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

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

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

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

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

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

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

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

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

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

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

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

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

cracking to develop within the panels.

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

l_FuIthexmore, when the fasteners are removed from the cowl and dome assembly, precise
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7 Decenber 2005 di nensional relations between the conponents may be altered
and as a result, special tooling nay be required during resassenb Thus,
repl acing a conbustor |iner including cooling nuggets naf%%cegl%er&é/as

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

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

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

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

conmbustor incl ud a.caonbusti on. zone. .t hat | fined b i r.and an
outer ITAY ?sﬁeﬁfﬁﬁ&vegﬁ%’ Elﬁetr%ll’s rf)‘rﬁlgF@gé%t% oq ﬁoglr?fgg°115g éc,grg %1315@1%? "“%gga s
and a pbMb@idr MnedfpandlgaRt nitREtoE Hatiig adjoattRbliorp2diR! BrmddBy ifichadd ioardr udes

the steps of cutting between an outer surface and an _inner surface of at
| east tiners) thadnnes and jouter dingsicaeh includinga sersseolmands apd atplualiypfaeaohingt he

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

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

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

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

mul ti nugget region, a nmulithole region, and an inner surface. The nultihole
r egi onn endtieddspeto v derigedgntibn oammethed fadititatis ggsibcing of @ portiondftahenimistood
includes the steps of cutting through at |east one of the |iner )

mul t i nliggyeyithingicantushiae epging sovaustor ﬂlﬂrﬁ%f&?usf@g msidey;a Gprabystignzons Batishe t he
at |ea o]y j . i ng
the at ooy 5 Bl 2 SREMEE DI WS pREDSr o SpE BE s s RT T
and wepglieliganidta plagdity oheugeets Tordeddyhaljac2iGianels. The method includes the steps of

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

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

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

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

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

In another aspect of the invention, a method is used to replace at least one deteriorated
combustor liner panel within a gas turbine engine combustor that includes an annular liner
~ including a multinugget region, a mulithole region, and an inner surface. The multihole region
extends downstream from the multinugget region, and the method includes the steps of cutting
through at least one of the liner multinugget region and the liner multihole region, downstream
from the the at least one deteriorated combustor liner panel to be replaced, removing the at

least one deteriorated combustor liner panel from the combustor, and welding at least one
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repl acenent panel to at | east one existing panel within the conbustor for
each deteriorated conbustor |iner panel renpoved. BRI EF D@i?%%%ﬁ(%b THE
DRAWNGS Figure 1 is schematic illustration of a gas turbin CERIhe! i gure
2 is a partial cross-sectional view of a conbustor assenbly that may be
used with the gas turbine engine shown in Figure 1; Figure 3 is an

enl arged view of a conbustor liner used with the conbustor shown in Figure
2 taken along area 3; 7 Decenber 2005 Figure 4 is an enlarged

cross- s EMIEHENt panehionpt least ne existing wand igdn temeondjustor donbacht daterirated

that ma | S turbine engine shown in Figure 1; and Figure
5is anxgﬁﬁg%%ggmgkéﬁﬂbggaﬁgf the conbustor |iner shown in Figure 4.

DETAI LED DESCRI PTION OF THE I NVENTION Figure 1 is a schematic illustration
of a gaBRIEF MESCRRTION AIOTHEDRAWINGS | ow pressure conpressor 12, a high
pressure conpressor 14, and a conbustor 16. Engine 10 also includes a high
pressurg. turpbine 18 ang a l.ow pressure turbine 20. Conpressor 12 and

t ur bi neglﬁma B SCE%B‘H}%@UW“&H PP‘?‘ £¢s Wrbipg engmne; and conpressor 14 and tur bi ne
18 are coupled by a second shaft 21. 1In one enbodi nent, gas turbine engine
10 is aF{gsfD2 abiBiaC GO RIcElidHal YiedV 6t 4 8htu i(fr%ggenﬁ?‘ﬂfa@hag!b%QIs% Grifhi h&T af t
Engi nes, Cncinnati, Ohio. In another enbodinent, gas turbine engine 10 is
a CF engasriurbensranging shbwy imBigitealol e from General Electric Aircraft Engines,
Cncinnati, Chio. In operation, air flows through | ow pressure conpressor

12 and ressed air is supplie from| ow pressure conpressor 12 tao, high
pressur g%n%}se%s%lrar %i w‘?’ﬁéﬁ 1iG m%;‘}“% ?é?g%g'ltﬁitﬁe anéb‘ﬁg%isgwf’é&‘ igure 2
conbust @kenlfongmeh Bow from conbustor 16 drives turbines 18 and 20 and exits
gas turbine engine 10 through a nozzle 24. Figure 2 is a partial
cross-sectional view of a combustor 30. Figure 3 is an enlarged view of a
portion of conbustor 30. Conbustor 30 may be used with gas turbine engine
10 shown in Figure 1, and includes a done assenbly 32. A fuel injector

