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Abstract: A conbustor donme assenbly (27) includes a spectacle plate (28)
havi ng an opening formed therein that defines an O inner circunferenti al
edge (48), V@?“W@é@t one swirler assenbly (30) defining arPGEARSI/039¢ i ndri cal
surface (52), and at |east one deflector (46) having an outer cylindrical
surface (60). These conponents are arranged such that the outer cylindrical
surface (60) is joined to the inner circunferential edge (48) and to the

i nner cylindrical surface (52). 19 Novenber 2004 WO 01/90652 PCTI USQO /09320
COVBUSTOR DOVE ASSEMBLY AND METHOD OF ASSEMBLI NG THE SAME STATEMENT

REGARDI NG FEDERALLY SREDEBRSTORDOMICHSSEMBEVEANPMAETHO® U S. Cover nment

may have certain rights in this invention
y g OF ASSEMBIING THE SAME

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH &
DEVELOPMENT

The U.S. Government may have certain rights in this invention
pursuant to contract number F33615-98-C-2903 awarded by the Department of the

Alir Force.
BACKGROUND OF THE INVENTION

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
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pursuant to contract nunber F33615-98-C-2903 awarded by the Depaernt]r%nt gf

the Air Force. BACKGROUND OF THE I NVENTI ON This invention rel ates
generally to gas turbine engines and nore 5 particularly to conbustor done
assenbl i esWEHAP$A such engines. A gas turbine engi ne i nGIQTdE91/80320NPr essor
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 used in aircraft engines typically include inner and
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the sw rI er %nggir%b %ne%}mg&# %I&C%g%%g@ﬁ%ésté%ggﬁ HE%){'&%% %C&m? 4. oﬁg%tdét oget her
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i nner di anetaiéy ﬁlfelting@onﬁmdhltﬁdt tl@eswaadnpymﬂeits andfille thegpgr The astemBlyds

manuf acture of such 004, WO 01/ 52

BT UL 00456 Bt a0 Lk dhe MReRAlloh iR sendie pucter spmpiy e

mul tipiee fi g@dbpefaddplaBrny expensive materials, and is relatively |abor

I ntensive. For instance,-in the first operation the swirler assenbly is
fixtured to the spect IanSJnga eci al tur so,,t hat .t he
swirler assenbly can ﬁ‘eth? 5‘% CHEE: BOR Qﬁ( Popsof bpze Ao el d 5

fixture is t(éiﬁter 5REP1PEl add Brade ﬁipeparefabpmﬂ&b &hd defRRPiot.i The Hefldche iStest acl e

| ate. Next,
P X ﬁxtured into the swirler assembly/spectacle plate sub-assembly using another fixture.

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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braze alloy paste is placed in the gap between the swirler asse y and 't he
spectacle plate opening. The assenbly is then heated to a tenperature
exceeding the braze alloy nelting point such that the braze alloy nelts
and fills the gap. The assenbly is then allowed to cool so that the braze
alloy solidifies and joins the swirler assenbly to 10 the spectacle plate.
In the second operation, stop-off material and two forns of braze all oy

sinter braz Jed to e defl ector. The

élef | ector i sﬁlte eﬁg al?‘?%? E%’%ﬁ&iué{?@e%uﬁgé Zhvﬁab?%}rlg %%pss étrrw% Il%’ld ggbelg?saocﬁfﬁo bt e _
sub- assenbl y ol ithechr@R QUIBE fenfains koI 6B the hdekrapd THRIBASE AlokSn EFBR’J dn@Gofe0 this
fixture to prevent seizing during subsequent 15 heating. This assenbly is

t hen heat ed fosmaistantsp80%t iplemeikeadlydifficienth @hb ramentadf] luynzgl at}zzlgtip;pgeq)d)j nt such
that the braze.alloy nelts and fills the swirler assenbly/defl ector

i nterface. Tﬁ‘%"&bg‘é}/’r‘fﬂquﬁ% c‘?qqﬁh{’%ws%&g%o%%ﬁ’e%" yagirigate “E’lﬂéFz‘@;ta_al loy
solidifies a 1R SW. ] er . I Xxture is
t hen renoved&qZEea%%ygi% ?‘t% Eegf%lﬂtguéﬁd g%]&rdnb;yﬁl éﬂi{rn?gflﬁ%éyr Pfgﬁf‘a(fﬁ‘glﬂﬁlsiéelar all%gl%cﬁfese t wo
operations ftiohisrimperst ihfremgtoabustyr dudtk 6R%. Teb niRRUAGLHHT filféhe he dome
assenbly. Furthernore, the swirler assenbly is. not centered when inserted
into the spe&Padpd Mrapyerperiauadiacenh spdades whare mlﬁl?diolqgapn% csuaf}ideow 1;) or
braze alloy fill. This enables th wirler —assenbly/spectacle plate braze
joint gap %/oerglgmi?ﬁjee{} &y gﬁrﬁ’ SW&E%C&PBJTV?%P%WC W %/%%plq %P&I?ch@p In the
worse case, §BRinpWWdagloiassenbly makes contact with the spectacle 25 plate.
Then, there is no braze gap where the contact is nmade, and there is an
excessive gap opposite of the contact |ocation. This done assenbly design
uses braze all oy in paBtietheredore dpgrablertmhaveSa cbmbmt@rdoalesassintblpay is50% br aze
alloy, with the remai nder being a binder. Wien -2 19 Novenber 2004 the
paste and r offSiehAess Mg fansuEHngtnd 1S ckprasiye tomarpfagteps, the binder burns of f
so that only the braze alloy remains to fill the braze gaps. Thus, braze
alloy in paste and rope formis only 50% volunetrically efficient. The
anount of brBRIERSUMMARPIORUGEINVENTIONUIt to accurately control bepause,
in addition to being volunetrically inefficient, braze alloy paste is

