METHODS FOR REPLACI NG A PORTI ON OF A COVBUSTOR DOVE ASSEMBLY FI ELD OF THE

| NVENTI ON This invention relates generally to gas turbine engines, and nore
particularly, to nethods for replacing a portion of a combustor done
assenbl y. BACKGROUND OF THE | NVENTI ON A turbine engine includes a
conpressor for conpressing air which is mxed wwth a fuel and channeled to

a conbustor wherein t ' re |1 s_Lgni i.thin a conmbustion chanber for
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conpressor, as well as producing useful work to propel an aircraft in
flight or HIBLDMHEJN‘EQHII@EW as an electrical generator. The liners are
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plate) with a fuel and air swirl chanber that extends forward, or upstream
fromthe donme plate, and a thermal protection feature, (herein referred to

as a defl agi exGrOEGUD OF FRiE R EQPfoaf tward, or downstream The nunber of

swirl chanbers and deflector plates is variably selected dependi ng upon
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assembly with the cowling, and extend downstream from the cowling to define the

combustion chamber.

At least some known dome assemblies include a structural member (herein referred to
as a dome plate) with a fuel and air swirl chamber that extends forward, or upstream,
from the dome plate, and a thermal protection feature, (herein referred to as a deflector
plate) that extends aftward, or downstream. The number of swirl chambers and
deflector plates is variably selected depending upon the gas turbine engine application.
The flame in a gas turbine is typically generated just downstream of the dome, where
the fuel and air mixture is sufficient to maintain the combustion process. At least
some known dome assemblies include multiple components that through a complex
shape facilitate containing the flame released by the fuel-air mixture. Such
components may, for example, consist of a single unit, or may be manufactured
separately and assembled together to facilitate improved maintainability and
repairability. More specifically, at least some known dome assemblies include
deflector plates coupled to a downstream side of the dome plate to shield the structural

dome plate from high temperatures generated within the combustor. Typically, the



done plate from high tenperatures generated within the conbustor
Typically, the -1 deflector plates are coupled within the done assenbly
using either a welding process or a brazing process. Over tinme, continued
exposure to high tenperatures may induce oxidation erosion or therna
fatigue cracking danage to the deflector plates. To facilitate effective
shi el di ng of t he done Ia%& dana ed defl ector plates may require
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In one aspect, a method for replacing a portion of combustor dome assembly is
provided. The dome assembly includes at least one deflector plate and a dome cup
including a swirl cup including an interface feature that defines a slot therein for
locating a deflector plate. The deflector plate extends downstream from the dome
plate and swirl cup such that a portion of the deflector plate is securely fixed within
the interface feature. The method comprises cutting through an interface formed
between the deflector assembly and the swirl cup slot, extending the cut substantially
circumferentially between the deflector plate and the swirl cup slot through the at least
one swirl cup, removing the deflector assembly from the combustor dome assembly,
and coupling a replacement deflector plate from the existing swirl cup within the
combustor dome assembly that extends aft from the portion of the combustor dome

assembly that is upstream from the cut.

In another aspect of the invention, a method for replacing a portion of a combustor
dome assembly within a gas turbine engine combustor is provided. The dome
assembly is at an upstream end of a combustion chamber defined within the

combustor, and includes at least one swirl cup including an interface feature and at
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I n anot her aspect of the invention, a nethod for replacing a portion of a
conbustor done assenbly within a gas turbine engi ne conbustor is provided.
The done assenbly is at an upstream end of a conbustion chanber defined
within the conbustor, and includes at |east one swirl cup including an
interface feature and at -2 | east one deflector plate that extends aftward
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Conmpressor 12 and turbine 20 are coupled by a first shaft 22, and
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Figure 1 is schematic illustration of a gas turbine engine;

Figure 2 is a partial cross-sectional view of an exemplary combustor assembly that

may be used with the gas turbine engine shown in Figure 1; and

Figure 3 is an enlarged view of a portion of the combustor shown in Figure 2 taken

along area 3 and shown partially disassembled.
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 a GE90
engine commercially available from General Electric Aircraft Engines, Cincinnati,
Ohio. In another embodiment, gas turbine engine 10 is a CF6 engine commercially

available from General Electric Aircraft Engines, Cincinnati, Ohio.



coupl ed by a second shaft 21. In one enbodi nent, gas turbine engine 10 is a
GE90 engine commercially available from General Electric Aircraft Engines,
C ncinnati, Onhio. In another enbodinent, gas turbine engine 10 is a CF6
engine commercially available from General Electric Aircraft Engines,

G ncinnati, Chio. -3 In operation, air floms t hr ough Iom1pressure
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around liners 32 and 34.

