OUTER AND | NNER COAL- W RE WRAP TO ONE PI ECE COAL CONVERSI ON BACKGROUND OF
THE | NVENTI ON This invention relates generally to gas turbine engine, and
nore particularly, to nmethods for replacing conbustor |iner panels used
wi th gas turbine engines. A turbine engine includes a conpressor for
conpressing air which is mxed wwth a fuel and channeled to a conbustor
wherein the mxture is ignited within a conbustion chanber for generating

hot combusti on gasesOQUAER ANE INIWUER COWMAWIRBIMRAPIEO ONE| ude a dome
assenbly, a cowl assenbly, and liners to._channel the conbustion gases to a

turbine, which extracts ener]ﬁﬁcﬁrg%wlhgm§pl\én gases for powering the

conpressor, as well as producing useful work to propel an aircraft in
flight or to power a |load, such as an electrical generator. The liners are
coupled to the donme assenbly with the cow assenbly, and extend downstream
fromthe cowW assenbly to define the conbustion chanber. At |east sone

known cowBAGCKEGROUNE QF dHERVENEMssenbl i es that include an inner and

an outer cow . Because the inner and outer cows are coupled to the liners,

each cowpan ] .cali:stresses I.br aj tresses
I nduced from ?ﬂ%ﬂﬁ%&grggﬁé‘eg%&&ﬂ\@gﬂﬁsi %I‘rr\l?lﬁéeieﬁ%rg’ (@{i}ﬁnc}?g %{éaisl%rgﬁs’e@t ed to
di f f er ent nsithais fersrephaingichmbusibhiner pasgecded weticgasiturbideashginesre, conti nued

exposure to such stresses may cause one, or both, cows to deteriorate,

and limt the, useful life,thereof To facilitate reduci.ng.the effects of
atresses thiFoRRFIERe ARG FORPIESOL JOF COmRERHE FESid 19 B WHig known

t wo- pi ece f§)\whd epaRERHItES chiblhistéewBerdin'tBe WiRARREM 1o tfiftiin Woshehfioaach cow
is formed with a lip at the | eading edge thereof. Mre specifically, the

cowl |ip icBamlarnion gspereting hat combygtioppgases-t He keasyl soareokmaivm cambpaiers wir e.
However , ' at J GBssdl) . o e _cow
body and t éﬁdv%ﬁg? ggﬁ%/éeslrs &B]i"lgbfahcgont |S%él?é%9§%%$gﬁ?%ﬁgvﬁ%ﬁin etkt) ﬁ%&ﬁ%ﬁr&onm smat ch
may caus@aseheo aawbirdepwhivivexpraéts energy dondthe Rembustionsgheés foh @bwarigithel S
created between the . . o

compressor, as well as producing useful work to propel an aircraft in flight or to

power a load, such as an electrical generator. The liners are coupled to the dome

assembly with the cowl assembly, and extend downstream from the cowl assembly to

define the combustion chamber,

At least some known cowl assemblies are two piece assemblies that include an inner
and an outer cowl. Because the inner and outer cowls are coupled to the liners, each
cowl may be subjected to mechanical stresses and vibratory stresses induced from the
combustor. In addition, either cowl may be subjected to different stresses than the
other respective cowl. Over time, continued exposure to such stresses may cause one,

or both, cowls to deteriorate, and limit the useful life thereof.

To facilitate reducing the effects of stresses that may be induced to the cowl
assemblies, at least some known two-piece cowl assemblies include a wire-wrapped
portion wherein each cowl is formed with a lip at the leading edge thereof. More
specifically, the cowl lip is formed by curling or wrapping the cow! around a damper
wire. However, during operation a thermal mismatch may occur between the cowl
body and the wire. Over time, continued operation with the thermal mismatch may
cause the cowl to unwrap from around the wire such that a gap is created between the

wire and the cowl. When vibratory loading is induced to the cowls, the gap may
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wire and the cowl. Wen vibratory loading is induced to the cows, the gap
may -1 permt the cow to shake against the wire, which over tine may
result in damage and deterioration of the two-piece cow assenbly. Current
repair nethods for two-piece cow assenblies include renoving the
deteriorated i nner and/or outer cowl and replacing the deteriorated cow
with replacenent cow that includes the wire-wapped portion. However,

because t henioe s etrbhakeiagaipsitht &drel Whidheover fifile Madrestie il @aBageamgendl vy,
often the entire conbustor nust be di sassenbled for either cow to be

repl aced. dFisFPREPAOE e tirspiceheowlaasseanlys rreent smsiranethpdniariwognege
assenbl y apgh agﬁaéﬁ%h%? siﬁéfghé’ gﬁfﬁ&ﬁﬁé Sie Ut 400 AhndrChitl b BateP SoWE Sihdt N

conponent s may altere as a result, specral tooling may be required
duri ng r ergdsembihg defEhivmted epiadiingphcementeowl dmp acthatwsithanwiretvarapped