typically applied by hand using a syringe. Volunetric braze alloy
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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control is inportant in form ng conbustor dome joints. Too nuch alToy wl |
fill the gap and run over onto adjacent surfaces where cooling holes and

surface enhancenents may be obstructed. Too little alloy | eaves voids in
the braze gap creating a weak joint. It is therefore desirable to have a
conbustor done assenbly that is easier, less tinme consum ng and | ess
expensi ve to manufacture. BRI EF SUMVARY OF THE | NVENTI ON The o
above- nenti oned need . rovidin conbust.or .dong assenbly
i ncluding a spectaclen%¥%?§ng§%i%%n§%‘% %ﬁf%b _op%gﬁffﬁg?ﬂ?mnﬁ¥ﬂﬁlfdefines
an inner cir giRfded eNtoAbusH I meAksskidBIFt coiRishpl bl §lectds MY YhatiBE I 4 N9 an
i nner cylindrical surface, and at | east one defleCtor having an outer
cylindrical opamrfeacierméthetherempnpenentdaciyplbte apemngedefsiigh 4rhainnéthe out er
cylindrical surface .of the deflector is joined to the inner .
c?/r cunf er ent F‘éﬂ“"gﬁfﬁ’é“angﬁ%é SYHEE PeemelyIantg agyvindncsl flange; thasylindpicelngr i cal
surface of t | 1A% LN ec f the present
i nvention, tﬂ%%%wkghgéggﬁﬁggggﬁlcgnﬁﬁgg%?qé%ﬁ%gggggﬁgﬁy&%§%%¥9%9§l: a
spectacl e pl périomand § Garpod@a) tHeGubQir TRelntihE bioR beind Aisphatwalie te! at e
openi ng defining an inner circunferential edge; a swrler assenbly
defining an $nepieele plate eppningeand ghe ¢diodricad fldnge abdfdebuingranater nyliminicaut ﬁr
cylindrical sugface,.the outer cylindrical surface being jaoined to the
Chner o 1 ouTHERE R ifinBa gt e sthberiarhe oy UIESH Sutier aEb e 1o
Novenber 2004, ACGRLAIRDE AP e%%ﬁ%ﬁﬁ%&é oftl: %Jl!iﬁdl%a?%@ce LRy BfL ihﬁé} there
is provided a conbustor do asse y conprising: a spectacl'e plate having
an openi ng &dindechi slgrcel n, the spectacl e plate opening defining an inner
circunferential edge; a swirler assenbly having a cylindrical flange, the
cylindrical flange defining an inner cylindrical surface; a deflector
having a tubul ar nount APrAperie; iethendsiect | ofr e pptenb inventien, t bprg| ir .
nount i ng portij i I SRO ithin the ect acl e t e _openi ng and the
]%11091*36(? @ E’lgthgfi i tﬁae.‘\n(i!lfz\{g'tunngt% rcm&t}?ﬁ d (fn&calasse@bsrf gl&e Pneﬂwa

cylindrical ange ari efining an o e, j Oi ni ng

material di spageRidgethvatps tdfepRidtg &Yhbdsld oBte BMWIAAGE PBYUn BSrmed

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
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inner circunferential edge and between the outer cylindri ca1 sur aceé anﬁ

the inner cylindrical surface. According to another aspect of the present
invention, there is provided a nmethod of nmanufacturing a conbustor done
assenbly, the nethod conprising the steps of providing a spectacle plate
havi ng an opening formed therein, the spectacle plate opening defining an
inner circunferential edge; providing a swirler assenbly defining an inner

cylindrical gur - B QVi di defl.ect or. havi ng an outer cylindrical
sur f ace; andj_ ;:j o!lglglﬁlﬁtgen?]hée%\%u egfgb u@%/rlrfi% arie _Pm aliay ?E}“’i%ﬁé“% (#H@rmn_g

ci rcunf er ent palerigidii® @ROarnflal RRoovBNSlaciAY hd B¥liraAtal SMnEE GRer AEGRRHINT tO
anot her aspect of the present invention, there is provided a nethod of
manuf act ur i norowntggmotsnco tith the sassdmingys santiwiched berd cencosepondssuntycd dfe st eps
of providing_ a spectacle plate having an opening formed _therein; providing
a swrler as@é%?%aciﬁﬁ?tﬁﬁn%a‘éﬂq ofcths dindrice {lsage aethe (hifdang watounds| ange
defining an jan |1 ndrical rf Vi a | ar..gr,oove formnmed

t herein; pr o{\}]?dﬁhg%% Iﬁdgjg 'dé%&’glrﬂt%ﬁavhl%%giggﬂ}eu%gﬁt’argecﬁggn I ntél%f)lolri{l Sor® dnd a
flare porti ofRmpetafie Erehiet @an RN Rt kO hatl@b ifRit NG LUtird s Ndri cal
surface and having an outer cylindrical surface and having a shoul der

