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DEVELOPMENT The U.S. Governnent may have certain rights in this | nventlgn

pursuant to contract nunber F33615-98-C- 2903 awarded by the Departnent of
the Air Force. BACKGROUND OF THE I NVENTION This invention rel ates

general | y W0 ¢#962ur bi ne engi nes and nore 5 particul arl| yPQrUssopesest or dome
assenblies used in such engines. A gas turbine engine includes a conpressor
that provides pressurized air to a conbustor wherein the air is mxed with
fuel, and burned for generating hot conbustion gases. These gases fl ow
downstreamto one or nore turbines that extract energy therefromto power
t he conpressor and provide useful work such as powering 10 an aircraft in

flight. Conbustors usadOMBUSTOR BOMEASSERBIYANDARMErHor! ude i nner and
outer conbustion liners joine t their upstrea nds to a done assenbly.
The done assenbly includes éﬂ@ﬁﬁﬁ%@&ﬁ#@gr\%| ate and a plurality of
circunferentially spaced swirler assenblies nounted therein for

I ntroducing the fuel/air mxture to the conbustion chanber. Each swirler
assenbl y hasSTATEMENTt REGARPING N FROBRSLL €arSPCNSOREDf rREsE ORCHr escent i ng
excessi ve dim the fuel/air mxture and shielding the spectacle
plate fromt ustion gases of the conbustion chanber. Typically,
the swirler assenblies, deflectors and spectacle plate are joined together
by a tg_chni que s?chhaS'h‘b_rIalsj [@vernfheni enayo hwen téreaa | rightsin akis eifbéntion tEe
outer dianmeter of the swirle razed int openi ng.in the
spect acl e 2PUFMAREL0;CAMIEHEE O @?rzfﬁgﬂ%ér%f%qae%% deby g’?‘eaﬁg’“g"r“ﬁ’e Wt o t he
I nner di anetgrrFekethe swirler assenbly in- another operation, The '
manuf acture of such. a donme assenbly -1 19 Novenber 2004 WO 01/ 90652

PCT/ USOL/ 09%&@@&@;(]@9%3&% Mﬁ;ﬁfoﬁonsum ng procedures, utilizes

mul tiple fi

This invention relates generally to gas turbine engines and more

5 particularly to combustor dome assemblies used in such engines.

A gas turbine engine includes a compressor that provides pressurized
air to a combustor wherein the air is mixed with fuel and burned for generating hot
combustion gases. These gases flow downstream fo one or more furbines that extract
energy therefrom to power the compressor and provide useful work such as powering

10 an aircraft in flight. Combustors used in aircraft engines typically include inner and
outer combustion liners joined at their upstream ends to a dome assembly. The dome
assembly includes an annular spectacle plate and a plurality of circumferentially
spaced swirler assemblies mounted therein for introducing the fuel/air mixture to the
combustion chamber. Each swirler assembly has a deflector extending downstream

I3 therefrom for preventing excessive dispersion of the fuel/air mixture and shielding the

spectacle plate from the hot combustion gases of the combustion chamber,

Typically, the swirler assemblies, deflectors and spectacle plate are
joined together by a technique such as brazing. In one conventional dome assembly,
the outer diameter of the swirler assembly is brazed into an opening in the spectacle

20 plate in one operation, and the deflector is brazed into the inner diameter of the

swirler assembly in" another operation, The manufacture of such a dome assembly

-1-



_ _ _ _ _ _ 19 November 2004
expensive materials, and is relatively |labor intensive. For iInstance, In

the first operation, the swirler assenbly is fixtured to the spectacle
plate using a special fixture so that the swirler assenbly can be tack
wel ded to WHHMOBERt acl e plate. The tack weld 5 fixture i Pamsar/ssemoved and
a stop-off paste is applied to the spectacle plate. Next, a braze alloy
paste is placed in the gap between the swirler assenbly and the spectacle
pl ate opening. The assenbly is then heated to a tenperature exceeding the
braze alloy nmelting point such that the braze alloy nelts and fills the
gap. The assenbly is then allowed to cool so that the braze all oy
solidifies %éh%iﬂe@!sék%rélﬁﬁn@%ﬁd\ﬁﬁn%%ﬁﬁgﬁws, tfilizekOmbultles BRELACAR Rlaghe. | N
the second operation, stop-off material and two forns of braze alloy
(sinter bragepangiye ragierialy, and s gplajively dabpspnieasive.o Hondngtergcee bt de firhe

deflector i3sLOgM e s}ﬁﬁfg:err staha'%iﬁs hﬁﬁrﬂ@}) @f@eﬁiﬁﬁg@ieﬂs&gﬁgkﬁég‘g& gte

fm ]

sub- assenbl y*Usi ng anot her 1 Xt'ur e. sia l (O this
fixture to pe thabthe swirleriassgmblyr dande sackyealdedrio theSsphetaals pligte. T dackswaddbl y i s

t hen heat ed . t ' A L n oj nt such
that tro br Ao0rejs SHPRERYH SR RPN st Mo IRER e asrlTobd ek

i nterface. Tbhezealsepdsteyisplhctdinrtha pipbeteleancthe swirles asséhblly ant ¢hdspaateclal | oy
solidifies a | Ol. NS e def] ect t e swirler assenbly. Jhe fixture is
then r ennve@?aquatthﬁ'f ¢ &R @elﬁ%%ﬁe@%&atf’ a\gt?glpie}'a)t(ufra reéccﬁglég q"’%%faﬁ%se t wo
operations aRléy meking@eis sichahat angbrazd dllpy amnsdts and fillp thengapuTae tssembly is he done
assenbly. Furthernore, the swirler assemhly.is. .ngt centered when inserted
hto the spalenatpuepoiaoel i e e Aog P Gosind i G P BlepeEmE o 1 or
braze gj | oy id dpbetacl®plstecnabl es the swirler assenbly/spectacle plate braze
joint gap to be uneven around the circunference of the interface. In the

worse case, the swirler,assenbly nakes coptact . with t S tacle 25 plate.
Then, there is no br aﬁ'ethaéeﬁf’%@* atpﬂéﬁ%ﬂ&ﬁeqay“féw&%%e@ﬁ@e@ﬂ% an
excessive qafePPaasabe afld biaberope)ard @bpliedas theddefiediot. S THO B¥flertos etbley desi gn

uses braze gJloy,jn paste and r form . Such materials are only 50% braze
alloy, with HRESd Wiy a@%flebﬁsﬁﬂgﬁ?sﬁfﬁ% plaigysup-assom {Y using another {ixture.

Milk of magnesia is applied to this fixture to prevent seizing during subsequent
15 heating. This assembly is then heated to a temperature exceeding the braze alloy
melting point such that the braze alloy melts and fills the swirler assembly/deflector
interface. The assembly is then allowed to cool so that the braze alloy solidifies and

joins the deflector to the swirler assembly. The fixture is then removed.

Each different step, material and fixture used in these two operations

20 increases the complexity and cost of manufacturing the dome assembly. Furthermore,
the swirler assembly is. not centered when inserted into the spectacle plate because

there is some nominal gap to allow for braze alloﬂr fili. This enables the swirler
assembly/spectacle plate braze joint gap to be uneven around the circumference of the
interface. In the worse case, the swirler assembly makes contact with the spectacle

25 plate. Then, there is no braze gap where the contact is made, and there is an excessive

gap opposite of the contact location.

This dome assembly design uses braze alloy in paste and rope form.