time-consum.n d expensi ve process. BR| EF SU RY OF..THE I.NVENTI ON I n one
aspect . a PRERHodIP B PORALe e OBbRSFBAYE RIBEY 19 (FbIRE BHgPRE°BEbUSt or
is provi dedmbly)offeANiab dnfife cHabUIGS mAsC IRt RIMblddN&Sr &iMdr @oWL [t6-by apped
cowm assenbly that includes an inner cowm and an outer cowl . The net hod

conpri ses repdegedi Agrthenmnye vhancthoifastengrsagrp semevsl fremsherpoyl assemblyaandf r om

f ast ener i .1 0 1 o) t

conbust or STNaF oLttt SR oL R0 Bty B S ionb R iR e
conmbust or anéasla eul) spaciabtodb Bt mae be idquireddduting tdisssefablyt iThius akplabiigaxi sti ng
cow assenmhly that is downstreamfrom:¢t hgwfut , wherein the replacenent
cowl i ncl FHESWERPEh Y] BHARA HHMBEPRTERHNE 3 SXRCESIVERINGFSr portion, and a

plurality of circunferentially-spaced radial |iganents extending

t her ebet wegIErISUMMA e IORFARAGNVENTRINIOD for replacing a portion of a
deteriorated cow assenbly wthin a gas turbine engine conbustor is

provi ded. The deteriorated cow assenbly includes an inner surface, an
out er sur flaeae ameet, 4 mgthed {prapplacing ernoriéen offry ganbubise engvaspinbesiotist t i ng

out or - and P s e dortOtse g, SRR ity . o OB abed S e
assembly that includes an inner cowl and an outer cowl. The method comprises
cutting through the wire-wrapped cowl assembly upstream from fastener openings
used to couple the inner and outer cowls to the combustor liner, removing a portion of
the cowl assembly from the combustor, and coupling a replacement cowl to the
portion of the existing cowl assembly that is downstream from the cut, wherein the

replacement cowl includes an inner annular portion, an outer annular portion, and a

plurality of circumferentially-spaced radial ligaments extending therebetween.

In another aspect, a method for replacing a portion of a deteriorated cowl assembly
within a gas turbine engine combustor is provided. The deteriorated cowl assembly
includes an inner surface, an outer surface, and a wire-wrapped portion. The method
comprises cutting substantially radially through the deteriorated cowl assembly
between the outer and inner surfaces of the deteriorated cowl assembly, removing the
wire-wrapped portion of the deteriorated cowl assembly that is upstream from the cut
extended through the cow!l assembly, and coupling a replacement cowl onto the
combustor to replace the portion of the deteriorated cowl assembly removed ﬁoﬁ the

combustor, wherein the replacement cowl includes an inner annular portion and an



W re-w apped portion of the deteriorated cow assenbly that is upstream
fromthe cut extended through the cow assenbly, and coupling a

repl acenent cow onto the conbustor to replace the portion of the
deteriorated cow assenbly renoved fromthe conbustor, wherein the

repl acement cowl includes an inner annular portion and an -2 outer annul ar
portion that is substantially concentric with respect to the annul ar inner

portion. BiNeEmMMEIGRIHT Ak fSFsubbitmtRGWoNEStiTt GlithesbetistosBé enmilarGinner
illustration of a gas turbine engine; Figure 2 is a partial cross-sectional

vi ew of aROB¥Bnpl ary known combustor that may be used with the gas turbine
engi ne shown in Figure 1; Figure 3 is a cross-sectional view of the

conmbust or gRIpMHEICHIP ﬁ@F?PfEI.DR%JWﬂjI@Q a cow assenbly repaired in
i the net hods

accordance wt escribed herein; Figure 4 is a forward | ooki ng
aft view of the cowml assenbly shown in Figure 3; and Figure 5 is a partial
aft | ooki Kigutok ieschemptesillystratiopatiaigan tubing lepgioesd assenbly shown in Figure
4. DETAI LED DESCRI PTION OF THE I NVENTION Figure 1 is a schematic

compr eseor 3 25 Pial Mol BRASRE G 10 ) SECHAL A MR BT Wil m g, e 10

al so i ncbhedssl witlhtlghzap nebms efgine siuvweinlMgard ; a | ow pressure turbi ne 20.
Conmpressor 12 and turbine 20 are coupled by a first shaft 22, and

conpressot_, 14 and turbine 18§ are oupl ed by .a secaqnd shaft, 2 I n one
ffcg% }/ E

enbodi ment B9%3 1§ 3 FIOPHEECEARA Ve 8 APt BE00! Brigeie &&M&Eﬁiias@y

avai | abl e chP18s&RPIS 8paifet 8 hcdofdaibd Fithlthe HEGbASSescribddtekanat i, Chio. In
anot her enbodi nent, gas turbine engine 10 is a CF engine ‘conmercially

avai l abl e_from General Electric Aircraft Engines, Cncinpati, Chio. In
oper at i onFige 419 afgswendloekng PBwigY eSthacewkenprblysbewn in Bigurechmpd essed ai r
is supplied fromlow pressure conpressor 12 to high pressure conpressor

14. The Figure 5 is a partial aft looking forward view of a portion of the cowl assembly shown
in Figure 4.

DETAILED DESCRIPTION OF THE INVENTION

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 an LM
6000 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.

