- 1 - | MPROVEMENTS | N THE ATTACHVENT OF CERAM C-AND METAL MEMBERS The ,
present invention relates to the attachment of 5 ceramc to é# parts_
4N a high tenperature environnment such as, for exanple, in a';ZE gy n& S
The efficiency of jet engines can be i ncr eased by increasing the operatlng
tenperdture of gases therein. 10 -Such operating tenperature has been
‘limted by the ability of material s to withstand such hi gh tenperature.

C’

Metal s tend to soften, flow and burn as tenperatures becone higher. 15 It

is-well known that certain ceramic nmaterials are capabl e of w thstanding

hi gher - tenperatumaskohEnEuma Dt BHE . ATT&QHMEK?1QHHQER@Q@KiabIe property has

been known for s hffi ﬁﬁﬁhﬁ§§ of ceramc materials in jet engines has:
‘been linmted. Hrgl : : nd to be brittle
and thus tend to fracture under nechanlcal stress. Thus, its use in high
| lhoaﬂ bearing andrhet I@i»wgn@aime&womqtelmeef ft@lct%reedttla.&hmm @;f thg .

i ghest tenp rature_l ocations o] an_afterburner
i Ffuser of 3 mi FEEAPSS, ko CBRGRReES RS fa 3vide FERTR roier R REY S LB
parts mould be deschabse. fokioegampleit ihas Beenedgihecult to attach such

~stationary ceramc parts - to the surrounding nmetal parts in a way which

woul d provide the necessary 30 cushi oning.to absorb vibrational shock and

~differential theFhal eF5a6H ARCHtCF hithARMINRT At RhndrregsedhdYceramic |

-parts to the sur ﬁauaéaagngemé Spér&t I tdipetathiPsof jadd dingrd e
ceram ¢ parH% 'nsﬁchropgratlng temperature has been limited by the

_ ablllty of materlals to w1thstand such high temperature.-
Metals tend to soften, flow and burn as temperatures

become higher.

15 it is well known that certaln ceramlc materlals are
capable of w1thstand1ng hlgher temperatures than are':
metals._ Although this de51rable_property has been known
for some time, the use of ceramic materials in jet |
engines has been limited. High temperature ceramic

202 materials tend to be.brittie and thus tend.to fracture
under mechanical stress. Thus, its use in high load
bearlng and rotatlng parts has not been favoured

.In some of the hlghest temperature locatlons such as,

25 .for example, in an afterburner_dlffuser of a military
jet engine, the use of certain stationary ceramic parts
‘would be desirable. 'However;'it has been difficult to -
attaoh such stationary ceramic parts to the'surrounding
metal parts in a way Whioh'wouldlprovide the necessary

30 cushioning to absorb'vibrational shock and differential
thermal loading at the points of attachment of the'
ceramic parts to.the'surrounding metailstruoture.

Metal clips for holdiny the ceramic parts in a truly



yi gh tenperature environnent tend to burn and nelt away even when made

gh tenperature metal. Another possibility includes driving,pins into
es fornmed in the ceramic parts. However, probl ems have been 5

encount ered in the devel opnent- of satisfactory methods for cushi.oning Lhe
- ceram c - agai nst damage fromtransm ssion of mechanical vibrations t hrough
the pin to the ceramc and for preventing damage due to differential
thermal [oading. 10 Accordingly, the inveri-on provides, in conbination, a-
ceramc first nenber and a netal second nenber. attached to one another by.
means of a bore disposed. in said first menmber; a pin extending fromsaid
second nember M TENPeER LR @AY L igngante Fend &8i Burprand ppebbravay

scrgl Ib- wound mmd ! Ngneh aimeel d)ﬁll}'fl@ﬂﬁt%rnﬁigtﬁaffdg%é aeednd- Sﬁhé::ﬂé? and in
sai ore, sai u i nc eas verl a

portions of - saiRPHtk ]r?ggl"bénﬁ;"é%%cgdlf‘?dﬁ BA0H 6?E‘8Pﬁﬂﬁs ggfgg g?y
acconmodat i ng ditid eyeramdO patisl Hoerevelr,l padbihgmef hagedbéenst and second

menber s. %Jd&t% 19@tt'hgn vaeﬁ.QSme'n\ﬁeBE' Qtiﬁfégﬁ?ﬁuﬁahﬂg

: -ceramctrlpb | anehol I'n-an. after ur ner SEer. sec |on of
~an afterbur ni ngfRetcushiondng fbe C?SaP‘HFsaéﬁdnth@aﬂﬁaﬁeﬁWEer has first

and second si delSraxH‘rﬁh@ﬁ@rm&f tn{écﬂad&ﬁf&dle Jidfraftionk 8RdotgRORHeepds Ehtting
substantially tjghtly to, the st and second _si des’ respectlvely, first and

second bores ar 37%i SHFARLE 1309 K N IBRR9End8er EQpectivel y, 30
and first and skcbfrreryial mm::aldnng.cushl oni ng ‘bushi ngs havi ng at
| east 1. 251@urns are dlsposed in the first and second bores. respectively,

over | appl ng portions_of said_bushing being spaced fromeach other
Accordlngly, the invention prov1des, in comblnatlon, a

ceramic first member and a metal’ second member attached
. to one another by means of a bore d:.sposed in said first
member; a prn extendlng from sa1d second member into
15 sa1d bore : disposed in said flrst member- a scroll-'_
woundAbushlng dlsposed c1rcumferent1ally around said pin
and 1n said bore;- said bushlng including at 1east 1.25
turns, overlapping portlons of said bushlng belng spaced
from each other for re5111ent1y accommodatlng dlfferen—'
20 tlal thermal loadlng of sald flrst and second members.

One specific_application of the;invention is the
mounting of a ceramic_trip baffle to a flaneholder'in an
afterbnrner diffuser section of an-afterburning jet
25 engine. To thlS end the flameholder has first and
second sides, the ceramxc trlp baffle has f1rst and
1second ends flttlng substantlally tightly to the flrst
| and second sides respectlvely, flrst and second bores
are disposed in the first and second ends respectlvely,_
30 and first and second ‘scroll- wound metalllc cushlonlng
' 'bushlngs.havlng at least l.25 turns are dlsposed in the _
first and second bores resbectively, oberiapping'
portions of said bushlng being spaced from each other
for re5111ently accommodatlng dlfferentlal thermal



for resiliently accommpdating differential thermal . --3- |oading of t he
baffl e and fl anehol der. Each of the fi'rst and second scroll-wound netallfic
cushioni ng bushi ngs includes an outer substantially cylindrical perinete
engag|Q9 |ts respective bore and a 5 substantial Iy cylindrical inner
perinmeter.  First and second pi-ns pass through the first and second sides
respectively and engage the substantially cyl3nﬁr|cal I nner perineters in.
the first and. second bushings respectively, mhereby the first and second .

pins are 10 - subs tially-p oL ect d fro e flamehol der by the
‘ceramic trip baffliéggubg‘t’a%’fl% Fyv™ §If“r‘b‘l‘e?’n“]li ﬁhrrgﬂﬁ%‘ng tHER 95 Yot her
appllcatlon t he |ﬁ¥éﬁt|@mﬂ|sﬁ¢mnﬂiQQIUMiﬁWoundfh ta&ﬂiﬁﬂdﬂiﬁﬂuﬂéﬁg\ﬁrlng