(not shown) extends into done assenbly 32 and injects atom zed fuel

t hrough done assenbly 32 into a conbustion zone 36 of conbustor 30 to form
an air-fuel mxture that is ignited downstream of the fuel injector.
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Conbustion zone 36 is forned by annular, radially outer and radially ~ vy

i nner supporting nmenbers (not shown) and conbustor |iners 4@. nbz@%fr
liners 40 shield the outer and inner supporting nenbers f? T
generated wi thin conbustion zone 36 and includes an inner liner 42 and an
outer liner 44. Each liner 42 and 44 is annular and includes a nultinugget
region 46 and a nultihole region 48. Each nultinugget region 46 extends

from dongiguRssig AR ki | . | ti hol e r.egi on 48, Decenber
2005 Li maEaryos on sHarheq SRASSLARARY i BPGL allbhR Yehotert 3 = ombood 1Bt onds
f r om dorfbat masskaseq with thogasstrbiarnigmeahbwii bi FigufoEzh@ (not shown). Cuter
and inner liners 44 and 42 each include a plurality of panels 50 which

i ncl ude Il + f._st 52, each of which forma distinct portion of
conbust aREREds Aty gilargsd Bn Vot e combustorlwer shatarind3ewadn i nol ude a bol t
band 60 and 62, respectively, and a first panel 64 and 66, respectively.

Cut er bADETAHED POSERIPTION OFODHE IR¥R19ENar e positioned adjacent to done
assenbly 32 and extend downstream from done assenbly 32 to first panels 64

and 66, JL.especti velg‘.’?_nFi_rs ggr_lel s 64 and 66 are connected downstream from
bol t barld@™80 Safdc ,a%sltu@ tiqrerf 2 gmsctirking gogine b imdtdimnm loanplessue i S

nunmber eg¢ tyt t n nel 8 70 e .connegt ed
downst r oompresa 1254 hith priSthe OB pros SRR hE R ABestir R gimetne iSOl 52
i Ecl udﬁhsglpplwsarei fugbiné 18 padi ey i&lsaira adbing Zoegebmprefgﬁ?it @gﬁcﬁtu?lﬁne 20 are
t herethr Fast ener, 4 secure liners 42 and 44, bolt bands 60 and 62,
and a c Sﬁiﬂg‘%b e%ﬁ‘fsg Eha,;gzi 6‘“@ GARBPLESI0E r’rg ppd gubing4 8 jare-envplesk byra yseond shaf 21.
i ncl udefn ane embudinnt, | da38Hyr i [Wels f and an

o § RS A6 10,15 310P0 Shipfle SRR e, Bom

overhang, portion '@ 84. Conbustor |iner sur
assenbl &e k Bleckic Airgrafi Fagines: ZCiacin@uibQbivor In ianethes smbadienci @pdudideer i or

surface A[G s QNPRC { oget her .at vier han orti 84 and forma rear
faci ng Z%gr_é 86." % gﬁuérn%?rfetg 0 elé;farlﬂ’c%vgﬁ?[ﬁﬁ qf%'gt@?f@gﬂg@eﬁ%p%ﬁr%*@fé Epgingsent
conmbust ©mcpeat) Ghib0. Air cooling features 88 include openings 90 which
receive air therethrough froman air plenum (not shown) such that a thin
protectjy ve baundary,of air is formed between high tenperature conbustion
gases air?dg%egd s 8% rﬂQW’h&ﬁm% foxcaregare pomprsasidileandopampregisd 9dr iseupplied
convectfrve 160 Présstre RonREBOSI O iR Bfesd Lddrgal | Di.ngs, .90 ;ext end
through features 88 which are % orgﬂngdesi)e%%eﬁ&gﬁrggérﬁﬁephg@gyggyeﬁﬁgalr
radi al 1% dehveieditorqagrhuston d6t sAigflow Gromeebmbustor 16 drives turbines 18 and 20 and exits

gas turbine engine 10 through a nozzle 24.

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

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

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

~region 46 and a multihole region 48. Each multinugget region 46 extends from dome
assembly 32 downstream to each multihole region 48. |



by panels 50. Panels 50 are connected serially, such that each panel
downstream end 100 is connected to an upstreamend 102 ot7 n gﬁjaﬁﬁqg
downst ream panel - 50. Nuggets 92 are forned between adj acen Ne{sLalat d
panel s. respective downstream and upstream ends 100 and 102. Liner

mul ti nugget region 46 includes a plurality of nuggets 92. In the exenplary
enbodi nent, region 46 includes three nuggets 92. Liner nultihole region 48

i ncl udeg; | a1 2l § f-_openings not , shqg . -4 7 December 2005 A | ayer
110 of harbdt fid 4k RplRERelton L8 3¢ o Sbustif ot b6l s dipm Ao,
Ther mal astwenbly 32 dowisitdagi tof Auk IR ndRFNBE SVEDMDWREG anlliliR%: 15 BCHBH from

high te rature cqombystion gases. In an exenplary enbodi nment, thernma
barri er n‘é@‘a{’cﬂf?ﬁ‘&e-ﬁéﬁ%ﬁaﬂaﬂ of; panels pfavhishainclpde a\seri¢satf] stepl 5@ nedeh gif efidett form a

