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This invention relates generally to gas turbine engines and more

| 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 to one or more furbines that extract
energy therefrom to powér the compressor and pi'ovide'ﬁseful work such as powering
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 filel/air mixture to the
combustion chamber. Each swirler assembly has a deflector extending downstream
therefrom for preventing excessive dispersion of the fueV/air mixture and shielding the
spectacle plate from thé hot combustion gases of the combustion chamber.

Typically, the swirler assemblies, deflectors and spectacle plate are
joined together by a technique éuch as brazing. In one cbnvenﬁonal dome assembly,
the outer diameter of the swirler assembly is brazed into an opening in the spectacle
plate in one operation, and the deflector is brazed into the inner diameter of the
swirler assembly in’ and_ther dpei‘ation. The manufacture of such a dome assembly
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WO 01/90652 PCT/ USOL/ 09320 requires several time consum ng procedures,
utilizes multiple fixtures and nmany expensive materials, and is relatively
| abor kntensiweoI/Mes2 i nstance, in the first operation, thecwssel/eso

assenbly is fixtured to the spectacle plate using:aispecial fixture so
that the swirler assenbly can be tack welded to the spectacle plate. The
tack weld 5 fixture is then renoved 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 plate opening. The assenbly is then

the. braze. al | o, SVERSHES Saiinhe priedgh, il nilinld Mnkd My PRI, (o

the braze alloy nelts and fills the X | to
cool so that texpensive; materiplsyanthis relatively laboer intensive.t Hiorsipstance; imsheefitsty t o
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defl ect or. Thesotbatthe swirled assemhiy, canfhetack welded#o shet dpectacié platesr The tack weld
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heating. This brezecatloly\paste istplaced incthe gap between thepwirlet essembly@ad therspedtinade br aze

assenbl y) de | cES, dbendiC ine Ml is 1B B €% Fbipknfif drpstind B3 7,
the braze al | oslloyahsling point suchothat the beze #lloydudiisaod fiils the gap.c Thevasskmbly is

asseribl y. The hbaiilhfiasdoddl SOuREHENATe oI SHidlhL G e B el Bbtaige 1

fixture used in 2se tWo operatlons I ncreases cost
of manuf &t ur i thg spdetaclépiate.assenbl y. Furthernore, the swirler assenbly is.
not centered when inserted-into the spectacle plate because there is sone

nom nal gap to all ow fofy] b+éi‘¥ i fFhateral &.\Ui [
assenbl y/ spectacl e pl at éngl?gg‘%n?o ntnglg!ééptbg-g be u.ne%gn@grt%%% the %ﬁoy
ci rcunf erence (interfhzazeitapecnd hrage rape) ateappliadde theadeflectoh cThandeflector issthemrbl y
makes contact g ) tl%%ﬁxt] &Léﬁng bthde . ' Laze gap
where the Qontgg#éflg&ﬁa e, .a% t eg'ééi’l S a%"%%?gts"sa%“e@{’@g‘iasg‘%%@é%ﬁf t he
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LoPe o Bs. o oA This Usfeutbly”is b neited B £ TeigtabY exloling W braEL R
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 alloy fill. 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 dqme assembly design uses braze alloy in paste and rope form.
Such materials are only 50% braze alloy, with the remainder being a binder. When

2-



2 WD 01/ 90652 PCT/ US01/ 09320 the paste and rope are |iquefied during the
brazi ng steps, the, binder buns off so that only the braze alloy remins”

to fill thewbo#smsgaps.. Thus, braze alloy in paste and pppgsei@i i's only
50% vol unetrically efficient. The amount of braze alloy applied is

difficult to accurately control because, in addition to being
volunetrically. inefficient, 5 braze alloy paste is typically applied by
hand using a syringe. Volunetric braze alloy <control is inportant in
form ng conbustor donme joints.” Too nuch alloy will fill the gap and run

over onto a t hal f cenments
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creating a vmﬂdhpbmﬁalloy&emam@ﬁlhhebfmgapdeﬁlmabmmﬂbylmmwandmﬂeustor
done assenbly_t hat nd S ex sive to
manuf act ure. ﬁ4’é‘hl %MM%@M?’MI @?%ﬁ%goMﬁ% @e‘ﬂ?ed s net
by thet preseﬁff‘c;xmuﬁaebmnl}tdmtrol mcme,dnadénmﬂmag%lmﬁn?:agﬁmmnm,l ncl udi ng
a spectacle a aving, an eni..n er.ein a e an i nner
ci r cunf Br ent {T4° 204 RS *‘é?‘%l’éca@f 89’3%}‘?‘\“3\13“% HREE W‘fﬁ?ﬁg‘ﬁg’ i nner
cylindrical cottrdlds impotanit mtfodnﬁngt:omlmtoddéxhejmm ﬁ‘aumughanbywiltﬁlthe .
cylindrical sur;@ These nents are arran%(?g %t& that t out er
t

cylindrical Ry ot Ju%O%R r erenti al
edge of the enﬁﬁﬁ&hm enap| bt Gbsﬁ'ﬂded.o 'Ibbdmknaﬂw esivésnebidscinl thswrizacga of the
swirler assenbl ferred method of manufacturing the conbustor dorre
assenmbly 20" ﬁ&'&é‘ﬁt"g‘m ng a first -ring of joining nmaterial over the: -
outer cylindrical surface of the deflector. Then, the outer cylindrical