f or med t her ebasomg epdten ipiring natstialy purbcoobifg fheinmiltey joiwbe miadriabver t he tubul ar
nounting portion; inserting the tubular nounting portion into the
spectacle plate opening so that the first _ring iis sapndw ched between a
first surface of the sgﬁeclfrﬁ%v_%‘} BF ?%Oféﬂ?fufaﬁé‘"g%@ﬁlcﬂ‘ﬁ “,'Stoﬁ‘fi%‘f‘ AG“E Yecond
ring of 4 19@?1{@{&@@&1@&9& Qi 39 d %fda?éﬁapa«%f tl'feh)ffltel} Egﬂldﬁeam}f%

ng
portion; inserting athird ring of"joihing nateria I

o the annul ar
groove; pl acefmthet deflectpl.i Tthn] cled ofileargindiical sirfiee tiibylbarinseied niitongheporti on
so that the second ring is sandw ched between a second surface of the
spect acl e pl Weetaglpglateprenige 89 thahibe dystirina ig seadwichedpiveand firsesutficaef ri ng

surrounds t@\ ar, unt i.n ortion; ﬂ_‘eain ?rglefir t cond and
third rings 06 Sée%%t%ie"_r%aet‘rgg_ 4 81 e o et‘%?&e_ o PTG T FODEE ¢ hat t he
first, seconglaRAsl thdyidesh Bd dated oDQUNERARBHoF SO urd: Yy Ph LI RIBEL 8hd 2 D COOl i Ng
the nolten joining material. One preferred nethod of nmanufacturing the
conbust or donme ef5emiry wyaterial 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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may include placing a first ring of joining material over the outer

cylindrical surface of the deflector. Then, the outer cylindrical surface
may be inserted into the spectacle plate opening so that the first ring is
sandwi ched between a first surface of the spectacle plate and a shoul der
formed on the deflector. A second ring of joining material may next be

pl aced over the deflector's outer cylindrical surface, and a third ring of
joining nmaterial. be inserted into an. annul ar oqve forped.in the inner
oyl indri cal BUHSEAOYEYERCHS uindSioRsh Jeteretts R HolppE dHE o pl ace
the swirler ,assaMRk : i i Ca .. SO that the second
ring is sandtwi chegmjg%?%mgéﬂﬁﬁlgﬁ%%égﬁga@ﬁr%cg%'(éﬁlg?g'fl%gfr{s‘gfggltl acle plate and an
end of the swirler assenbly and the third ring surrounds the outer
cylindrical surface. Thigudki I 9§ anSeedndctandl v 6f tHel RGSardBLiidiEDS e heat ed
" to a tenperature greater than their nelting points so that they becone

mol t en j oi ni srgnbwsitoeshioaling disenrhotlinent pithe prespniradrenismr domy adsemblyol ed t o
conplete the joint. The present invention and its advantages over the prior
art will becone appargent upan reading the fallow ng detailed description
and the appended cl ai Ms8Ui £ HS 81 Rtk secsiopHevige cofnfhansAorysier dRMmsgs. BRI EF
DESCRI PTI ON W NGS The subject matter which is regarded as the

i nvention i s%%%@?gﬁﬁgﬁey' poi nted out and distinctly clainmed in the
concluding part of the specification. The 4a 19 Novenber 2004 invention,
however, may be best umgdetstRQd dardal REANGSY P Hdorfi] bOME REmBRSGT 1 Pt on
taken in conjunction with the acconpanying drawi ng figures in which :
Figure 1 is dumeassahblsemdosedy theictraleSfofFiurd r war d portion of a conbustor
show ng one enbodi nent of the present conbustor donme assenbly. Figure 2 is
an enl arged sectional view of the conbustor dome assenbly of Figure 1.
Figure 3 is an enl ar gddg@et4iis api avplofectional parvt iilbustratfing hee stspbiasther  done
assenbly encl oset:d b 11’ e ci{)cl e 3 of Fi %tjre 2. Figure 4 is an axi al

UGS P HE CORORIRL domE gssemolihe

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

manufacture of the combustor dome assembly.

4b
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manuf acture of the conmbustor done assenbly. Figure 5 is an aX| Y seecrtlgﬁal

view illustrating another step in the mnufacture of the conbustor done
assenbly. 4b 19 Novenber 2004 WO 01/90652 PCTI USOL/ 09320 Figure 6 is an
axi al sect MWsh@if20&82ew i | | ustrating yet another step in therCTusoumsen ure of
t he conbustor donme assenbly. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Referring to the drawi ngs wherein identical reference nunerals denote the
sanme el enents throughout the various views, Figure 1 shows the forward end
of a 5 conmbustor 10 of the type suitable for use in a gas turbine engine
and including a hollow body 12 defining a conbustion chanber 14 therein.