Combustor 16 also includes a dome assembly 38 including a plurality of annular
domes 40 mounted upstream from outer and inner liners 32 and 34, respectively.
Domes 40 define an upstream end 42 of combustion chamber 30 and swirl cups 64 are
spaced circumferentially around domes 40 to deliver a mixture of fuel and air to
combustion chamber 30. Swirl cups 64 each include a floating ferrule 134 located at a
forward side of a cap plate 132, which contains forward, or primary swirl vanes 114, a
mid flange 70, aft or secondary vanes 112, and an end plate 94. Mid flange 70 defines
separation passages between a primary airflow circuit 116 and a secondary airflow
circuit defined by a swirler channel 84, and forms a venturi that facilitates metering of
air and fuel flow therethrough. End plate 94 extends aftward towards dome plate 54
and provides an extension feature 75 that enables coupling to dome plate 54, and a
feature 77 for attachment to a deflector plate extension 170. Because combustor 16
includes two annular domes 40, combustor 16 is known as a dual annular combustor
(DAC). Alternatively, combustor 16 may be a single annular combustor (SAC) or a

triple annular combustor.



circuit defined by a swirler channel 84, and forns a venturi that
facilitates netering of air and fuel flow therethrough. End plate 94
extends aftward towards donme plate 54 and provides an extension feature 75
t hat enables coupling to done plate 54, and a feature 77 for attachnent to
a deflector plate extension 170. Because combustor 16 incI udes two annul ar

dones 40, onbust 6 ..s,known annul ar
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I ncl udes an upst ream surface 98 and a substantially parall el downstream
surface 10QorthpecifixilBndad plate 72 includes an integrally-formed outwardly extending

radial flange portion 90. End plate flange portion 90 includes an upstream surface 92
that extends from flow surface 76, and a substantially parallel downstream surface 95
that is generally perpendicular to flow surface 76. Mid flange 70 includes an
integrally-formed outwardly-extending radial flange portion 96 that includes an
upstream surface 98 and a substantially parallel downstream surface 100 that extends
from air swirler flow surface 82. Air swirler flange surfaces 98 and 100 are
substantially parallel to exit cone flange surfaces 92 and 95, and are substantially

perpendicular to air swirler flow surface 82,

Dome 40 also includes a plurality of circumferentially spaced swirl vanes 112 and
114. More specifically, a plurality of aft swirl vanes 112 are slidably coupled to end
plate flange portion 90 within swirler channel 84. A plurality of forward swirl vanes
114 are slidably coupled to air swirler flange portion 96 within a forward air swirl
channel 116. Forward air swirl channel 116 is defined between mid flange portion 96

and a downstream side 118 of a forward support plate 120. Forward air swirl channel



fromair swirler flow surface 82. Air swirler flange surfaces 98 and 100
are substantially parallel to exit cone flange surfaces 92 and 95, and are
substantially perpendicular to air swirler flow surface 82. Done 40 al so
includes a plurality of circunferentially spaced swirl vanes 112 and 114.
More specifically, a plurality of aft swirl vanes 112 are slidably coupled
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Mor e speci?lcal Includes ar y tnner arm 144, a radially
outer arm 146, and an attachment slot 148 that is defined therebetween.
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plate Radially outer arm 146 is substantially parallel to inner arm 144 and extends between
slot 148 and end plate downstream surface 95. Slot 148 is contoured and is

substantially parallel to flow surface 76.

A plurality of deflector plate assemblies 156 couple to dome 40 such that deflector
plate assembly 156 is coupled to end plate 72 and extends downstream from end plate
72. More specifically, deflector plate assembly 156 includes a radially inner flow
conical surface 162 and a radially outer surface 164. When deflector plate assembly
156 is coupled to end plate 72, radially inner flow conical surface 162 is substantially
co-planar with end plate flow surface 76. More specifically, deflector plate inner flow
surface 162 is convergent and extends to a radius 166. Deflector plate inner flow
surface 162 extends radially outwardly from radius 166 to an outer edge 168 of
deflector plate assembly 156. In the exemplary embodiment, deflector plate
assemblies 156 are fabricated from an enhanced oxidation resistant material that is

investment cast to a complex contoured shape.

Deflector plate outer surface 164 is substantially parallel to flare cone inner surface

162 between a leading edge of deflector plate assembly 156 and radius 166. Quter
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72. More specifically, deflector plate assenbly 156 includes a radially

i nner flow conical surface 162 and a radially outer surface 164. \Wen
defl ector plate assenbly 156 is coupled to end plate 72, radially inner
fl ow conical surface 162 is substantially co-planar with end plate flow
surface 76. Mre specifically, deflector pIate i nner flow surface 162 is
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process, such that braze material (not  shown) is deposited through
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defl ector dBﬂ@dt& RSSO nfbYied 556 which may damage and/or dimensionally distort

deflector plate assemblies 156.