surfacd@is inserted ilttis thenforsplesirabld to Mvataeconlhuﬁoi' dome @sseiubly thhkisf i r st

ring is san pectacle plate and a
shoul der for%?%%ﬁéwgfﬁﬁsﬁggs@%go%g 0 J oining material is )
next .pl aced over the deflector's outer cylindrical ‘surface, and-a third
ring of joi BRIGFAUMMARY OF THE INVENTION i nto an annul ar groove formed in.
the inner cylindrical surface of the swirler assenbly. The next step is to

place the swrler assepblghordvRéntionél A6Cis met by the present invention that
| provides a combustor dome assembly including a spectacle plate having an opening
formed therein that defines an inner circumferential edge, at least one swirler
15 assembly defining an inner cylindrical surface, and at least one deflector having an
| outer cylindrical surface. These components are arraiiged such that the outer
cylindrical surface of the deflector is joined-to the inner éircumferential'edge of the
spectacle plate and to the inner cyliﬁdrical surface of the switler :asse_mbly.

One preferred method of manufacturing the combustor dome assembly
20  includes placing a first ring of joining material over the outer cylindrical surface of
 the deflector. Then, the outer cylindrical surface is inserted into the spectacle plate
opening so that the first ring is sandwiched between a first surface of the spectacle
plate and a shoulder formed on the deflector. A second nng of joining material is -
 next placed over the deflector's outer cylindrical surface, and @ third ring of joining
25 material is inserted into an annular groove formed in the inner cylindrical surface of
the swirler assembly, The next step is to 151a_¢e' the swirler assembly over the outer



-3 it WO 01790652 PCT/ US01/ 09320 . yI indri cal urface so that the second
ring i s 5andwi ched between a second:surface of the spectacle plate and an
end of the syédgagszassenbly and the third ring surrounds POBUSQNORN
cylindrical surface. The first, second and third rings are then heated to a
tenperature greater than their nelting points so that they become nolten
joining 5 material. The molten joining material is cooled to conplete the
joint. The present inventien and its advantages over the prior art will
become apparent upon reading the foI | owi ng det a| | ed description and t he

appended cl ai ms W th r fer to e, acco draW| n &EJ ¢
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with the acco ﬂh&lftheﬁuﬁlelﬁng st‘dﬂthameruecémésnmnqmalg
sectional view the orvvar ortlon 0 0(2 conbu show ng one

enbodi nen? of matiah Theamel eﬁ'd E@é‘r?ﬁp‘?eel eliure 2 is an

enl arged sectional view of the conbustor done assenbly of Figure 1. Figure
3 is an enlarged detai IThepmeﬁfmv&mﬁowmdmdvﬁmgehemm&pmranmmbmmssenbl y

encl osed by the circle 3 Fi r.e an al se nal view
I st rat i g GRREReE dgon feading 8 doanfie elifeCacseniiod 2o Hhe enashles)
assenbly. Fi Q%ﬂlrEfer@c@l&tﬂe(a&bmlsmgmmga ew illustrating another step in
the manufacture of the conbustor done assenbly. -4 WO 01/ 90652

PCT/ U501/ OQSZMWR‘?&O%SB%&AW onal Vi. ew illustrating yet

anot her step

The subject matter which is regarded as the invention is particularly
10 pointed out and distinctly claimed in the odncluding part of the specification. The
invention, however, may be best understood by reference to the following description

taken in conjunction with the aécompanying drawing figures in which: -~

Figure 1 is an axial sectional view of the forward portion of a
combustor showing one embodiment of the present combustor dome assembly.

15 Figure 2 is an enlarged sectional view of the combustor dome
assembly of Figure 1.

Figure 3 is an enlarged detail view of the portion of the combustor
dome assembly enclosed by the circle 3 of Figure 2.

_ Figure 4 is an axial sectional view illustrating one step in the
20 manufacture of the combustor dome assembly

Flgure 5 is an axial sectional view illustrating another step in the
_ manufacture of the combustor dome assembly.



manuf acture of the conbustor dome assenbly. DETAILED DESCRI PTI ON OF THE

| NVENTI ON Referring to the draw ngs wherein identical reference nunerals
denote thewmomaestenents throughout the various views, PB@EwRdossnons the
forward and of a. 5 conbustor 10 of the type suitable for use in a gas
turbi ne engine and including a hollow body 12 defining a conbustion chanber
14 therein. The hollow body 12 is generally annular in formand is 4efined
by an outer ‘liner 16 and an inner liner 18. The upstream and of the holl ow
body :12 is substantially closed off by a cow 20 attached to the outer

liner 16 by a first fagstener, 22 and to the inper liner 18 by a 10, second
fastener 24. At |east a%ﬁgegﬁéﬁ?ﬁﬁ%c?@apwwg“{uﬁ %ett?ﬁwe‘ymigrth? he

