OUTER AND | NNER COAL- W RE WRAP TO ONE PI ECE COAL CONVERSI ON  BACKGROUND OF
THE I NVENTION 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 with a fuel and channeled to a combustor
wherein the m xture biﬂﬁﬂ{ ed within a conbustion chanber for generating
hot combustion gases INER GAWHr WSRO WRAR TO ONE| ude a dome
assenbly, a cowl assenbly, apﬂujgegﬁﬁ gg Nt he combustion gases to a
turbine, which extracts energy fron1t e co on 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 done assenbly with the cowl assenbly, and extend downstream
fromthe gQu %ﬁﬁﬁby | conmbusti on chanber. At |east sone
known cow assgﬁb I es are d@ggéﬁgssenblles that include an inner and
an outer cowl . Because the |nner and outer cows are coupled to the liners,
each comﬂhmayn@nn@mbphnxqﬁmﬁmﬂyﬂ@hgmaaﬁbuﬁtﬁQ§&§&mam&okibmﬁkﬁﬁMysﬁdesses

i nduced fro ust or ddition, either cow may be subjected to

di fferent “?Epf E%rsrep 8‘ﬁ‘gt°ﬂ’élbu§ff’ﬁ erpaaels upqd Witk g9 turkineengingie, conti nued

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

and |im t At tebius @hpiinelihél@ddshe e&@pressR ff)@%bﬁqbfe@él %%ﬁd&éﬁfcﬂgs tigeLWics s Of

stresses tLUé:gt may be induced to the cowl assenblies | east some known
t wo- pi-ecelUsband glavapls tea CPWbPﬂ@IléWheIwnrféevmamg@d 1gm¢ﬂdtwrblnmmndlmtleach cowl

is?*formed i e there Mor e, specifi.ca t he
coul 11 tetnil ok eBnéthuide ot SRR BRI PAC R MPS kndPE SRR i 1 o
However , nlmludnga dpmleaassﬁmbl&, b hoomiTedssamislRbLAD lifBy BCeHannslethvaRmbuigor oW

body and th conti nued o?eratl on with the thermal m smatch

may caus®® {%‘f]g ?:HKP‘“FOWBW%%‘H&?‘:? 6ReTEY &gt therronbiustions sass foraroveeriggphe s
created beimgessornss vdé'llrz% Arodudiflf SN woaB prbpdi kO hiverhR3H Migni B kpduced

to the cow s, the gap ma
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 assenﬂblies 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 cowl 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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-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
nmet hods for two-piece cowl assenblies include renoving the deteriorated
inner and/or outer cow and replacing the deteriorated cow with

repl acenent cl udes the wre:- ed porti on .However, pecause
the cow P S%gﬁ%ﬁ ?/)V{'l @%‘g]fﬂ fsh the, Wite§ whic zﬂ’(gr HRE TBBhESHE duARP9Le Ak t en t he
entire cQeRusa@bn 6¥Jﬁfe tR8-plcs asSLaRLaHlyf @hn@mtra% ﬁ@t‘%dstfar% bR nJ{)
Furthermore, when the fasteners are rénoved fromthe cow asSenbly and done

assenbly asvnéxiﬁes m@idmnmpmglth@* detatipratest ihatrneadfor ther cowpankrpkicmgyhde

altered ecial. tooli e requ1red dur,in

re- assenb%angrf'ﬁ%s COV Igic' F@aca?n}fﬂ 9% \}vrtglgtpél?f}ﬁé‘g\% rﬁé"rﬁppteflnﬁg%@ﬂsum ng
and expe mﬁjwarenrbee@fss th@%ﬁam\f hpiktitto Iﬂ%/ﬁﬁélflam the dene AsaEEly, a

met hod for Bl acing a portion of a _gas turbine engine conmbustor is

pr ovi ded0 che b cembpsier genss be é’@ﬁﬂﬁa@b@ﬁl fqrrmﬂleam:@th to bfélwlwéed cow
assenbl Y {ftAlmldiC! WGP A AAOEE a&%enmdag bR' oS ﬁeﬁ;'ag TRa "R
rough the co ps ream rom

conpri ses cuttlngi W Ie-Wwrappe asse

f ast ener asqamblym peeciss eldnémmnaloﬂlahmst steemrthé caﬂﬁomutseﬁaycmwl&rddwﬂdhfe a
conbust or ner in ortion of the cowl  assenbl y fromthe

conbust ofesuhnap‘??%ﬁf’ g"ayet% FrouHeth tduEBg) re@gseniily- pbhusi 65plaing BeWirgxi st i ng

cow ass%f%ﬁédtcb@zlnﬂa?b@'QYYﬂx%tc{o‘ﬁﬁfHuBégﬂaE nS proligrei n the repl acenent cow

i ncl udes an i nner annul ar portion, "an odter ahnular portion, and a
plurality of circunferentially-spaced radial |iganments extending

t her ebet WRGAF SOMRIATEY OM EHRSNOENTRORVI des a nethod for replacing a portion
of a gas turbine engine conbustor, the conbustor including a conbustor

liner and a wire-w apped cow assenbly that includes an inner cow and an
out er coW ong asptciret method dnprapkicmg a portoosupl arggs turhine aanginessartisiorfis om t he
rface and an inner, surface of

conbust or I Ccutting bet n an _outer
he out P bl Thic famy on andiies & eGhiiod eer SR f ruir aBmdaRPby of
fast ener agseﬁimhngﬁt frerudesl avirindt Bowt HR1 & REr &RV ThOMARMRIhRisk8utfils er cow
to the conbustor |iner;
ough 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 anmular portion, an outer annular portion, and a plurality of

circumferentially-spaced radial ligaments extending therebetween.