.in a cascade f | amehekgek gop@gj§q@g &n ¥: V.
.spaced- apart radial bor egs in th ‘e V-ri npé&lée%%:h o'T ‘ragl al%ﬂorne%r%ca\h ng a
cushi oned bushi ng Re5ERBF§Tt RRYRYHNT %hrﬁp?%@lﬁ%lsW%e@%@hl ng -

gssenbl heﬁ i chug%umtihijgmlfﬁgmdrg@éslgrﬁkfé& f‘tﬁﬁ}ﬂ%&é&é‘ﬁ f?x&‘é@hlﬁ?

ore and havin

having at |east 1.2 '%[gr rrs“g ene"'tfhte Oyl atlb%srfﬁ a’rftr}{stsr‘?é:%b’r Sides

over | appi-ng porti oﬁ%cmc’sla?@lib@ﬂ @ng:mm%ﬁamaaqh @ilherd fidal

resiliently accommgiadd r&e?ﬁmetﬂfiffﬁe@ﬁéaﬁlw@r% f%Qﬁc d'mi W53 d V-ring
a

and fl amehol der, first and second washers i I Xe oppé%ed ends
of the hard bushi ieSRRFEFTREE i VN erebBttda ll'féﬂ'%a?ffui Resdngy gims laaebor e.

‘The bushi ng a?s&entﬂqb@&aﬂzﬂamcllwctﬁsmﬁcﬂ@ﬂsﬁrdm%édﬁ PaHRe e 1RHMRARer by
- the ceramic trlp bafflc-suostantlally compiletely
qubroundlng tham.

_In anokther appliéation,jthé'ihventioﬁ“is used to mount a
15 ceramic annular'v~ring in a cascadas flgnebolde'
Comprlslﬂg a pluc alluy of tangent*a‘ly spacad~apart
radial bores in the V—rlnj, each of the radial boras
' having a cushioaed bushing assembly therein. Hach of
o ‘the cushioned bushing assemblies includes a cylind:icai
20 hard busﬁing pas 1ng th rough the bore and haviag an
axial bore therain, a scroll-wound netaTlld bushing .
havi:; at lea@u 1.25 turna betwean the hard busnlng and
the bore, ovarLdpnlnq portlons ¢’ said bubhlqg being
gpaced from each other Eor resilie intly acconnodaulng
25 dlfferentLal tharmal Loadlng of said V-ring and
flameholder, first ‘and second washers rlgldly affixed a;
-opposed ends of the hard ushlng and effective to
retain the hard buonlng in the bore._ The bushing
assnmbTy also includes at lnaat one slip washer botwean
30 each of the first and second washers and a surface of
the V—r;ng, a plurallty of radlally directed pins each
passiag slidably through an axial bore of one of the
‘hard bushings, meahs_at a first end of each of the pians
for rigidly éffixing_it to the flameholder, and mean at



each of the first and second.washers and a surface of the V-ring, a
rality of radially directed pins each passing slidably through an axial
bofe of one of the hard bushings, neans at a first. end of each of the pins
or’ r|g|dly affixing it to the f1 amehol der, and nmean at 4 a second,‘yd
of each of said pins for slidably supportlng the second end in the

fl anehol der. The: above, and ot her objectsfgatures and advantages of 5 the.l

present invention will becone apparent fromthe followi ng description read
in conjunction with the acconpanyi ng drawi ngs, in which Iike reference :
numer al s desi grat®a¢dmed samd @f exmrit f sulid rfpids clor 1iddBYy 1 is a

perspective vi e o4 el,@;% gggég@ ért?% &0 1l .jlg.thYCUShl oned -

bushi ng accordlng*to an e odi ment - of reseﬁ% I'nventr on” may. be

enployed. Fig. 2 is a perspecti ve view of the afterburner diffuser 15

section of t he s aewwéle Aa Rithed d¥ydd td | o Ulr SVRL A %@hﬂweldnserdlﬂl
conmponents.._ %ﬁ?e?ﬁs a . rear VI&M/Of 3 flaneholder of Fig, -2 show ng a

ceram<c trip b FREL 1B SRR % ﬁﬁf%ﬁ)‘r%ﬂxHW%lng to
t he present inviritioning ddésgrigtion a:ambssx sm:tjlum:tcifont hel tir ighebaffle

taken along | V- u\é&ﬁfﬁﬂxfg’ff&gmés SR GEPSS PHA Ak eddie drip ol €

- taken along V-V isa perspec v€'V1em/of
an afterburner QEq#qEﬁye the sana elemnnts,'and in whlch-

10 Fig. 1 is a perspective view of tha afterburning jet
engine in which a cushioned bushing accordiag to an
embodiment of the present invention may be employed.

Fig. 2 is a perspective view oE ‘the afterburner diffuser
15 section of the jet englne of Flg. l_partiall? cut away
' to shaw internal componen;a. o '

Fig. 3 is a rear view of a flameholder of Fig. 2 showing
a ceramic trip baffle lnstallad with a cushlon d bushing
20 - aﬂrordgng to the present 1nvent10n.'



section having a cascade flamehol der includi.ng a ceram c annular ring
mount ed therein usihg a cushi oned bushing assenbly according to an
enbodi ment of the present invention. Fig. 7_is an enlarged fractiaonal cre
sectiqn’;taken, 10 * axi al |y -t hrough a ndeRting pin mounting the annul ar
ring o Fig. 6 DETAI LED- DESCRI PTI ON OF THE PREFERRED' EMBODI MENT Al t hough
the fol |l owi ng descri pt i orF i@ 4 i yrenasfpeeatiorol thhitpinegaHie Hrkgn alongst
in the envi ronr‘rEiQt f\ h hol der of 15 . an afterburner jet engine,
_the scope of theé inventiof's oul d not be considered to be limted to such .
an environnment. ReferringEig Fiig. akrdssesectisnsdbtire tgqnbaﬁléyca.k‘eﬂalongn
afterburner jet engine of a type usable in a mlitary aircraft. Jet engl ne
10 i ncludes an |‘ﬁt§ IRE Bégt i%n 12 t hrough which air 20 . enters,

conpregsor section 14 in Fsdett AR EF56an A £E d:PRi &Qggper '
sectloz’ 16 i'n which the cﬂrgpresseﬁpg rle I.s m xed V\ntharfluel an burmled to
provi de ener gy, sedtiorbhasisgat cascdde flameholdér ihocludjag % |cearngid aonuide

combusti on chanber energizes: the, turbine which i s, enp)oyed to i ve the
conpressor 25 rmg ‘&R&%ﬁ&é@%ﬂ%é‘s‘%\ﬁngﬁ%ﬁﬁeﬁb% ‘%&JF‘BFF@ e engine

i ncl udes an af t gy df { N 8hbEEGREAR 20nknoybi &y [dRshiddle! may be

added to the hot has ou%flow from turbi ne sec'??on 18 to provide a burst of
power, -an af t er bur ner sedign723 an ediacgedkfeaf:tmlnaachimzu neatibar talkemer

di ffuser' section_burns with excess air {n 30 aust . from turbi ne
Sect oo1s F o t aaLl hish RoEnerY ol mhougtisg A aeA AT 8B hovyl &
section 24 whi ctygjagtlcul arly in mlitary aircraft, may be of vari abI e’ '
geonetry. - 6- e to the extrenely hlghtenperatures to which materials