Such materials are only 50% braze alloy, with the remainder being a binder. When
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19 Novenber 2004 the paste and rope are liquefied during the razrlnnegr stogps,

the binder burns off so that only the braze alloy remains to fill the
braze gaps. Thus, braze alloy in paste and rope formis only 50%
volumetrically efficient. The anpbunt of braze alloy applied is difficult
to accurately control because, in addition to being volunetrically
inefficient, braze alloy paste is typically applied by hand using a

syringe. Vol i / Iy .S, 1 r t Jin form.ng, conmbustor
done j oints. ogthg% fogﬁﬁrgal%%ﬁd ¥| : FEl%hberhﬁré%%Pp§h%gr% ger) S‘%Tﬁf%thgtdj acent
surfaces wheosly @RMriQlbPeaming A6 fib W BER gt THRC BIABMIBy FYasREnakSid uct ed.
Too little alloy | eaves voids in the braze gap creating a weak joint. It

i s theref or efa@asisrasly 80%ovohemericallyosfhicistto The @meuatssfemadeyaltdyadpplisd iseasi er,

|l ess tinme co i.ng and | ess expensive to manufacture. BRl EF SUMARY OF THE
| NVENTI ON Thg&%“%\f‘g-mql%ﬁ%o E%ausrw aﬂ@‘“ﬂ%f" PRPEOYRRIIGEY SredEientst or

done assenbl y,.i (WeTop t I [WaleP I d therein
that defi nebs{rakaéqngjiog e?gg%%gﬁg%? ibgllﬁ{e](gﬁgﬁgg?ﬁn ggs &%ﬁ%&gmﬁag erassenbl y

defining an contokls impbitan in famingofdagor duntk jBintd. §86 mweRalsekliest &e havi ng
an outer cylindrical surface. These conponents ma?{ be arranged such that
the outer cy8hd@pdcan avarf erie adificenhsurfetes ethase Goolip®ihwiad aud tshefadenner

circunferential edge, of the ect ac | ate an to the inner cylindrical
surface of tH arslf\;/ﬁrr%fltgrm%g‘ér?%?vce ch'g?ﬁi“i‘@altl?? st B RriRs $Pesent
invention, tHekitdaSydakyhded a conbustor dome assembly conprising: a
spectacle plate ﬁavi ng an opening formed therein, the spectacle plate
opening defining an inner circunferential edge; a swirler assenbly
defining an inner cyliHhds itherdfors desimble; todade a coablsettdomehasenitdy eiat 3ut er
cylindrical surface, the outer cylindrical surface being joined to the

i nner  ci r cutASER-&Fte e copyEuBhIndIsssereensiya & marufagiei cal surface. 3 19
Novenber 2004

BRIEF SUMMARY OF THE INVENTION

The above-mentioned need may be met by providing a combustor
dome assembly including a spectacle plate having an opening formed therein that
defines-an-inner-circumferential-edge;at-least-one-swirler-assembly-defining-an— -
inner cylindrical surface, and at least one deflector having an outer cylindrical
surface. These components may be arranged such that the outer cylindrical surface
of the deflector is joined to the inner circumferential edge of the spectacle plate and

to the inner cylindrical surface of the swirler assembly.

According to one aspect of the present invention, there is provided a
combustor dome assembly comprising: a spectacle plate having an opening formed
therein, the spectacle plate opening defining an inner circumferential edge; a swirler
assembly defining an inner cylindrical surface; and a deflector having an outer
cylindrical surface, the outer cylindrical surface being joined to the inner

circumferential edge and to the inner cylindrical surface.
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Accordi ng to anot her aspect of the present invention, there Is provi 8e3 a

conbust or done assenbly conprising: a spectacle plate having an opening
formed therein, the spectacle plate opening defining an inner
circunferential edge; a swirler assenbly having a cylindrical flange, the
cylindrical flange defining an inner cylindrical surface; a deflector
havi ng a tubular nmounting portion and a flare portion, the tubular
nounting portion bei ng,dj e i Ll n ect acl e .pl at.e openi ng and the
cylindrical flange andAggiﬁﬁgﬂg é%ﬁgﬁt%%ggfﬁ?ﬁlrpggp?igﬁ?ﬁg&e&mgnﬁ j oi ni ng
materi al di spRsrREd hetyERRtd PnRULREMBLY! édﬁ&ifrisﬁx?! aSitdqe g Habigg dgnner
circunferential edge and between the outer cylindrical surface and the

i nner cyl i ndpsngr] feunddactbereiie c thedispeptacte apletehepersgpedtfinidg t fie pnasent

i nventi on, therefis }Hr vi ded, neth%g'of.nanutacturing a_ conbustor done
assembl y, thBTHBYREE! Sg%PiSE’F apqmoly eywesy cvlipdrigaliflangeaths sWardiistle pl at e
havi ng an opgni . | 421t C te nin efining an
i nner circun?%#%%%?g%gggég%g%g$g€$§fﬂ§&§£gﬁ#?%%%ﬂgéggﬁ%ﬁﬁgﬁﬁgﬁ%ﬁﬁl an i nner

cylindrical pettiboes] a PlaRviogiddg the tubladd :86inthg RaMiod BeAB d%?b@a wilin Bgr i cal
surface; and joining the outer cylindrical surface to the inner
ci rcunf er ent $ngrtaeld glataprening andahd epdiadricn) fliangtr indadefising faneeter Aplolridilng t o

anot her aspect_.of the .present. jnvention, there is rovi ded a nethod of
manuf act ur | nﬁ”gc%ﬁﬁgb@'ﬁ@g nﬁ‘f)‘?‘?éi Q‘é%‘?ﬁ%g?‘,"e?rh eﬁ’é‘Fﬁ%E‘d’é%ﬁ‘t‘r acp3pd thse st eps
of provi di NG 3eSRRGERAGLRiaPL ' ' : in . providing
a swirler asise(riml y havi nlgfg1 a@é:e%ﬁﬁﬁ%%gﬁﬁ% %%W?{l}%i g@%cﬁ r(??:lgel lﬂmfrl ange
defini ng an tylindrical yhrfaeelr i cal surface having an annul ar groove forned
therein; providing a deflector having a tubular nounting portion and a
flare portion, the tubular nounting portion defining an outer cylindrical

surface and havi ng an A8tPrdipg dg| snother caapeck (iff he epraseat zxentien, athetsois| der
fornmed theregQn:. cjn fo in of joining materi ver the tubul ar
nounti ng porti glrcll% %né%&‘f) ?r?g r%‘%ntellf{cungguglga? C?r%lg "Tt?rnfgomepgf'sﬁngh” ;ﬁﬁet 8“%‘?@
spect acl e pl @dnprRRRMNhEGtepd dfhafovidi® fishsdiadld Phtd BN INpBEH: B6iMen a
first surface of the spectacle plate and the shoul der; placing a second
ri ng of therein, the spectacle plate opening defining an inner circumferential edge;

providing a swirler assembly defining an inner cylindrical surface; providing a

deflector having an outer cylindrical surface; and joining the outer cylindrical

surface to the inner circumferential edge and to the inner cylindrical surface.