I nt roduct i on pahufactate of e combistersdon® agsemblyl he conpressed air is introduced
into the conbustor 10 froma conpressor (not shown) in a direction

general ly indj | QHF Jhe conpressed air passes
primarily thﬁmW@gbﬁWPNwmust lon and partially into

the region. surrounding the hollow body 12 15 where it is used to cool both
the liners 16, 18 and Refertingitacthe drawings whetein identisolreferengernurherala denbtdbet ween

and intercon | A !,F% L ' pstream
ends is a do%%gg%&%sﬁgp_ose c%&?%ﬁ%?gﬁ%%gﬁwg%@ﬁg&éﬁ?gﬁ%% was of -
the engide. TbmbustomdOaafstheriypg spitabile) firuse én argas tmbie engipe endiiiclndt@ | at e 28

and a pluralj ' ' ent i S| ] swi Llar i .{only one
shown in Fi ghéﬁémﬁm%tfn{!%ﬁ{gna{] n@ué%ogc@g@ﬁ% %&?@%M@R‘g&gﬁgglé pl ate
28 is attacperrdly anindanint form amtlisi defived by meouterlliier 16 and an inver finerd®. and
second faste | S . i | spary

cvi Tl er 32 ¢ A5 DS s of E Rorllf body 17 B°ERBtaly cloged YEEWS £ B BV

34. The vanestt@Hedtoctha oytee dinesi Léhby e dfiystcfastener 27 andito die idBerclinet dBlbyree 31 of

A Terrul oo REET Bnbok 247 ek cheRipeing 28 i) Pk Wl D0 RERL L | o0
32 and coaxintoligction ©f ifucd atid comymressedair. The Sompiessedaid s BfioGRe@ito W01/ 09320
combustor 10 from a compréséor (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 partiaily into the region surrounding the hollow body 12
15 where it is used to cool .both the liners 16, 18 and turbomachinery further

downstream,

Located between and interconnecting the outer and inner liners 16, 18
near their ipstream ends is a dome assembly 27 disposed coaxially about the
centerline axis of the engine. The dome assembly 27 includes an anmmular 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 inchudes 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. '

Fllmn



The swirler assenbly 30 further i ncl udes a secondary swifter 40 that
ad10|ns the primary swirler 32, dowistreamthereon and is fixed with
respect to tWweospeset acl e plate 28. The secondary swirler Afruswlexdes a
venturi 42 and a plurality of circunferentially spaced swirl vanes 44

di sposed coaxially about the venturi 42. The 5 venturi 42 and the ferrule
36 of the primary swirler 32 are both coaxially aligned with the axial
centerline 31 of the swirlertassenbly 30. Air fromt'he opening 26 passes
through the primary swirl vanes 34. The swirling-air exiting the vanes 34

i nt t ith fuel f
passee i nto the yent ur Tt EaEhbp 30'ifther ddfdel o Mol mifler ot
present a swi rddjomsthepnmdwulg 32ndo\1vmnupp¢m@mnaliﬁmtmtbmeathtmthq eracts
th the fuel/ repare
\IMt for coniljusts?umﬁgrﬁ%ﬁe tond 8%%%% ﬁl%ﬁi&ﬁc %&rj{ sseri}g?f; 20
has a def| ect auircufescntiellyl mmmﬂmmmwdtomwmmm‘am@ eklgessi ve
o di f f I
lsper 5108 o Vol 4130 Al LA HPORTERAHL SIS L SoRBSSI0 gty 20,
be noted that thahmimegterlihegmrdthe swirlers sssembly 38. ahn’ﬁ'ontthe ogenieg 2Gpassebl y i n
I I t le t
ot her types. ofenibHSIBFEEy syl (RESE s St RE ot Bag B Yo IRk P
al so be not eobvitmﬁtblmjeeteﬁfwmheﬁxehmte%rsoastcahn:msmksesmﬁletvenmnhér types
T L L R o R
assenbly 27 is :
p}urﬁl i t)lOO}‘ mmn%?memmﬂﬁmmvmmmmmﬁmﬂwﬁmmw One
of the swirler e 30, and o ef l.ec 6 are fi
j oi ned fo t he ”é’ai’lsi“tpﬁ?l EE%IC%B“?%“BX/ [Blit"ﬁﬁméf @fé?cﬁtf eﬁ)égy yEach
spect acl e pl at30 bgeaideflecinf 46 estending rdawﬁsueamcthaﬁeﬂ-onnforqsrewdm éﬁceﬁ’ﬁve( Figure

oyl inori car ©reRpioacey s TR ams a0 yiebiitg B BS35E it 3 AP betbnaary

swirler 40. Emﬁbﬁkﬁung@sesEOmdeémmaomaMQem cylindrical surface 52 havi ng
a given inside dianeter that is preferably equal to the inside dianeter of

the spect.acle plate ope oV s for e i nner
cyl i ndri 431 surt ace 5o Byneid pé Bl Bk Rioush PR Citidess Y SRubihe dolte
' assembly in a single annular combustor, the present invention is equally applicable to
other types of combustors, including multi-annular combustors. [t should also be
noted that the present invention is also applicable to other types of swirler assemblies
as well.