'n afterburner dhERH m3f HeSEribrITN %%%%FFERRED EMBODIMENT

Although th.e followmg des crxptton ofa ht.gh temoera.ture

cushioned bushmg is cast in the envmronment of a flameholder of
-1_5 : an a..fterburner jet engine, the scope of the mvent:.on should not-
' be considered to be limited to such an envv.ronment.
Referrmg to th. 1 there is ‘shown, genera.lly at 10,
an a.fterburner jet engine of a type usable ina mxll.ta.ry a.lrcraft.
Tet engine 10 includes an intake sectxon 12 through whv.ch air
20 enters, a compressor sectlon 14 in thch the air.is compressed
~ a combustion chamber section 16 in which the compressed air is
mixed with fuel a.nd burr_zed to ‘provv.de energy, a turbine section
18 &herein the hot gas ﬂot:;vinio' from the oOmBustion chamber
energtzes the turbtne which is employed to drive the compressor
25 ' and a.cc_essones. Downstream of the turbtne the engine includes
an afterbﬁrner diffuser section 20 in which fresh fuel may be
added to the hot has outf_low_f;rom ‘turbine section 18 to provide
a burst:of'pow-er, an efterbﬁztner' sectiori 22 in which the fuel
added in afterburner diffuser seotr.on burns thh e,:cess air in
30  the exhaust from turbine section 18 to further boost the energy
of the ga.ses and, finally, a nozzle section 24 whv.ch partxcula.r!.y

ln rmllta.ry alrcraft may be of va.rlable geomet‘y.



el | as high vibration conditions which may be experlenced in this
cation, this section is a good candidate for the use of 5. hi gh
erature ceram c parts secured to the surrounding nmetal structure u5| ng
gh tenperature cushi oned bushi ngs accordi.ng to an enbodi neht of the.;
present invention. Referring nowto Fig. 2, there is shown an afterbur_
- diffuser section 20 se r QPR Je 0 10

and partially cut aV\/ayﬁ?%étstﬁ%vtl nterEﬁ Hﬁ%}gggfﬁ%ﬂrd af ergu‘glher
di f fuser sect matemalmgn%ftenh\hrm daffiilsamgse AonrRd hwa;f bleVaksoPed f i on
t hereof for matlngii\n t}ﬂ correspondl n%flan ge..(not shown) at the aft end
of turbine selfiBilias hich-FRrption sgnditions ‘E’ht‘-‘haﬁaiém expenieneed6 is .
enpl oyed for t t.er r Fi As is
wel |  known toq%htggge]qg%fl%i ﬁhr}st%ée)é%?a s Qgﬁgsgéggﬁggt%%b&neggg ion 18
in ad annul ar highwesipematuze eétanburpae:tsdséémsﬁ té ki oirsHhddinghe same

manner as indica d%_éflowarro Egé “An | nner d|ffu5|rlg cone.. 34, S
supported on S¢f chpre usxng\éﬁ temperatime seshicredbbughinghto a sol | d

out flow from gkkerliNges i bhissdinisat b?%g%réﬂt éRJehwan preferably 16,

of main spray bars 38, are disposed exte g i nward around the perineter :
of casing .26. Wen t he Reffecring new ks Eﬁgedz. rthlenesqsr alyowaraz ABterdthrajedni zed

25 fueI a nd. unre as t he i nner_diffusing . = '.
cone 34. i ¢ 1‘#8% 4] t&‘?%%toafspﬁ?teﬁ%; f ﬁﬁ‘%‘@'\éfg jecergine dP and
air migxt ur e 3he Ilaaﬂiugrnc@ﬂ‘a. ? fd eRBW {&%Enﬁu%orbﬁo&é’ﬂsr 0|Az§d so that

- satisfactory conbustion of the fuel will be 3 acconpli-shed in

af t er bur ner safierbyrrer(¢iffusey ser:hwardgnirtm 26| mqlgdmssflb.lnget 28toma fl ame
oroe, SLared, S0P eI o A B BRALIEL St 2SR i A0S
.ring of S flange (not shown) at the a.ft end of turbme sectr.on 18. A second
| _ _fla.nge 30 at the a.ft end of cas Lng 26 LS employed for a.tta.chment
15 . of a.fterburner sectr.on 22 (Fig. 1) '
o ' As is well known to tb.ose sktlled in the art, hot ga.ses
eJe_i.t to.rbme sectton_ 18 in an a.nnula.r lflow_-an_d.- enter afterburoer_
- diffuser se.otion 20 in the same ma.ﬁner as lncli.oated by flow
arrows 32. An mner diffusing cone 34 supported on struts 36
20 gul.des the annula.r flow of gas v.nto a solxd outflow from _
a.fterburner dt.ffuser section 20.
_ A plura.ll.ty, prefera.bly 16 of main spray bars 38, are
disposed extendmg mward around the pertmeter of casing 26. |
When the a.fterburner is used, mam spray bars 38 add atomized
25 - fuel to the hot ga.s and unreacted air as they pass mner diffusing :
o cone 34. _ _ _
It is not suffv.cr.ent to merely v.amte the newly LnJected
_fuel and air mu:ture. The location of the flame front must be
: controlled so that sa.thfa.ctory combustr.on of the fuel will be
30. : _ accompltshed in a.fterburner sect.on 22 (Fw. 1).. In addttlon,
it is possxble tha.l: a flame once started can be e::pelled from
afterburner sectton_ 22 by t_:he_ra_,pv.d ga.s__ flow. Accordingly, a

flameholder 40 is provided which creates e_.nd retains a ring of



in flanehol der 40 ignites the fuel mxture passi ng through the center
thereof and thus stabilizes the flane front in its optimmposition. 5

A plurality, sui t abl y 4 pilot spray bars 42%1e di sposed i-n respectiv :
inl et ducts 44 of flameholder 40.- A portion of the main flow of exhaus gas
enters inlet du@smidsut6@haiRg ai@mzmﬂfowIm&m@ealﬂyonow&ex-ow 342 aidh
i's gui ded" by .a plurality-of vanes 46 into a cirtcunferential whirling
trajectory. 10 flame in flamehoRig4pi igpiteavtihe Suel midtuge Byssingt theomigh end
of flamehol der exi t ertur.es f or €S, 46 a e showp. The aft
face of fl ameholzthr SR Fs&tﬁ e d %‘gﬁi‘ g%ﬁ&é%eﬁsﬂﬁnﬂ%ﬁee TORE Fhiltter 50 and
‘an i nner peri mt@’t%%w{dﬁss sectlonal shape of the aft end of

fl anehq) der 40 can be roughly conpared 15 = -~ to the shape of a shallow
Vee intd which exit aper d mlazaligy{ éé’dﬁbie' #ipilek apory thagis 4Adams whi ch