Industrid%ﬁnct\gmrpgf%ﬂ}@lﬁﬁﬁé}%getts. During operation, as atom zed fuel is
I njecting into conbustion zone 36 and ignited, heat is generated within

zone 36. Although air enters conbustion zone 36 through cooling features
88 and fQerdingr fhiand parer ot 42:cdoh inuhateya bblt bind 60 eRYGT,GeESE LY, lahd @' first
hi gh

surface ggi var i.ation i.n., exposu f caonbustor liner surfaces to hig

t enper aPr es@ rr%ri%f Fﬁ’dﬁ’é@ee{lﬁ@?’ﬂa utes {;@% g’é%‘f Oftad ipaerebalt band A2 ase pesitipredof

cont i nuediagxp e dérfle bSsetidbBf FRhNPIAGRISE BN omggps%hﬁ%@?z st ﬁegn% e
r y be renov

deteri orég'é@j. Deteriorated regi ons of conbustor [iIne d and
repl ace A% esrectialnoliist paads f4 bed 66 erecionneditat dovapstrear ifoal bylt bands 60

deterio ' o] ither liner, multin et region 46 and/or |iner
nul ti hoi{mf(:ag %5?%%&%%§a%eé$%ﬁ%vdgmﬁm apt gg 13, BhmBeree seqventialiys surbshit bed

her ei n. secéndapénedd 68 raat MOnad compicRe, dowsheds ﬁ%&gkék?e%ggs%agl g@eéﬂt&g?%t' o

conmbustor, l.iner _mul i nugget region 46 includes_at
panel 5@?lt ?Pa{?% (,ﬁlgn?@:ﬁ éﬁt ioglude p plusality i opemingsgF2 size Ut wreive rfestentBs 7d

renove M&b&ﬁé?}@tMteH@:@%%éﬂ I ) Ty ShePWNy LN Flaure 3,
the cut_is made radially tﬁro%é%@f%%?r?&ﬁ% Hgﬁﬁaﬁ‘?%@%@ggﬁﬁqﬁfmﬁgﬁe@@l as
i | | ust r fttedlomgiaspemnbld2120, such that the cut extends fromliner exterior
surface 82 to liner interior surface 80, and such that a portion 122 of

panel 0,.bging cut remains secyred within  conbustor 30.
Furt he%%‘ gagljtgﬁge&% %{}’?éo g}(c “ed,e?aggowﬁv% qr iSidice Y- A GHSHPEIFReG Binand an

deteri ?wat;mtig pantidrs 83.0 Oahbgtdreitlen Gatlacd 86 RRAES firbth WBMeRRsdnfifly BPEH R
separ at,e.det eri orafed, . . ‘

P turbiné nozzle. Combustor liner surface 80 and exterior surface 82 are connected together at

overhang portion 84 and form a rear facing edge 86. A plurality of air cooling features 88

separate adjacent combustor panels 50.

Air cooling features 88 include openings 90 which receive air therethrough from an air plenum
(not shown} such that a thin protective boundary of air is formed between high temperature
combustion gases and combustor liner surface 80. Furthermore, openings 90 permit
convective cooling of combustor liner 40. Specifically, openings 90 extend through features
88 which are formed between adjacent panels 50 and radially inward from nuggets 92 formed
by panels 50. Panels 50 are connected‘seriaﬂy, such that each panel downstream end 100 is
connected to an upstream end 102 of an adjacent downstream panel 50. Nuggets 92 are

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

Liner multinugget region 46 includes a plurality of nuggets 92. In the exemplary embodiment,

region 46 includes th;ee nuggets 92. Liner multihole region 48 includes a plurality of openings

(not shown).



panels 50 fromliner 40 for renoval. Alternatively, a second cut may then
be made upstream from deteriorated panels 50 being replaced, such t
deteriorated panels 50 are separated and rempvable from cﬁﬂﬁf@qﬁﬁﬁer

40. After deteriorated panels 50 are renoved from conbustor |iners 40,

repl acenent panels (not shown) may be installed into conbustor |iners 42
and/ or 44. The repl acenent panels are fornmed to include a nugget

configu identical to that portion of liner 40

ration at. i s supst.antially. ]
bei ng r é‘b?aé’%&i Pﬁ t‘b%“ﬁﬁ%%ﬁ W@Wﬂ,ﬂy it applgd on simbystor linasrsyrfaes 89.0lThemadlded
ring, Obagiet afukdriAlfurthdr HaR5ked ! . ki r 2005 The
r epl acemen!t panel is trhen vvgl ?IOe qsg(?(%ﬁlgg utg%gglﬁﬁ%nnhé h%’%ﬂ‘@ﬁ%?"ﬂ' ?Stlgﬂch
that t h&asefeplmeanexamplanetmbalimeits dhertral damieti aiating maatd BOcshRAbroldgRI NS
secur ed_w-t.hi n..combust or, .| iner and/ aor, 44. More specifically, a
domstrg%agie eOT#)&gI%jgﬂB ?Stﬂf’s’é’éﬁ‘@ﬂ&gt% achuselfst acenent panel is wel ded
to panel body portion 122 within conbustor 30. In one enbodinent, electron

beam EBuringlogengoh,sasuai@lize f5 G4l irfledth@ IhRNERIRIESH zRRMNR anil {ohidd t%&“f@““ or
30. In another enbodiment, tungsten inert gas, TIG welding I's used to
secur e EFRETated BithEzRng: 36p ahlthoughain enters e ron3@ne Fhdhwongh bosliigefeatomat i ng

mat eri a | . anel.. comhust of, | i ner.surface
B0, _andt oy arS R, ARPE boufihl PP SRE BhoB ARG ngP RS s sRGrRE s e
as engiexpos@re dfrindmisios linkraturfaoesbtoshigh tbhpeaturdy| hiyhiatieed @il hBsseb Mghudes
at | east ogesdjeteri oragegagaﬂel 50, a cut is nmde through conbustor |iner
40 to riSPel- a8 & fesiin PR ponimHed expesurayior bewnnal siressesa ovgr time, pansimSq magi gur e
3, the sdcheeertisndal cut is made radially through Iiner 40 and through a
panel body 104, as illustrated with line 120, such that the cut extends
fromliner exterior surface 82 to |liner surface 80, and such that panel
body destetiigyated zogiopyaf ermbsistonrtingr 4 trhaynbe memnysd end 8placEd nisingrih®nesthadse cut