An alternate aspect provides a method for replacing a portion of a gas turbine engine
combustor, the combustor including a combustor liner and a wire-wrapped cowl
- assembly that includes an inner cowl and an outer cowl, said method comprising:

¢ uncoupling the cowl assembly from the combustor liner;

e cutting between an outer 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;

o 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;
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cutting between an outer surface and an inner surface of the inner cow
wherein the cut is fornmed upstreamfroma plurality of fastener openings
formed within the inner cowm for coupling the outer cow to the conbustor
liner; 2 renoving the portion of the cowl assenbly that is upstreamfrom
the cuts forned; coupling a replacenent cow to the portion of the
existing cow assenbly that is downstreamfromthe cuts fornmed, wherein

the repl aceyreRtm&aMé tﬂe%ﬁﬂﬂﬁ%tﬁ@co&l%@ém@i@@h‘%t%uﬂ%@r@é. PFom AR QUL er annul ar
portion, and a plurality of <circunferentially-spaced radial 1iganents

ext endi ng t hefebetdieen; and coupling the repaired cow assenbly to the
conmbustor. |In anqther aspect, a pethod for replacing a porti f .a
deteri or at €d ngqmggsrgﬁ%%;ne ?Wﬁ% tEe Qg’gmfl_l?lf ﬁferf‘éﬂséﬁl?g icﬂ_%(P%%ﬁ’E‘gg’ttg?t s
provi ded. Thedg@hardaRl RERILOM FRAREWhtein tHE IpRREMBR oW icIftshace, an
outer surface, and a wire-wapped portion. The nethod conprises cutting

subst anti al | ynngdaeiular poriam gih outieeantedasmionican, end ¢ pluralggo€nbly  bet ween t he
outer and inn surfaces of the teriorated cow ., assenbly, renoving the
Wi r e- wr apped g%?'ﬁl}i%ﬁenglfﬁ)('ﬁ%mﬁ%f%ﬁ%é%ﬁgfégﬁ“&éf%%ﬁ%w?ﬂé@és upst r eam
fromthe cut ceglRpdedrehiicQlUaiwtabeneMo dee8ABlLMor.and coupling a

repl acement cow onto the conbustor to replace the portion of the

deteri OITE_';]ed ow asserrbl){l renmoved fromthe conbustor, wherein the
repl acenBhfQBe aspel adustoadh for rplacinghal partigo of iaodeteriatad comd asspnely annul ar

portion GhAal, LSys : j L g 1:h S t i nner
Port i on. "HEE 5 SORAT F e RIS ERIG R JHECREEorh 8y iy DAY
i |l ust r aincbrlepfanangassurfiscd)i ameowagsurtice Fugl n evize-ivsapped giottical. Theoasthséct i onal
vi ew of an exenplary known combustor that y, be used with the t ur bi ne
engi ne SHORRLT B oo bstapgly dagialy Hreydledbe dbisrismaied o drselily
combust opetgleihd Butki S Binér AhckI6F Wl BlleRorated cowl assembly, removing the
wire-wrapped portion of the deteriorated cowl assembly that is upstream from the cut
extended through the cowl assembly, and coupling a replacement cowl onto the
combustor to replace the portion of the deteriorated cowl assembly removed from the

combustor, wherein the replacement cowl includes an inner annular portion and an
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cow assenbly repaired in accordance with the nethods descri bed herein;
Figure 4 is a forward | ooking aft view of the cow assenbly shown in Figure
3; and Figure 5is a partial aft |ooking forward view of a portion of the
cowm assenbly shown in Figure 4. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Figure 1 is a schematic illustration of a gas turbine engine 10 including a
| ow pressure conpressor 12, a high pressure conpressor 14, and a combust or
16. Engi n@v® aanylgr pemtion dbiasds aubstghtiablyesacertrié withiragediBoans aanllSWnREESSUT €
turbine 2Q,, €onpressor 12 and turbine 20 are coupled by a first shaft 22,
and conpressor 14 and turbine 18 are coupled by a second shaft 21. In one
enbodi nent, gas turbine engine 10 is an LM 6000 engi ne commercially

avai | abl e BRIGK CBRERMTIENOFITRE AR AVAINGENgi nes, G ncinnati, Chio. In
anot her enbodi ment, gas turbine engine 10 is a CF engine commercially
availablefﬁronHGEq&éal.EL ctric Aircraft Engines, Cncinnati, Chio. In
operation, @iy ¥ HFHF&EEHaP@%PE?é@%@ﬂ@neemﬁn@ssor 12 and conpressed air
is supplied fromlow pressure conpressor 12 to high pressure conpressor