Deteriorated or damaged portions of dome assembly 38 may be removed and replaced
using the methods described herein. More specifically, deteriorated deflector plate
assemblies 156 may be removed and replaced using the methods described herein. If
a deflector plate assembly 156 is desired to be replaced, a cut, illustrated as 200 in
Figures 2 and 3 is made through a portion of deflector plate joint slot interface 190.
More specifically, cut 200 is made through attachment interface 190 and through the
weld material and/or braze material that is deposited within attachment interface 190.
Cut 200 is then extended substantially circumferentially around a respective desired
dome cup 50 or 52 through attachment interface 190. In one embodiment, a series of
cuts 200 is formed circumferentially around dome cup 50 and 52 through attachment
interface 190. More specifically, cut 200 is formed using an electro-discharge

machining (EDM) process.

After cut 200 is extended substantially circumferentially, deflector plate assembly 156

is removable from combustor dome assembly 38. Specifically, as deteriorated

-



Deteriorated or damaged portions of done assenbly 3 8 may be renoved and
repl aced wusing the nethods described herein. Mre specifically,

deteriorated deflector plate assenblies 156 nay be renoved and repl aced
usi ng the nethods described herein. If a deflector plate assenbly 156 is
desired to be replaced, a cut, illustrated as 200 in Figures 2 and 3 is
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embodiment, the replacement deflector plate assembly can include, but is not limited

to including, at least one of cooling upgrades or material upgrades to facilitate

extending a useful life of combustor 16.

Because deteriorated deflector plate assemblies 156 are replaced using the method
described herein, combustors 16 are returned to service using a replacement process
that facilitates improved savings in comparison to removing and replacing entire dome
assemblies 38. In addition, because the deteriorated deflector plate assemblies are
removed using an EDM process, additional clearances that are required using other
known machining processes are not required. Accordingly, the EDM process
facilitates removal of the deteriorated deflector plate assembly while simultaneously
preparing the combustor dome assembly joint to receive a replacement deflector plate
assembly. Furthermore, because the replacement deflector plates are formed to be
substantially identical to originally installed deflector plates 156, aerodynamic
performance and combustor performance are not adversely impacted by the

replacement deflector plates. As such, the EDM process and methods of repair



using either a welding process or a brazing process, such that done
assenbly 38 is returned to substantially the original predefined

di mensi onal requirenents. In one enbodinent, the replacenent defl ector

pl ate assenbly can include, but is not limted to including, at |east one
of cooling upgrades or material upgrades to facilitate extending a useful

life of ¢ ustor, 16. Be sg deterjorated.deflector plate assenbliges 156
are repl amgﬁn}ber?lﬂeéﬁ@?#%‘g er‘%@'ﬁ‘# if e&?aﬂg&giqfre ﬁé?‘ﬁ)r”amt UoRe0k et ur ned
t o servi celefleétoplateragitnatiegent process that facilitates inproved savings

in conparison to renoving and replacing entire done assenblies 38. In
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dome assembly components during the process. More specifically, the repair methods
facilitate removing deteriorated deflector plate assemblies from the combustor dome
assembly while simultaneously preparing the combustor liners to receive a
replacement component dome. As a result, a method is provided which enables
deteriorated portions of combustor dome assemblies to be removed and replaced 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 practised with

modification within the spirit and scope of the claims.



The above-descri bed nethod for replacing a portion of a conmbustor done
assenbly wused with a gas turbine engine is cost-effective and reliable.
The repair nmethods enable a deflector plate assenbly having a conpl ex
shape to be renoved froman existing done assenbly w thout generating
addi ti onal damage to other conmbustor dome assenbly conponents during the
process. %géggigecifically, the repair nethods facilitate renoving
deteri or at 1ector plate assenblies fromthe conbustor donme assenbly
whi | e sinul taneously preparing the conbustor liners to receive a

replacenert compenghdd d@eplabigoa pofidnt of SoMBhsieiddbrie REYIHIRdhehiduke enabl es
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modi f i cat idownsir¢am froth) éhespwirli dupasnch md peodion ditthe ldaflestor (ThtdladvEEmbld is A

met hod for _repl acing.a.porti.on. of combustor dome assenbly, the dome
assenbl y isﬁ%f@aﬁ%@dgﬁf@%ﬂm%%md%@“&% CORSISI&e| udi ng a j oi nt t hat
defines a slot therein, and an annul ar deflector plate assenbly coupl ed