According to another aspect of the present invention, there is
provided a method of manufacturing a combustor dome assembly, the method
comprising the steps of providing a spectacle plate having an opening formed
therein; providing a swirler assembly having a cylindrical flange, the cylindrical
flange defining an inner cylindrical surface having an annular groove formed
therein; providing a deflector having a tubular mounting portion and a flare portion,
the tubular mounting portion defining an outer cylindrical surface and having an
outer cylindrical surface and having a shoulder formed thereon; placing a first ring
of joining material over the tubular mounting portion; inserting the tubular mounting
portion into the spectacle plate opening so that the first ring is sandwiched between

a first surface of the spectacle plate and the shoulder; placing a second ring of



4 19 Novenber 2004 joining material over the tubular erunti1ngch|c))\6erngt|)ec§r%;004
inserting a third ring of joining material into the annul ar groove;

pl acing the cylindrical flange over the tubular nounting portion so that
the second ring is sandw ched between a second surface of the spectacle
plate and an end of the cylindrical flange and the third ring surrounds
the tubul ar nmounting portion; heating the first, second and third rings to
a tenperature. t.hei lt.ing points so that, the f.irst, second
and third ri 08%“% %‘g%gérleé\}r%gﬁ}eetﬁﬁil%ri%?&mﬁg?glpp’aﬁn;se@ a@%’cﬁjl I?I}gg(’t{]ﬂlé“qgol ten

j i ni ng mat efa@bial L ! ABlhf @FbovB! AAdin indTBIIHIAE WdnBd oLaee iRt or dome
assenbly may include placing a first ring of joining material over the
out er cyl i ndmuEingportfoacse thab thetsaeond efniges tandwichbdbetwbdrea oot suefatd ofdr i cal

surface may be inserted into the pectacl e plate opening.so that the first
ring is sand&eéHWCEfeﬁ%é an £oq it %wlﬂléeealéﬁngqﬁ@fgﬁ&ffg@@uﬂoaw and a
shoul der forpged r. candrin joi.nj,ng .material may
next be pl ac{eﬁg tg\ggl?}t oélqgﬁe% ﬁjceé)%:t?) 3?'1{5%\&211 gr% (f:igl%t’i %éf(rgﬁ%aq%ds{&lrlga%neg,s gon(? athird
ring of | oi Nichgeffi€pieater MY (R nhdlGR podits khita: @B RANbEHd SHARYEriAg R med in
the inner cylindrical surface of the swirler assenbly. The next Step may
be to pl ace Pésemswialter joining seiehhly amd/moling the oaplien jayihg mdteriehl surface so
that the second ring is sandwi ched between a second surface of the

ectacle plate and an.end of the. swrler _assenl nd the third rin
ggr rounds Ito he outer cy?P‘fﬂf’%%’E%‘{ mgtﬁ?w%{c‘@n“ﬁaﬁ%m?g&%?m@@%ﬂﬂmféﬁ%fe?‘ ¥r d gri ngs
may then be Rheaigfdb Pla@inﬁ%@ﬁfr&%%‘?ﬁ)iﬂﬁ?gfa%%tﬁp Nfater cRldhHEGuent S SO

that they becone nolten”joining nater e nolten joining material may
be cool ed t oof demifeter.t Tien] ahabutell kelipirese sirficBviant ibeningsidd i i amvant ages
over the prior art wll beconme apparent upon reading the follow ng
det ai | ed dest®eriptls Blatepgning so Babida died riag & yrsdwighedbatesearadfirsiesutface ¢fe
acconpanyi ng.dr.awi ngs....BRl EF DE PTI JTHE DRAW NGS The subject matter
i o 1o oot aB AR @RS el ol e i A VO o iR

material may next be placed over the deflector's outer cylindrical surface, and a third

ring of joining material may be inserted into an annular groove formed in the inner
cylindrical surface of the swirler assembly. The next step may be to place the swirler
assembly over the outer cylindrical surface so that the second ring is sandwiched
between a second surface of the spectacle plate and an end of the swirler assembly
and the third ring surrounds the outer cylindrical surface. The first, second and third
rings may then be heated to a temperature greater than their melting points so that
they become molten joining material. The molten joining material may be cooled to

complete the joint.

The present invention and its advantages over the prior art will become
apparent upon reading the following detailed description and the appended claims

with reference to the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter which is regarded as the invention is particularly

pointed out and distinctly claimed in the concluding part of the specification. The

4a
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poi nted out and distinctly clainmed in the concluding part of the

specification. The 4a 19 Novenber 2004 invention, however, may be best
understood by reference to the follow ng description taken in conjunction
wi th the accompanying drawing figures in which : Figure 1 is an axi al
sectional view of the forward portion of a conbustor show ng one

enbodi nent of the present conbustor done assenbly. Figure 2 is an enl arged

sectional view of the combustor do assentl y of Fi e.l. Figure 3 is an
oni ar ged detTIORARRSTTRY froieet SReroT e reatsg<e B Toleuriet asudin, ” |
11 ustr ati ng st s QufiinHiThOimfuy Wbt find deiielih BT, Sone accembly.
Figure 5 is an axial sectional view illustrating another step in the '

manuf acture of the conbigsteor islaneixas sectdunyl vith 3O tNORRRERRr potfiéift 0P 01/ 90652
- PCTI USOL/ 09320 Figure 6 is an axial sectional viewillustrating yet another

step in the commstonstoming afe enfrodiommboshepresimireoraissmniome addEmklyl ED
DESCRI PTI ON OF THE | NVENTI ON Referring to the draw ngs wherein identical
ref erence nuneral s dengte ihe sa el enent s throughout the various views,
Figure 1 shows the for{%ﬁ\‘r& ¥ 281 edarged: SeAbGEloyie pofpthet ¢rantiugige demiet abl e f or

use in a gas_turhi negengi;ne and including a hollow body 12 defining a
conbusti on c?‘?%ﬁ%@#oﬁ%%fl%elrei n. The hollow body 12 is generally annular in
formand is defined by an outer liner 16 and an inner liner 18. The

upstream end of the hokibgwPRIK chRrked EHASHARE Bld porbdiPsElle Shhibiiord coW 20
dome assembly enclosed by the circle 3 of Figure 2.

Figure 4 is an axial sectional view illustrating one step in the

manufacture of the combustor dome assembly.

Figure 5 is an axial sectional view illustrating another step in the

manufacture of the combustor dome assembly.

4b



_ 19N ber 20
attached to the outer liner 16 by a first fastener 22 and to tﬁ\éerrllnerq 04

liner 18 by a 10 second fastener 24. At |east one opening 26 is fornmed in
the cowl 20 for the introduction of fuel and conpressed air. The

conpr essed Y $/%652j nt r oduced into the conbustor 10 fromECTASmIpIBsOr (Nnot
shown) in a direction generally indicated by arrow A of Figure 1. The
conpressed air passes primarily through the opening 26 to support
conbustion and partially into the region surrounding the hollow body 12 15
where it is used to coot. both the liners 16, 18 and turbomachinery further
downstream Located between and interconnecting the outer and inner liners

16, 18 near their u l,.sposed. X|aIIy
about the centerli ngﬁguxl%gﬂg d%alé%c%ﬁﬁﬁwﬁﬁﬁggg%aégggn%ﬁ&%? i nc?udes an
annul ar speeﬁmﬂaau%mhﬁmtﬁ&oﬁdminaaspémbml ity of circunferentially spaced
swirler assenblies 30 (only one shown in Figure 1) nounted in the

hner 11 ner SHEVCER DRCRRITOROC TR INTERNION, oSt enere 22, 24, Each

swirler assenbly 30 includes a prinmary swirler 32 that conprises a
plurality of angul arRegfentingdoe thedirawings whersigddauical Thfsrenemmangals denoteingl ed