~entered inlet d uff..aft
f'ace_ of flarrehol e?oéé)l# 1&2@%&%&&% gﬂl 'S Fésspgggé %%é&rdoﬁg%&y %335888
20 channelofothet fitaifl 166 efldxhhﬁéega.k ésters mmaddteruzi LOredBi+és t he
fuel mxture as it whirls therepast I'norder to increase the m xi ng and

t ur bul ence of tﬁé°ﬂ!él°drﬁ‘3& Lﬁl'@nj‘lﬁﬂD%éPB?-E har #2antkis |é’ghfiﬁérb¥54 plarality
baffle 56 is po igniter 54.
b 550 1 PO YA 4kt XibARAHCRUAL el Tleg BOUIRIISL | 0N 1€, 0
directiléh of flow of the Reffelr rithg tnove alBuaot Bigha,t ar Hu adt @ntdOofthi ch trip
baffle 56 is exp sed & also to the fact that it is a small part having

linited abili ty FO-nexit IpRFuTRE 43 PEMRA RY W@rerflrarephown.
conduction, tri I@rﬂ@fa% ?ﬁé@ o&%aﬂfﬁbl&e%@ﬁ?'ﬁﬂ@aé@p};l %o%&%&;mreiﬁ oAb £t

engi nes. According to e-present 1 nvention ,
- perimeter 50 and an mner_perv.meter 52 The cross sectional

shape of the aft end of .flemeholder 40 can be _roughly compared

-7- flame surroundi ng the main flow. indicated by. fl ow arrows 32. The fla@

15  to the shap'e' of a shallow'Vee into which exit aperatures 48 feed
. .- the mixture of fu.el and gas Whlch entered Lnlet ducts 44, This
| mtxture tends to whlrl a.bout in the bluff aft face of flameholder
_. 40.. . _ _
_ | | An i.gniter 54 is disposed in the roughly V-shaped
20 o channel of the bluff end where it is in a posn.txon to Lgmte the '
| | fuel m:.xture a.s it whlrls therepast. ) |
In order to mcrea.se the mr.xmg and turbulence of the
- fuel mixture just before it reaches Lgmter 54, a trip ba.fﬂ.e 56 is
lposlttoned m the V-shaped cav1ty Just upstream of Lgmter 54, 'I‘rtp
25 _ - ba.ffle 56 provxdes a bluff leading and tra.n.lmg edge in the dxrectton |
of flow of the fuel mu:ture. 'Due to t_he turbulence to .whlch trip
_.bafﬂe 56 is exposed and a.l_so to the fact that it is a small part
having iim.it'ed_ abiiity to dis eha.rée heat into the surrounding
str!'icture by conduction, trip baffle 56 has be,'erra. maintenance
30 problem in jet eng'.nes. |

Accordmg to the present mventton, tri 'Lp ba.f‘le 56 is

formed of a thn temperature ceramxc material.



d of a high tenperature ceranmc mat eri-al . Referring now to F|g 4,
nYbaffle 56 is seen to contain first and second bores 58 and 60 in ends
d 64 thereof" which abut outer and inner perinmeters 50 and 52 _
gectively. A scroll-shaped cushi oning bushing 66 is di sposed 5 "v in
bore 58. Likewi se, a scroll-shaped cushi ei-ng bushing 68 is di sposed in '
bore 60. A pin.70 passes through a washer 72 affixed.to outer perinmeter 50.

and enters cushioning iRéirateg Gowiks B1g.74, | wiglaieit 56 lsheei 1070 arid o

~the shell .50. A pin 74 passes through a.-washer 76 on i.nner

pﬁrl lm;t Sr 52 sAotiin er@ﬁmﬁpﬁgnémeﬁgsﬁaa%éq n epdp|oF Pydve‘% ded. It
shou not h 56 .
surroundg tﬁe%%o%?%hv}sh §? pi nsg“}%fr gg&géhg %%q%%r%{g';bgn ofathgr peri met ers

52 and 50 wi t hegpeabivel}s A scrolirishaped amhmﬁgpmm:igsset bedibposed
exposure and damage due to the high te erat ure gases C|rculat|n
f1 an®hol der 4dn baarepPh né—"ﬁ&W‘PG' chB eSnFRIPIARIAL RI §a§é W1 as

~ cushioni ng_bugla, gsg@m'éo §0.1 % Bt aeklasvm%qggyi kéwgueqabzbush' ng.

- The overlapplng I ONS the turns of “cushioni ‘bushing 68 :
provi de t'he nagfixedrys outdr peu-ngleeervm Iandsemmsl cesimuonfimg Hushrthg &ecuring

7-p|n 74 therein _but the enti.n xce ve outward force or
t he transm ssﬂgﬁsB‘Frg?‘c *S)gr;‘él g? g 5811et%6 § ﬁﬁFh'e 3@eranmic materi al

of trip baffle 56. A thoygh 141‘Ea§QQL'1£§BhFh3§v€EsHé¥ 9BtdLMnRbr being linited -

25 by a particular ‘theory, the resilience and firmmess may be
produ®ed by amperdnester 532tamdbmtatcmhwb.mgebdshlthgvﬁ&\gndfn‘sestmtlafrrlvct ion

bet ween surfaces of, adjacent turns, oxide on the surfaces of the netal, gas
bet ween t he de?lé@Q's surface roughness on the material or spri ngback of

the material. = It should be noted that the method of mountlng
| : -eeramlc trtp bafﬂe 56 surrounds the portxons of pms 70 and 74
| between inner a.nd outer pertmeters 52 an.d 50 thh ceramtc
15 E material and thus protects them from exposure and damage due
| 'to the. htgh temperature gases cxrculatnnc in flameholder 40.
| Referrmg now to Fl. . 5, cushv.onmc’ ousthg 68 (as well
as cushz.om.ng bushma 66) is seen to be a scroll-wound cylindrical
bushr.ng. The overlapptng porttons of the turns of cushmonmc' _
20 ~ bushing 68 provide. the necessary cushlonmg as well as resxlx.euce'
for fxrmly securxng pv.n 74 theretn but at the’ same time,
'. preventtng excessive outward force or the ..ransmtssr.on of
excesswe v1brat1.on to bore 60 Ln the cera.rmc matertal of trip
| baffle 56. Although the applxcant has no mtentxon of betng limited
25 o by a partr.cular theory, the resilience and fxrmness may be '
| produced by any one or a combv.natv.on of the followmg effects:
| frr.ctton between surfaces of a.dJacent turns, o-«nde on the surfa.ces
. of the metal gas between the surfaces, surface roughness on the
material or sprmgba.ck of the matertal. _
30 _ _ . Cushxomng bushings 66 and 68 a.*e preferably madea of a
| '.hwh ..empera.ture matenal such as, for e*:amole, A\/IS 5537, also

Ldentlfxed as L605 which is a hv.gh temperature a‘loy cons Lsthg of



30 : Cushi oni ng bushings 66 and 68 are preferably made of a '
high tenperature material such as, for exanple, AMS 5537, also identified e)/\«l
‘as L605 which is a high tenperature alloy consisting of -9- 45 percent\_/
cobal t,” less than' 3 percent iron with the remai nder nade up of nickel, _
tungst®n and chromi-um Anot her. suitabl e higl=tenperature alloy may be Rene

41 which consists of 19 percent chromum 11 percent cobalt, 5 percent
iron, 10 5 45 geceaitcdBalypdessthad PoeeernttivbAnyith thl befriiadst
alum num and the remai.nder being nickel. Qther netals having suitable -
‘strength, nal | e5Rde 2p of igliele fuResten AR EREPTHER  sASLEMR SHAABILSO he

used. -Cushi oni ng; gﬁ.:?ﬂ ) o] ¥ fQr . 1.0 capaWAPPIi NG a .
.sheet of the _ag%f%*pj‘r?l a egr?e@?%?%g%%ﬁt a Hﬁgreeenﬁg\ﬁlghacosﬁﬂsgg}lgetadi_ anet er
'to form the reql rpedt qenthehiroxhitm,nil gérxdentniotslby Shpagseditiron] 68 shoul d
be conprised of nore than one turn_so that an.overlap js provi ded hetween
faci ng})_ sur f acesPe¥ ﬁe%@&d gﬁf"&ﬁéo&s?%%%’éﬁ ﬁ'ﬁﬂ?‘,“‘?ﬂsﬁi%ﬁi"ﬁﬁ%ﬁ%‘i‘%guﬁ -
66 and 68 have {z@mhabithainder Hai Yilcké12O0khEP e 13! B &g Su{gie Of
turns can be enployed limted only Dy the anount. of ~cushioning desired.