14. The [Fighty isaRfes sadsabdtidnal Yol or.16. Airflow from
conbustor, 16 dri_vcraﬁgﬂtur bi _?les 18 aﬂﬁwz%ﬁélﬁ%(eg%lﬁ%ﬁ’htcﬁ?éﬁuﬁtgrgf%iﬁﬁ’é{ 10
through aPRysed withthe gasgubineeniginesshpmmtindigwre 0ss- sect i onal vi ew of an

exenpl ary known conbustor 30. Conmbustor 30 may be used with gas turbine
engi ne 10pghew i 0 fi -3 i ncludes._a done. assenbly 32, A fuel
i nj ect or (n%c?? shown dsgelg‘%cglﬁéasl \?n s f&%%ﬁomggsg‘gr%PVnég%%e Srﬁ“@d’t’éu@%ﬁi zed

fuel t hr ocgil hsereblysepaitelyin 3 orddrRe aviBPMRYSI AR dedQibed 3bretef i ned within
cofrtbustor 30 to forman air-fuel mixture that is ignited downstream of the

fuel inj egd regonb sti %n ane 36.is formed by annular, radially outer and
radially 1 f [ RSE S 1gure|3; s 40.
' NpiavEtlgokingafiaiey of ie andasemibieisheovmindiigurel 3 nod

Conmbustor liners 40 shield the outer' and inner supporting nenbers fromthe

heat geneFipusds W 4 parflalGc@RYRin ; ' n i iner 42
and an oulln%:g{lrien4er bddfga Li ngggg%grvgﬁg%ﬁﬁggg irfjgredOlacdftﬂﬁlée&waI sk BBy shb

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 Aircrafi 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
highty 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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conbusti on zone 36. Conbustion zone 36 extends from done assenbly 32
downstreamto a turbine nozzle (not shown). Quter liner 44 and inner |iner
42 are each coupled to done assenbly 32 by a plurality of
circunferentially-spaced fasteners 58. A cow assenbly 60 is al so coupl ed
to donme assenbly 32 by fasteners 58. Specifically, cow assenbly 60

I ncl udes an outer cow 62 and an inner cow 64 that each include a

pl ural i ty i8¢ludes euddrae exssinabllyy32s pak efficb pRjebiog (6 shdMONbASTIsOftS Hoahd

t hrough c nd. 64. adj acent respective trailing edge 70 and 72 of

each cow Q%ge?nkglﬁcﬁ& ]I‘:%\ec?ﬂJ B@Fﬁeﬂgt\“@éﬁ%‘ idome assemblyedd/imiama cembastidnye

fastener S5®ne e dbfiicdl hithin CoMbEstEL 38" Rfme ¥ SRFRMP Sk a{tq?idogcgl 23 of
cente )

assenbl y 212 and are aerodynam cally contoured towards a
an ai r/ f udtovpstesm o€ thenfyelineetasoupl ed to done assenbly 32. Specifically, a
| eadi ng edge 76 and 78 of each respective cow 62 and 64 define a

general | y Gy ' i n.conpr.essed air, is dgirected )
t her et hr ough tosg/g?ggﬁ%%@ u@?lp %%%’%“gf %ﬁfywﬂg gﬂé@é‘ﬂﬁlﬁ%ﬁ“@&ﬂﬁlﬂ eadi ng

edge 76 aPRMEs (motrsbbivejand combubtatlinensd. DRhibuslol Yindrs AdNHicdd BRMNdGuUOUS
- solid Cm%n@'ii%riergo' l}i\i’re 90 fa%itat es danpi ng vibrations induced to
cowm s 62 an T YEPPTREpenhes Jrom dhevhsategengrateds withire cembustion zove 36
conpr essorndiinclnacoan libau ARG MR4nd bERBGHED A GHARLIH BRI LUrbatlons in
neled i nto conbustoriGd’

t he i npi ngleqrrl‘g conpressed air flow chan ¥he air
fl ow cont UHER goBR Hnd Cambustidmambual 36/idxteids offomndymbeassadbBed2i nt 0

T et R ¢ e

opeérating conditions may ca

tor si onal efahi @ipledab dbatecssdmbly 3dsachIRRIAPEF HARA nd 64
to 4 facilitate danping vibrational stregysaes I n ugeg ?gd%%\%ﬂgdggéﬁ% y 60.
However , 8 er tinme, continued exposure to such stresses nay cause

‘Wi re-danped or wire-wapped cows 62 and 64 to wear such that a gap is
contact "t hesugh ¢ "o, Sl A" SR s "B BRSS) bl S
fricti onaPpseibieally, abwkagembiyd6@ etchudes atdutaoval 2a@Nsh Gther 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 generally 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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Fiigure 3 is a cross-sectional view of conmbustor 30 including a cow
assenbly 100 repaired and/or retrofitted in accordance with the nethods
described herein. Figure 4 is a forward |ooking aft view of cowl assenbly
100. Figure 5 is a partial aft |ooking forward view of a portion of cow
assenbly 100 taken along area 5-5 (shown in Figure 4). Cowl assenbly 100
I ncl udes a portion 102 of cow assenbly 60 (shown in Figure 2) and

i ncl udes dacibjateadenping viratiodd) 4tresse¥indRd] i =R c dy
coupl ed, 33 desc&i b%d in nore derl?ail 1?oel ow, (t:%ﬂg%%mfrﬂg@é@ﬁbﬁ%%égt?%eg 102,
such that "ROCRTHFISROSS 10pdich shssses omycembe wirstinipedparvirowrdgpad Cowl