' t h ' - f teri t ed. | s .50 bei
et aca el e Mot B el TR S RO Bges oeih 40

upst r eaulfor dined etvdtihale asgich Paneds bSPehevodganderpReS dsing IS kil Rscribed
deteriqrated rathglﬁ of nmujtihole region 48 is separated and renovable from
407"F

combust§F'i n Bl FESqrasee R Ling, P ¥ efname 180 sadientes; dhat cqoantwstor t liner
R R et E S P S I L
combus thgpuglp combustesinec dfrémtenpaealetarbyatbd paredst 3. | dfbre speificithlst howadGa |
one emppdi 8Nk Qi isltﬁz?d%tra(?lgﬁy %&ot?gh liner 40 and through a panel body 104, as illustrated
with line 120, such that the cut extends from liner exterior surface 82 to liner interior surface
80, and such that a portion 122 of panel body 104 of panel 50 being cut remains secured within
combustor 30. Furthermore, the cut is extended through liner 40 downstream from
deteriorated panels 50 being replaced. Fasteners 74 may be loosened to separate deteriorated
panels 50 from liner 40 for removal. Alternatively, a second cut may then be made upstream
from deteriorated panels 50 being replaced, such that deteriorated panels 50 are separated and

removable from combustor liner 40.

After deteriorated panels 50 are removed from combustor liners 40, replacement panels (not
shown) may be installed into combustor linets 42 and/or 44. The replacement panels are
formed to include a nugget configuration that is substantially identical to that portion of liner
40 being replaced. In one embodiment, at least one of a forging, roll welded ring, or a casting

is used as a replacement panel.



forging, roll welded ring, a cas ting, or a sheet netal panel is

manuf actured and used as a replacenent panel. The nultiho regi o
openings may be forned after the replacenent panel is attzaffgfagbelrzo%e
enbodi ment, the openings are forned with a | aser process. |In another
enbodi nent, the openings are forned using an el ectron di scharge machi ni ng,
EDM process. In yet another enbodinent, the newy fornmed openi ngs may be
si zed diff.e tl reduced,, or e-npositioned, to facilitate inproving
cool i ng lf)% %eg’%ﬁ%f’lgrp%f isTfhen, E’B{dﬁ‘ée‘ﬁ’é’nfo'ﬁ%ﬁ@lf Iingr (Ao And(er dddsuch that the

exi st i ngeplacephendPaiddd weRIRItH inSEEMHE Gakdrtdp S it

speci fi gal |y, a downstream side (not gg)hown) tg?ta&g{ogg#' %:?ﬁr,{eﬁ&w}ﬂe\{%cg%lg%?ﬁ
panel i J08Bdeand{Qs 44andMonsowpcifioalty, andaesteirn hiide Goothahetva) 0BGy body 6N ehe

enbodi -6 cenber, 2005 beam , welding is used to secure

t he regﬁéakg%cr‘r:gdr??l?g;gfr?\égl Iswwgﬁ?% 8 oRAnsL P9y pyrtiom, lgﬁcﬁ“\i{\@:‘ coétg%‘éﬁ’irn@ﬂt Intenegst en

i nert gasybodin@nt,veleationgbeat, BRI WeldiBGY iBed BEsdBR! ﬁféefEFIHce aiGlandf Lhhid
plie

combust or_30. T%er I Bgrri er material may then be ap on re%)q acenent

panel cGRBUEYEEY| ﬂ%’é’t" emkedingnt, tmnsten deertigase TG weldingl is nsrdstoacane #rl aced
usi ng t RehiamRhaath A ) : | .s 30.are refurned to service
usi ng ah?epl acefrjr%ntep‘g{rﬂl(ljlggygrsnh}tﬁ f]tgf[ %'a@?%ggéagé&icﬁ‘%?%@&m?&tﬁ"ﬁ% frrea ri son

t o renoeiirplanstenapnaloiontbustot liner snefiits 8, anid fasterdrsT449 thenye iipRicH®. €, because
the replacenent panels are fornmed to be substantially identical to
erformance and_comnbust or

i qi ' | |'s 50 dynan
ot Por ot AR E B Sheh e B B AR ol Fapbistan e Mool BeioRTur ¢ 4
i's an einchidgeat ledsosse dRaidraea pand 89, Q&ut%gdéﬁdﬁggicxﬁltbgﬁgpﬁﬁ&%% Pefmo%g

I nner &c,rrbust r liner 140-that may be used wt as rbine engine
(shown THCESTRGH Paasls Sfti gdMere spegifically, enskavgeih Bigare ¥ thw oiumriniial out i ner