The hol | ow body 12 | SFi]glgr%gbf{s%lgl_éfda?chwoﬁgl Vidly Elﬂfsg%tﬂ%dyelt%nﬁ th(e an_outer

liner 16 and an inner he™"upstream en £ fe” Bw body 12 is
subst anti al Imannfaaambfalﬁécdmbustoﬁdwmwéﬁ@emlﬂyt ached to the outer liner 16 by a
first fastener 22 and to the inner liner 18 by a 10 second fastener 24. At

| east one o ' | ' for the introduction of fuel
and comres@ﬁ?’ﬁﬁ%@%@?@j@w&ﬁ roduced into the conbustor 10

froma conpressor (not shown) in a direction generally indicated by arrow
A of Figure 1. The coRpﬁsﬂhgetdtlmidra\piagswberpmildmtim!yefemmgm&rhb demdéri ng 26

to support onbust i on I e e hol |l ow
body 12 15 et el R0uBRt 8 ypolsichvt Bl R I foRuAg oot &
t ur bome® hi neombistort eof t]ﬂayapﬁstmmhlm fot againeal ghetunkiee eagide and érchwiimgext i ng t he
outer and inn I ne gar, th .assenbl y
27 di sposed heﬁ%& :baﬁh'f @f 8%’%&?3 ?ﬁgm '(':Sé‘ﬂf‘ é’ﬁ Hg%ﬁ%relgf eﬁﬁ;}o@ﬁg%gy T?‘H‘?—J done
asserrtr)]r:c y 27 ge ﬁkliﬂil}lydaﬁﬁmhﬂ o Foial ai'mﬂ is ﬁemeaaslyeanmml lhiee leandiaﬁl umﬁphnwraﬂ& ty of
circunferentja ace W T es, 30 S ovvn Fi gure
1) nournted ‘A4 e&E’e ‘g?:ﬁsgleﬂ?oﬁf’@%%yn%ﬁé é@ Y"Bﬁ"gf’@ EQt ached
5 2 t he out entadhdd i) BRY oltérRied 155y alﬁrgclf@tén&ezi lahé tto wmﬁacmd 1%6@ gners 22,
10 second fastener 24. At least one opening 26 is formed in the cowl 20 for the
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.



Each swirler assenbly 30 includes a primary swirler 32 that1%'c\)kr)r\13errpt§eerszog4

plurality of angularly directed swrl vanes 34. The vanes 34 are angl ed
with respect to the axial 25 centerline 31 of the swirler assenbly 30 so as
to inpart ¥GWHESIng notion to the air flow A ferrul e IETIESH/vazel y
mounted on the forward end of the primary swirler 32 and coaxially
receives a fuel nozzle 38. -5 19 Novenber 2004 WO 01/90652 PCT/ US01/ 09320
The swirler assenbly 30 further includes a secondary swirler 40 that
adjoins the primary swirler 32, downstreamthereof, and is fixed with
respect to the spectacle plate 28. The secondary swirler 40 includes a

venturi 42 and a pl ur gk ty: ' ' &ﬂ,g ' 44
di sposed coaxially abgtl%Eﬁ%‘&%ﬁ?&&%@?ﬁ%iga@%@eigﬁ?l %{fﬁigr ?ﬁgﬁ?er rul e
36 of the pradjoinsythe witmagy svditlendZ downsireawateradt, pndhisi fyred dvith telpect tethaxi al

centerline 31 t he | rher . Al Q [ asses

t hrough t he SBF?%?’ Qatsev?gl ¢ |ﬁ\?éﬁ%’?@%@#@@ﬁ#ﬁk}%q’g}ﬂ élﬁgl)% |a?'|8 %gﬁ%ﬁ%gvognes 34

i nteracts widctmferertialin pmacédvifinvansstddatisposdd cvaziallical@dt the vastutid2niTheas it
passes Lnto the ventyri A42. he..secondar.y. .SWiJ | es 4 en to
present %a sWEPTTor & ﬂrtheséﬂllei%é’?ﬁ? W%%%lgﬁ%arié& icPﬁ)SélP}oﬂlgPﬁ(gﬁtPnt eracts
Wi tp t he Lg&hf axitil cf&:tetﬂﬁfeeals@ftas ts;vﬁlei- uﬁstaﬂ#gly .ml ZMJ:meﬂrl] Iekez qs’pelntngrzs paasr;d;l preggre
it for conmbustion_ in the coppustign chanber, 14. ch swirler, asse

has. 5 def | o bOPEn oS! oWA o SO P RUPEAF SHTRS Sy isE Nt AHE%ERcussi ve
di sper si on afith fuBEinfedRld fakd theifd Ho£1288koRit@iniht At birsessp@eh@ednturbént e 28

fromthe hot conbustion gases. in the conbustip ramher 14. 15 It shoul d
be noted t hakhe sasondery Hitkvasgs 44 thep F‘?“%P‘i%‘i“é%s‘ﬁﬂg?fp g the OPRAEND| y i n

a singhg annieafiorC@RMEEREs with teMEAA ik S5 hi R fukthierofbidlze YadRplringabl e to
ot her types of conbustors, including multj-annular conbustors. It should
R

al so be notasd prapate it fis combussiep it Hecampuitiop shambes 14, Fack amirler sssembliyer t ypes

Of swi il el amPabh | e 48 lendifl bt Msich FodpieFontng diesdive! Ne_done
assenbly 27 is shown in nore detail. The spectacle plate 28 includes a
plurality ofdisperstanndfethe duglalr| mixbwe eadishielding 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
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round openings forned therein. One of the swirler assenblles gBW%W§”8884Of
the deflectors 46 are fixedly joined to the spectacle plate 28 by a joint
at each of the openings. Each spectacle plate opening defines an inner

ci rcunf er emiG @esdge 48 25 (Figure 3) having a given i nsirda/uwspaemioer . Each
swirler assenbly 30 has a cylindrical flange 50 extending axially fromthe
aft end of the secondary swirler 40. Each flange 50 defines an inner
cylindrical surface 52 having a given inside dianmeter that is preferably
equal to the inside dianeter of the spectacle plate openings. An annul ar
groove 54 is fornmed in the inner cyllndrlcal surface 52 of each flange 50,