Sati sfactory pestzengiheonadleadbidityactesilietce0and tempenature. Pésistamse of

005 inch/ materjal w&gg&ed tight.l y around an appropriately sized mandrel so
t hat the final B R4E° HTdPRS1 de 20 diameters are suitable after -

springback for fitting beugnisSinNHubRiAs 88!dnd88NinaYy BO @RthedbyFig. 4).
Referring now to Fig. 6, there is shown an environnment for a further . _
"appl i ch®i on of wireppirdiaosbeebaf khappurapnriate coetal dboutna immandreke

apparal s, MOV s AAGAEY SRR Bl tne requBhAMEILOR oM (Nt
’ - turns. Cushioning bushings 66 and 68 should be comprised of '
more than one turn s.d that an _ovérla.p is pro;'ided. between £a.cin.g.
surfaces. In one advantageous embb&iment, cushioning bushings
15 6.6 and 68 -hai_re from.a.'b_out 1.25 to about l'Z.ZSI'turns. A greater
number of turns can be e'mp.loyed. limited only by tﬁe- amount of
) '.cushioni'ng desired. Sa;tisfaci:ory pérformanc‘e ha..é been achieved
- with 2.25 turns of .'0(55 ingﬁga'zg'iai wra.ppéd tighi_:ly around an
| a;ppro'pri'a_.tely sized mandrel so that the final outside and inside’
20 | diameters are suitable after ép_ringback fﬁr fitting bores 58 and.
' _ 60 as well as pins 70 and 74 (Fig. 4). - _
. R éfer:ing now to Fig. 6, there is shown an environment
. for a further appiication of the cnshiéned bushing of the present |
‘invention.  The apparatus shoﬁn is .é.n éltérnate ﬂameh_older'_.
25 T const:t;ctidn frbm that shown in F’tg. 2. A cascade flameholder
78 includes an inner Wall 80 and an outér wall 82 providing an
annular entry mouth 84 for entry of exhaust gas and unreacted
air diverted fr 6m flow 32, A plurality of 'c."uz_-_v-'_e,d blades or vanes
86 affixed between inner and outer walls 80 and 82 impart 'rotary
30 motion to the gas to which £ue'i has b'e.en added by pilot spfay bafs'
42. Exit por_ti.ons_ 88 and 90_-a':‘._-e.£]_.a.r_ed outﬁva.__r_d to provide a
trumpet- shé,ped ¢ross section ﬁo inner and oﬁﬁer w;.lis 80 and 82", _
' ‘respectively. An annular ring 92 of ce_ramic material is supported

between exit portions 88 and 90 to divide the flow of gas from



- 78 ingludes an inner wall 80 and an outer wall 82 providing an annul ar
entry]nouth 84 for entry of exhaust gas and unreacted air diverted from

w BZ. A plurality of curved bl ades or vanes 86 affixed between inner and
er/f walls 80 and 82 inpart rotary 30 nmotion to the gas to which:

has been added -by pil ot spray. bars 421°EX|t portions 88 and 90 are”

ed outward to provide a trunpet-shaped cross section to inner and outer
|1's 80 and 82urvedpanidsv8by. Admulaputing 92 tps02 Viskepediice ogst €6¢tbni s _
. supported between eX|t portlons 88 and 90 to divide the flow of gas_from -
-10- curved valRyHHe swmzpﬁ% Phthenlgat mapde BERPRTESF which

t he downstrea r ga af{btali€ f :
i nches/. The gb%?’a?l ﬂ;d&I rit er f annu 3%35;153%2 Pagﬁﬁ'})a@?g%% % "‘%aé'om on-
the order of 13nttheldrderudsl2 tSulmodmtheﬁ sSeppert of gachta Uai-gleestSucture

in a gycllc t her mal |nV|ronneni such as, “for xanple in the fl anehol der- of
a jet’engi ne hik3peERlig theragp mY‘f"'q’l’&‘ePFrﬁ i P °?§"é€ﬁ?lﬁﬁe ip\the.

- conventi onal 92

hove’ been bol { Eiffiolddt bES febing G REL WAV e, BE RANGG0L NN, P2 |

were, .in turn, tdnalcmedverbypbaneentmnalmethmdéu gh terrperature envi ronrrent

the growth of surroundinp ngi ne parts has been suyfficient_to puII t he _
ceram c apart. Furthernﬁgé’ges@&'ﬂ‘ f??ﬁ%FcRaer‘so?u ASARIHET 188,92 net al

structure has gReQWAGLHoId W?a&@eort £20s Beet QBnnpbiPiAbLORn It al so __

has permtted 15 . resonance peaks of the. conbined ceram c/ne
structfire to gwhg:hvwemdar‘tpemhrm bekeduint plaxcd.cvinl 8. cytaliahighiiedn perstuxfe o
‘the present inventi on, .annul ar rrévg 9% slu%r%%rahrlgi Ien slggp%rrttgql be ggreln exi t o
portions 88 an&“?)'l‘)"'° ne, g g engine p
sufficient to pull the ceramic apart. Furthermore, such £1rrn
holding of ceramic pa.rts ina metal structure hé.s encouraged
. not only the transmtssmn of vx.bra.f:r.on, but also has perm.tted
15 .'"resonance pea.ks of the combined ceramlc/ rnetal structure to go
- grow undamped to destructive levels.
'In an embodxment of the present anentlon, annular
ring 92 is centrally supported b_etween exit portions 88 and 90
by a plurality of pins 94 passing through fittings 96 in exit
20 ~ portion 90, cushior;ed-bushi.ng a.-séer_hblies 98 and fittings 100 in
‘exit portion 88. | | — |
The downstream edges of annular ring 92 are :,ecéssed_
slightly into exit portions 88 a.nd, 90. Due to the turbulence
.partly provv.ded by the action of curved vanes 86 and also by ..he
25 C passa@e of the-gases past the bluff d'ownstream end of the
V -shaped annular rmg 92 the gases and fuel form inward
vortices as they pass. the bluff downstream ead of. annular ring 92
givi._n‘g. further rzﬁx‘ing.' -T_hié region across the entire downstream
end of annular ring 92 and exf_etid'mg’ across the extremities of =
30 " exit portions 88 Iand 90 remé.—i.ns igﬁited for the maintenanée ofa =~
stable flarﬁe'_frcnt in the main gas and fuel flow 32.
Since the flame in flameholder 78 is downstream of
the susﬁeh's ion points dn pins 94, pins 94 are nbt exposéd to the