140. Lipgle ' -antdnal | (mlar to |i s .40 (shown in Figures 2
and 3) ade M SSHAPHAS doftnhh £ Bind oty L Ss ifirscO SRR oSy

i ncl udetbatithe sbersends flommbnerteixatriok BOMfARBS (G HHEH sBFfabd 8 fanll sG] th&ﬂ%na%d?“
annul ar orgﬁ';’t iél i ner %not shown) that is formed substantially simlarfy to
i nner  1R9REP 19 remaipspecpredavithin sombastor, 3 s Furtharmoss, iths custis guisndied hsmghhi ch
i ncl uddir@r gOrdo®ms@éans HRRS d : ' dishinct portion of
combustor |iner 140. Panel ﬁ%rgégf%nggmgﬁgf egrérg%cgl fxyé.e%%’rhd]ng%t a%%‘P“ %ﬁo

i ncl udd8ade whin wakiholeamgondt® and mpstrepanrbm deteriorated panels 50 being replaced,

such that a deteriorated portion of multihole region 48 is separated and removable from

combustor liner 40. Fasteners 74 may then be loosened to separate the deteriorated portion

and multinugget region 46 from liner 40 for removal.

After deteriorated portions of multihole region 48 are removed from combustor 30, a
replacement panel may be installed into combustor 30. In one embodiment, at least one of a
forging, roll welded ring, a casting, or a sheet metal papel is manufactured and used as a
replacement panel. The multihole region openings may be formed after the replacement panel
is attached. In one embodiment, the openings are formed with a laser ﬁrocess'. In another
embodiment, the openings are formed using an electron discharge machining, EDM, process.
| In yet another embodiment, the newly formed openings may be sized differently, reduced, or

re-positioned, to facilitate improving cooling of combustor 30,

The replacement panel is then welded to an existing panel 50 that remains secured within
combustor 30. More specifically, a downstream side (not shown) of a body of the replacement

panel is welded to panel body portion 122 within combustor 30. In one embodiment, electron
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164. Inner bolt band 160 is coupled to a done assenbly (not shown) and

extends downstream fromthe donme assenbly to first panels Eﬁ4.lfié§%3pane

164 and panel s 150 are connected downstream from bolt banfHPYEEPEL t hat

each adj acent downstream panel 150 is nunbered sequentially. Accordingly,

a second panel 168 is connected downstreamfromfirst panel 164, and a

third panel 170 is connected downstream from second panel 168. Bolt band
eni ngs 172 sized to receive fasteners 74

160 i d | lit f
(s hovvln nucir’néjﬁ‘-ﬁ‘e ?ﬁﬁ%ﬁﬁr@aﬁ% “Xeélgteég g the fﬁ%‘@%@'ﬁ wanel it rembygend).yIn Gather
conbust oempaligknt] fhgktes |iﬁ8i'€§as?’[‘ﬁ?,@él§ih§r8is4 hée@gtro sobhich Qﬁﬁelrei)ﬁagem&q p%ién%le% h

surface 182, and an overhang portion ) nmbust or er surfa
ext ends $mHsioné0ddmermaal herrisi ynatarial ey thenr bei applind 22 Irepladenrehtisiner cdrMetor

surface 1}%8 @Me%t erior surface 182 are connected together at -7 7
Decenber § overhang portion 184 and forma rear facing edge 186. A
plurality of air cooling features 188 separate adjacent conbustor panels

150. Ai r Beause detericestedilings 3@Sreplacddugingathp métild debcMedaRedh M8mbhA0MY ﬁ%
In

receive air therethrough froman air plenum (not shown) such that a-
protecti¥V R dgviFe deing;areplacamanhpgoess thas &eilitatey improvpd savings én camparisonon
gases angd re@ i T i n 90 are kno as, dilution
openi ngs andaggg rgﬁ% nlf)ﬂel%&m{ége%ﬁ{rlé %@?ﬁb@sﬁ%l&n@g%oggr&%ené? eé(rillec(‘)arus% frERiaceraent; o
faci | it dwgels grocfongedfio bosbbsaritiatly ddentisal vib topiginallenstaitdolisdnls. 50! BerbBPnamic
exenpl ag;éffﬁﬂggn%rregt enings, 190 are substantially circular.

Speci fi FAlTY Ars8 Hd, BYBPUSIE GPerrgrss agnefnadversely dmpackeb by dhe deplaesmenim
end 202,panglsl a body 204 extendi ng therebetween. Panels 150 are connected,
such that each panel downstream end 202 is connected to an upstream end
200 of gn adjacent downstream panel 150. Nuggets 192 are forned between
adj acent"@fniedt 88 PUHeErd ressestiondle viesowhi A eliematind embodiernt efidm 282rand

200. Nu F .1 S uggets. ..In the. exenplary.
enbod mooros g1 G0 R A% U Gl oS kB S ol (ot wrigR S Figure
enbodi mérit an anlaeged iplaof vitwerfrepmbbsor i 148t €l 140N9bulshawmly simidPR] jifds on

conbust i ner .suyr.face 180 nd enhances the thermal protection of
combust gp (:Stlmn‘gf‘ uétﬁlg?ffﬁ 7 708 3g’r?}ilf;’fe i gitalledpwithings coahwsios nefnshyaads . The

Det er i ocahbwhtdreiptgss AfcosMubius i thhh flclkk aHF%IaP 08 LERLASEd

using the ngthods described her eri n. Iﬁif'C a ?i eldre S?E@glegﬁgflg%?gsaﬂ%ﬁﬁaﬁs

engi ne 9Wer lpgdi(Roishewnhthat is dpimesisubstinitially similarly to inner liner 140. Inner liner 140
includes a plurality of panels 150 which include a series .of steps 152, each of which form a

distinct portion of combustor liner 140.