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.

Figure 2 is a partial cross-sectional view of an exemplary known combustor 30.

Combustor 30 may be used with gas turbine engine 10 shown in Figure 1, and
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hi ghly conpressed air is delivered to conbustor 16. Airflow from conbust or
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 an exenplary known
conmbustor 30. Conbustor 30 may be used with gas turbine engine 10 shown in
Figure 1, and -3 includes a done assenbly 32. A fuel injector (not shown)
extends into done assenbly 32 and injects atom zed fuel through done

assenbl y Jacladdsoa alofenhsseimbiyn3d2.zonefidb ifetion qdotklidvn) eaeidssinds ddthet 0 form
an air-fuel mxture éhat is ig ﬁ% downstream of _ t he fuel injector

i t . .
Conbust i oASEBIE 3¢ ap Hﬂ%?fﬁﬁtﬂmﬁgéda Lifbaoueh; demeypysymblyt 32 inkha cPRAPHIONy i nner
suppor ti n%ﬁa%abd%fﬁle& gﬁiglﬁﬁ hQ¥blisRRBoCRTRIRE 9% a!iﬂ—ﬁ%]; &i%%gﬁﬁgy%wed' i ners

40 shield the outer | nner supporting nmenbers fromt at “gener at ed
wi t hi n corbwsstream afthe fighinjestor i ncl udes an inner liner 42 and an outer
liner 44. Liners 42 and 44 define conbustion zone 36. Conbustion zone 36

extends from.do ass |y 32 ..downstrea 0 t urbi ne,nozzl e (ngt shown).
Qtor 11 nGRRSEE PRRERS Yorkiea vy SR B - B5 D8RR Subitne; 52 by
a plural i inyenters o€ slidvai)ent icohibysts PREGS 40 aToairE®r 1iB&s 40 b tirssiggbl y 60
I's al so coupled to done assenbly 32 by fasteners 58. Specifically, cow
assenbl y IRREE SHBROTHAS Fiprehiers Bam B heat senerated avthign gpmbustiop zone 38ch

i nclude a Bty of cir r Lallyss egi o ' i Ngs 66
ext end tﬁ?%ggﬂb%%mfgng§&éﬁgyg% ?ﬁfE@éﬁ%aéﬂﬁggg%c5§§%§?§%?$§ﬁ%pgﬁgﬁ 70 and
72 of eachkombustioh? zomn 3664 . Cdraimistiopemineg 36 6eitendsi freth tdomee assemdlya 32

respective fastener 5 her et hr qugh. W s 62.and 64 extend upstream from
done asseﬁﬁW?StEﬁfnhF?qa gfrbmﬁé}oa e\ %’8[“&/} @B‘i‘?f Gt ’éﬂﬁer(e&?@r axi s
73 of an @hdH douledth ¥6MeASRAINDY ¥2 B¢ a‘?ﬁﬁ&h@%f%ﬁcﬂﬁféﬁmti@ﬁﬁ@ﬁﬁ&& fadteners
Specifically, a |leading edge 76 and 78 of "each respective cowl 62 and 64

define a §8nerally annul ar opening 80 wherein conpressed air is directed

t her et hrough towards conbusti on chanmber 30. Mre specifically, each |eading
edge A cowl assembly 60 is also coupled to dome assembly 32 by fasteners 58.
Specifically, cowl assembly 60 includes an outer cowl 62 and an inner cowl 64 that
each include a plurality of circumferentially-spaced openings 66. Openings 66 extend
through cowls 62 and 64 adjacent a respective trailing edge 70 and 72 of each cowl 62
and 64. Each opening 66 is sized to receive a respective fastener 58 therethrough.
Cowls 62 and 64 extend upstream from dome assembly 32 and are aerodynamically
contoured towards a center axis 73 of an air/fuel mixer assembly 74 coupled to dome
assembly 32. Specifically, a leading edge 76 and 78 of each respective cowl 62 and
64 define a generaily annular opening 80 wherein compressed air is directed
therethrough towards combustion chamber 30. More specifically, each leading edge
76 and 78 is rolled aftward at least partially around a continuous solid core wire 90.

Wire 90 facilitates damping vibrations induced to cowls 62 and 64.

During operation, cowls 62 and 64 are exposed to compressor discharge flow and may
be impacted by chaotic perturbations in the impinging compressed air flow channeled
into combustor 30, As the air flow contacts cowls 62 and 64, mechanical vibration
may be induced into cowl assembly 60. More specifically, vibration resulting from
these normal operating conditions may cause high cycle fatigue of cowls 62 and 64.

