Pile 3309P-0158 A FASTENER ASSEMBLY FOR ATTACHI NG A

PN Mo A sSOMPONENT TO A METAL COVPONENT [ 0001] The

I nvention was nade .under a U. S. Government contract and

the Governnment has rights herein. BACKGROUND CF THE

I NVENTI ON 1. Technical Field [0002] The present
invention relates to gas turbine engine fasteners and,
nor e pas FASTENER ASSEMBEY PO ATT ATHINGEA NGHET &L T OF
attaching conponents Tfabricated fromdissimrtar
materials. 2. Li 0 gas

turbi ne engi ne operates in an extrenely harsh

envi ronnent characterized by very high tenperatures and

{008}t i onsTheAnvendion evaisiroadd unpdes at WuShGosemmpem ecntradt add she
oGQWe%?ﬁQénéﬁ%h‘épémress' ng entering ai , a conbustor

m Xi n urni ng the conpressed gases that energe

from the conpressor with fuel, a turbine for expanding

t he hot gases tmmé&ﬁéml t he engi ne,

and an exhaust es to exit
the engine. Thus, the exhaust nozzl e nust accommobdate

extrepely hot gases exiting the engine. [0004] In
Pl tk%ﬁ‘ﬁéb?—&& ons, design of planes to avoid
RbeFt i on TiMe draska .nveﬁt%rb@ma@toaghg 1R @Hﬁm% fastéherd BAd,

ability of the plane to remai n undetected
mereparticuiady, 4 gas Yrgina engiae fastangss éweatta@bmmmp@nemse

f&}ﬁﬁ?éﬂ;b fBRPABSINathalehisls, P! ane and materials the plane

abricated from To mnimze detection, it is
preferable to elimnate gaps between engine parts and

%o acégcﬁ ouRird snoot hness for the outer shape of
'h enm-ﬁ'e—gdnc?tl onally, it is preferable to avoid
j9803bf netdypicalngasherbine engirssioperates inantekiremely hash

Qnsi ratl ns critical to engine design

Vérogbg%%acgtppz Bgf?damf’ﬁ@ﬁﬂ"&?.aﬁﬂ Vﬂﬂ?ﬂ%ﬂsn Aengi ne

sonvealsial gas fmﬂiheéﬂgmdlirfblddbs@éorﬁ@‘é@%r folEdinpreBang bnfring
mat eri al tha}t wi t hst ands hot termeratures IS ceramc
Fa G FANOUSEY| RF BEHE AN Ing R SPTRreEERC 6RA9S thakerepicg from
tH@%HﬁessbP with fih fé {urBihé fdr%x?éﬁcﬁgtﬂe' Yot é‘”ﬁi ﬁéde‘?éte thrust

nponents to metal conponents e obstacle
tgtp[rggq\ thyengiae.@nd ansaxbapst nozgle for allowing hot gases to exit the

engine. Thus, the exhaust nozzle must accommodate extremely hot gases exiting
the engine.

[0004] In military operations, design of planes to avoid detection by radar
has become an important issue. The ability of the plane to remain undetected,
also referred to as a signature of a plane, depends on the overall geometry of the
plane and materials the plane is fabricated from. To minimize detection, it is
preferable to eliminate gaps between engine parts and to achieve certain
smoothness for the outer shape of the engine. Additionally, it is preferable to
avoid use of metais on the outer surfaces of the engine.

[0005] Other considerations critical to engine design are avoiding air
ieakage and insulating certain engine components from exposure to hot gases.
One type of a material that withstands hot temperatures is ceramic matrix




the nmetal is different thermal expansions of the
r[}ﬁégxd ﬁ- In general, it is difficult to attach or

i ffefent materials in a gas turbine engine due to
d| fferent thermal expansi on properties. SUWARY OF THE
| NVENT]I (]\I 0006] According to_the present invention,
fagpesia (o4 1915 HEWRKen R s JificHi dhaktach the CMC materlai

I
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t eni neans astener 1nc rtron
mﬂ:matab fierent thermaliexpansiensoefdie mpderialeninngariena, iis difficult

f sty 576 AbrbSnslbndidln £00s LISPEURAR WBldrbtt Rbrmal

dxm:rmnbrspmeantl ally adjacent to the body portion of
the fastener and a ring portion extending outwardly
fromthe cylindrical portion. The cylindrical portion

of the spacer fitSUMMARY ORTHEOMNENTIONN of th_e

fastener. The cylindrical portion of the spacer is
| onger than the width of the netal conponent to define
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€ spacer.  to all ow for her mal expansi on o
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portioin ef thefastener arel a rimg pottien extendingoutwarily fr@rhahe cylindrical

bR R AR Badin b herShBaBr e auf HEEHRR bRty pORfondt the
fistinal. mwﬁdﬁdaeporhaﬁibf Perspaser igfloriges tﬁa&‘ﬁhé REdith F tre@etal

ast the onent to allow the ght eni ng neans
QnpRnent tcg@?fw r%b%twseﬁ the meta) yompomt@awh? §ng eeriio of
{hBSpEBEAb allEWTBORERNal RRPARSSh bNRe Tdta %on%ﬂﬂpﬁﬁ@&he

and the tighteni ng nmeans. [ 0007] Acco to one
mﬂﬁsap@mn@nwe& {oediffecancas | In tlwamh axpansion ra;as betyaen the non-