Panels 150 are connected serially. Inner liner 140 includes a bolt band 160 and a first panel
164. Inner bolt band 160 is coupled to a dome assembly (not shown) and extends downstream
from the dome assembly to first panels 164. First panel 164 and panels 150 are connected
downstream from bolt band 160, such that each adjacent downstream panel 150 is numbered
sequentially. Accordingly, a second panel 168 is connected downstream from first paﬁei 164,
and a third panel 170 is connected downstream from second panel 168. Bolt band 160
includes a plurality of openings 172 sized to receive fasteners 74 (shown in Figure 2) for

securing liner 140 to the dome assembly.

Each combustor panel 150 includes a combustor liner surface 180, an exterior surface 182, and
an overhang portion 184. Combustor liner surface 180 extends from the dome assembly to the

| turbine nozzle. Combustor liner surface 180 and exterior surface 182 are connected to gether at



140 includes at |east one deteriorated panel 150, a cut is nade

circunferentially through conbustor liner 140 to renove d riora
panel s 150. More specifically, as shown in Figure 4, the 2#ﬁ%ﬂﬁ$%?§ﬂ%ia
cut is made radially through Iiner 140 and through a nugget 192, as
illustrated with Iine 220, such that the cut extends fromliner exterior
surface 182 to liner surface 180. In one enbodi nent, the cut is nade.

bet ween | a fourth panel,  222. Fyrthernore, the cut is
ext endedcwt% Hﬁagﬁ 3 ﬁﬂﬁnnljeg rz%ggg%%eéf faecérfﬁo ?‘fgﬁrhséegbé?]l"@ﬁ‘&f %’i‘ﬂb‘é?ﬂ!lng fegursail B3

r epl acedep@htcerdjadedtevinbusibgenpignsoons |iner 140 are renoved fromthe
conbustor, a replacenent panel (not shown) may-be installed into conbustor
| i ner 140. Inl.ong%enboﬁ%gtnﬁnt, at |east one of a forging, roll welded ring,
a castinyf GPLE LBes fnk welude daluralithahopeningsr K9 whigh sessiveamr gherethrough
repl acefmi: aRansll ggﬁﬁgg ak ement nel 1s then wel ded
into conbustor HﬁJI er:]nél;}g 5“31’6 su hﬁém%gP?ﬁ%ﬁi’g%?%@gcr?gﬁ?&%gﬁ%‘r 15 %’@8@5?@8%

wi t hi n ‘bighetcnpatatire cpmbudion gases aid taabisyor lief ottt 1 8ANDEAENEII0 £ERKEIT O

t he repl ent panel i | ded to an existing panel 150 such that a nugget
102 1 5 Forluleh lties and reiSndbitueem e Seine XD satsepr asbee 152 nscilitate
enbodi neiikingedfewinitoBtidte pabes Fhin 8! Qhibstol S 15 HSS ; r epl acement
panel Wié,bgi r% cohqnbus_tor . inser 140. In anott"FeEn H%ﬂ%&@?@ig%ﬁ%gﬁeo TREY t
gas, TI &V A& svnfiglyeemlaro Specifically, teach ppichd Stemtludzamalupsirédnh rnd Qoobaist or

i 1 ' Ler,i hep b | | t

panel  LommetfeaEd A L oI o Stentii iheenet mabl o6 Srrorpnesiod snel

r epl acethehteactepicd dosvnstosin ehd @02 iy &onnsttdll @by vpgldaPh&i 20018 nagieﬁdg%nt
ustor

i ncl ude th%ste s of r?\g‘%éi ng deteriorated panels fromthe co
liner, SULH angl50, Nyegets d 99 arecoamerhetween adincentehmnicted palarespretite
panel s. ddvwinPREmEIHIAHHEIM endsdRHEL e I re renoved by .cuttin

't hrough the body oﬂshe_ pglrllel, e‘{dg%r@tb'l g&:‘%ﬁ%tﬁzpaﬂn@o&naqsempﬁ%ﬂomﬁgg “to
i nto t hie the Aisemplary dnthedimentdingr 146 idcludea sixaiupgels 182.pr ovi ded which enabl es

deteriorated conbustor |iner panels to be renoved and replaced in a
t he invention has_heen descri bed

cost lhegt ep A chSLATBL TRRRSI il Solle B ey e

r ecogni combuisttr linke sirface 1180 0 dCé@thaheesih EdrmBlpMitdclion e b ih6akh OfndM L4, t he
spirit 180 from high temperature combustion gases. |

Deteriorated regions of combustor liner 140 may be removed and replaced using the methods
described herein. If a field returned engine, such as engine 10, indicates that combustor liner
140 includes at least one deteriorated panel 150, a cut is made circumferentially through
combustor liner 140 to remove deteriorated panels 150. More specifically, as shown in Figure
4, the circumferential cut is made radially through liner 140 and through a nugget 192, as
illustrated with line 220, such that the cut extends from liner exterior surface 182 to liner
surface 180. In one embodiment, the cut is made between third panel 170 and a fourth panel
22 Furthermore, the cut is extended througl_l liner 140 downstream from deteriorated panels

50 being replaced.