20 - Turning now to Figures 2 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 circumferential 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 is formed in the inner cylindrical surface 52 of each flange 50, intermediate
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-6 WD 01/90652 PCT/USOL/ 09320 of the flange's forward and aft ends. Each

- swirler assenbly 30 is positioned relative
pl at e openiwgofsisinat the cylindrical flange 50 is coaxpgtiugmabizgned W, th

to the correspondi ng spectacl é

the spectacle plate opening and the aft end of the flange 50 adjoins the
“forward surface of the spectacle plate 28. 5 Each deflector 46 includes a

t ubul a

r mounting portion 56 and an

integrally formed flare portion 58.

Each tubul ar nounting portion 56 defines an outer cylindrical surface 60

havi ng a given outside diameter. The outer cylindrical surface 60 extends
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surfacd® 60 portion Sfeansk the Blarecpprtion §8. aThastubwlakkmowniting portions §6 arecdispioged i cant | y
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t he

dges or
ough

surfaces 60 flange §6¢f the comesponding swisléri assemblyn30 such that the flB@ portions 58 srecase,
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255 Of bl di\lishi: Pobioh 56 S B bty ARHEL whtRold ol 0 di ameters
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|  The outer cylindrical surfaces 60 ate kmurled; i.c., provided with a
series of small ridges or beads The knurling is typically ina 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
cylindrical surfaces 60. However, the outer cylindrical surfaces 60 are the preferred
surfaces to knurl, as they are significantly easier to knurl 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 §2. In this case,
however, the inner cylindrical surfaces 52 are preferred because the flanges 50 are
generally thicker than the tubular mounting portions 56.

_ The outsid_e diameter of the outer cjlindrica_l surfaces 60 (as defined by
the peaks of the kmurling) is substantially equal to the inside diameters of the
spectacle plate openings and the cylixidrical flange 50. Each outer cylindrical surface

R,
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spect acl e, pl.ate openi ngs and the cyI [ ndr| cal fl ange 50. Each.outer

cylindri c__aI surface -7 IIINI' WD:01/ 90652 PCT/ USOL/ 09320 60 t hus provi des
an interfer ewoaPagszwi th t he correspondl ng spectacl e pl at epcpespngs20 and
cylindrical flange 50. The swirler assenblies 30 and the deflectors 46 can
thus be joined to the spectacle plate 28 wi thout separate fixturing or
tack wel ding. The deflectors 46 are also automatically centered with
respect to the corresponding:5 spectacle plate opghi ings. and swirler
assenblies 30, thereby elimnating uneven gaps. As wll be described

bel ow, the troguoihds plovide® ak Ridérbdrétide HR WtH thi @biéspon d@%}@ﬂebﬁéletphtewgaround

the entire |nterface het ween_each defl ector 46 and e spectacle plate 28

and cor r espondindgylindricaldlanga; 3% (Fheswirler assqublics; 30,apd thedefloators 46 caypthus by ¢ he
deflectors 46 Jolna R %@&;ﬁ@éamewwed wittibut Sepafife BREAALE Ok Sadk! WEIRIngS Phe
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preferred procﬁeés‘gI ﬁnd’ﬁn% %c urn (U)érrclleldgsserrb anZ7 uses ﬁe ol |

rings of joi mwgcmomhngm@mhly ring of joining materi aI for each
joint. The foil rings are thin sheet pieces shaped |ike a washer. Thée

solid ring is substanti %&M&Phﬁkﬁbhé%dnﬂtﬁém £ 46ark PETerINY jbifled he
annul ar groove 54 fornmed jnside each of the 20 cylindrical flangés, 50.

Al t hough ¥oi ni tedherneetesia piptes2f-by brgzing ora similar igining fpehmigur,suchas sdldeing. and
f I owabl € nonmep ahdrivhang 'tﬂ@&t&gﬁlfﬂ:el&?eééﬁ%%le}%elhﬂ %ﬂﬁs id plate i

preferably a braze all'oy That a_ I ower I ting point tthan the material or
materi al s fromnwmmhen%mtm ;mh defiestor; into dhg inner diamateropf dke 30 and

t he deflectors rggglq qm:yn dritfonS t he
swirler asserrbf”rzlllgI % ﬁ ﬁe eerctstgffsB% arelaglclgp:brera&gle ﬁ&%%e

super al | oy NarWMSMieﬁéoanﬁr&ﬁ deflector 46 are joined together in a single operation
15 without the need for fixturing.

A preferred process for menufacmﬁng 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 L.605 having a nominal composition

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

-8-



conposition of about 52. weight percent cobalt, 23 weight percent chrom um
10 weight percent nickel, 7 weight percent tungsten, 3.5 weight percent ~
tantal um Iwed ewmess2ni ckel and inpurities, or the superal | pyrbfiffaosving a
nom nal composition of about 52 weight percent cobalt, 20 weight percent
chromum 10 weight percent -8 WD 01/90652 PCT/IISOl/09320 ni ckel , 15