by a plurality of pins 94 passing through fittings 96.-in exit 20
portion 90, cushioned bushing assenblies 98 and fittings 100 in exit
portion 88. The downstream edges of -annular ring 92 are recessed slightly\
into qu;t portions 88 and, 90. Due to the t«dbul ence partly provided by th
action of curved vanes 86 and al so by the 25 passage of the-gases
past the bluff dawnstestpenmnteat alshway- hieapssle aRNMeAEHHIM NS0t bEhHASES
and fuel. forminward vortices as they pass the bluff downstreamend of
annul ar ring 92RyeRtigurusadin swpeerrsingrinip baffleféashows amd descirileed

downstream-end @f N3 ' nd; extendh across the extremties of -
30 exit pgé't | on%lcggo%hg%%%lggﬁa} ﬁ'sgl' g%‘{%(fq%(??%fﬁfe%ieﬁéﬂg)%éqgf- a
stabl e flame froftFign 6livemhot gagquirel dnmbeddin@vpdds 93 wedihhCeddBE, i N
fl.amehql der 78 is downstream of the suspension points on pins 94, pins 94

are -noP exposed to. the Refezringf® kige Restushioned hushingassembhye 98

enbodi ment of "t he daRVEd k.94 ed | Rgot [4 ffl 6 .shown and
described.in co'ﬁgcetgi\ﬁoﬁ; %Qﬁd&%i gsﬂﬁﬁuggg{‘g)gg%qﬁe%%?% %’e§5ﬁ)odi-nent -of

Fi ]9 6 does not temaperatureiadiisy hgving 2nddxiilt hibre Q@4atierethrough through
Referri-ng to Fi '

. 7. cushi qned bushing,assenfly, 98 i s seen to include-a.
hard bushi ng 10%116?&83‘(%?4 3f BSRTERt efipefEPHrahaped cushirned nshing 1o e

104 ther et hrougls tfttea Shisilt ahePiiRa ﬂcilsbépfﬁﬁ?‘gfﬂe-af %%:%%@?%P-es‘rh%eg a.p.e‘x o

cushi oned bushing 106 is fittedwthin a cyli Ica near T

of V-sh@ped 10 annulazaming &2.r iHarddushing 02 pasged GRrpagh ahet&xkigugh t he
axi s of  cushi oned gushi g 06. First ;and .second washers 110 and |12 are
rigidly affixed®d Yenest Hie Mgy 198 dtirgpasckacserrd vathanst 4 18omdy Lany

ComvenLen Toensss Kigiasy Bmted s bob iR 1025 RGREE BRI 17
opposed sur f acegO@fbyaanmq:pnvq'nigngmean_s such as by welding. At least one, L
| | and prefereably two sl';p Washérs 114 are di.spoéed be.tw_eet.i
15 _ ' .was'hers' 110 and 112 and fhe opposed surfaces of annular ring 92.
h - Fitting 100 includes a bore 116 .thé:ein through which
an en.d._of pin 94 pa.sées. "F:itti.n.g 96 also 'includ.'es a bore 118 for
‘accommodating pin 94'3.5 we_J_..l.a.s a transverse bore 120 for
'a.ccemmo'dating a.-' locking pin 122 which also passes thi-oi:.gh a
20 transverse bore 124 in pin 94. | | | | |
| Flameholder 78 Sub_stantially expands and contracts -
radially during thermal éycling.' Piris .94.are directed along :
] fad_ii and are consegquently directed albng' the direction of growth
| and shrinkage of the structure. Pins 94, being rigidly affixed to
- 25 flameholder 78 at only one en& by lécking p.i.n 122, are free to
' :hov"'_e. in bore 116 of fitt{ng 100 as required to accommodate the
changing dimensions dﬁring- l;hferma.l cycling.. In é.ddi.tior’z., S.ince
a.xia;l bore 104 of hard bu.'s.hingE .102 is SLidably_ disposed oﬁ pin 94,
o _ a.nnula:.; ring 92 is free to move in the :édia.i direction relative
30 thereto. | ' | | | - |
As previousiy explained, -.cushioned _bushipg 106 cushions

~ hard bushing 102 in bore 108 of annular ring 92. That is,



ting 100 includes a bore 116 therein through which an end of pin 94

APSes. Fitting 96 also includes a bore 118 for acconmopdat i ng pin 94 as
~as’'a transverse bore 120 for accomodating a |ocking pin 122 which

$0 passes through a 20 transverse bore 124 in pin 94. Flanmehold;
g substantially expands and contracts radially during ther mal cycling.
Pins 94 are directed-along radii .and are consequently directed al ong 't he
direction of growth and shrinkage of the 2rocture. Pins 94, being rigidly
affixed to 25 f 1 anmehol der 78 at only one end by |ocking pin 122, are -
free to nove in bore 1 of f|tt| 100 .a¢ reqwredto acco ate the
‘changi ng dlnens?ﬂﬁkl?ﬂﬁ$s 1§ c?@FPﬁ% c&ﬁ&?f?oﬁmongnD
104 of hard bushe Xt v mctfbmcb&ﬁweehsthesniparqa ¢09¢ushmnulagamnag 92 i's
free to nove i ir o] I 3 r

previously exp%%ﬁgdé%:%?%neggags%lar?g‘e%%G\ig&s% 5ﬁ§th§%2gbgé ?ﬁgsioz in
bore 108 of ann%¢%#°¢1ng 92. That is, .- 12 - cushi oned bushing 106
permts a certai'n amount of relative nDtion bet ween these parts to cushion

agai nst vibrati Sl rs r this elatl tion. 51n -
agdition_to'the??dﬁ%§+5h°8fg%mqﬁa3%§“% iy%gﬂpbgﬁ Yﬁbgn slip:

washers 114, '|npennﬁtnangomoﬂd¢¢|cxmip(wuahdn&ﬂmlng 166combdnabldanpenh _
vibration and tf &P&fgfrl%v#ﬂ%% dpiied PGP AT 180 LRA EfLaM ¢/

10 met al struc ure and structura saster for the cer
prevent the bulldup of resonance peaks of. the ceramlc/

10 metal structure and thus- av01d structural dlsaster for
the ceramlc.

axial® bore . .



————

- 13 - CLAIMS 1. In conbination, a ' ' nber and a netal: secf
menber attached to one another by Eﬁm@!‘[‘“ﬂ‘m‘m di sposed in  said
Jirst nmenber; a pin extending from c ond reentder into said bore
~di sposéed in said'first menber; a scroll-wound netal bushing di sposed
-circuhferentially around said pi-n and in said bore; said bushing including
at least- 1.25 turns, overlapping 10  poriipqis. of said bushing bei ng
“spaced from each other for resiliently accomodating differential thermal
| eadi ng of said first and second nmenbers. 2. The conbination according to
claim1l wherein e¢aAdM85  scroll-wound bushing includes an outer surface -
Whi ch bears against said bore in said first menber and an inside surface
-whi ch bears agai nst an outer surface of said pin. 20 3. The conbjnation
~according to claibm linieerbinztion bisirerguin|fides remberypnd ajmetyhe.
conmbi nati'on accogdiBgat RembakMitHERER! b ST RIS VYT RAABPOEER! Poll a
jet engine. 25 5., The copbinatio ccording. to cltaim 1-further including a
“cylindrical ushFﬁ'apaﬁgéoé_%d bﬁb@eﬁrﬁ FERRELn P Sy 8XELBALRGERA™bushi ng
and coaxi al thereaitihsed6nd tmenble Lwidiswid doms chirspiosgd dnclsaim Fikset her
including a firs er .ri.di - e ar i LT first end of
said cylindrical &Sﬁxgzﬁ#hg,a ég%gwl?gtﬁuaa‘gﬁ%%fhn%%{/ﬁ%ﬁ%@l\géogﬁgd| aneter | arger
t han an outer circumferentially around said pin and in said bore, said

>

bushing includingfat least 1,25 turns, ovetlapping
10 i portiOnslbf said bushing being spaced from each other
' fo: resiliently accommodating differential thermai
loading of said first and second members.