W th respec tot rd e 30 so as
to inpart a St | g}kﬁ!ﬁgﬁa}%?ﬁq%ﬂ%+&%%o gu'gf séh?)\rédgldée @’ggzﬁ a%ﬁgégel

nmount eds on ]EcbmbﬁsmcrrV\HTdf gzlactypn‘ suitablepfor e in g\gas hmhmgzngmegdmtmkmai Y 0320
receives a fu 077 .-

The swirl er ha@%%ﬁﬁéy gge & A&EP™ P%‘PBQB@ ergg%ﬂ 5];(1?\%? ?‘P&b %9 H?it

adj oi nts Ehe geﬁdrﬂwahnfm&ﬂ ﬁfm3e$m lggﬁﬁ'l?'ﬂ@éﬁﬁl ddmgrm@f ,16amtlansﬁ1fgr Kes Wi th
respect to ect ac secondar e i nc] ydes a
Venturi 42 e ey and of Bgolei badknay B it Sesetol it coundd 2a

di sposed CO@&&@E& Yo ﬂfé%ﬂtertlli}ﬁr\lﬁﬂiyui ﬁrs‘ﬂr:t‘aste-ﬁhﬁzﬁ @S e infler Biedl 18NS, ier r ul e

36 of the primary swirler 32 are both QoaX|a, fyalgned with the axial
P

cent er ¥ ne 34cosd Tastenes gt | Af leask engpopening 2415 fermsd, Mnihe 55980 299 8b%asses

introduction of fuel and compressed air. The compressed air is introduced into the

combustor 10 from a compressor (not shown) in a direction generally indicated by
arrow A of Figure 1. The compressed air passes primarily through the opening 26 to
support combustion and partially into the region surrounding the hoilow body 12
15 where it is used to cool .both the liners 16, 18 and furbomachinery further

downstream.

Located‘between and interconnecting the outer and inner liners 16, 18
near their upstream ends is a dome assembly 27 disposed coaxially about the
centerline axis of the engine. The dome assembly 27 includes an annular spectacle

20 plate 28 and a plurality of circumferentially spaced swirler assemblies 30 (only one
shown in Figure 1) mounted in the spectacle plate 28. The spectacle plate 28 is
attached to the outer and inner liners 16, 18 via the first and second fasteners 22, 24.
Each swirler assembly 30 includes a primary swirler 32 that comprises a plurality of
angularly directed swirl vanes 34, The vanes 34 are angled with respect to the axial

25 centerline 31 of the swirler assembly 30 so as to impart a swirling motion to the air
flow. A ferrule 36 is loosely mounted on the forward end of the primary swirler 32

and coaxially receives a fuel nozzle 38.



through the primary swirl vanes 34. The swirling air exiti n1g Fﬂ\éen\q/%er{éggo

interacts wth fuel injected fromthe fuel nozzle 38 so as to mx as it
passes into the venturi 42. The secondary swirl vanes 44 then act to
present a ¥QAMOGSR air swirling in the opposite 10 di r ecthCIUSHII@E200 Nt er act s
with the fuel/air mxture so as to further atom ze the m xture and prepare
It for conbustion in the conbustion chanber 14. Each swirler assenbly 30
has a defl ector 46 extendi ng downstreamtherefrom for preventing excessive
di spersion of "the fuel/air mxture and shielding the spectacle plate 28
fromthe hot conbustion gases in the conbustion chanber 14. 15 It should

be noted that . alt houghe Sy Ssskubly 4ShF@LERRISOIISREy B8R 49368701 Y [ 1

a single annul ar conbustor, the présent I nvention Is applicable to
ot her types azijomsdhbpmr)sswxrlnnmdnwgsmmtthemnﬁandats fwdtmﬂx mswct fat thehoul d

al so be noted.tha I C t her types

of swirler a?&%"é%% ﬁ‘%%rﬁam?wﬂd%@m‘*% 11'1%:(1)%L t§t geéggu?eaﬁg ang1 t%&t he égme

assenbly 27 mmumfmnmd!yl spaved swiclatangs| 44 dl‘stpese;ip@axlauy ebqut tieoe@Brii4dc Thees a
lurali of ¢ I aced nd s f.

b 't e S 1 §Pﬁ‘554geﬁ?§ ’t§“§a‘6 3% RS iy SyALled %%%?gfﬁ%??‘%g’@}%w%gdl y

j oi ned ]to t lh@e sﬂelweﬂwklme?l?ﬁiethQSWI?w assemblyt 30at ﬁf&d‘ﬁhn f[tﬁe cbﬂ@ﬂlngmﬁe;nms48 szegs( FEach

spect acl e t e openi e es a er rcunf eren i gure

o et e 2 Eione e ReiteRey SHihgtngs 4 b Seiling B XiEa e yarss If st (7' O
cylindrical witd ﬁemjeéﬁd@&@melfmn@ﬂ@jzisoafsrt@m it péstseseiﬂmaévénlam gRcondary

swirler 40. Each flange, 50 defines an inner EL‘P rig surface 52 having

a given |nsfﬁ@Sﬂ‘i"&ﬁ%"ﬁ’éﬁ”#Haélesf‘%the’b?@ft%la’%&ﬁq‘?aéﬁ RFH ’é‘glnhgqec?gpeﬁ“ﬁneter of

the spegt acl freblicH GaCRRMAIFith M2 AN Bhurg508Y & RifthéSatbRizBREL mikeidge 1 nner
cylindrical surface 52 of each flange 50, internediate -6 19 Novenber 2004

VO 01/ 90652 andprepers it wsombustiop i thejcamgustion chamber d 4 Rachswirlghessemblyc
swirler assephy 3%ehsctBO36 [xRAGHg doWaktkahfh therefrom for preventing excessive

dispersion of the fuel/air mixture and shielding the spectacle plate 28 from the hot

combustion gases in the combustion chamber 14.

15 It should be noted that, although Figure 1 illustrates a combustor dome
assembly in a single annular combustor, the present invention is equally applicable to
other types of combustors, including muiti-annular combustors. It should also be
noted that the present invention is also applicable to other types of swirler assemblies

as well.

20 Turning now to Figures Z and 3, the dome assembly 27 is shown in
more detail. The spectacle plate 28 includes a plurality of circumferentially spaced,
round openings formed therein. One of the swirler assemblies 30 and one of the
deflectors 46 are fixedly jdined to the spectacle plate 28 by a joint at each of the
openings. Each spectacle plate opening defines an inner circumierential edge 48

25 (Figure 3) having a given inside diameter. Each swirler assembly 30 has a cylindrical
flange 50 extending axially from the aft end of the secondary swirler 40. Each flange

50 defines an inner cylindrical surface 52 having a given inside diameter that is
preferably equal to the inside diameter of the spectacle plate openings. An annular

groove 54 ig formed in the inner cylindrical surface 52 of each flange 50, intermediate

-6-



to the correspondi ng spectacle plate opening so that the cy1|n zppgnge
50 is <coaxially aligned with the spectacl e plate opening and the aft end
of the flange 50 adjoins the forward surface of the spectacle plate 28. 5
Each def| ewon/94&2i ncl udes a tubul ar nounting portion 56 pomdrsanessiont egral |y
formed flare portion 58. Each tubular nounting portion 56 defines an outer
cylindrical surface 60 having a given outside dianmeter. The outer
cylindrical surface 60 extends axially fromthe forward end of the tubular
nmounting portion 56 to a forward facing annul ar shoul der 62 | ocated near
the junction of the tubular mounting 10 portion 56 and the flare portion