A torsional frictional force is induced between wire 90 and cowls 62 and 64 to
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76 and 78 is rolled aftward at |east partially around a continuous solid
core wire 90. Wre 90, facilitates danping vibrations induced to cows 62
and 64. During operation, cowWs 62 and 64 are exposed to conpressor

di scharge flow and may be inpacted by chaotic perturbations in the

I mpi ngi ng conpressed air flow channeled into conbustor 30. As the air flow
contacts cows 62 and 64, nechanical vibration may be induced into cow

assenbl y Ghkilityr danSieg vibrgtionkl stresbdariaduced tb6 e6wl hisembly 60N Hobheser, bosrmal
operating conditions may cause. hi&gécycl e fatigue of cowWs 62 and 64. A
tor si onal t#Re, cpntiped exppise fo suchositcssesyaeeaise wiredaepedner wisigapEdand 64

to -4 facihidPafigiloNieat sBIAHLONELy LA B BGRH 0b And BW1s3BSREC! Y 60

However, over tine, contlinued exp stresses nmay cau
Wi r e- danpéd. dvioma spesificahp edntinmeddcentd@ thruhgh4hd gapleawesuodwltdssdmidy@lip i s

formed between wire 90. and coM s 62 and 4. MNore cifically, continued
cont act _+ AEG G JorEeg s PRt Gl 0 Bt e som B € 00" ey
frictionally thin wire 90 and deteriorate cows 62 and 64. Figure 3 is a

Cross-sectFignal3 ¥iL¥osd sl Sien of ColnbabiefB0Andudiapla asaedEinb1F0d0
repaired and/or retrofitted in accordance with the nethods descri bed

her ei n. Firgpsired and/pgrefrofiediiit ercpuigreqyyith the mebedpdesenbyd keseianifligure 60.

Fi 5 i ot afte Loaki i . ) Y
nssorbly 150 TSRk iBlsh dn viBR' ) RchRIVION Melle SiPERlbeClookl | 100
i ncl udes dopmard view dftdoofiorcafidovd assemblly 1 @Dtakahadome area FHi5gslevn ) Figme
I ncl ud I w  1Q4. Cow 4 i - pi W . and i
oo o o EMEAREBA bt Soin 92 S RROLSELIEN siPien 102
such that 2y Gaw indfidesS% Li8MESnRS LdoRANMO4! OMGIV042RSL HREYIRE! dodw@Mank0R. Cowl

104 includes an outer annular portion 110 and an inner annular portion 112
that ar e coupled,astdesdribed domeasa deiad bebout to ow mssenibly petion 08, thatt endi ng

t hr ough c%}%v} gﬁs%g SX‘P&%) gﬁf@c V@'&?ra%?%@%l&(%goﬁ?g%lm are aerodynanmically

contouredre central ¢ urality of radial nenbers
or ligaments 120 are circunferentially-spaced about cow 104. More
speci fi caldow! 104 dgasiedes sin bAter extudadportion 110 and an inner annular portion 112 that

are substantially concentric about a central cowl axis 114 extending through cowl
assembly 100. Cowl portions 110 and 112 are aerodynarmically contoured relative to
central cowl axis 114. A plurality of radial members or ligaments 120 are
circumferentially-spaced about cowl 104. More specifically, ligaments 120 extend
between outer and inner annular portions 110 and 112 such that a plurality of
openings 124 are defined between outer and inner annular portions 110 and 112, and

between circumferentially adjacent ligaments 120.

Each radial ligament 120 is variably sized to have a cross-sectional area Agp that
facilitates providing a pre-desired structural support to cowl 104 and facilitates cowl
assembly 100 operating at a pre-determined natural frequency that facilitates
preventing cowl assembly 100 from failing in high cycle fatigue.  More specifically,
ligament areas Ay facilitate reducing high cycle fatigue (HCF) stress induced to cowl
104. Similarly, each opening 124 is sized with a pre-determined cross-sectional area
Ao that enables each opening 124 to receive at least one fuel nozzle (not shown)
therethrough. For example, in the exemplary embodiment, cowl 104 includes fifteen

circumferentially-spaced openings 124.



bet ween outer and inner annular portions 110 and 112 such that a plurality
of openings 124 are defined between outer and inner annular portions 110
and 112, and between circunferentially adjacent |iganments 120. Each radi al
| i gament 120 is variably sized to have a cross-sectional area AR that
facilitates providing a pre-desired structural support to cow 104 and
facilitates cow assenbly 100 operating at a pre-determ ned natural

f r equency Fufthérnfaaeiit slicil®Be updestesd 't‘rragrardehgaﬁﬁﬁlﬁhQQ ah@@ptiiaps 124 hieng i n

hi gh cycle, fati More specifically, ganent areas AR facilitate
reduci ng ﬁ%ﬁ @cwﬁﬁa{ gmth(mff § rady Oﬂwadeeracq%e @omiie-desied ansflaw ar |y,

each openitmetmﬁhsd&gggede %{24 t ofeldfiSrisdet Rid ngﬁ,cfﬁr%? ﬁgt?jbnozz'?}g&?ﬁot Ao

t hat enabl es each openihg recei ve at st one
shown) t hmbetlimemudigaméut arexe%mplmi opemﬂ@uee%mpd! Hztgrreéatbabdﬂlaiﬂhat acatil 104