2. ‘The combination according to claim 1 wherein said
15 scroll-wound bushing includes an outer surface which
bears against said bore in said first member and an
inside sufface which bears against an outer surface of
- said pin. ' o ' " '

20 3. The combinatioﬁ according to claim 1 wherein said
' bushing includes 2.25 turns.

4. The cbmbinatibn-accordihg to claim 1 wherein said
members are components of a jet engine. |
25 e |
5. The combination according_to claim 1 further
"including'a cylindrical bushing disposed between said
~pin and said.scrolléwouhd'bushing and coaxial thereWith,"

30 6. The combination according to claim 5 further
including a first washer rigidly secured transversely . =
- with a first end of said cylindrical bushing, said first

-washer having an outer diameter larger than an outer



- 14 - diameter of said bore so ihat said first washer overlaps said first
eTher. 7. The conbi nation accord‘mummm‘MImwerel n said 5  bore and
A4Q cylindrical bushing extend th menber and said
afparatus further includes a second” washer i g| dIy secured transyersely
wth a second; opposite end of said cylindrical bushing, said second masher
havi ng an outer diameter greater than saidl#0- outer dianeter of said
bore, said first and sai d second mashers belng effect}ve for retaining said
'cylindrlcal busyﬂ%ln said bare. 8. conbi nati.on_accor |ngto claim?7 -
further 15 TP H |°p’1vda$i‘?ere o sfr&? d SB&tw e S5aiE SFs CRRESRES and
-said first nenbermi®.firBte neadzEmati on according to claim7 further
including a plurality of coaxial slip washers disposed 20 - between said
first washer. and said first member. 10.- A netallic Structure to which is .
mounted a cerami’e nérﬂ?eﬂqule{"tmchgﬂr@éﬁ Eoepkaionfe mhergiar sirdd sai d
ceram ¢ nermiger mﬁatadci?%ﬁlcpf@{lﬁwcﬁ:m%i bushimf d:@@%a Q’P&oﬁ‘.@ha%%'lﬁ pi n-

passes through i d metal |c s uctu e and into at | east_"one bore; a
scrol | - wound rre%l SudHT Y éda%‘v%'éﬁ eé’d’ﬁqﬁ‘ 9B i ¢ pins
- and -each of sai ¢elm:fre‘s waeehalazeanigx@‘lysasle@lzdmtdal'-rlauslveags;yswfumthrrad of a
metal 30 - sheety g Alod L35 NG 39906 I ELAUENS Log

] r G RS of 254 d

“provide at | east™ one duaP er turn overl ap, I"apping por
bushi ng bei ng s FRIENT MR ke haotitney alnopllltégl ﬂ#émt@@cml frgan said

differentialg t heyurlr ladidiensald £ YrE ¢ RS raRd Jet! @laliiC second

washers being effeculve for re taining said cylindrical
bus hlng in sald_bore._-

8. - Tha compination according to claim 7 further
15 including a slip washer disposed between said first
washer and said first member.

9. The combination according to claim 7 further
including a plurality of coaxial slip washers disposed
20 between said first washer and said first member.

- 10. A metallic structure to whichhis mounted a caramic
member in a thermally cyclic eavironment, wharein:
' said ceramic membar.has-at least one bore;
25 at least one matallic pia passes through said -
metallic struﬁﬁtra and ihto said at least oue bo*e,.
a scroll-wound metal bush;ng is dlsaosed between.
-each of said metallic pins and each of sald-boreg; and
each of Said metal bushings is formed of a metal
30 sheet, scroll'wound-at'least_oné and one quarter turns
to provide at least one guarter turn overlap,
overlapping portions of said bushing being spaced from
- each other for resilient accommodating differential
thermal loading of said ceramic member and metallic



:15 - structure. 11. The. cohbinatf\Nﬁ\‘T;:ﬂ7EfT?TbTain110, mherein sai d

‘metallic structur'e is a netallic fl m@ ,"Immmmh after]burnter Jgt
aving first an

T

e@ngi ne, said ceramc nmenber is a cera

second opposed ends tightly fitted respectively sto rst and second :
_surfagéé of said flameholder, said at |east one bore includes a first bore
in-said first end and a second bore i'n said sscond 10 end, said at {east
one netallic pin being first and. second metal [ic pins passing respectively
t hrough said first and second surfaces into said first and second bores, _
~said at |east oneSNENQKUDashlng being a first metallic bushing between Saldr'
Cfirst netalllc pin and 15 said first bore and a second netallic bushlng
_between sai.d second pin and sai d second hore, -said first and second .
metal lic pins belﬁ&‘SU%%t%%@Pb?#?l?ﬂcﬁQRRQQiWQ(ﬁﬂtﬂﬁakyﬂ#0n1whﬁn$1n said
flanmehol der by begwg:aaurmouméaatbyesascb Clﬁ‘é@emgld"’m\{t IIehg%éltzctu%? s an
conbi nati on- agcor di o.cla said netallic stru
_afterburner de](‘:f u?ftgfncfﬁafna}eé %%%’C%ﬁfe sl‘alla\ﬁﬁﬁﬁlaa'étc RAABRF 4 ér aaranic
annul ar ring nmount&dpt hefsia, healdgatlteasandwsednndaoppdsﬂﬁlend% lﬁghtly
plurality of tangenkkal! yeape&eﬁvéwréo bef & a%ﬂi} dé

id
annul ar ring, sai east one netal pin i one pin pa ﬁa

t hr ough each of sgﬂémﬁPGPQFFtys%fdsﬁécbﬁﬁ%ba?ﬂetRQRﬁ;kﬂﬂiuﬁﬁﬁﬂaoﬁedSﬁron1
sai d annul ar ringbbyeoin ehidattrserond -awaingd dJeica Hdre Q%ﬁ@bﬂﬂﬁseQBBﬁsed

ends of each (EJf S%hq psg§db§£n9eassjpporet en(ljet!.arfllslacl dplfrl %ILEJ.I’}%_ flrst and
.second metallic pins passing respectively through said
first and second surfaces into said flrst and second

- bores, said at least one metal bushlng being a flrst
._metalllc bushlng between said first metallic pin and
15 said first bore and -a second metallic bushing between
_sald second pln and said second bore, said first and
‘second metallic pins being substantially protected from
hot gas in said flameholder by being surrounded by sald'
ceramic member
20 : : :
- 12. The combination according to claim lO,-wherein said
metalliC-structure_is an afterburner diffuser including
a cascade flameholder having a'ceramic-annular ring
mounted therein, sa1d at least one bore including a
- 25 plurallty of tangentlally spaced—apart bores radially
' dlsposed in said annular ring, said at least one
metallic pin 1nclud1ng one pin pass1ng through each of
said plurallty of spaced-apart bores .and cushioned from
sa1d annular r1ng by one of said scroll-wound metal
30 bushlngs, opposed ends of each of said plns belng
supported in sald flameholder '

13;_The:cohbination;according to claim 12, further
 comprising a hard bushing between each of said scroll- .