58. The tubigfate MaAgES fd}ﬁvaﬂoinﬁ'aﬁrbid 6 a
respective one eof tghe sEect acl e gt Eg‘%gse“ﬁ#%% éygﬁ%c%to}igweﬁﬂivg flange

50 of the cd® ke pgemesp ﬁqctéiﬁleaﬁét@ rﬂﬁeymsososﬂl@hthehadmdiml fflange 5past i ons 58

are |ocate th

spect acl e p%g%ﬁﬁl?%l%@cg wr?]@etﬁ% %‘Igécgﬁ%ﬁ Igg oﬁﬁn&a}g er ﬁ%zafgr%afﬁlgﬁag ?/vgpd ends
of the cyl i ndvinsdke forward ewsee afithe spretacleDlataB8l ar nounting portion 56 are
preferably axiall y aligned with one another. The outer cylindrical surfaces

60 are knurled; i.e. ,EQJhOHét%EQr%t B dessgrﬂuﬁ?liuginomg Pé}ljtlggﬁs%oﬁﬁde?ﬁﬁgﬁ” The

knurling is typlcally In a anond- s ou
patt erns ar dntpgreidy formed Aare @oriianisde Fgch mlhualan momnting |pbmmf56 rdeﬁnesaah ouklges 48

20 cyl | nr i S SR BV SR el Y niFs SIROEH ritss 60 ar e

me p[ ﬁf e[réﬂ_exm_ndé ameﬁg;mnkmsrﬂorwad m:je;fthemlmlagnhddnﬁtﬁ@tpbmgﬁam &{ato knur |
an e I NS urface ar e annul ar

gr ooves 54\,\@%3@% GPW@‘H iﬁulf‘?fe&olﬂ e@pﬁﬁed\ﬁm gFgﬁ ‘%@B’émﬂ@npﬁstead of

t he i nher ijbn‘tmdrSBQﬁaH thdIflire pofionss. Imdﬂabmaﬁﬁsmnngfpbwgrﬁ akd @isharegr

cylindrical surf .52 are Bﬁeferred because the f|anges 50 are 2

general |y t fApasial ‘f’ M 3 TRPeRtHG AR of fhR TheriAge plite PRemines gnd theceybipdusalie

di anet er of flahg S0Usfake CittekpAtdingdlvirtdtaEREBS/ ﬁﬂsuea%a@ﬂfelﬂa?&'pmonstmrpeaks of
the knurli n?%‘?@aaéQl%stantlally equal to the inside dianeters of

spectacl e p ectarde plats L8y | The il susfacerof thgyepesfacle EM&)@Q]@HS
cylindrical tieudin@Re shofilder 62, and the forward ends of the cylindrical flange 50 and the

15 tubular mounting portion 56 are preferably axially aligned with one another.

The outer cylindrical surfaces 60 are knurled; i.e., provided with a
series of small ridges or beads. The knurling is typically in a diamond-shaped pattern,
although other knurl patterns are possible. Alternatively, the inner circumferential
edges 48 and the inner cylindrical surfaces 52 could be knurled instead of the outer

20 cylindrical surfaces 60. However, the outer cylindrical surfaces 60 are .the preferred
surfaces to knurl, as they are significantly easier to knuzl than the two inside surfaces.
Similarly, the aforementioned annular grooves 54 could be formed in the outer
cylindrical surfaces 60 instead of the inner cylindrical surfaces 52. In this case,
however, the inner cylindrical surfaces 52 are preferred because the flanges 50 are

25 generally thicker than the tubular mounting portions 56.

The outside diameter of the outer cylindrical surfaces 60 (as defined by
the peaks of the knurling) is substantially equal to the inside diameters of the
spectacle plate openings and the cylindrical flange 50. Each outer cylindrical surface.
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interference fit wth the correspondi ng spectacle plate opening and
cylindrical flange 50. The swirler assenblies 30 and the deflectors 46 can
thus be j®HEAS the spectacle plate 28 without separatRETIUSRLMENG or
tack welding. The deflectors 46 are also automatically centered with
respect to the corresponding 5 spectacle plate openings and swirler
assenblies 30, thereby elimnating uneven gaps. As will be described

bel ow, the troughs of the knurling permit joining material to flow around
the entire interface between each deflector 46 and the spectacle plate 28
and cor r espogidihng providek @n ineFedineyfi3Rith muecmaispdndingas@samﬂhé bRt dikningnd t he

defl ectors 46 arge pr.ef er abl ne 10 t 8 ,by
brazi ng or aanéll%ﬂmfﬁw {fgq ﬁé Jpéecsr’fﬁﬁﬁ‘i?éseé’lpg’ﬁs g@ @8&8@? eﬁﬁ’réo ‘*ﬁé é&“stbﬁan
joining the jgife@to Ing fs;?&&cléfpl@lﬁci% iUt Sepa6tE Siithring! or a0k w@agacie pl ate
In one operat i on and 0i ni ng each def | ector into the inner dianeter

of the cor rdsdieeini g aﬁma}speﬁut%%ﬁ%f yentared it apspegt cloathe oprrespdigeact acl e
plate 28, ectidls iaﬁ'er ppg mid s%ﬁﬂéﬂaseeﬁ%ﬁemo dﬁéré@;cémﬁnétﬁlgafnevenoga@@d

t oget her |n sin ration 15 without the need for fixturin
preferred préewdld dlesqwﬁdjbal@w FhenEOltghé of] theekmlingparpitjpiningemaler t°f oi |
rings of joi and. rdal¥9d Pup il nih@r2geach
joint. The 1? Pr %8{5 gé‘?“ |lﬁ°s eet np%aggeégiegﬁapegﬂ?%ba \Aﬁ%s% The
solid ring |emds:ntrs&pandmaswylerm¢mlklm30and is sized to be received in the
annul ar groove 54 fornpd i nsi de each of the 20 cylindrical flanges 50.
Al t hough joi ni ng mat er sﬁm-féﬂ“aﬁ’seﬁﬁp d&%@?ﬁd fﬁgtd@h or!‘@ls%é‘grefe?ﬁﬂf du?éds and
fl owabl e nonnetal | i ¢ adhesives cou e use e joining mater S
preferdbly aobhaspecatiepaie by drazinger armlamgmpm tachniqugsueihas meang al or

materlalsfr C: s 30 and
t he defl ectors rﬁaezfgﬁz{n glﬁ%ﬁ%é&ﬁgmg%a%pﬁéﬁs‘%ﬁ“% bg%“[tgg v ?ﬁzﬁg téz t he
swirl er assesdzl bﬁesratﬂﬁx andl théme jtﬁﬂmgeédchcdecﬂleaoﬂﬁntar 'éleainherrrddmetﬁr othéhe

superal | oy N&arrfe%on g sw1rlQrg assemglg';I in another operation, the spectacle plate 28, the

swirler assemblies 30 and the deflector 46 are joined together in a single operation
15 without the need for fixturing,

A preferred process for manufacturing the dome assembly 27 uses two
foil rings of joining material and a solid ring of joining material for each joint. The
foil rings are thin sheet pieces shaped like a washer. The solid ring is substantially
thicker and is sized to be received in the annular groove 54 formed inside each of the

20 cylindrical flanges 50, Although joining materials such as solder metals, welding
materials and flowable nonmetallic adhesives could be used, the joining material is