104 i ncl udew1aer r i . a n i nner_annul ar rtion 112

that are substanti gf@ﬁg%n%g%?%t% égé%#ogg‘eagﬁﬁeaﬂl V@B‘?/\?&ﬁ‘kcr%o‘ﬁliﬁgé‘%@endi ng

t hrough c Maxpsspriiifigall Gontiovdd @antdct ﬂﬁ&uglﬂ@ne?’aﬁlbki&l:@[ &uﬂ?&%ﬁd _ 'ﬁlﬁﬂ) c a'ﬂLY
plurality of radial nmenbers

S
cont our ed i o..central. .com axis 114.
or Iigamer?LEl gk@[fo%grflg frgﬁpg R Bre 0 apd dstesiorpte powuls 62owmd 6804. Mor e
specifically, liganments 120 extend between outer and inner annul ar

portions Figiransdis klerossséttional viewPbtscthbistoroo i Wg:{:r?ﬁg%g%%n&@gﬁbb ned

bet ween out er qzimd i nner annul ar portions 110 an
ci r cunt er AT EYd/gpTetrobiied in gesrsdanse with, theawthadadiestribeddrremt Fikag: 4 S

vari abl | Z eStwhid - i.onal, .ar e, that facilitates
provi di xg%agpr e- de%?ggga%ffyﬁgtﬁﬂfgq%lsagg%mY 1?@ ?b%re P03 2313 a8ilpoking es cowl
assenbl y fowasheratafngoationopeavideseitly 160! aRah Hodk afdao5Y ioWnlil #oure
facil itat%g cBy vsentioglg owluassenbly 100 fromfarling in high cycle
fati gue. Noré %’E%C?T”P a“ﬁ&/‘,nc PHaRerIon 08 08 cawb assembly 6@ hewnédFegung hi gh
cycle fatRpuad (HHdesSt 18l CERIT 0L OMow1 L0 ; Skl arl, c‘?‘ﬁg?mgpeni ng

0

124 is sized with a pre-determ ned cross-sectional *areal Nabl es
each openfHplerz as desaribediin encre detdishelometof aoall aseaahle pofesn SHTQWHN that

therethro ) i p the exenplary enbodi nent, cowl 104 incl udes
fifteen %&gﬁ%}%@?gﬁ%‘%‘%ﬁg’&le@‘)@ﬁéﬁr%}@gpq@gp 182-yrthermore, it should be
understood that radial Iiganments 120 and openings 124 are sized and

conf i gur effowl 164 inehples tin batcp atiule f&fios 210 S&LLY tarfdr BERIAESIHiGH 1 72 fd OW

are substantially concentric about a central cowl axis 114 extending through cowl
assembly 100. Cowl portions 110 and 112 are aerodynamically 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 circomferentially adjacent ligaments 120,

Each radial ligament 120 is variably sized to have a cross-sectional area Agy 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 reccive at least one fuel nozzle (not shown)

therethrough. For example, in the exemplary embodiment, cowl 104 includes fifteen
circumferentially-spaced openings 124.



t her et hrough during engi ne operations. Mre specifically, in the exenplary
enbodi nent, liganent area Ate, and opening area Ao are interrel ated such
that a ratio ARL /Ao between |iganent area Ate, and opening area Ao isS
bet weeen approximately 2 and 7. In addition, in the exenplary enbodi nent,
openings 124 are also sized with a pre- determ ned radial height H and are
rounded at each circunferential end 130. More specifically, each end 130

is formed Rurﬁllﬂrmo:pr #-shedld rbm'lﬂﬂdrst(ﬁﬂi that RBdial 'ﬁ &H@nt? gr ?Sem gpfﬂi

ratio HR eoml da helght Hto the nd |us r

bet ween appt 8x ‘é‘ﬁ@g"‘? M ZT@Pe%ﬁq ﬂ@}?hop@lpattw @melwsaqtremme@ﬂ 'imﬂbwl s

i nj ecti ng thérb®ir Wstih®Ne <9 S ge erated within
zone 36. Covvl s 62 and 6 (s ovvn ) glgure 801 %B’se’dltg esmla¥sor
di schar ge embofitasn, hgamept aieapagiand dpeniianséd S, B iteRBkdOARN RattGitio

I mpi ngi ng r_flow channe|led into conmbustor 30. As the air flow
contacts Aﬁ&% %%@? glg%%emrf’éﬁ%éﬁ% 3¢ ORSIERG A Aonmbetwecsmanpreximiateln 2 c owl
assenbly @fBd 7More specifically, vibration resulting fromthese nornal
operating conditions may cause high cycle fatigue of cows 62 and 64. A

t or si onal frh%ly onal force jnduced between wre 90 (shown in Figure 2) and
cowl s 62 HhadgHoRm the exemplage epibedinerts epaninpal 124sdre aﬂmemémmwpfeo cowl

assenbly @&terthipg ¥&J [ asur e. st resses may
cause wire- garrpe orlalvml%f{ V\I/rrlgggeaég?%dggége CIEAY SrCRB%lr ‘E{] Mpge a gap