Shoul 0 be ATh{1oh Lr B DRRPT S0 Y TRENES “IG e ASHeR AROTIRA & 51 zed

and configyded with respect to each other to receive a pre-desired airflow
t her et hrough during engi ne operations. Mre specifically, in the exenplary
enbodi nment , anent area Ate. and opem ng area AO are interrelated such
that a rat® @ddlgxen nhe ssemplar Pobediaent, &pé%zngaal%ﬁfp dpeHized vitea IO i s

bet weeen ?g%hﬁfﬂeﬁ‘%%cﬁmyh& tgli'%g ard fouAdd %t'@a'&h dirfd ol rg?é?réH 48y, di ment,

openi ngs are also si wth a pre- determ ne I'al” hei ght and are
rounded atpedfidullyj each ehd i Fhisi fahn@ﬁwltﬂﬁgre-wemmabmdiufs iRc alnl the exapiaiend 130

ati 0 REBPOGEAI oM ady BBy R Ebeiatt T IR B8 AR Fis BPAPEPHDl y

bet ween appfsth ABhBkinateldndnd25%5. During operation, as atom zed fuel is
I njecting into conbustion zone 36 and ignited, heat I's generated within

zone 36. Cow s 62 and 64 (shown in Figure 2% are exposed to conpressor

di schar ge Duriag opgeptinayaspaomigsd due ds Bycemgdnioccogarstion aencots andyignked,

heat is generated within zone 36. Cowls 62 and 64 (shown in Figure 2) are exposed to
compressor discharge flow and may be impacted by chaotic perturbations in the
impinging compressed air flow channeled into combustor 30. As the air flow contacts
cowls 62 and 64, mechanical vibration may be induced into cowl assembly 60. More
specifically, vibration resulting from these normal operating conditions may cause
high cycle fatigue of cowls 62 and 64. A torsional frictional force induced between
wire 90 (shown in Figure 2) and cowls 62 and 64 facilitates damping vibrational
stresses induced to cowl assembly 60. However, over time, continued exposure to
such stresses may cause wire-damped or wire-wrapped cowls 62 and 64 to wear such
that a gap may form between wire 90 and cowls 62 and 64. More specifically,
continued contact through the gap between cowl assembly 60 and wire 90 may

frictionally thin wire 90 and deteriorate cowls 62 and 64.

Deteriorated regions of combustor cowl 60 may be removed and replaced using the
methods described herein. More specifically, the deteriorated wire-wrapped portion
of cowl 60 may be removed and replaced using the methods described herein. If a
field retumed engine, such as engine 10, indicates that combustor cowl 60 includes a
damaged or deteriorated wire-wrapped portion, a radial cut (illustrated as 150 in

Figure 2} is made through outer cowl 62, and a similar cut (illustrated as 152 in Figure
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I mpi ngi ng conpressed air flow channeled into conbustor 30. As the air flow
contacts cows 62 and 64, nechanical vibration may be induced into cow
assenbly 60. Mdre specifically, vibration resulting fromthese nornal
operating conditions may cause high cycle fatigue of cows 62 and 64. A
torsional frictional force induced between wre 90 (shown in Figure 2) and
cowms 62 and 64 facilitates danping vibrational stresses induced to cow
assenbly @)is hMadedeougloinger towie64 aoaidbivi@eteioprd Woetid® ofSoikdt @idriafges nay
cowm s 62 and 64 to wear such that a gap

cause wire-d ed or wre-wapped,

may form S@W@rﬁ%@erﬁﬁe@ﬁﬁl%&%@%@% AriEe-wrappR pertiopeef ¢qvds b7 gnd 64ont i nued
contact t : g&gn ' %mgepz

fricti onalt&f gygﬁi@ﬁg@%ﬁgﬁﬁﬂfgﬁ%ﬁtﬁgﬂ%ﬁ ’ggg an(Yjﬁg : Dé{%%llll 8$tat ed
regi ons ofl 5¢ e usRosxterpiai radidllyrslyrobgh eachovespectine cowpl6dcad 64 baiyvecher net hods
descri bed her.ein. .Nor.e _specjfical | the deteriora wiJ e-w apped portion
of cowl 66XIEY B@%&ﬁgeﬁjﬁaﬁé et ﬁ@%rbortfélfﬁﬁe ﬂh@ ﬂﬂéﬁ%@d‘gj’ ‘??8%6?91%5‘&3’%& ei n.
If a fielkgwl 6bahaed. eABtREingBY WheAeRMDEAIG] HOrtiohd G ¢aWES2 thdteLRAfRUST OF
cowm 60 includes a, damaged or deteriorated w re-wapped portion, a radial

cut (il ubesmxearpved cpnd apsembly pertien 202 remaingieIn eneotmbpdimenty fastonbrs$2, and a