. wei ght percent tungsten, balance nickel and inpurities, then a preferred
braze alloy is AMSS 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 i npur, | re made of
nearly 100% tx)xﬁcgz I%@tﬁ&hﬁ;@ ec&s?%ﬁ&%a%&f%reﬂawﬁeac%rgéﬁdthat
each foil ri rhgpzaraﬂo;emotMScﬂ?Vﬂhammma nomsinaheonypesition Uf)thoue9¢FmexgbnpéreBue t he
foil rings can nuf,act ur ed..fro ed sh ets dthe solid,ring
coul d be dr aftf "(’?&r?ga eﬁﬂ% i*f‘ﬁ%“f’%“@o“ﬁ‘i’%@é’ﬁ{"e%ﬁ’&%@%‘?"fﬁé’ne ePo&h%ver t he
vol une and Imnmmliﬁbmkeamphmgohrbmﬂzmdaldfmeadmm razevelloy<andrages of the
joints rom__having tQo or t I|t e al o shown in
Hgure 4 ¢ narER] e pd 83t cavh ol 4 ol s rind g Voo SR,
t he tubul ar wolundel Fgrmﬁaﬂdeaheﬁﬁldﬁgsaaﬂaﬂnanufmﬁrﬁf&dnhaadpédﬁeétﬂaﬁtﬂﬁ and
agai nst the anpul,ar shaqul 62. Lhe deflector 46,is then inserted into
its spectacl & q“ﬁ%& “%fﬁ?’é“?ﬁﬁh me'{ﬁ ?sl‘ﬁg?f%‘fcfzmﬂ SORTRO fing 64

i s sandwi cheagohgievandriodakion af the sppliédibrazeilldyl evhivharéventseargasafahe pitid t he
~annul ar shoul_der, 62. As t|o bov 15 the outer cylindrical surface
60 of the derﬁfomrngi%" F‘%\ﬁ ﬁ%gpyerence fit wth the corresponding

spect acl e pl ate opening. The |nterference fit insertion may be
acconpl i&hed by a f or cAs sliown in Figurd 4, rth ficststep ésctivrplage edfirstufofl beazeatloy i ng t he

R L o
~ thereof. 20 higaitst i memlanshobldet 62)r Thedeflettoy 46 nm@elﬁiilsemdphmsehpectmie t he
spect acl e pi S8 PeRe sichlnat i BF Bladlucy Vg il Bplty BHL R g B |

i nserted i nt eurfdce oﬁthewbentaakpimé%mdrthe anntblar shoulden@2. oAs t,ﬂentxmndrabm _
assembl | £ 3043555 ndrilal tuPELEPor HD Befictlor 16 prviles T AMERecRD:e! it lE"

_the corresponding spectacle plate opening, The interference-fit insertion may be

accomplished by a force fit, or other known techmques such as cooling the deflector

46 to contract it pnor to mserhon, or heatmg the spectacle plate 28 to expand the

| opening prior to mseruon, ora combmatlon thereof

20 " Next, a second foil braze alloy ring 66 is placed over the tubular
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 portion 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

- ring 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;
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pl aced onto the portion of the tubular nounting portion 56 extending
forward of the 25 spectacle plateu28.  The *swi.rter assenbly: 30 is

posi tioned rwioamises2to the spectacle plate 28 and the defeemusmmossto (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 of the
tubul ar nmounting portion-5§; The outer cylindricat:surface 60 also forns
an interference fit -9 WD 01190652 PCT/US01/09320 with the cylindrical

flange 50. Dugg; a’rggafﬂ;@g- CRyubid fhe intfersiie et

swirler assenb t&%%é}ﬁgn t he ?P] ?g%(lg‘;rﬁﬁéﬁtare a?ﬁftﬁg}e&p%ﬁ?ﬁ%ﬁ?&ﬁﬁ

rel ati onshi p swirler assemblyr30: dndrthe deflecton d6ard 3l held dr fixed ralationshin) with anse
separate fixtyrl 'tﬁ!.lré‘ _ | ley e 101 "?H:k}- rts
together. 5 TE@%T %&Eﬁ‘{g‘&s'ﬁm a?senar,\g%éggt?g%é% %r e%lg%ﬂ%ﬁnlg%f t Qas rler
assenbl i es 3@hilepermasently joiniag thechartgtogethérect or 46. Once all of the swirler
assenblies 30 and the deflectors 46 are thus nounted onto the spectacle

plate 28,5 the braze all Z%ti%lgggtégsé %@ﬂéﬁfﬁ@eﬁh%n@%@ﬁvg&fe{%s&% & by

heating the entire assenbl erature greater t e nelting

poi nt of the BP andituedreespo deflester 46, | Qnice all|of shesyeirien asgamblies 80 ardithaout

each joint. T | f e Skl EE&& Aedr it the
nmelted braze gﬁ%&%ﬁ??ﬁe(ﬁv&ﬁr oug %ﬁ?ﬂ'{é% | mg',e]?l a(?'res’s- e%%?ﬁt)f%g@%gﬂ ectors
46 and the spéand®Bcarp hgated figpisally by heatingdhelientiresassembly) toss deraperature30 by
capillary acti I OMink,S I 0 a
tenperature b oﬁ/?/rlﬁ?gthnéeﬁﬁuﬁgepgg}l?r??ﬁ%%lrog'ze'ﬁlglqi%%?i%eﬂ@%gé%?}ﬁereby

j oi ni ng he spoonghouteach joing. Z8e trougbs formned inrthe lagled outetsurfaces$0 parmit thee

defl ectors 46 L ¢ | ' I 60 of
each defl ecto#&?é@%ﬁﬁ%%&%ﬁ%ﬁ%@%#&gﬁ%gﬁg’dglﬁ%rﬁfagren ?al