may for m sRecifesalyastack e@d13his formbdwiiR aametd@t@mma eadiReR! fh ﬁ?e' éx>émp139§? ntinued

contact t en cow _assenbly 60 and wre may
fricti onaﬁﬁg&gﬁ-‘&p\ﬁ Igggggﬁa‘ﬁe Pgeingadiabheighilite tepensading. R Beplefﬂra:hlm ed

regi ons obetmafﬁ)upﬁr@mnm&zggdw be renoved and replaced using the nethods
descri bed herein. Mre specifically, the deteriorated w re-wapped portion
of cowl ﬁ é be renoved and repl aced using the nethods descri bed herein.
If a fieldpR Pﬂ?rﬁB@Insé\ﬁgit‘ﬁélzeétf@ﬁ iagnjertyigniatal Combustibs @bss 36hall igeindayst or

cut (111 uner S EReR R 28n 2o EhRE: O Sifnbhown s Bleoue b ssnpsede  and &
simlar cenmpgressoustischived Bow 1md h’ﬁyFH:eg%ﬁacted 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 returned 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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-6 2) is made through inner coww 64 to enable deteriorated portions of
outer and inner cowls 62 and 64, respectively, specifically, wre-wapped
portions of cows 62 and 64, to be renoved from conbustor 30. More
specifically, as shown in Figure 2, each cut 150 and 152 extends radially
t hrough each respective cow 62 and 64 between an exterior surface 156 and
158 to an _interior surface 160 and 162 of each respective cow 62 and 64.

Accor di ngl4} s fnsls thesugh iimreatcow] 6drtbi emabloodeterythtcd DoRntts O oiay %?QEE&
renoved, QQﬁ‘l B 3&I®) YL tipon 102 1 ins. In one enbodi ment, fasteners 58
are | ooseneB ¥ T om cov es%g%év ’ﬁp%ﬁﬁcaiﬁwwmaggcbmlynseﬁ cowly dranvd@4,f r om
conbust or t@be pemoved o Wombh&Br 309 M&R sBEl; LB, acenent .cow 104
is then cqs Iea L% cowl assenbly 60 £0 g(lﬁlfr}]g%%p\magg‘goswensgll gmf%.ea?%?

speci fi cal @ edepiscndialy dhwiugh seachirieypctiye aowh 6D uhar64CB&tlebmMGnj Oi Nt
170 is foegRHoPebMERERN nd .cow assenb portion 102, and cow 104
ext ends upst ream f romw\cég%d %gésléoa JUSHOF iSBﬁg‘ngO Fﬁ‘f{ &H% of saRdureseertivec owl

104 is c6el 68 and @owAcomsamghy), ywiner 8éteRorkBA Wi r i ocess.
I n anot heBeenerrépﬁ)diggnt cow. 104 s coup(l)rec_i tl\(j‘)EB égnv?g@@n%W‘g(??ﬁagfﬁ 102
with a brazing “pFf é‘él.asﬁqmw}éi’o’émtmfe@m@dilnme,end)odimehquaa';tsmwtﬁal ed to

cowl assesntel Yooeridd Gom 8% USL SL |.e coupl. ng, et hod t enabl es
cowl assenmbly 100 to function églg()l?(rj]%()s’c#ﬂllci)g&gwﬁe?sé?rﬁ?lysg%ﬁs JS“‘B‘&?J]%I“I imited
to el ect r GHOPEAeR 30prénrig cutadd0and @52 baingferhed. gas, TI G wel di ng. Wen

coupl ed within conbustor 30 by fasteners 58, cowl assenbly 100 perforns the

function Rép] I i ' and, requl at.ing the flow of conpressed air to
combustion & ?:éha ércxyg l?gﬁ%)\k/\%gi cﬁuﬂe&fgec%}.asli%]g?iéﬂ, t0cf@m_1 cowd agsemtilyles
st r uct ur al00s uMioos specificaltgwhaas@apldto L8R %k'sceﬂlbtlyhﬁéé, Al Hiniaf (\?ﬁpﬁ@‘éﬁoﬁﬁseml y

100 is Mo dur.abl ﬁ ]tghan cow . assenbly 60. Furthernore, coO
facilitated Fefiae gPLVreEs sewl [1Adanddcew! esssmblypertivnl 1021 Gdwedwie 104

Fepl aced et g e ok Lo HIBRRRRF 457, % B rubdidios cabd 108dtr ned ¢ o
servi ce fSURldator epwhesseably pettionf 102 RiC @SRséMdklding 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



facilitates inproved savings in conparison to renoving and replacing entire
cow assenblies. Furthernore, because the replacenent cow is shaped to be
substantially -7 simlar to the originally installed cow assenbly,
aerodynam c performance and conbustor perfornmance are not adversely

i npacted by the replacenent cow s. The above-descri bed conmbustor |iner

repl acenment nethod is cost-effective and highly reliable. The nethods

i nclude t M8 the arigiealiyninstidicdr corlatadmbly, Cact6EPRRA: PekBFmarBthidnner

cows fro r,..and replacing such coms with a one-piece cow
assenbl y. rE'(Iz e%?tg’g\gg'ﬁérlgnce S{S‘Vﬂ‘)tﬁggeéﬁ%}’g”?%‘?q bt the seplacstneat eapvlst r esses