simlar c | t e | | gure.. - | e t Lnner cow

64 to ena%‘feeq%des%ﬁeér%i g‘rgglt gg\%gg% [ oHrllg é(?f gagll(}t %?‘Qlaﬁgcfe%nﬁ’#err%g lcsoghungoqgg %n 64,

respect i vebmbus@ell priczad byts 160 ard WShbging fqraeti ons of cowW s 62 and 64, to

be renoved from conbustor 30. Mdire specifically, as shown in Figure 2, each
a

t 150 and, 152 ext adi al | h h t] w 62 and 64
bot ween anePBRTRRL 5D | Pf it Biepeosbaled 19 5aM GG PR LS GITEERY bESHEg and 162
of each respesidry ecﬁi&édlg@?h@n&uﬁl%d té\%% sid'seﬁbwsol\faﬁ@lu@lﬁ&es&u%@fé Rhtportions

of cow 62 and 64 have been renpbved, co assenbl’y_ portion remains. In
one enbodil#@ns formesh between sgwl 404 andoewrleassembly peribn dd2eand yeosd 104nd cowl

For mod. ” ROnFAR HERPAE Gt 8% SREPHE, R 8 BLodCuftiduiorfUs1e8 for m

cow assepbipled to cowl assembly portion 102 with a laser welding process. In another

embodiment, cowl 104 is coupled to cowl assembly portion 102 with a brazing
process. In yet another embodiment, cowl 104 is coupled to cowl assembly portion
102 using any suitable coupling method that enables cowl assembly 100 to function as
described herein, such as but not limited to electron beam welding, and tungsten inert

gas, TIG, welding.

When coupled within combustor 30 by fasteners 58, cowl assembly 100 performs the
function of properly directing and regulating the flow of compressed air to combustion
chamber 36 (shown in Figure 2). However, cowl 104 provides structural support to
cowl assembly 100 such that one-piece cowl assembly 100 is more durable than cowl
assembly 60. Furthermore, cowl 104 facilitates reducing stresses induced to cowl

assembly 100 while preventing high cycle fatigue.

Because deteriorated wire-wrapped cowls are replaced using the methods described
herein, combustors 30 are returned to service using a replacement/retrofit process that
facilitates improved savings in comparison to removing and replacing entire cowl

assemblies. Furthermore, because the replacement cowl is shaped to be substantially



100. More specifically, when coupled to cow assenbly 60, an annul ar
coupling joint 170 is forned between cow 104 and cowl assenbly portion
102, and cowl 104 extends upstreamfromcow assenbly portion 102. In one
enbodi ment, cow 104 is coupled to cow assenbly portion 102 with a | aser
wel di ng process. In another enbodinment, cow 104 is coupled to cow
assenbly portion 102 with a brazing process. In yet another enbodi nent,
cow I 104 is'ﬁniﬁaigtml ﬁda bﬁg'mglil\j/ iﬁm{?ﬁﬂbbwpﬁgw ' ldoddﬂé?dmnﬁtgf ' _p&ffﬁmsaﬂcgadﬂde_ bed
coupling nethod that enables cow assenbly to function as escri be
herein, sGERPYHOLRRioRYANGs 3te pefpdyersely supadier et rerlacsmegt C%ﬂa t ungst en
inert gas, TIG welding. Wien coupled within conbustor 30 by fasteners 58,
cow assenipkybdAIReH b EnthldRr lifn&nt“cblaeé}n&ft oRRETSs! st fRald A Hx?ﬂl _
regul ating the flow of conpressed ait to conmbustion chanber 36 sﬁ,own in
Fi gure 2) religblgevEre meibafls inodp o stefessofgemouingrdsteriogiglb wiretvorappeshuters senbl y
100 such that aone-pjiece ¢gow assenbly 100 .S re durabl e than cow
assenbly @90 et Eadlsdn B Son R 4nf FpReinf ol Sl MAE €odeBlet®Muuced 1o
cow assesiehiblyl ODhereblaCerné@ B aiigmblydfacliyfésreliadingsteessd3dAdueE to the
deteriorated W re-wap s are replaced using the nethods descri bed

ed cow 6 r h
herei n, c&ABlasemilyzenchrtbattbe psefieldife of therspmbusigr isgcilitatediodessrionded-et r of i t
process that il d i : i W L nying and
P epl act ng S ey 26 Bl 38 HOBIRN S AR Tl R RATD AL il MEINEAD 21
cowl is shampbdstoocdyds sullsteamvied hhd/replaced imi d arst-tffedtive and rediableithannenst al | ed
cow assenbly, aerodynam c performance and conbustor performance are not

adver sel y J npact ed the, replacement cow s. The abpve-.descri bed..canbust or
et b FABERER RGBT S g BETRP Rt e AFRIAIR JetPeh PiaREcTiNle

met hods | RBbwiia dekgl. STIRPSorfbust@EaiNd Repl4teinehi Qvala8sknWlies avd AdfBgitéfoer  and
inner cows fromthe conbustor, and replacing such cowws wth a one-piece

cow  assébsppcififrranbodinent® AaseribedhiFreits Suhintiers cammanents o epeuersFrBlYst r esses
i nduced _t?nayg; utiii2 1i egﬁegq%eﬁgy art e Parh 3R} 5D RS RbMboddntLdedbriddiShefirUST OF

is facilita to
Furthermore, each replacement method can also be used in combination with other

combustor components and replacement cowl assembly configurations. Moreover,
the methods described herein, are not limited to the specific combustor embodiments

described herein.