" edges 48-and spectaple plaie38 and torredpanding swinldr assemblies 300bys capillane action. dbds of

the cylindric %Eg ). o] T meTole
spect acl e pl a?égl ogjgh grarléayﬁsg{r‘\%gh'%ggig?&%ytbggf ILnger"pr eé‘%ﬁ){n rralrtlxﬁé gé‘?ﬁr ed
braze alloy Zbertrasgsalioy, solidifiesi th@elyh joining cthe sspedtacle plue [28ahe @winder,
appii od B aze lepRBa"is afP M feflecfiChs tolef, SReiRblt) UePblell ofllnchi
surface 60 of each deflector 46 is joined to the comresponding 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 result,

there is no need to use stop-off on adjacent surfaces.
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areas of the joints fromhaving too nuch or too little braze alloy. That
is, nolten braze alloy fills the interfaces between the outer cylindrical”
~surfaces 60wowl/gnés2 i nner circunferential edges 48 and tH@rbdRGsse
cylindrical surfaces 52 wi thout overflow ng. 25 Likew se, 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 result, there
~is na need to use stop-off on adjacent surfaces. -10 WD 01/ 90652

. PCT/USO /09320 The foregoing has described a conbustor done assenbly

assenbl os and det | oot PcoReph ik B ¢ REFRARA Sofie Bl bR oo

“the produci bimhprovedofoirthfer (jommg the spevicie: plaiee ewirler akdemblied and defitodo e

Fixturi hg'r aFRBERE  Hen Py o CPaA, e 5% RGO e ades

Furt Per nor e, assaﬁblynsp?nmuy,ahmhmtdomammbmmp??euwé jﬁiﬂeﬁh&getlfeﬁﬁm res |FSS
manuf acturi n e an |s, vVQ e i ciept than copventi ona
done a serrb%%’f' {TgFW %ﬂ'&"’%"éﬂ %ﬁ@ﬁ?‘@aﬁ E@ﬁlpg?s the

j oi ned partSﬁmds mﬁhmte mmmvwwmmmwmmﬁamgewm and weak

joints. The res 10 .done ass nbl er and ie s _expensive
to manuf act uP@® gﬁ‘@(ﬁ“fll‘é B8 %fe %@‘3&&&%‘@% 98 have.
been descri hmhlblygoimsl Prhb&nmmnam alh@aﬁt&ﬁa&aﬂy cértes! therjohb&pﬁfstwitm at
various nodifi catl ons er et% @ﬁ made wi't hout . de art g fromt he '
spirit and STesRFst I 'f‘%%“ e %l@??vﬁﬁ(f“ii frepk do e‘as‘ﬂﬁ Bhs: -11-

4 WO O/ 9065ﬁnPﬁieﬁwmﬁsWQndﬁﬁ\ﬁH&Eﬂ8tD%f&ﬁﬁEVBLY AND METHOD OF :
ASSEMBLI NG THE SAME - WHAT IS CLAIMED I'S: 1. A conbustor dome assenbly (27)

cqrrprl sing: While specific. embodiments of the present invention have been
described, it will be apparent to those skilled in the art that various modifications
thereto can be made without departmg from the spirit and scope of the invention as
defined in the appended claims. '

\ .11
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a spectac]e plate (28) having an opening formed therein, said spectacle

pl ate opening defining an inner circunferential edge (48); a swirler
assenbly (30Wwodmfieszng an i nner cylindrical surface (52); POrusé/es2o
deflector (46) having an outer cylindrical surface (60), said outer
cylindrical surface (60) being joined to said inner circunferential edge
(48) and to said inner cylindrical surface (52). 2. The conbustor done
assenbly (27) of claim | wherein said swrler assenbly (30) has an end
that is joined to said spectacle plate (28). 10 3. The conbustor done
assenbly (27) of claim CONEUST@RWME&M‘PWﬁmma shoul der (62)
that adjoins said spectacle pI at %48@@ . The conbustor done assenbly (27)
of claiml wherein at |east ndr| cal surface (60),
said inner circunferenti al edge (48) and sai d i nner cylindrical surface
(52) is knurled. 15 S. The conbustor done assenbly (27) of claim4 wherein
said outer CcWHATIS CRAIMEDISce (60) defines an interference fit with said
inner circunferenti-al edge (48) and with said inner cylindrical surface
(52). 6. The comnbust or | 7 ther conprising an
annul ar groove (54) forﬂed |‘ﬁ§°§'§bn9t {d&?%ﬁ{ﬂb&ﬂﬁz@?&w&sﬁ%al surface 20
(52) or said outer cyl msj:ectmiéphtcr(ﬁ%jdmvmgﬁhop&ungdfonmdjha‘em;saikbspecladeenbl y
(27) conprisin 12 [ LLLLi L] oy 01/ 90652 PCT/ U501/ 09320
a spectacle p gfee dﬁéﬂﬁ% 598’!5% M 4}%0(4 erein, said spectacle