[ nter medi at or e e RATRArndURAND BIAS0GNS RHINGGHLARIARG! ! | anoe' s

forward and aft en Each swirler asse 30 I s posi atrve
t he cor r espdtdithgorsgspending épeﬁtaabeplepeonemggsi@ lthhfathet%émdlyctal rﬂﬁnge;é[) i ange 50

I's coaxiall n end of
the fl ange gg:”%lg?m s%‘gtwg%\%&gﬁsﬁ %_.eog é%ﬂﬁ@% Adgg?@%fj@e aag% 8. 5
Each def | ectadjcingahe focvard ewrfame olithelspactacizpiate @8 portion 56 and an integrally
formed flare portion 58. Each tubular nounting portion 56 defines an outer

cylindrgcal surface 6 a | .

cyli ndrf cal surface g%&e%ﬂ(}gt g%x%gﬂfi&u?rom ﬁ Pﬁﬁ%Pngﬁﬁg c{ﬁ’é t ubul ar
mount i ng poiiategratls®rmed fHareportioniS8. Eamhmgulanmudlmmg$bnwhdérdeﬁﬁeslaﬁ®ateed near
the junctio e u rt| d the. fl ortion
6. ‘the.t ubgy SRS Sl BT Bl AaP BebisRE B B0 o Ry bR o

respecti ve GfAextEnds hﬁaﬁpé‘mhatﬂeefopkade:ndpﬁ‘rthmgﬂm&mdndlhﬁng)pbtﬁmﬂrﬁ?ﬁi a f | ange
50 of the cqrres ndir 30,such tha e flare portions 58
are |ocat 635 dop "‘ﬁaresi‘?'gé?r Pgﬁ?eéiy r hpdunctpp Og Rular groynting

spect atd e plpattmnzs aad jtind flgre poftonassn UTWtuBﬁIQUﬂnd@{nnﬁ%aortﬁmﬂ sehee figpovea d ends

of the cyllndrl ﬁ’ flan%e 50, andtrél 15t r nounting portion 56 are
preferabl y S5 Willin g tetpestivepng ﬂ%Fn%ﬂ"FFé? Pkﬁﬁ%oﬁﬁﬂff@ﬁa& therrlipdrigal sur f aces
60 are knur Eledge 50. & the ETRVpHAThg Wwirler dsseRBly Rbsuoh ttﬁ:ﬁﬁie'ﬂa'ié ﬁ&ﬁénsojs fgads. The
knurling ISéOCﬁ% ﬁtﬂfz&fhl n a di anond- shaped pattern al t hough ot her knurl

patterns ar e speqtanle plate 48 yThealsuriagrenf the sneclasle plale 2%hadjoisgiges 48
and the innge AithiaPdhduidt 621/adPHE Forward CrtlsthiiBe EPHId-RA A3 39%n@lmd e outer

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.



20 cylindrical surfaces 60. However, the outer cylindrical sur g%%%yégoare
the preferred surfaces to knurl, as they are significantly easier to knurl
than the two inside surfaces. Simlarly, the aforenentioned annul ar
grooves 54VWI8658e formed in the outer cylindrical surfREFEESIBOM3Nst ead of
the inner cylindrical surfaces 52. In this case, however, the inner
cylindrical surfaces 52 are preferred because the flanges 50 are 25
general ly thicker than the tubul ar nmounting portions 56. The outside

di anmeter of the outer cylindrical surfaces 60 (as defined by the peaks of
the knurling) is substantially equal to the inside dianeters of the
spectacl e pl@l euopavideg sndneiitiomeosd wiklticcedetjandig Getadiaphicofoning

cylindrical 7,19 2004 P /US /0932Q 60 thus
provi des an qrﬁ ﬁv@w&h@a@%% ﬁ‘m iflprAsEag @%%@?Mﬂﬁ Efggwsa%@n U% openi ng
and cyl i ndrijgalkd fth aR9 §pcefhcle THBe S Withoutaepanik! iasinglonidk tWitdifel |'Bet ors 46
can thus be” joined to the spectacle plate 28 w thout separate flxturlng or

tack wel di ngdefiepiars f@fare @lser aptoppatically &P%tefeéu‘{’@hﬁ?ﬁpe(‘él qutbeeﬁ‘rﬂr@Pm Wigt h
respect st o t%@ 63 Pﬁ&%ﬂe% Parl SHAGL RGnDIRE 80,8n& lﬂﬂﬁat

assenblles 3 el 1 mnating uneven gaps be descrlbed

bel ow, the tA®wlhde dies‘-tﬂbéd lelaw, thegtrenshsrof theokmyrling mmér.lpamna watefiplol ar ound
the entire 'ﬂ'@? LiG36E ﬂg%ﬂfeeiﬂteﬁ%ﬁ‘béﬂg%én%%ﬁﬁefﬁ@m?@@ ahd'GeS ﬁﬁﬁ 1§te|%at e 28

and correspondl ng swrler asse e swrler asse and the
defl ectors mmseqmoadlagmlyrwmﬁmwlo to the spectacle plate 28 by
brazing or a simlar joining technique such as sol dering. Rather than