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.



As a result, nethods are provi ded which enable deteriorated w re-w apped
mul ti-piece conbustor cows to be renoved and replaced in a cost-effective
and reliable manner. Exenplary enbodi ments of conbustors and cow

repl acenent nethods are described above in detail. The conbustors and

repl acenent cowl assenblies are not limted to the specific enbodi nents
descri bed herein, but rather, conponents of each assenbly nay be utilized
i ndependerftlLAIM$d separately from ot her conponents descri bed herein

Furt hernore, each replacenent nmethod can al so be used in conbination with

ot her conbust g repl acenent cowl,.assenbly configurations.
Mor eover , riJ[')t he Ame %ggaé) Q‘E@é"‘i’ﬁ%@daﬁ’g’@?%%ﬁr %asnﬁljtrblflia mMeed ?odnqq%éog’s cific
conbust or ceiibastonendleding es eombasdoh¢ine and \WhiviR-f@ped)\ oM | BFenitils theen
described.in terns of various specific enbodinents, those skilled in the
art will rABdedsEiaRanes spw Mt anRuiecopk saidmefod CEPTHERS with nodi fi cation
within the spirit and scope of the clains. CLAIMS: 1. A nethod for

replacing a porchi gfR Wil Rpp&nIbRe %ﬁﬂm tfstredn Sfrorh OHRARLOT

i ncluding a qoﬁ%us or ?%%ér andea m??e-mmapﬁ% cogﬂﬁésgeng?g that includes
an i nner cpakinggabed to oenpds the dwler asdioetenevioth the wpmbssterglinerut t i ng t hr ough
the wire-wapped cow assenbly upstream from fastener openings used to

of the con aosena e fEbRlori el bumi R REPTRETE P ccenent Cow 1o

the portion of the existing cowm assenbly that is downstreamfromthe cut,
wher ei n t he repbagapentepbowhentrowl de thegpriicmef tharristiag cowbadseably that out er

annul ar portion, and.a pJurality of circunferentially-spaced radial
| i ganent s l%h?‘@?ﬁﬁeﬁ@‘ fropar ?38"3?/\@%?:".3"’2‘.}16,&6 FoRsat F?IW];‘E’G SR AR SN AT m 1,

wher ei N couatdnNdn ButPIMERIPBHiMOYhd al Slutlify eprcfr&ﬁﬂfefe‘mimge%@e}e& bidig cowl

assenbly that is downstreamfromthe cut conprises usin east one of
| aser wel digagenta extonding therebstwesnpl e t he repl acenent

2, A method in accordance with Claim 1, wherein coupling a replacement cowl
to the portion of the existing cowl assembly that is downstream from the cut
comprises using at least one of laser welding and brazing to couple the replacement

cowl to the existing cowl assembly.

3. A method in accordance with Claim 1 or 2, wherein coupling a replacement
cowl to the portion of the existing cowl assembly that is downstream from the cut
comprises selecting a number of circumferentially-spaced radial ligaments to facilitate

a pre-desired natural frequency during engine operations.

4. A method in accordance with any one of the preceding claims, wherein
coupling a replacement cowl to the portion of the existing cowl assembly that is
downstream from the cut comprises selecting a number of circumferentially-spaced

radial ligaments to facilitate reducing high cycle fatigue induced to the combustor.

5. A method in accordance with any one of the preceding claims, wherein
coupling a replacement cowl to the portion of the existing cowl assembly that is

downstream from the cut comprises spacing adjacent radial ligaments at a pre-desired



cowm to the existing cowl assenbly. 3. A nethod in accordance with Caiml
or 2, wherein coupling a replacenent cowl to the portion of the existing:
cow assenbly that is dowmstream fromthe cut conprises selecting a nunber
of circunferentially-spaced radial liganments to facilitate a pre-desired
natural frequency during engine operations. 4. A nethod in accordance with
any one of the preceding clains, wherein coupling a replacenent cow to
the porti dengt té lemallei att leay aewuchsweriblty b ddseitsd bedoweent ddjavenf radialt he cut
conprises, sel ecting a nunber of circunferentially-spaced radial |iganents
to facilit#®MSduci ng high cycle fatigue i nduced to the combustor. 5. A
nmet hod in accordance with any one of the preceding clainms, wherein
coupling @, repliagRiRatin 68rddnee Witd aR9bhe BN HRIprédR8ing tlaik NGh&SM cuttigendl y
that is downstreamfromthe cut conprises spacing adjacent radi al

| i gament s thipugh Peevirewranpead cowl asagnbly comprisgs atting theoaigh thmwirgwahppedzzl e to
be insert j rach al . 1] nts.. 6. . i ccaordance
wi th any gﬁgpgés‘éﬁ%‘l} %?@ggtggt:‘%lg ogﬁllgaﬂ%r?-v\b,\xﬁ r el 1§1°Srtc‘8 £ F%ﬁ)@lﬁiﬁ’l&laﬁnﬁs@r