After deteriorated portions liner 140 are removed from the combustor, a replacement panel
(not shown) may be installed into combustor liner 140. In one embodiment, at least one of a
forging, roll welded ring, a casting, or a sheet metal panel is manufactured and used as a

replacement panel.



and scope of the clains. 7 Decenber 2005 PARTS LIST 82 84 86 88 90 92

100 102 104 110 120 122 140 150 Gas Turbine Engi ne+ w Pr.es e
Conpressor High Pressure Conpressor Combustor Hi gh Pressuﬁgcmhcﬁ?we‘; Low

Pressure Turbi ne Second Shaft First S_haft Nozzl e Conbustor Dome
Assenbly Conbustion Zone Conbustor Liners

The replacement panel is then welded into combustor liner 140, such that the replacement
panel is secured within the combustor. More specifically, a downstream end (not shown) of
the replacement panel is welded to an existing panel 150 such that a nugget 192 is formed
between the replacement panel and panel 150, In one embodiment, electron beam, EB,
welding .is -used to secure the replacement panel within combustor liner 140. In another
embodiment, tungsten inert gas, TIG, welding is used to secure the replacement panel within
combustor liner 140. Thermal barrier material may then be applied on replacement panel

combustor liner surface 180.

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

reliable manner.

While the invention has been described in terms of various specific embodiments, those skilled
in the art will recognize that the invention can be practiced with modification within the spirit

and scope of the claims.
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Features Air Cooling Features Openings Nuggets Panel Downstream End Panel
Upstream End Panel Body Layer Line/Cut Panel Body Portion Inner

Combust g/ grtd'PsT

10 Gas Turbine Engine

12 Low Pressure Compressor

14 High Pressure Compressor
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70 ' Second Panel
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74 Fasteners

78 Cowl Assembly
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188 190 192 200 202 204 220 222 Steps Bolt Band F,} st Pan 0
Second Panel Third Panel Openings Conbustor Liner Surfac ec%‘feé%o%

Surface Overhang Portion

152 Steps
160 N Bolt Band
164 First Panel -
168 Second Panel
170 : Third Panel
172 Openings
180 Combustor Liner Surface
182 Exterior Surface
184 . Overhang Portion
186 ' Rear Facing Edge
188 Air Cooling Features
190 Openings
192 Nugget
200 Panel Upstream End
202 : Panel Downstream End
204 Body
220 Cut/Line
222 Fourth Panel
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Rear Facing Edge Air Cooling Features Openings Nugget Panel Upstream End
Panel Downstream End Body Cut/Line Fourth Panel 7 Decenbﬁﬁ 2005 éﬁélws:

1. A nethod for replacing a gas turbine engine conbustor I %Fmgﬁh . the
conbustor having a conbustion zone fornmed by inner and outer liners, the

I nner and outer liners each including a series of panels and a plurality
of cooling features, the cooling features fornmed by overhangi ng portions
of the inner and outer |iner panels, the cooling features between adjacent
panel s, C&AIMSYet hod conprising the steps of: renoving at |east one panel
fromthe conmbustor; and installing at | east one replacenent panel into the

conbust or e series,of panels ar rranged.in sfeps relative to
one ano h%?ﬁle?lgoc{ lﬁgh?é%b%q%asgt%@ eoeom C\RF%H&BI] @?Wi‘?ﬁv&’?&cw “ %rcli‘fwﬁ%l
i ncl udesorabiustips oA REaTby hineflMUNGiEaES Bk inddiGnd oBREYinSé e8imdthding 2
t her ebetween, said step of renoving at | east one panel further conprising

the stejsris @fupanaky apdde alpplithcdueseliag featurss, dhee qoalved foususesf foomedirbyout er

i
;
|
J
2ccor aegact B RREn: P o DR oS 6 Gulys RS e R Kot B rumatecst ;
|
i

replaceﬂamh,ﬁﬁmﬂkﬂbﬂh&hpﬁﬁﬁgﬁwm&%e%ﬁthe step of welding a body of each
repl acenent panel to a panel body secured within the conbustor. 4. A

met hod i n accordance vvitq claim 3 wherein_ said step of welding a body

f ur t her™mRyHSAt a8t ang gaagl fonpthegembystas; andast one of an EB wel di ng process
and a TI G wel ding process to secure the replacenent panel within the
CombuStktalimg aﬁléﬁtﬁgggﬂl&eﬁfe&? gg‘fyp fifto Yhd QonfRoPsden¥AG! Bk Ve SR FABYE are

i ncl udes an I'nner surface an n

arranged in steps relative to one another,

2. A method in accordance with claim 1, wherein each panel includes an upstream end, a

downstream end, and a body extending therebetween, said step of removing at least one panel
further comprising the step of cutting radially through at least one panel body from an outer

surface of the panel to an inner surface of the panel.

3. A method in accordance with claim.1 wherein said step of installing at least one
replacement panel further comprises the step of welding a body of each replacement panel to a

panel body secured within the combustor.

4. A method in accordance with claim 3 wherein said step of welding a body further

comprises the step of using at least one of an EB welding process and a TIG welding process

to secure the replacement panel within the combustor.