joining the outer sur ﬁ%%wﬂier%e&ﬁmﬁw 50, 5d 8 RNBks 4B ot BreRRY Ringd P! al ©

in one operation and then joi ning eac ector Into t di amet er
of the 10cor rieshosptcagiephite L& by évwmtﬂr;a amulmommtedpmml@h\as &Oﬂ@ﬂsaect acl e

plate 28, t grﬁﬁ 0 %"nﬁ "ﬂ% hé J

t oget her i nhgatg%\r%%{ne]g{ ?&BHS &Otae I[eja%%ée ?‘r egp @%Qle P Pdtél

preferred premesgertion MuhangmmmggemhededEMr dsteethb| ma7 dm;_mwrt@ﬁ)thef oi |

Jrl_-,,nﬂts Ofl-hJeOI Qolrrré On g g sv?ilrleragsdser%bgrogn' gnortllaeggop%;atihﬁl e ns%eé@cglg rpia% 2%,0 EheeaCh
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

8-



foil rings are thin sheet pieces shaped |ike a washer. The Sowo%emberzoog
substantially thicker and is sized to be received in the annul ar groove 54
formed i nside each of the 20 cylindrical flanges 50. Although joining

mat eri al s RH2AS2s0l der metals, welding materials and fRACEViED1/@9320
nonnetal | i ¢ adhesives coul d be used, the joining material is preferably a
braze alloy that a lower nelting point than the material or materials from
whi ch the spectacle plate 28, the swirler assenblies 30 and the deflectors
46 are nmade. For exanple, if the spectacle plate 28, the swirler ‘
assenblies 30 and the 25 deflectors 46 are all nmade of the superall oy

Mar - M 509 hajeketd 18 wisght hefcentCaiEesm| bhlefteaficiaband | b@ﬂﬂéu Heﬂ’réf@ﬁéd cobal t,
23 wei ght percent chrom um 10 melght ercent ni ckel, ht percent
tungst en, 3bmzoallghis AMSATP baving a|nominal sempesition of abeut %n‘ﬂel qGent es or

t he superall L

per cont _cobdl el 30 g chie SIREhNEY WERRDRSE Oon e hpunficl S

Noverber 206l wal salidobege akayT finsoarecimade pf kedrly h@%\éraqhtallperaaéme

t ungst ef, ' f r loy is
AVE 4775 har Bt SRy Bl el S il Lithsof DR ot Blcl <BEJ By na¥ et |
3.5 wei ght pelumemFosmBiamnthemennwogmbe penufacturet) oorstampedahesds dndgbe i t i es.

The foil an O|Id al |l g r %o braze
alloy and ardd n?ﬁ‘é"&?i%o%a%% act ur tsl "e"?‘%‘éte%‘%g%%@ﬂ%tg?ﬁmﬁw %%g and
each solid wolghehas lodution afehe amﬂnadmazscmlloy,n\smmmq)mvemh\erefae|o[‘ the jogiss can be
manuf acture%from st a e&hsheehﬁ nd t solid ring could be drawn wire.
This permt RN PUGHEF 1R lr‘3 gea ?ﬁ rol over the volune and |ocation
of the applied braze alloy, which prevents areas of the joints from having
too muth or too ljittlAs bllcaﬂememguryzt fHe fikst stdpoiarto placé=a dinstefoid brazbelldy r st st ep

Is to place _a first raze 1o | 64 over ar ting
portion 56 §4fqvprs{h %@gfmqwﬁn%gﬁhg éﬁ%g fgg%fiﬁgﬁc %émglﬁ ul ar
shoul der 62agéﬁ'ﬁlﬂ thtedrin@kk elowdder i6g. tTherieflesar4éeid themtmsertea impdtspedtale pl at e

opening such that the first f braze IIo rin | andw ched, bet ween
the aft suPll @eemgeﬁeé ﬁereﬂmr%ﬁe B R s AL St g

nent i oned al@¥fe 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 Novemb
15 the outer cylindrical surface 60 of the deflector 46 provS; e\éergnerzooz;

interference fit wwth the correspondi ng spectacle plate opening. The
interference-fit insertion my be acconplished by a force fit, or other
known t echMQUéE¥Buch as cooling the deflector 46 to corRQTAE0IN2Qrior to
I nsertion, or heating the spectacle plate 28 to expand the opening prior
to insertion, or a conbination thereof. 20 Next, a second foil braze all oy
ring 66 is placed over the tubular nounting portion 56 and agai nst 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 swr 11 ' ' : ' Lealwil ange 50
s thon pl Ak RO SRR fadlt 5 DRAD MetnlsHBlhE s, e speckiclolili: 28wt

ext endi ng f wikker @ssembbn0 aml e defletorcttparaall heBl inTiixedsplatipushipawithobey 30 i s
positioned Y . d t : (as
Shoun i n Fi G Colselefly AEE E58 Beed FhE SHadRCrhiing 51 HER 0T

sandwi ched kwdilevpenmantrslyfjomingrtbe pantsfiegethenf t he spectacle plate 28 and the
solid braze alloy ring 68 surrounds the outer cylindrical surface 60 of the