to, and extendigiflingdBMsh af affefE@ TorhbBE beMiekh 5 feffdfod pldidbssRmbYf PN of
the deflector plate assenbly is securely fixed within the joint” slot, said

net hod codftioditslet; cutting through an interface forned between the
defl ector plate assenbly and the joint slot; extending the cut
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t hrough the at [east “one dome cup; ‘renoving t e assenbly
from t he gombslsetthroughmie adsshimedonanchpcoupl i ng a repl acenent defl ector
pl ate assenbly within the conbustor done assenbly that extends aft from

the portion of L ComRYSLRL o0 RIS il the [ SmeB3! HEAD LEQMENE cut-

and

coupling a replacement deflector plate assembly within the combustor dome
assembly that extends aft from the portion of the combustor dome assembly that is

upstream from the cut.

2. A method in accordance with Claim 1, wherein cutting through an interface
further comprises using an electro-discharge machining process to cut through the

interface formed between the deflector plate assembly and the joint slot.

3. A method in accordance with Claim 1 or 2, wherein cutting through an

interface formed further comprises forming a contoured channel within the joint.

4, A method in accordance with Claim 3, wherein forming a contoured channel
further comprises forming a channel that has a contour that substantially matches a

contour of a portion of the replacement deflector assembly.

5. A method in accordance with Claim 3 or 4, wherein removing the deflector
plate assembly from the combustor dome assembly further comprises removing excess

material from the channel using an electro-discharge machining process.
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2. A nethod in accordance with Claim1, wherein cutting through an
interface further conprises using an el ectro-di scharge machi ning process
to cut through the interface forned between the deflector plate assenbly
and the joint slot. 3. A nethod in accordance with Claim1 or 2, wherein
cutting through an interface fornmed further conprises formng a contoured
channel within the joint. 4. A nethod in accqgrdance wi.th C aim 3, wherein
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any one of the preceding clains, wherein extending the cut substantially
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process, said method conprising: formng a cut that exten antially
t hr ough athd atdeast onpedaiectae phiterenpladdd theatdedst enxeswidtaspivath dtdeastdneadf an

| nter face el WEeH b i WelGHE plotbll sR0Shel SR ERLET

forming a cut that extends substantially through at least one of weld material
and braze material formed at an interface between the swirl cup joint and the deflector

plate;
removing the deflector plate from the combustor dome assembly; and

coupling a replacement deflector plate to the combustor dome assembly to

extend downstream from the joint.

9. A method in accordance with Claim 8, wherein forming a cut further
comprises using an electro-discharge machining process to cut through the interface

formed between the deflector plate assembly and the swirl cup.

10. A method in accordance with Claim 8 or 9, wherein forming a cut further

comprises forming a channel within the joint.
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pl ate; renoving the deflector plate fromthe conbustor done assenbly; and
coupling a replacenent deflector plate to the conbustor done assenbly to
extend downstream fromthe joint. 9. A nmethod in accordance with C aim 8,
wherein formng a cut further conprises using an el ectro-discharge

machi ni ng process to cut through the interface forned between the

defl ector pl ate, assenbly and the .swl p. ,10. nmet hod i n accardance wth
Claims8 orlq9, V%g}%}ﬂ?lp&cgﬁrﬁ@ncg W&%%Wﬁﬁewher@mrﬁf@g’&a? I %Hng%annel

Wi t hi n t hgoinpfilrther tdmpAsd¥eloRfhgi \clRGAEl H2ACH etdile HedePladdnenttariigbtor f or ni ng
a channel within the joint further conprises formng a channel sized to
recei ve t [fdate 8iréiBement deflector plate therein. 12. A method in
accordance with Claim10 or 11, wherein form ng a channel wthin the joint
further c ris L) : ei . ;

def |l ector qg})at 5??1%?63 %yaﬁ%gdﬁgﬁevﬁﬁﬁgﬂiﬁ# gt@cc%r ér%%r%hﬂﬁﬁﬁglﬁga%%%% I cl ai ns
8 to 12, whtneithe pmtpithe @mprispd eceomirg thefdhexiedto pdcaive tharteplidemenonbust or
donme asse bg to e%ttﬁnd. downstream fromthe joint further conprises using
at | east T RIalGSFy process and a wel ding process to couple the

repl acenent defl ector plate assenbly within the conbustor.

13. A method in accordance with any one of claims 8 to 12, wherein coupling a
replacement deflector plate into the combustor dome assembly to extend downstream
from the joint further comprises using at least one of a brazing process and a welding

process to couple the replacement deflector plate assembly within the combustor,
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