i nduced to the cow assenbly, such that the useful |life of the conbustor

(s faci| i (leabovadeeribed eotbstor Wierdepiasidne niERId0IRo 8! ArlOY hilPHaHfy Ch
enabl e det “b?r a.ghed Wi re-v,vrap(ged mul t'i - pi ece combustor cow s to Be-renoved
and repl al8¥%h Lhepethods apclude e staps ofirérabviog deterierated Fivermahpped outer
enbodi mentagd @ines @HRUS repl acement thods.are described above
in detail. The corrbus%%??hggﬁnpg#%gg%ﬁm&wucﬁ@é” P onesPIfch CO%lni t ed
to the spé¥mbly Ehoowplaventest ceslcassdnbly Fedikiates rbdifcid@dth8Sos iARRE EBE{E%S of

t

each asse be ytiljzed i endent|y and separately from other
conponent gpﬁggsggﬁégds ‘g’r@?{ﬁe “ﬁ?ﬁfﬁ%’?ﬁfﬁ%?"@h@ﬁ%@ acibatadhio bestendedan al so
be used i Wscawrhilt)aidthedswiré Proidt@rwhicR Bhibs i ire: [ efsacement
cowl asserrblg conf i“guratiogs. Nbr eover . %ﬁéetm?ret Egggl?%gg%ﬂ)%gﬂ%ﬂe&n, are
not |i nit EYMPBSIRIHOEpELPe remaysdisnd replacediivd comrifectidesal fchighle hemaim. Wil e
the invention has been described in terns of various specific enbodi nents,

t hose skiE i i nize,that the invention can be_practiced
W ot gkl biBoBientt Jf ol BRRP SR rshlem eHianchay e dogrioes v

1. A net hahpvedn detapll abhacombiptors ia@d réflackn@as cbwl Qgs@iﬁbﬁ&%@%\%ﬂﬁﬁ&afn?r, the
conbustorthi 0 onbuystor liner and a w re-w apped co assenbl y

clpsicng, a; ¢ -
that ‘i ncl udes “ARCISHPOFmen descrled hersin, dut saihgr, cemponantt bibeachamsgmitdy ng:
may be utilized independently and separately from other components described herein.

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.



cutting through the wre-wapped cowm assenbly upstream from fastener

openi ngs used to couple the inner and outer cows to the conbustor |iner;
renoving a portion of the cow assenbly fromthe conbustor; and coupling a
repl acenent cow to the portion of the existing cow assenbly that is
downst r eamdipgm t he cut, wherein the replacenment cow includes an inner
annul ar portion, an outer annular portion, and a plurality of
circunferentially- spaced radial |iganments extending therebetween. 2. A

met hod i ny. aGRehEaRsGeephdifg ‘é'p%HIBn]of‘éf‘b%fsEibﬂ?olr%oéfﬁ'ide%n?onfol?ltﬁ@%ﬁﬁ'ﬁhstﬁpv"l to

the portion of the existing cowl assenbly that downst ream fronf't he" cut
conpr i sednclydingg cg{nbpgarslﬂne@,q@d @fW'F%WéﬁppﬁéICQWh@GSQﬁ@IYdhafzmﬁ'ng&)alctﬁlﬂpl e the

repl acemejivl §9an bitet B&w, Said Bt E&H}éns senbly. 3. A nmethod in accordance
with claim1 wherein coupling a repl acerrent cowm to the portion of the

exi sting cow oaastmgnihhwghhﬂu‘e Wired@upsSsd eam beg&mwmrﬁuéamomw fetenesel ecting
a nunber of circunfere {9al I ﬁeﬁgaced radi al F%ﬂvﬁaments to facilitate a pre-

desi red nat ur APEPEFHYE & KT ARd Be dHsthe gomRugier iRsd: i n

accordance with claim1 wherein coupling a replacement cowm to the portion
of the existingmoung agodmmylf¢he tewl asserdblyionT thamwombastohehdut conpri ses
sel ecting a nunber of circunferentially-spaced radial |iganments

tolfiacilitat eoupthaca Rglaci@ht 66 thapbiiss of MAUSRENG Qomé‘ss%ﬁim%hpr 5. A
-method in accordance with claim]1l wherein coupling a replacenent cow to

the portion & “PHESHERMSYPRJNE Sk “ﬁ?ﬁ%ﬂﬂ?%/retpf?&?mie@t @%ﬂ%‘i‘lﬁ@&nﬁ‘ﬁ iNBAT t he cut

conprises  spamhiigr peitias st otitdflaAhulhd SRHIBNzhdad prRrdhfLodasubfdeh@agt h to
enabl e at | east one fugbigq nozzle to be inserted between adj acent Tadi al

liganents. 9 6P3%EfRRLIPAMENR BYRAHRE BefFReWesai m 1 wherei n cutting t hrough
the wire-wapped cow assenbly conprises cutting through the w re-w apped
cow assenbly such that all of the wire-wapped portion of the existing

conmbustor cowl assenbly is renovable fromthe conbustor.
2. A method in accordance with claim 1 wherein coupling a replacement cowl to

the portion of the existing cowl assembly that is downstream fromthe*¢ut comprises
using at least one of laser welding and brazing to couple the reptacement cowl to the
existing cowl assembly.