pl ate opening defini ng aswulemm:nbly(@ﬂ)ﬂeﬁnhrgtanaﬂneecbﬂmdﬁéﬂ}:urfacem)ﬂndr
assenbly (30) having a cyldndri fl ange 50 . Sal ' I pdric | ange
(50) defihing an inner %éfﬁeﬁ%Fi(iglhan ?r i :’“t'i‘@é e@@of ?ﬂi‘} “havi ng
a tubul ar noueylindgicglsutthce(60)bding joined tblsaida'nnqmirbﬁmfere(nﬁﬂ)edgee(48) dandital ar
nmount i ng port Isguqir&lgrfsgyﬁg&l'icna? dbspgi)ed W t hin ' sai d spect acle

2. The combustor dome assembly (27) of claim_1 wherein said
swirler assembly (30) has an end that is joined to said spectacle plate (28).

10 3. The combﬁstor_dome assembly (27) of claim 1 wherein said
| deflector (46) has a shoulder (62) that adjoins said spectacle plate (28).

4. The combustor dome assembly (27) of claim 1 wherein at least
one of said outer cylindrical surface (60), said inner circumferential edge (48) and
said inner cylindrical surface (52) is knurled.

‘15 5.  The combustor dome assembly (27) of claim 4 wherein said
outer cylindljical surface (60) defines an interference fit with said inner
circumferential edge (48) and with said inner cylindrical surface (52).

6. The combustor dome assembly (27) of claim 1 further
comprising an annular groove (54) formed in one of said inner cylindrical surface
20 (52) or said outer cylindrical surface (60).

7. A combustor dome assembly (27) comprising: '

12
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plate opening and said cylindrical flange (50) and defining an outer, -
cylindrical surface (60); and joining material disposed between said outer
cylindri calwé)smgf,‘gge (60) 10 and said inner circunf erentn@m&vﬂg;m((48) and
bet ween said outer cylindrical surface (60) and said inner cylindrical
surface (52). 8. The. conbustor done. assenbly (27) of claim7 wherein said
joining mterial is a braze alloy. 9. The conbustor done assenbly (27) of
claim7 wherein said 15 deflector (46) has a shoulder (62) that adjoins a
‘first surface of said spectacle plate (28). 10. The conbustor done

fhat ad)of ng a second SPHAIEAER G tivn %m#éﬂiﬂfjﬁ#m%d: gﬁg%“ﬁp%%u??hii‘d
' efiriing andihmgp oirewinferen | fl 20

(ngg)“e?lldngnjd@!sagg secgnd Sl facec o qwxg;dg;d ;ééal??ﬁ“éég@ 1ang'e|'he
conbust or done assenbld F @151 e| n %@ out y? r| cal
j\zre]; gfﬁ gg% cyl?lfg?mc (50)2de aﬁr.f ace ef i n(gg);bl v, Lo7) O]; c ? F: 'éLl
with said¥ inner 25 C|ar 24@%3 @@%m%&o%gﬁgﬁnﬁe@g

Cylmlgnd»[I ca:j- PHFioR ¢ ﬁ%@mbﬂgf ;hb‘imny\ﬂ)ﬁﬂ:ﬂs??bﬁn?ﬁﬁbhﬁd)ﬁmﬁ&%ﬁl‘ﬂ% spﬁgnazj'he : :
combust or donme asse e Bt ange
(50) has an &H‘FRJPB?““{% ﬂ{mq‘;{gwﬁnqe &#ldﬁﬁ%l r| cal surface
(5t2)h d14 A @ﬁtf&@%toz’f aanuf ac]Eurl ng a conbustor dorr:a assenbly (27), 5 said
met hod conprising the s s of i oV cle,. ving an
openi ng forned therei n'° éﬁ*&iﬂa BY %gp%'ﬁ? IM?%Q{@?MH
ci rcunt g§ ent ipad 44 Githet Gﬁaum.ferentml edge (48)andbetweensa1douter cylindrical surface -

(60) and said inner cylindrical surface (52).

8. The combustor dome. assembly (27) of claim 7 wherein sald
Jommg material is a braze alloy.

9. The combustor dome assembly (27) of claim 7 wherein said
15  deflector (46) has a shoulder (62) that adjoins a first surface of said spectacle plate
5. | | o

10. ‘The combustor dome assembly (27) of claim 9 wherein said
- cylindrical flange (50) has an end that adjoins a set_:ohd surface of said spectacle plate
(28), and further comprising joining material disposed between said cylindrical flange
20 (50) end and said second surface of said spectacle plate (28). C

11.  The combustor dome assembly (27) of claim 7 wherein said
outer cylindrical surface (60) is knurled. R '
12.  The combustor dome assembly (27) of claim 11 wherein said

outer cylindrical surface (60) defines an interference fit with said inner
25 circumferential edge (48) and with said inner cylindrical surface (52).

