-
effective and highly reliable. The method includes the steps of removing deteriorated
panels from the combustor liner, such that deteriorated panels may be replaced with
replacement panels. In one embodiment, deteriorated panels are removed by cutting
through the body of the panel, and replacement panels are then welded to into the
combustor liner. As a result, a method is provided which enables deteriorated
combustor liner panels to be removed and replaced in a cost-effective and reliable

manner.

[0054] While the invention has been described in terms of various specific
embodiments, those skilled in the art will recognize that the invention can be practiced

with modification within the spirit and scope of the claims.
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CLAIMS

1. A method for repairing a combustor liner for a gas turbine engine combustor, the
combustor having a combustion zone formed by inner and outer liners, said method comprising the

steps of:
removing a portion of a combustor liner to form a deficit in said liner;

providing a replacement panel having two opposed surfaces bounded by a peripheral edge, the

replacement panel having at least one opening;

applying a thermal barrier material on at least one of the surfaces adjacent to said at least one
opening, such that a peripheral portion of the at least one surface and said peripheral edge are free of

said thermal barrier material; and

installing said replacement panel in said deficit.

2. A method in accordance with claim 1, further comprising the step of applying thermal

barrier material to said peripheral portion after installing said replacement panel in said deficit.

3. A method in accordance with claim 2, further comprising the step of applying a
protective mask to said replacement panel over said at least one opening prior to said step of applying

thermal barrier material.

4. A method in accordance with claim 1, wherein said step of installing said replacement

panel further comprises the step of welding said replacement panel within said deficit.

S. A method in accordance with claim 4, wherein said step of welding further comprises
the step of using at least one of an EB welding process and a TIG welding process to secure said

replacement panel within said deficit.

6. A method in accordance with claim 1, further comprising the step of selecting a

replacement panel suitably sized for said deficit.