3. 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
selecting a number of circumferentially-spaced radial ligaments to facilltate a pre-
desire_d natural frequency during engine operations.

4. A method in accordance with claim 1 wherein coupling a replasement cowl to

' the portion of the existing cowl assembly that is downstream from:thezcut comprises

selecting a number of circumferentially-spaced radial ligaments to-fagilitate reducing
high cycle fatigue induced to the combustor.

‘5. 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
spacing adjacent radial ligaments at a pre-desired length to enable at least one fuel

| nozzle to be inserted between adjacent radial ligaments.
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7. A nethod for replacing a portion of a gas turbine engine conbustor, the
conbustor including a conbustor liner and a wire-wapped cow assenbly that
i ncl udes an inner cow and an outer cowl, said nethod conprising:

uncoupling the cow assenbly fromthe conbustor liner; cutting between an

outer surfaca Aadogh ééﬁﬁarﬁtlﬂwﬁcﬁ?iﬁ’h %@re%&@cﬁni&%usgh tﬁg%it%hﬂrﬁnpﬁd cut is
formed upstreamfroma plurality of fastener opehing ornme In the
out er coviioW aFsergRlp FPMBrisasculingdhrasigtithe wire maarnseinesd @ssemblnepch thatit t i ng

bet ween ad) AWeERire Wi p%'?l%na&tﬁé‘@{ﬁﬁtriri{gdcn% RleotlSsdnil is%%vas@efei n

the cut is formed upstreamfroma p ality o% fast ener openi ngs or med
Wit hin t HEEM HiSiomsmiors or coupling the outer cowl to the combustor liner;
renoving the portion of the cow assenbly that is upstreamfromthe cuts
formed; coupling a replacenment cowm to the portion of the existing cow -,
assenbly tHatA "i'%h%\f\?fsferpéﬁﬁﬁg‘ BoReitipR LA gasolurhite epaBEetombustor dd acenent

cow i ncldapistoRrNnddIfg 2 RBMLAStoPHhE! AR Qmi%%gé@%wrasegﬁgiyomat and a

plurality of circunferentially-spaced radia ment s extendrng

t her ebet VRGeS intes o ARd Bp eutes pawvly said mesthochensaprising: t o t he conbustor. 8.
A nmethod in accord ncg witt] claig17 wherein renoving the portion of the
cowl  assenbl VNERURING dhe cowlassembly diom the combystoplingid conpri ses renoving t he
Wi re- wapped portion of the cowl assenbly fromthe conbustor. 9. A nethod
i n accor dante ouiting kdteeen anwhidersufasuphd ag ianereplriece nafnthe caér tawl, t he

portion of the,exListh0q ¢Q .forgr?ét%ﬁﬂyétr%afrgﬂ%mi 3 g%)rai té{g g%%@rgp%rﬁ}ﬁ%sgm S

formed -10 conprises coup%Ml n € Tepl acenent™ co

exi sting cow ferssshwityin thsiauteratowl dars toupliag de auteasew! Wweltik kgmpustoess and a
brazi ng procegger-10. A nethod in accordance with claim8 wherein coupling a
repl acenent cowl 'to

+ 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

e 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 up_stream from the cuts formed comprises removing the wire-
wrapped portion of the cowl assembly from the combustor.

9. A method in accordance with claim 8 wherein coupling a replacement cowl to
the portion of the existing cowl assembly that is downstream from the cuts formed
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the portion of the existing cow assenbly that is downstreamfromthe cuts
formed conprises coupling a replacenent cow to the existing cow assenbly
that includes a variably selected anmount of circunferentially-spaced
radial liganents to facilitate a pre-desired natural frequency during

engi e ORSIAisSY Soudihy e TEPBEENEN GRALIARGS WD SlAMBuAELEhy coupl i ng

a replacenent cowm to  the portion of the existing co asse at is
downst r ediNS Fieashene gt 2 leser walgingdsegask a8d adwesing Apcass-epl acenent cowl to
the existing cow assenbly to facilitate reducing high cycle fatigue

i nduced to the conbustor. 12. A nethod in accordance with claim8 further
conpri si ng PnSdPeinag Imacqosdance gy claimed whsEH souning adisrlssemenicandte ned

bet ween afp @ordh &Fithe eiisBhE BbivPhdtntRaaRt id adidreakd Hf\ﬂﬁﬂé SutslBrméy Met hod
for repl aci nH%iég%gort_l on of a deteriorated cow assenb thin a gas