The conbination according to claim 12, further -conprising a hard .
bushjng bet ween each of said scro“ “III B“ Jﬂm&nd metal bushings and its
jkk 2ctive pin, said hard bushing motion of said pin with- ?
ect thereto. 5 14. The conbi natlon according to claim13, furthery :

" conprising first and second washers rigidiy affixed to opposed ends . of%ach

of said hard bushings and effective to retais said hard bushing within said
bore, and at |east one slip washer bet ween each of said washers and a 10 '
-surface of said annular .ring whereby relative notion of said annul ar ri ng -
transverse to saWeupd mesaknabbletingd Bodhiecs aARRATIcE @idor daid thewd ai m -

14, further CoNMgid 1L BANEEOLnd i BidH 41 fhot 16 SSE s Lfa i Jpiks to 15 .
'sai d flanehol der at only a first end. thereof, a second end oE each of said

pi ns being slidabT3PTet a’?"h%‘d‘ %% said f |amehol der. 16. In conbination, a
fl amehol der .in an afterburner 20 di ffuser section of an afterburner jet

engi ne and aghcer?,,m Gyl t_.,r nﬁ;a)_frfq (L#gceoq_,dtl (?t t]:eb Ul% n{mi:ger yﬁh\er,ei n: said

fl amehol der |rst secon sai'd ceram ¢ > has first
~.and second ends ¢¢?P¥h§t%§lb§¥ﬁ$ﬁl@d )SQQ@Q I‘jﬁ-@hﬁ%ldeﬂldﬂ& afffdl st did 25

sides respectivelyposicd kddd dr mﬁw%m%mvxﬁ;éwﬁ] AHHh G Py es

respectlvely flrst nd, second ,scr und netallic ¢ I oni ng bushi ngs
having at | east 1° 5t hsSare B 109 ke sakd Reten At &hnd bores .

respectively, kaEésqunﬂq)slln waahﬁr between each of said washers and a
10 surface of said annular ring whereby relatlve motion of

said annular ring transverse to said pin is enabled.

- 15. The combination according to claim 14; further
comprising means for rigidiy fixing each of said zins to
15, ‘said flamsholde=r at only a first end thareof, a second
end of each of said pins Datng s;ldably retained to sa2id
£flameholder.

16.:In COmbinatiod,-a-flémeholdér in an afterburner
20 "diffuser section of an afterburner jet engine and a
. ceramic trip baffle mounted to the flameholder, wharein:
said flameholderlbaS-first and second sides;
. said cerinic:trip baffln has first and second ends
flbtlng substantially glghtly to said first and SeuOud '
25 sides rabpeCleely, ' o
said first and second ends have first and secodd
bores respectively; P - L
- Eirst and s=cond syroll—wound metallic cushlonlng _
' bushings having at least 1.25 turns are dlaoosed in said |
30 first and second bores rasnectlvcly, overlapping |
portlons of said bushlng being spaced from each other
for resiliently acbomnodatlng differential thermal
loading of said ceramic baffle aad flameholder;
each of said fitst and second scroll-wound m=tallic



rtions of said bushing being spac of her for resiliently
2gcon’m)dat| ng differential thermal mﬁ’g IM eram c baffle ar]d 7
t‘amehol der; each of said first and se und metallic - i
.cushloaung bushlngs i ncl.udes an outer substantially cylindrical perinete
engaging its respective ‘bore and a substantlfgly cylindrical. |n3eg cecond
peri-neter; and.first and second pins pass through said first an
si.des respectlvely and engage said substantially cylindrical inner .
pefineters .in sai dushishiagdoserdigsblsbi 8ges espesiiyve! ubdieleby; sai-

t d second ¢ b Ly_protected fromheat 1n sard
P e s S N ML

surroundi ng them S49st J‘I‘Flléblmlm-lmrl@abasmmle {oéﬁlﬂk@éﬂﬁraﬁld a ceramc

- I|ty of
! V-ring nmount eli §erehd), sadsiLi §a‘5égng A9, has. a ra
-?Qﬂgeﬁ{. al | ;/ gpacg art radi alﬁbores - eackL (9“} q%aﬁacf' ra"l Kd¥es has

hi oned bushih C%%‘ge%‘? tFRTREGE L eakh 14 seighan st ichexhdatshitig 1 1y
zsggfm: ?22 incl udé%t@&gdcmrnmaér has el harsdit 01 Passi P 114 OUGH 8 c%‘téore

' - | I'c” bushing
d 20 havi n ) scr.ol | -wound neta .
ﬁgw ng at | eastg i‘;hz?(itﬁ ns %/\%e;n&%( FHRPH R hE it aaidd Sescmd pins

HaamieneR igt her for ,
over | appi ng port i%hs B %%@lm}slm Ry e ateds frced |
‘fesiliently acconhnﬂﬁébdmﬁikfﬁfﬂéﬂﬂdfﬂeﬁ (el 0%9' OggiPEgeéiég gergggg
‘V-ring and f negp o flrst and: %Fcon Hmasher r|g | pp _
_ends of sai d’cﬁar o] ?h T roun _“’g them. |

17 In comblnatlon, a cascade flameholde; and a ceramlc
annular V-ring moqnted therein, wherein: o
_ said V-ring has a plurallty of tangentially spaced-
15 apart radial bores | ' ' | o
| - each of said radlal bores nas aicushioned bushingl
ssambly thereln- L
cach oF said cuahloned bushlng assemollns lanUdEQ a
'cyllndrlcal hard bus hing na551ng through sald bore and
.20' having an axial- bore therein, a scroll-wouad mnkalllc
' - bushinyg naVLng at least 1.25 turns between said hard
bushlng and said bore, overlapplng oortlons of said
bushing being spaced from each other for r=5111=1;ly
_ accommodatlﬂg differential thermal loading of said
25 . ceramic V-rlng and flamnnoldnr, fi¥st and second washers
' 'rlgldly afflxed at opposed ends of said hard bushing and
effectlve to retaLn said hard bushlng in said bore, af
least one slip wash=r batween each of said first and
sacond washers and a surface of sald V-ring;

: ;30.' a plurallty of radlally dlrected pins each pass’
' slidably through an ax1al bore . of one of said hard
busnLngs,

"each of saLd o*qs has means at a flrst one of 1ts
ends Ffor rlgldly aflelng it to sald flameholder and



fective to retain said hard Tng 1 n said bore, at |east one slip

her between each of said fir ‘\ﬂ\‘m&‘ﬁhers and a surface of said
ing; 30. ~a plurality ofﬂ‘M\m d pins each pass slidably -+
HMrough an axial bore of one of salrd hHard bdshi ngs; each of saiad p| ns \bas
ans at a first one of its ends for rigidly affixing it to said~" '
f1amehol der and .= nmeans at a second one of its ends for slidably:

supporting said second end in said fl anﬁh&Pdér. 18. Apparatus nounting a
‘ceram ¢ nmenber substantially-as herei nbefore described with reference to

and as illust rantxeegnlsnaé gesgﬁz%vr\fé]g ne of its ends for slldably

& :
\‘7 .. g e

' supportlng said second end in said ‘flameholder.

18. "Apparatne mounting a ceramic' member sub'stant'i'ally'.
-5 as hereinbefore descrlbed with reference to and as
1llustrated in the draw1ngs. '