tubul ars mountin Or 44l . ' ' I forns
aﬁ :Jnt e5r fer gncla ?i !to ’gﬁe‘i’fére%gglgﬁggsrﬁgg%a%k’%%g%%%zof%%fggeﬁﬁgw th the
cyl i ndri cal 3flandie cotespnding deflettor 4Gt Ondecalbeitibe fwirler assambliescit el the pl at e
28, the ] def 4 | eld infixed
rel ati ons?\YMSQ\}\A&E%E%?\gfgbtllalﬁsoﬁﬁlggg&ie,%tﬁg%eq%glﬁt?ﬁ&é%iatt%gsréﬁ?gaﬁ% a@%’e‘gn sgli 4[’,186
tsepa: ﬁt e fil:)ﬁ%unﬂ;@ ae l;eatea (ttwlodllyl@y hnhﬂiﬂgthsdeenm' assbinjﬁlm) aord ?giptfaau@ar ][ S
oge er. e Oor egol ng, st e I epe e . eac one SWriler
e T e ohalen R ainu o e DAY PAKE o704 BRORANE el atd adéL b o e
aissenblzo'ses ﬁﬁmﬁghduﬁdaeh Jio@hﬁf H‘h@&@tﬁ@z‘ﬁcﬁmgg i ﬂhg&tgmmwttadu@med@m b@:_nﬁmlet ag l e
ate , the e (0] rngs , a alr e eat t I C Yy Yy
Dot T ot he Tted Pate dloy b oy HiguehbuL e dy SR ety LG A JOendlbr | i oy
point of t h@prééfa%l’eeplﬁb b8V¥ind theespé Switleyass@Rhbifes 30 byl dapilfaryldetibhr qughout

each joint. The troughs forned in the knurled outer_ surfaces 60 permt the
mel t ed br az&flgwedprazs alloyis subsegurptly Gpoledhio 3 temprrague belpw ithansiting,poitfef | ect or s

gg alnflaﬁ heagt’ﬁegﬁﬁﬁ_crhgoﬂs@ﬁ&ﬁ@@ BEEbF GhinRBPARAigetaeN plal 285 fRMBkiRE 30 by
i i on.
P ‘15 Y 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 spectacle 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.
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refl owed braze alloy is subsequently cooled to a tenper atur1e9 ll\)l%Yemqrtngzl

nmelting point. The braze alloy solidifies, thereby joining the spectacle
plate 28, the swirler '15 assenblies 30 and the deflectors 46 together.
Speci fi cal WR01B@&2out er cylindrical surface 60 of each ®EIGESe1/@s82046 i s
joined to the corresponding inner circunferential edges 48 and to the

i nner cylindrical surfaces 52. Also, the aft ends of the cylindrical
flanges 50 are joined to the forward surface of the spectacle plate 28. As
ment.i oned above, by using precision manufactured braze alloy 20 rings 64,
66 and 68 that are nearly 100% braze all oy, consistent and accurate control
over the volune and | L.an. of I | jpl%@ . This
prevents areas of th@%afg#e%tag%fl}a%%%%g@?%a%?%h%ﬁﬁ&g%ggsg%ﬁ‘itt gn raze

al | oy. That imyspvedpjcirgnfor joiaing thie| sppcthcle Ipdate, hevirlen asstmbliss ek deflestorhe out er

i ndri | f 60 d the i i i ak . 8 th
Y or et TRt ey Tad8ved, Wipe Ry (ShERHDIR SR4ERORY dF0wd Cale | e
} nt er f gc es Ebgsémblg}p S?ﬁﬁﬁmmr, the d‘liree)dcl»md"lﬂswtbly ndm?qnltelhtsaakeajo?ﬁd t{[.@éttmnhh 4 he s
or war surrace o ne spec e, at,e ar e e \M ou over OW. a
oeart 5 ST ERgS, eron cutlion, Henfind, By Zardfriiphe offtptinh e YRS, °T

Novenber 20@4u\W0e GFliB&ize, PRl iniBoNddGOR Qtilldee féveeragwimgerds retpitres ldsed a
conbust or done assenbly havj ng an i{‘%r o.veif jé.i nt fté)r | Oi ni ng- t he spectacle
plate, swirPepuicgng timesanth s st ulpgpticaliy, gHicrraf thapeonvemiioBdlodomei nt
great !y enhaqeasiy!ibtsrafumpRived jontofisd fitorfdivelly aasadtteyoindPpatstwiaal | y, the
t hree done assen’gl y conponents are joined together, in a 5_single, operation

wi thout fi xtesPechE Pae Heotherh ersby) avpiding RsUFR ARG NGk IOAS. nTher EPIteis 4 i xt ures.
Fur t hefgror ?doﬁ@%sbﬂﬂfg%{zﬁ‘i’s éaeaeflénd%gslek@:@ivé%anﬂf@m@at erials, requires |ess
manufacturing tinme and 1s nore volunetrically efficient than conventi onal

donme assenbly joints. The i n_‘gr oved joint also automaticall %ace ters the
joined parts with re%phdetspegiegfan ey of ¢ the rIRRFnGL VRYEBHOR haKe \RERR and weak

joints. Thedé&ﬁb’é\/d\[ﬁ_il{ #ilfbe AP Ro FeRe ¥RilKd th Me Ar® dRRShBsusAREdifiesmnex pensi ve
to manufacture. ile specitic enbodinents of the present invention have
been thereto can be made without departing from the spirit and scope of the invention as

defined in the appended claims.
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described, it will be apparent to those skilled in the art 1%%?\’6{/%9?02884