W
t ur bi ne 941 PHRYag grreplaprmericom &@?@disﬁ'@ﬁwoﬁlﬁé%‘%v thaldnelddes@ an i nner

sur f ace, vaaab|9we%rct&uémaﬁr&,ofaéh@u@aféeéﬁt%jly\fs?&&%draa%ﬁ lib&Rente 3b FadibdRod
ing substantially radially through™the deteriorated cow

conpri si ng: c,g%} _ 2 ]
assenbl y BeUREEsT ntial Geauancy AWingengineseparalions. of the deteriorated cowl
assenbly; renoving the wre-wapped portion of the deteriorated cow

assenbl y ”ﬁt is upstreamfromthe cut extended through the cow assenbly;
and coupl i géé“?taf)‘ﬁ)é'b%ma”é‘%\m‘thcﬁ‘ﬂ'@ § weewhneruming atrgPlaspmaRtecamhEo porti on
of the dré @bitiohatrakk eqislingesMMenbBNLE ddviBiels FORRHE Bs foh&d ei n the

repl acenent cow includes an inner annular portion and an outer annul ar

" portion t39APFES Sowing it reRiacemenh Cant fq thapxistindecoyd cassemblynie faiitatear i nner

portion. rdduciny iigh bdle fatigas FRILEENEAhEACERLGS,. M 13 wherein the conbustor
al so i.ncludes a liner extending downstreamfromthe cow assenbly, said

met hod further conprising -11 uncoupling the deteriorated cow fromthe
conbustor hy Aen@NédG: &colRmeéd witRlaimaSiLPNEF cdMpisitgindeRflg (a0 Iceetphe t he

cow assefnqlry to.the liner. ! _ ) , .
uel nozzle into an opening defined between adjacent circumferentially-spaced radial
ligaments.

13. A method for replacing a portion of a deteriorated cowl assembly within a gas
turbine engine combustor, the deteriorated cowl assembly including an inner surface,
an outer surface, and a wire-wrapped portion, said method comprising:

e 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 cow! assembly that is
upstream from the cut extended through the cowl assembly; and

» coupling a replacement cowl onto the combustor to replace the portion of the
deteriorated cowl assembly removed from the combustor, wherein the
replacement cow! includes an inner annular portion and an outer annular
portion that is substantially concentric with respect to the annular inner
portion,

14. A method in accordance with claim 13 wherein the combustor also includes a
liner extending downstream from the cowl assembly, said method further comprising
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15. A method in accordance with claim 14 wherein coupling a replacenent
cow onto the conbustor to replace the portion of the deteriorated cow
assenbly renoved fromthe conbustor conprises: using a |laser welding
process to couple the replacenent cowl to the existing cow assenbly; and
coupling S 0 e S e t t e
fastener. JH&S%QH% the éégml)rﬁtetgcg%\@dfarﬁ@?ﬂ \%’lm %cﬂ-ﬁb"}ét& Bﬁjél\l/n\,ﬂ garg I%%%p r?éqng a

r epl acemdnstepasthat '%H%%ﬁ orreuplerthe sewrassemblyde thedinehe portion of the
deteriorated cow assenbly renmoved fromthe conbustor conprises: brazing
the replacenent cow to the existing cowl assenbly;-,and coupling the cow
assenbl y t d5t AdnelBas irs eesordaneer withs pialn 4¢ whetein doupling ase@a@ment rewl A net hod
in aCCOfdﬁﬁ@ﬁeWﬂoH’buﬁio@'tdﬂebﬂac%ﬁé Eé@oﬁgf"ﬂﬂ AL R tER LARISIE V\Fﬁqbg é)dﬂ'to the
conbustor to repl ace portion of the deteriorated co y renmoved
fromthe @Ghﬁﬁsqombuﬁlﬂ’?ﬁ@m%ﬁ?nprl ses coupling a replacement cow onto the
conbustor that includes a plurality of circunferentially-spaced -radial
ligaments &xt“SHi HFSEEYRE QrH%eﬁsﬁHé:P”ﬁ'ﬁdh%EﬁFéﬁ'ce&?ﬁmlca‘M todhe iexisting 18. A
met hod i n accapdaasmily;Anal ai m 17 wherein coupling a replacenment cow

onto the conmbustor that includes a plurality of circunferentiall y spaced

combustor (o PayiepeEM SEaR G e Bt ihSF T aCES Rl st ne

operations. 19. A nethod in accordance with claim 17 wherein coupling a
replacement cowl onto the combustor that includes a plurality of

ci r cunf er ellfi Almetha ir agcardaricg| with tlgiand A tveherein tdeeplingoapenlaeesnand gpwl ng t he
repl acenmgpty t@u@‘@on{bgsﬂbh?o %E%H?ﬁé)ﬁoﬁi%oﬁc A€ detelBlfted ESWMHsR8mMBY FEmEYS ©

fatigue induced to the co
from the combustor comprises:

« brazing the replacement cowl to the existing cowl assembly:sand

« coupling the cowl assembly to the combustor liner using at leastrené*fastener.

17. A method in accordance with claim 14 wherein coupling a“replacement cowl
onto the combustor to replace the portion of the deteriorated cowl assembly removed
from the combustor further comprises coupling a replacement. cowl onto the
combustor that includes a plurality of circumferentially-spaced «radial ligaments
extending between the inner and outer annular portions.

18. A method in accordance with claim 17 wherein coupling a-replacement cowl
onto the combustor that includes a plurality of circumferentially-spaced radial
ligaments further comprises coupling the replacement cowl to the .combustor to
facilitate a pre-desired natural frequency during engine operations.

19. A method in accordance with claim 17 wherein coupling a replacement cowl
onto the combustor that includes a plurality of circumferentially-spaced radial
ligaments further comprises coupllng the replacement cowl to the combustor to
facilitate reducing high cycle fatigue induced to the combustor.
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