. preferably a braze alloy that a lower melting point than the material or materials from
which the spectacle plate 28, the swirler assemblies 30 and the deflectors 46 are

made. For example, if the spectacle plate 28, the swirler assemblies 30 and the

25 deflectors 46 are all made of the superalloy Mar-M-509 having a nominal
composition of about 52 weight percent cobalt, 23 weight percent chromium, 10

weight percent nickel, 7 weight percent tungsten, 3.5 weight percent tantalum,
balance nickel and impurities, or the superalloy L605 having a nominal co_mposition

of about 52 weight percent cobalt, 20 weight percent chromium, 10 weight percent

3-



conposition of about 52 weight percent cobalt, 23 weight pergclc\e[?\ em%rrc‘)zr%oﬁm

10 weight percent nickel, 7 weight percent tungsten, 3.5 weight percent
tantal um bal ance nickel and inpurities, or the superalloy L605 having a
nom nal coMfbY/%Bn of about 52 wei ght percent cobalt, ZFECTESOLS20per cent
chromum 10 wei ght percent -8 19 Novenber 2004 WO 01/90652 PCT/ US01/ 09320
ni ckel , 15 wei ght percent tungsten, bal ance nickel and inpurities, then a
preferred braze alloy is AMS 4779 having a nom nal conposition of about 94
wei ght percent nickel, 3.5 weight percent silicon, 1.8 weight percent
boron, bal ance inpurities. The foil and solid braze alloy rings are all’

made of nea"zﬂclédl@@%éi’gt@%%rcéﬁt' %s@dhdbﬂhﬁ:eﬁuél{eeﬁhéhﬁﬁhrﬂﬁ@%&%‘ﬁrﬁgnéﬁ eces so

that each foil ring and each id ring has the sane volune.” For instance,

the foil ri hegeeloy kse%fﬁrﬂ]f'/%@@wéa mrrml sempesitipna{about Unvieighterereest i d ring
coul d be drgaymews (Sgwelém rcBR's cBﬁ P@W@izgﬁ{ ﬁ‘t{i‘f&n@ﬂ&l‘ mﬁ%ﬁ’n@é fufifites OTpover the
vol urre and [ocation tp Il ed braZe a I C

eap prevents areas of the
joints frofeihand selid brazeraldey ongt a8 ali made 05n@9zle/ Hi0% prazg Gliog agthawh i n
Fi gur e 4, f 64 over
t he tubul ar Iﬂr?%:& nﬁnﬁagsﬁ%ﬁﬂ*réé%&%é% ?& ?e%hrfglg %%fm?d %ac ﬁ'gﬁggﬁé é%%/ﬂc}?s and
agai nst the vahmel &or mbtandegthe feiPringsivan te farufaciured Goinsstanhped shmﬂehb into its

t acl h. th .1 h 64
andw ched DU EiERLACeEVE Jifer T afmit sl dno AbOffs Bt ol e '
annul ar shourbhiﬁre . lodmnoﬁmftth@amhedlbmze alldf wmleh cpt&vemts ayda rfl Ithd:ﬁ:int.sur face
60 of the def ctor 46 rov deﬁ @:}]rl ntﬁrference fit wth the corresponding
spectacl e pl Chlﬂ'eto? ft 8h®%-fit insertion may be

acconpl i shed by a force fit, or other known techni ques such as cooling the
defl eci®r 46 to contAseliowrt indfigwre 4 theifirstestdp isrio place hdmdtifoid btdze aH@ect acl e

I 28 d o '
Phor cof . 20 RERovgt B8 ke PRl dioh o s 3o ee Rt B0bne e

t ubul ar against the annular shounlder 62. The deflector 46 is then inserted into its spectacle

p—
et

plate opening such that the first foil braze alloy ring 64 is sandwiched between the aft
surface of the spectacle plate 28 and the annular shoulder 62. As mentioned above,
15 the outer cylindrical surface 60 of the deflector 46 provides an interference fit with
the cortesponding spectacle plate opening. The interference-fit insertion may be
accomplished by a force fit, or other known techniques such as cooling the deflector
46 to contract it prior to insertion, or heating the spectacle plate 28 to expand the

opening prior to insertion, or a combination thereof.

20 Next, a second foil braze alloy ring 66 is placed over the fubular
mounting portion 56 and against the forward surface of the spectacle plate 28 as seen
in Figure 5. A solid braze alloy ring 68 is inserted into the annular groove 54 in a first
one of the swirler assemblies 30 as seen in Figure 6. The cylindrical flange 50 is then
placed onto the portion of the tubular mounting pertion 56 extending forward of the

25 spectacle plate 28. The swirler assembly 30 is positioned relative to the spectacle
plate 28 and the deflector 46 (as shown in Figure 2) so that the second foil braze alloy

- Ting 66 is sandwiched between the forward surface of the spectacle plate 28 and the
solid braze alloy ring 68 surrounds the outer cylindrical surface 60 of the tubular
mounting portion 56. The outer cylindrical surface 60 also forms an interference fit

9



: : : 19 No 20
nmounting portion 56 and against the forward surface of the spec\tleaT: eer pPgte

28 as seen in Figure 5. A solid braze alloy ring 68 is inserted into the
annul ar groove 54 in a first one of the swirler assenblies 30 as seen in
Figure 6. YHROWF2ndrical flange 50 is then placed onto RAT&USHLEWRON of t he
tubul ar nounting portion 56 extending forward of the 25 spectacle plate 28.
The swirler assenbly 30 is positioned relative to the spectacle plate 28
and the deflector 46 (as shown in Figure 2) so that the second foil braze
alloy ring 66 is sandwi'ched between the forward surface of the spectacle
plate 28 and the solid braze alloy ring 68 surrounds the outer cylindrical

surface 60 Qfithith€cylinhH %Eowjt' i h LPEraeal
surface 60 gfltél()t f%%ns J<:§1“ir'%rﬂiarr11 erfe]?ﬁek%gémh;ﬂe?@gﬁ%ﬁﬁbégg%@g?&?%%b% t'l(l)lieL/ 90652

PCT/ USOL/ 093w leniassamblye3 G 9nd thd defegtorf46aarg @lldmld ipuxedorelatienship withenence

fits, the Sgﬁ&ﬁé}c! @o@k@%ﬁ%ﬁﬁhe& R€ no %\é@fn{]{oe{xsea&g%%' ﬂ’xtﬁﬁggg tatcﬂ%{f% ector 46

are all held infixe lonship w one not her., nsequen t here
i's no need twhilapermmeplygoiningitke parishegether.t ack wel ding whil e pernanently
joining the parts together. 5 The foregoing steps are repeated for each one

of the swirler assenbl epe. e Ay bt R0k SIROOFAAGAR hanbAlsdfeOnce al |

of the swirler a_ssenb I es ectors 4 us nounted onto
t he spect acBé apd its core@ponding daflacter 46.1 Opca dlhoithe 4wirleg @ssambiliGS3 angd theat ed

typi call ' t ' I t th
ol et ti g CHRERRS BF e B0 P pR3 T ettt B 25 TRE bR o ML 10"
t hr oughout @écind|a8 @t . hedied (typalih dyfleatingy thenertine assemblyd do cuteapemtré aces 60
permt the