nodi fications thereto can be nade w thout departing fromthe spirit and
scope of the invention as defined in the appended clains. -11 19 Novenber
2004 CLAIMS : 1. A conbustor done assenbly conprising: a spectacle plate
havi ng an opening formed therein, said spectacle plate opening defining an
inner circunger@pki.al edge; a swirler assenbly defining an inner

cylindrical surface; and a deflector having an outer cylindrical surface,
said outer cylindrical surface being joined to said inner circunferenti al

edge and to said innericyli AGbi®adtor doric B&blyconlfiRingombust or done assenbly
of claiml wherein said swrler assenbly has an'end that is joined to said

spectacl e plate. 3. Thespotblesilae hdong aaspening orafedahatin daidvipscaicke sai d
defl ector has a shoul der that adjoins said spectacle plate. 4. The
conmbust or doPlteperndisfingig an ippencicwmpiereatial edge;| east one of said outer
cylindrical surface, said.nner circunferential. edge and said inner
cylindrical surface isa%ﬁﬂgﬁﬁﬁﬁmg“{ & ABHIPBRSY ‘hﬁgﬁ@%§§§@ ly of claim4

sherein said outer oyl kOl ahsuhl 865 ARMASP nARcL USIALLL SRR W (D

said inner circunferential edge nd " Wth said i nner cylindric cglurface.

6. The conbusiate BARE|ARAI LAY ififer CrRn{frtndidl 'l S8 TR SR Gyliddicgnnu I ar
groove forned in one of said inner cylindrical surface or said outer

cylindrical swfatace. 7. A conbustor donme assenbly conprising: a spectacle
pl ate having an opening forned therein, said spectacle plate opening
defining an inner circunferential edge; 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?d385%§?pg§kgﬁd??g§ 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 m9 wher gid nibaiad mc@ﬂﬂiﬁg“?&‘ti(%@be& 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

sai d outer cylindricajygy Ifn%ﬁalicc?ﬁ;}i@g%l;ﬁeﬁqizenjsgid olitke cﬁ@r@%ﬁtsﬂffa&o assenbl y

of claim 11 wherein sdid outer I cal surface es an 1 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 providing a spectacle

pl ate having an openi n§ Fi5rspsbustee demp assembly oksglaiat 4 Therqin stid joipmsi ng
defining anlknner.ci cunﬁﬁgential edge;

aterial is’a braze a

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



. . .. . . . 19 N?vember 2004
providing a swirler assenbly defining an inner cylindrical surface;

provi ding a deflector having an outer cylindrical surface; and joining
said outer cylindrical surface to said inner circunferential edge and to
said inner cylindrical surface. 15. The nethod of claim 14 further
conprising the step of joining an end of said swirler assenbly to said
spectacle plate. 16. TPl%viHﬁ{éq@gpe@facﬁlpﬁétgﬂl%n ﬁ'bgéﬂnéironln@@%eré?@%a@c sai d
outer cylindrical surface, said inner circunferential edge and said inner
cylindrical specfacleglaté epekingribfming 4 innéy oietuinfidermii] ¢dgauf act uri ng a conbust or
dome assenbly, said nethod conprising the steps of. providing a spectacle
plate having an openi ngrobRidRLwiG RidiblPIAMiY Mdnfer SYhildriki stgaeb! v having
a cylindrical flange, said cylindrical flange defininhg an inner

cylindrical surface hayi.ng: |.ar  aroov forned . .therein;, providing a
defl ector having a tub liogghr%o%u%?]lg%{aﬁbagg}giagr?%taerrlaﬁgﬁ?lf%rs acﬁb?n{di on, said

t ubul ar nounting portion .defining an_ o Ierlgglinercal surface and having
a shoul der forned ther&3Hie 5413(9“%@ cylindricak surfage; i paid apnsr sycwateemial over

sai d tubul ar tNg: IO 3. ing said tubular nmounting portion into
said spectacFgﬁ%Pgbgﬂuggéﬁfggug%gﬁﬁg%&gaid first ring is sandw ched between
a first surface of said spectacle plate and said shoulder; placing a
second ring of joini ng1mrermahocwmmamﬁtruﬂaub@ﬁpmgﬂmb@&pnﬁ‘rj&ihﬁ%; 14 19
Novenber 2004 inserting a third ring of joining material into said annul ar
groove; pl acthepdsfiseid syirlen assembly to padspecolerladai d t ubul ar nounting portion
so that said second ring is sandw ched between a second surface of said
spectacle plate

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
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and an end of said cylindrical flange and said third ring surrounds sald

tubul ar nmounting portion; heating said first, second and third rings to a
tenperature greater than their nelting points so that said first, second
and third rings become nolten joining material; and cooling said nolten
joining material. 18. The method of claim 17 wherein said outer cylindrical

surface is knurled. 19;,.Jhg gg{ijaqg?q,ff%ﬁﬁg%’mageﬁam rsgjdr},tnﬁ%'gld%r%west, second

and third rings are nade of a brazZe 20. The ne claim 19

wherein said first, second and thi.r.d i ngs are. precision, manufactured and
conprise nearly 100% bPAYBe $if gylindsisal d?ﬂ%e Nt %ﬂg’@P&EP’QFﬁnﬁ?%S@i n said

third ring i §,SURFAMI Ald ¥ sardWidHE borda'a SRbSH Sifa! oARR HEGRAEpleN9S- 15

and an end of said cylindrical flange and said third ring swrrounds said tubular

mounting portion;

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