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

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

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

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

-12-



outer surface, said nethod further conprising the step of applying thernal
barrier coating material to the inner surface of each rep+ cemi)nt2 qasnel
attached within the combustor. 6. A nethod for replacing a’ p6fTth a
conbustor liner within a gas turbine engine conbustor, the conbustor

havi ng a conbustion zone forned by an inner and outer liner, the. inner and
outer liners each including a series of panels and a plurality of nuggets,
the nuggets formed by adjacent panels, said nmethod conprising the steps
of : - 12 cpitpEdetvissn apoowsr swfack aed dreinnercmriace ofiat &sastomeflmeepanet an i nner
surface of at |east one liner panel; renoving at |east one panel adjacent
an area . I : ipnstalli repl.acenment panel into the
corrbust5%?%H§%H&F%§énéé¥cnﬁl%ding{jpaﬁlea%%avéeﬂﬁ?ﬁ% Cﬁkgm?conbustor. 7. A nethod in
accordance with claim6 wherein said step of cutting between an outer

sur f ace imstedlingan répiaceament phieet énth Uhé kemboRenio Gpkct RecS bak] Rmewdt fisd thBr ough
a panel downstreamfroma nugget. 8 A nethod in accordance with claim®6
wher ei n® ig’lgﬁt%’t ep of cutting between an outer surface and an inner surface
further conprises the step of cutting through a panel body. 9. A nethod in
accor dancg nYdiioa i ' N 8l ' [ . ' r panel
furt hernclgrrpri sélghﬁ?feaag% ep o éll\jﬂvle ﬁ?%gﬁtgggﬁgb%%%&g}#&%%%ﬁ'?e{ezg%é%ti ve
exi st i ngn penee |syriacee futhed coripiisen thd step @ffvustingr throligh sApared ldodnitreagc omdance
with claim9 wherein said step of welding each repl acenent panel further
conpri sB%&he step of welding a body of each repl acement panel to
respective panel bodies of existing panels secured within the conbustor.
L1 A Bt Rodkthdl idGeasanesyit dRnt Mntich Ll YOEbE ERTRE bkt L Gudi GRpal
applying thermal barrier coating material to the 1nher surface of each
r epl acefshan ipagrepriace frthercomiprisesthe bep of ostbugs thooughkZpandl eefiyhod f or

repl acing at | east one deteriorated conbustor |iner panel within a gas

t ur bi ne ' 0, includin n_annular |iner .including a
il 11 o SRR e v P 8 o S Sen dr Al p r e mippanel
mul ti hofuethese garariseX tHed thiep &f MR f leBEHTTdplREMbACpR] 1 PUdpaslve kiREhS Panddi d
nmet hod conprising the steps of: -

secured within the combustor.

10. A method in accordance with claim 9 wherein said step of welding each replacement panel

further comprises the step of welding a body of each replacement panel to respective panel

bodies of existing panels secured within the combustor.

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

combustor.

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

region, said method comprising the steps of:

13-



7 Decenber 2005 cutting through at | east one of the liner nultinugget
region and the liner nultihole region downstreamfromth t | eas e
RS Sl

deteriorated conbustor |iner panel to be replaced; renoving

one deteriorated conbustor liner panel fromthe conbustor; and wel di ng at

| east one replacenment panel to at |east one existing panel within the
conbustor for each deteriorated conbustor |iner panel renoved. 13. A

met hod in accordance with claim 12 wherein said step of welding at | east
one rephiafhrough ahdeast one pthecliney miytisugget regiepansf thedliney multihalagtgione of -

|.di d wel, di h I
pancl 1 GgaifbaBl 8GR e 30 Mt B AR TR e IR R GRS 1A rot o

in accordance with claim13 wherein each panel includes an upstreamend, a

downst r eanvengltheanitast one dytefidiated GonBuitbelhsh hne Fdm Hi8cémBigst: ahd cutting
t hrough at | east one of the liner nultinugget region and the Iiner
mul ti hol e(ﬁggi on further conprises the step of . cutting through a panel

p . .
body wi tEIding Alepst sas replacemeniqgael tp afleast onesxistingpanebwithin the combusierioni  h
claim 1@a%&i&at&?&hlﬁﬁ%'lin&%b&%ﬁlo§§1UpSt reamend, a downstream end,
e en, sai

and a body extendi ng therebet step of cutting through at | east
one of the liner nultinugget region and the liner nultihole region further
conpri sé3. phemethadpimficcordanté ngitht kladugh? avlpeeiel sabbdiep veft teldiighat [1éasebne

mul tihole,reqgion. 16. A nethad ip accordance with claim 14 furt her

conpri sf?&cfﬁgn@l“beﬁ heg SOMPFIFs tBT’\ Stepenf usingratileast pug ef sy EB; weldmg nracess

sur f acea@f 2 T8G Rvdl@Rg BRRERD s%?@éacﬁ@éﬁ%rﬂeﬂ% Banteht% éﬁgﬁfpééﬁéé[’ﬁ/e existing panel

within the combustor.

14. A method in accordance with claim 13 wherein each panel includes an upstream end, a
downstream end, and a body extending therebetween, said step of cutting through at least one
of the liner multinugget region and the liner multihole region further comprises the step of

cutting through a panel body within the liner multinugget region.

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

cutting through a panel body within the liner multihole region.

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

barrier material to the inner surface of each replacement panel welded into the combustor.
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