ne|ted braze.all oy .t | pw t hr oughout the interfac bet ween
Phe e | oot geaies & he Fileqiatnt e OB A% § MR e A IR ARG Bete 1 or
as E enbio esI aﬂmhghoﬁ?ablh joidty The trowghs fﬁfhigd li:f thé ki dliﬁ@&&'fﬁek 60 pérthit the ]
subsequent opled to a tenpgrature belowits neltin oi nt T raze
2 Toy sl | cieregbregsufiuily MEHHRoRGHE DS Syaties b Brihe dodeetands sl B o - 15
assenbl i es 3fechiRld flite 2d@hd es&&g&mxf% $vaflet RSEmblip 30tk apillad actib®. quéEEr
cylindrical " surface 60 of each deflector 46 is joined to the corresponding
i nner ci r cunsflowedibrage alloy 1s subsequently cooled to a temperature below its melting point.
The braze alloy solidifies, thereby joining the spectacle plate 28, the swirler
‘15 assemblies 30 and the deflectors 46 together. Specifically, the outer cylindrical
surface 60 of each deflector 46 is joined to the corresponding inner circumferential
edges 48 and to the inner cylindrical surfaces 52. Also, the aft ends of the cylindrical

flanges 50 are joined to the forward surface of the S;pectacle plate 28,

As mentioned above, by using precision manufactured braze alloy

20 rings 64, 66 and 68 that are nearly 100% braze alloy, consistent and accurate control
' over the volume and location of the applied braze alloy is obtained. This prevents
areas of the joints from having too much or too little braze alloy. That is, molten

braze alloy fills the interfaces between the outer cylindrical surfaces 60 and the inner
circumferential edges 48 and the inner cylindrical surfaces 52 without overflowing.

25 Likewise, the interfaces between the aft ends of the cylindrical flanges 50 and the
forward surface of the spectacle plate 28 are filled without overflow. As a resulf,

there is no need to use stop-off on adjacent surfaces.

-10-



edges 48 and to the inner cylindrical surfaces 52. Al so, th1eg ig?\{en%the&gogfl
the cylindrical flanges 50 are joined to the forward surface of the
spectacle plate 28. As nentioned above, by using precision manufactured
braze al | oWO®A0§SENngs 64, 66 and 68 that are nearly 100%¥HeA&BSe1/6M200Y,

consi stent and accurate control over the volune and |ocation of the applied
braze alloy is obtained. This prevents areas of the joints from having too
much or too little braze alloy. That is, nolten braze alloy fills the
interfaces between the outer cylindrical surfaces 60 and the inner
circunferential edges 48 and the inner cylindrical surfaces 52 w thout

overflow ng. 25 Li kewnse i e
cylindrical flanges \é%fea%{jégtgﬁlg ﬁ%?{eiﬁ%ﬁ@g% ac‘gﬁg?&tﬁ%ggsggggf%gfﬂg ‘I’pl*]at e 28
are filled imprbvadt jointefor |joiningAthe sspeesadle tplate,t $veirler assembliesead deflegtoss st op- of f
on adj acent surfaces. :10 19 Nove / 2 1 20 The

f or egoi ng h%etg}grs(:?ﬁge&ngog%%gﬁ g& g@%ﬁeeggélsc gg%@‘?l;? ?‘gdggﬁﬁ%rg L%ﬁlg rr‘i!lao(r?lge\B/ed j oi nt
f or jﬁi ni ng?lgsbﬁblgpts?écgﬁéﬂlypﬂhaﬂ&ee d;rTMef dseemily sempbrices amc}idixﬁgft?@ﬁmnir& e d
together. The jnproved |jgin [ eat enhances,the producibility,of the done
nesenbly  spagkrdresioy, it (HpEBE BT JBRCROIPIE SRFAIUR. Sl e o

toget her | nﬁﬁtu%es.sim.ethemlﬁ;@@ thﬁé Ixﬁp}oWdtjbihtlhtil‘iiexTfeWérngwEﬂﬁtblﬁls, trévpuiresniess i pl e
operations using myltiple i Xxtures., Further e, the inpraoved | oi nt
utilizes feWepuRGFRGtie andsis P‘@E’fu?’?l%%‘e‘?“@gg %}ﬁﬂ Mu?qmaﬁ’c"?’%eh"éﬂ% is nore
vol unet ri cabdsympfyfibmise "thetitprove@ i HidcoMmARIRY catsae iRl j¥inkd partsswithl he

i nproved joint also automatically centers the |oi ned iRarts vmtr{ .respect to

one anot her respasste 8y avethen therabyaveiding uncyen png gieak jointpy JTheceslt isiz 5 10

done agsenb i $J EkicPAH (LR SRpESRE IS Infuthd@uganuf acture. Wiile
speciffl%z en‘g%la%gn%%r{lg@cﬁﬁt he 1|gresent i%venti on have been described, it wll

be apparent to those skilled  in the art that various nodificatiqQns thereto

can be made without d¥bietspreifie rarpodpaents)iofj the prgseat dpwentien (ha¥e i8¢ nti on as

described, it will be apparent to those skilled in the art that various modifications

thereto can be made without departing from the spirit and scope of the invention as

defined in the appended claims.
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defined in the appended clainms. -11 19 Novenber 2004 CLAINSH?NEYGWPer2004
conbustor done assenbly conprising: a spectacle plate having an opening
formed therein, said spectacle plate opening defining an inner
circunferential edge; a swirler assenbly defining an inner cylindrical
surface; and a deflector having an outer cylindrical surface, said outer
cylindrical Cﬁgmggce being joined to said inner circunferential edge and to
said inner cylindrical surface. 2. The conbustor donme assenbly of claiml
wherein said swirler assenbly has an end that is joined to said spectacle
plate. 3. The conbustor, dong ambesH donffassdntlyRonpMigigei N said deflector
has a shoul der that adjoins said spectacle plate.” 4. The conbustor done
assenbly of claim1l whasgictacktplitedatingre apbning dorthed tha@eing ydid spbctackd

surface, said inner circunferential edge and said inner cylindrical
surface is kpaiclopgningdefining angpeay strommigeentaladgenbl y of claim 4 wherein said
outer «cylindrical surface defines an interfergnce fit with said inner
circunferential edge %ﬂ’ﬂﬁeﬁaﬁﬁm@&% fan npsrcybnfiicalapiacgandce. 6. The

conbust or done assenbl ] . Lising ..an annul ar .groove

formed in one of said %{ﬁ%{éerc&%)%‘{ﬂﬁ%# é{gt%pcg'?}?%gcggs%fac%g’?ﬁ%ghetré:?lm‘%??li ndri cal
surface. 7. &r&aedbisd Rincd 998 SR BdtnHORRNdl $hH0andBo SRAGKAE LepiRlie havi ng
an opening forned therein, said spectacle plate opening defining an inner

ci r cunf er ent suafacedge; 12

2. The combustor dome assembly of claim 1 wherein said

swirler assembly has an end that is joined to said spectacle plate.

3. The combustor dome assembly of claim 1 wherein said

deflector has a shoulder that adjoins said spectacle plate.

4. The combustor dome assembly of claim 1 wherein at least one of
said outer cylindrical surface, said inner circumferential edge and said inner

cylindrical surface is knurled.

5. The combustor dome assembly of claim 4 wherein said outer
cylindrical surface defines an interference fit with said inner circumferential edge

and with said inner cylindrical surface.

6. The combustor dome assembly of claim 1 further comprising
an annular groove formed in one of said inner cylindrical surface or said outer

cylindrical surface.