Wi r e- w apped! agehblds ssidwibledigm deaontukior.ng t hrough the wire-w apped cow
assenbly such that all of the wire-wapped portion of the existing
conmbustor ., cow, assenpl.y is, renovable fromthe caonbustor. 7. A nmethod for
repl aci ng’a port i“b%h‘lr;'fbf‘é EfQ?c’cn@r‘l’)iH?Et“g‘nB?ﬁegaéoWgﬂg‘F (‘}P,glf"?h‘é’mtﬂ’é%ué’leor

i ncl udi Ng cBMERTBY SAPdihE e LodBEktG YWhéreaid AP REL- % APbe@ SRk ithatl NCI Udes
an inner cowm and an outer cow, said nethod conprising: uncoupling the
cowl assedtsilydes gp ineh eoeloandustavtericowbsaidonethpcheprhgrisiegsn an out er surface
and an inner surface of the outer cow, wherein the cut is forned upstream

froma plurality. plihgﬁee&% a9§%ﬁfﬂ}£§§ fiRL us) 'rglll;}i[n the outer cow for

. e{,.
coupling the outer-co to the conpbustor [liner, i ng between an outer
surface and an i nner surface of the inner cow

cutting between an oufer surface and an inner surface of the outer cowl,

wherein the cut is formed upstream from a plurality of fastener openings formed

within the outer cowl for coupling the outer cowl to the combustor liner;

cutting between an outer surface and an inner surface of the inner cowl
wherein the cut is formed upstream from a plurality of fastener openings formed

within the inner cowl for coupling the outer cowl to the combustor liner;

removing the portion of the cowl assembly that is upstream from the cuts

formed;

coupling a replacement cowl to the portion of the existing cowl assembly that
is downstream from the cuts formed, wherein the replacement cowl includes an inner
annular portion, an outer annular portion, and a plurality of circumferentially-spaced

radial ligaments extending therebetween; and
coupling the repaired cowl assembly to the combustor.

8. A method in accordance with Claim 7, wherein removing the portion of the
cowl assembly that is upstream from the cuts formed comprises removing the wire-

wrapped portion of the cowl assembly from the combustor.
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wherein the cut is fornmed upstreamfroma plurality of fastener openings
formed wthin the inner cowl for coupling the outer cow to the conbustor
liner; renoving the portion of the cow assenbly that is upstreamfromthe
cuts formed; coupling a replacenent cowm to the portion of the existing
cowm assenbly that is downstreamfromthe cuts formed, wherein the

repl acenment cowl includes an inner annular portion, an outer annul ar
portion, &d a Apmetlald inyacodrdancecwith €tleint ¥ alr |8y wiresie douplag ateplicgmernt s

ext endi ng t her ehet ween; d coupling.the r ired cow assenbly to the
conbust or .€°¥’ t%af‘?eﬂ%‘an Pﬁgﬁc‘?‘& ,f@gvlvqs%qm@z}p%ls; inVOH%tFe@f%%P i t he
portion Offoffl céritiised SHRPINY tﬁméplae%niéaﬂcb@ii%één%tt%he%ﬁst rE@vﬂ

conpri ses renoving the wire-- wapped portion of the' co assenbly fromthe
conmbust or assexdlyusing atdeasbene of aleses veddiog pricess ad aitmazingprogesswher ei n
coupling a replacement cow to the portion of the existing cow assenbly
that is d strge o f ri . coupl-i ng_the replacenent
cow asseﬁbwry t‘% l}éﬁg%aéc{&?c}]%ﬂé g’\}\ﬁh &éﬁgh%‘ﬁga’udgﬁeﬁémé:t% P ?Qreé) ﬂaé;e%lf fa I aser
wel di ng preowe ss thengsbridom b tengiPingced .asddbnblA thge tid dowhstraatC Hbshafhe euw t h
Claim7, or 9, wherein coupling a replacenent c¢ow to the portion of the
exi sting CORMREILCOTARTISEY CPRIng & 1 BXRESOW foothet qrdstingt ©owls asserably dbafpr i ses
coupl i ng 4% %M}gﬁ . t i.nel udes a
vari ably ?g{l%%%gag amhynlga%%‘te&cigrrn%ﬂl%fg(gntl al e@@%@%ﬁ%ﬁ%ﬂ%&%ﬁts to
facilitat dacilitpicer peslesizad mattralrfrdquencyqlveing\engine operatomyi ne oper ati ons.
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