13
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providing a swirler assenbly (30) defining an inner cylindrical surface
(52); 10 providing a deflector (46) having-an:outer cylindrical surface
(60);, and |whpiswessai d outer cylindrical surface (60) toPERUS01/09820r
circunferential edge (48) and to said inner cylindrical surface (52). 15.
The met hod of claim 14 further conprising the step of joining an end of
said swirler assenbly (30) to said spectacle plate (28). 15 16. The net hod
of claim 14 wherein at | east one of said outer qy#Lndrical surface (60),
said inner circunferential edge (48) and said innéi cylindrical surface

(52) s knurled. 17. A [t hatheQmBifi dfthd bbby ATHHARE! 70PNERiR SAATD! ¥
(27), said nethod conprisi ngla; he steps of: ' pI’OVI 3 a spectacle plate

(28) havi ng asylindeeslrilange (1) das ne eaaular grmw émep sylindoical ( 30)
having a cyli @g&} ? flange (50), said cyli ndr| cal fI ange (50) defining an
i nner cylindrica Pface (52) having an annular groove (54) forned
therein; providing a deflector (46) having a tubul ar nounti nieggort ion (56)

and 25 a flare portion 4(58)Am§ of of mepnias # combpstns domg sgeswbly @dhi ni ng
an outer gylipggyi s&fld havi ng a shoul der (62) forned
thereon; placing a fi rst r| ng 64) of joining material over said tubular

nmounting portion (56); prsmdmgmsmctqchnlqtv (28) having g1 qpepipg formed therein, said

.............. lt\%% B b i Rrperitial € (48);"0 sai d tubul ar
mount i ng portls‘(’)waFSé’)aln 0 sald S ectacle | at e oé%nl ng so that said.first
ring (64) is sandwi chedPrpétingaswirleriagsemb b&e&nwaganwcﬂp@apﬁ@p@aqm ate
(28) and sai d(ﬁ)oul der (62);

10 providing a deflector (46) havmg an outer cylmdncal surface (60), and
joining said outer cylindrical surface (60) to said i inner circumferential
edge (48) and to said inner cylindrical mxrface (52).

15.  The method of claim 14 further comprising the step of joining
an end of said swirler assembly (30) to said spectacle plate (28).

15 ' 16. The method of. claim 14 wherein at least one of said outer
cylindrical surface (60), said inner circumferential edge (48) and said inner
cylindrical surface (52) is knurled.

17. A method of manufacturing a combustor dome assembly (27),
said method comprising the steps of:
'20 providing a spectacle plate (28) having an opening formed therein;
providing a switler assembly (30) having a cylindrical flange (50), said
cylindrical flange (50) defining an inner cylmdncal surface (52) having an annular
groove (54) formed therein;
providing a deflector (46) having a tubular mounting portion (56) and
25 a flare portion (58), said tubular mounting portion (56) defining an outer cylindrical
- surface (60) and having a shoulder (62) formed thereon;
placing a first ring (64) of joining material over said 'tubular mounting
portion (56);

14
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placing a second ring..(66) of joining material over said tubular '5
mounting portion (56); inserting a third ring (68) of joining materidl intd
sai d annul awogneesse (54); placing said cylindrical flangg@@ingye’ said
tubul ar nounting portion (56) so that said second ring (66) i s sandw ched

bet ween a second surface of said 10 spectacle plate (28) and an end of
said cylindrical flange (50) and said third ring (68) surrounds said

t ubul ar nounting portion (56); heating said first, second and third rings
(64, 66, 68) to a tenperature greater than their nmelting points so that

said first, second and d te I,.ni ng

mat eri al; and 15 cool |%#ﬁ%%@gﬁgﬁ'@t(gn a?ongal‘gopefﬁ@ hod of
claim 17 wheopiningsso thad sdid firstyring(64) isosandwichead betweéiD) first duffade 6flsaid 9. The
met hod of cIa| 1‘F e&g n sa.|d flﬁiFéi second and third rings (64) are
made of a br EREFEP of claim19 wherein said first,
second and.third ringsacif@la .ﬁeondGth A66) pf geihing omatesil USeE tside thbalasl

conpri se nearl 100%.br alloy. 21. The method of claim 17 wherein said
third rlfh &ﬂ?@ntlally thi cker than said first and second rings

(66, 68). 15 11111111 hidskitingla third thI(GS)IoE‘jolﬂxihjmateﬁarmﬁ said annular groove
(54);
placing said dyli:idrical flange (50) over said tubular mounting portion
(56) so that said second fi'ng'(66') is sandwiched between a second surface of said
lD spectacle plate (28) and an end of said cylindrical flange (50) and said third ring (68)
surrounds said tubular mountmg portion (56);
heatmg sald ﬁrst, second and third rings (64, 66, 68) to a temperature
greater than their melting pomts so that saxd first, second and third rings (64, 66, 68)
_ become molten j joining matenal and _ ,
15 cooling said molten joining material,

N .18, The method of claim 17 wherein said outer cylindrical surface
~ (60) is knurled. ’
19.  The method of claim 17 wherein said first, second and third
rings (64) are made of abraze alloy.
20 20,  The method of claim 19 wherein said first, second and third
rings (64, 66, 68) are precision manufactured and comprise neatly 100% braze alloy.

.~ 21. The method of claim 17 wherein said third ring (68) is
substantially thicker than said first and second rings (66, 68).
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