7. A combustor dome assembly comprising;

a spectacle plate having an opening formed therein, said spectacle

plate opening defining an inner circumferential edge;

12



19 Novenber 2004 a swirler assenbly having a cylindrical f|§%§8¥”§%¥5°°4

cylindrical flange defining an inner cylindrical surface; a deflector
havi ng a tubul ar nmounting portion and a flare portion, said tubular
nounting portion being disposed within said spectacle plate opening and
said cylindrical flange and defining an outer cylindrical surface; and
joining material dispoged;bgt biS iYL 8L iaYkd Leal LiRGE.and said
inner circunferential edge an ﬁgtaeen1 a?d3ﬁﬁ%%%pg§F?%d?§§§? surface and
said inner fiylgemdefihifigbn Buef Glidridil subage;combust or done assenbly of claim?7
wherein said joining material is a braze alloy. 9. The conbustor done
assenbly of claim?7 wherej 1.d: def r E%s a shoul der, t hat .adj oi ns a
first surface of said %8%% g%ﬁgg%@a éﬁﬁ%g?I ez%%ﬁﬁﬁé 6?3 5ﬁﬁ?ggg%nbly of
clai m 9 wher gid aibaiad mdanling Poti6R befn ai?%%séaaﬁitﬁﬁ sefadspbhade i}iié!te%&%ir%as econd
surface of said spectacle plate, an urther conprising joining material
di sposed bet amlenidsglindrivyl flange anddeffnimgmouendylamigicalsaifstesggiond surf ace of
said spectacle plate. 11. The conbustor donme assenbly of claim7 wherein

said outer cylindri Cafoirﬁllrglfn%ﬁalicﬁﬁ}i@gﬁliﬁeﬁq en3%id olif ¢ Ut Bdog assendly

of claim 1l wherein said outer cy I cal surface derines an I nterference
fit with saigid hRefciumEterdtRl edbel Al beEEen sa Guidk ERirIALSl sLARRS an@)higndr i cal
surface. 13. The conbustor done assenbly of claim7 wherein said
cylindrical ihhernybndrs! sfagnnul ar groove formed in said inner cylindrical
surface. 14. A nethod of manufacturing a conbustor donme assenbly, said

met hod conprising the steps o .13 19 Novenber 2004 )
8. The combustor dome assembly of claim 7 wherein said joining

material is a braze alloy.

9. The combustor dome assembly of claim 7 wherein said deflector

has a shoulder that adjoins a first surface of said spectacle plate.

10. The combustor dome assembly of claim 9 wherein said
cylindrical flange has an end that adjoins a second surface of said spectacle plate, and
further comprising joining material disposed between said cylindrical flange end and

said second surface of said spectacle plate.

11. The combustor dome assembly of claim 7 wherein said outer

cylindrical surface is knurled.

12. The combustor dome assembly of claim 11 wherein said outer
cylindrical surface defines an interference fit with said inner circumferential edge

and with said inner cylindrical surface.

13. The combustor dome assembly of claim 7 wherein said

cylindrical flange has an annular groove formed in said inner cylindrical surface.

14. A method of manufacturing a combustor dome assembly, said

method comprising the steps of:

13



provi ding a spectacle plate having an opening forned ther ei1ng, Ng‘éelm er 2004

spectacl e plate opening defining an inner circunferential edge; providing a
swirler assenbly defining an inner cylindrical surface; providing a

defl ector having an outer cylindrical surface; and joining said outer
cylindrical surface to said inner circunferential edge and to said inner

i ndrical f .1 ; a I 4 . I:Si th t
cylindrical surface. 1o ISiALehRbil I obibd Rimes Wrkis! Ay Lhe ot ep

of joining an end of said swrler sal d Spectacle plate. 16.
The met hod ofpectaele piatelopwhimg definiag ah mast cintafoéntiabédgeout er cylindri cal
surface, said inner circunferential edge and said inner cylindrical surface

is knuried. 17. A met hggyRingd BeWHaCHMHIIddmE ISR by MR A58RD! V. sai d

met hod conprising the steps of. providing a spectacle plate havinhg an

openi ng formed therein; vi dj i1 | er |.y_;hawi ng cylindrical
flange, said cylindri B@P{dﬁgfn%%ggg]f I&ﬁﬂﬁgﬁ%&)ﬁ%ﬁ?\%g@ng%}lsl o] %@I surface
havi ng an annul ar groove . for.ned theﬁgdﬁw' providing ,a deflector having a

tubul ar mounting por t i 1P §Id opfes o¥ Ak ?"Ug‘,ce 544 1sE ICHPURBTRRRINg

portion defi Eﬁg@%n@fb Qi ShereVliddadhi G csur face and  having a shoul der forned
thereon; placinhg a first ring of joining material over said tubular

nmounting portion; inserting said tubular nounting portion into said
spectacl e plate openi h§ e rhdthéd sBdlainf i4 Sirther Bgmprssigamd wiephggoibpioneen a

first surface of said spectacle plate and said shoul der; placing a second
ring of joi nthepdrhisaidisyirles gesemblyjteisaidiprecaelemiatat i ng portion; 14
16. The method of claim 14 wherein at least one of said outer

cylindrical surface, said inner circumferential edge and said inner cylindrical surface

is knuried.

17. A method of manufacturing a combustor dome assembly, said

method comprising the steps of:
providing a spectacle plate having an opening formed therein;

providing a swirler assembly having a cylindrical flange, said
cylindrical flange defining an inner cylindrical surface having an annular groove

formed therein;

providing a deflector having a tubular mounting portion and a flare
portion, said tubular mounting portion defining an outer cylindrical surface and

having a shoulder formed thereon;

placing a first ring of joining material over said tubular mounting

portion,
inserting said tubular mounting portion into said spectacle plate

opening so that said first ring is sandwiched between a first surface of said spectacle

plate and said shoulder;

placing a second ring of joining material over said tubular mounting

portion;
14



. . . . S .. 19 November 200
19 Novenber 2004 inserting a third ring of joining material into 55? 4

annul ar groove; placing said cylindrical flange over said tubular nounting
portion so that said second ring is sandwi ched between a second surface of
sai d spectacle plate and an end of said cylindrical flange and said third
ring surrounds said tubul ar nDunting portion; heating said first, second

and third rings to a tglga.ﬁﬁg'lg Wi QR dhing hid afﬁ@sgid%hﬁlhl{%t&%l nts so that

said first, second and third rings become nolten joining erfal; and
cooling said nolten joini ng rr@t elrl al rq18 The tho‘c‘jﬁaof claim1l17 wher ei n
said outer cylindrical plagipg sid eylindpipg] fange OVf§S PIRBYRGIPOEHOR 5 17
wherein sai d {a SGCWS gﬂlﬁ“ﬁ&ﬁ%g?ﬂ‘;@&f 9?&0%&3 su@gee 0O saxr_id%tpgcrta?c%e %la l oy. 20.

The et hod o reln sal irs Secon S are

preci si on magu ¢ kad of saﬂfkﬁvﬁﬁdﬁbral fienddeald ¥id Q8% Hﬁ%'iéﬁrﬁfnhé))éald?t&bulél;he met hod
of claim 17 wherein said third ring 1s substanti al t hicker than said

first and semomdingipogin; 15

heating said first, second and third rings to a temperature greater
than their melting points so that said first, second and third rings become molten

joining material; and

cooling said molten joining material.

18. The method of claim 17 wherein said outer cylindrical surface is

knurled.

19. The method of claim 17 wherein said first, second and third

rings are made of a braze alloy.

20. The method of claim 19 wherein said first, second and third

rings are precision manufactured and comprise nearly 100% braze alloy.

21. The method of claim 17 wherein said third ring is substantially

thicker than said first and second rings.

15