BB Eompinél SHAYE et UafBohdlR iR ol Bing SR BRRL G
berabebvaes hthe tighteningimegns attachmsronto thebmidialityrdf threds bethe
BB ERhor A8 tafdher Sheh BRF bl el BRD Horlih fHRB Ssiener s
nasﬂﬁﬁt mnsﬁmriaﬁmegt con@ogﬁrétaopemrfgecﬁttm aqrgfnétéle:logfmegg
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?_II ative nov?ngnt bet ween t he
tightening means to be attached onto the plurality of threads to secure the metal

component between the non-metal component and the tightening means.

[0007] According to one embodiment of the present invention, at least one
washer is disposed between the non-metal component and the metali component,
wherein the spacer is supported by the washer. According to another embodiment
of the present invention, at least one washer is disposed between the spacer and

the tightening means.




non- met al conponent and the netal conponent. [0009] The
qggﬂgpqg @nd ot her advantages of the present invention
econe nore apparent in light of the follow ng detail ed
description of the exenplary enbodiments thereof, as

illustrated in the acconmpanyi ng drawi ngs. BRI EF
| PTI APGerting fo HieRMIR ¥€U%f@$ntmm@%ﬂpm te anetal component

gﬁé}ﬁf@ié &n %Hg&ba ot Hat éc&ﬂﬁmBHéthrﬂ?e ;Sk?mo.g BPthbliastener

is a sChemati c side el evatlona
passingyherethroygh avtd the spaser andaliows sglative mheergerst ttenwbemme

[ F a schematic side
Ao rtaonidcfientand (ke ﬁ‘%?&pger?b?ﬂ ap of FIG 2 with
oo w por‘lfhednre;jomgaridotbembraamges@mhe[mﬁ@it imletiodd 1 s

schematic to di ver .of FIG 3;
Bosioiy MeresapisPat bt the Byowin ditaled desiigton afahe
eketaplggnémbodiments thireor, 3s llﬁfsﬂ‘Wtddlgn theaddoPpapging d?ﬁwin?s.
cross-section during non-operatlonal condi'tion; [00I5]
FIG 6 is an enlarged partial view of the divergent

flap of FIG BRIERDESTRIPTON CF'TAE HRAWINGS
cross-section during operatronal condl [0016]

FIG 7 is a schematic, perspective, br oken- away vi ew of

oo, ST S e i

@981bded FIGwR isfa sthematiowidenelpeationabeew db Ia;dl\(drgﬁit(ﬂap'and an
,I_l%éﬁ,ghﬁ ematpg gQQ‘i&EfﬁSten [}‘%o&r{gﬁebli acket; [0018] FIG 9

a sc Cross-se Vi‘ew of the plow
foas2kner FIGs@isd gcfmﬁndﬁb@déelb@dtmamlew@f tHengivérgent flap of

019]. 10 t t |
S 23015, Plowt Qo SAEL DS ERSRRE 5 ¢ aken al ong | 1 ne
[0013D0; [ 0¢2Q] 4 ¥ &3 chbindtie t@p 9.@05@15@9%@&@\{ flap eMFIed. 3an

att achnent ener . assenbly securing hot sheet and a

B924bone & ﬂéu@ ﬁﬂ’be’ﬂ?rgﬁﬁeoQﬂ'%‘éﬂ'% At thp@\@rgqmt flepeb FIG 3
sHair metﬂlo‘k 'ib@rtﬁbhtlﬁemg%cﬁ&f'&ﬁﬂg ncﬁﬁgd;égyééqg? F‘Sﬁc&gf&

t hr ough substantially round
[Pe451 o 15§|<Fo®t§1qn mlagemart@i viewrafdke divergeohiap of NG 8f

t { sheet
Huittd BB poltth i Bides:s8ERGT A hg GRSl Loyt 02
[P0W] 3 aRlG47 isw sdnetratic aperspdutivet brbkeri-away viessefreplpw
1BR3RL S o HLR) S cRihg £hAREEET t15d Gergent flap to a bracket;

[0017] FIG. 8 is an exploded view of the plow fastener assembly of FIG. 7

attaching the hotsheet and the bracket;

[0o018] FIG. 9 is a schematic cross-sectional view of the plow fastener
assembly of FIG. 8 taken along line 9-8;

[0019] FIG. 10 is a schematic cross-sectional view of the plow fastener
assembly of FIG. 8 taken along line 10-10;

[0020] FIG. 11 is a cross-sectional view of an attachment fastener
assembly securing a hotsheet and a backbone structure of the divergent flap of
FIGS. 3 and 4 with the attachment fastener assembly passing through a
substantiatly round hole; and




DETAI LED DESCRI PTI ON OF THE PRESENT | NVENTI ON [ 0022]

o FIG 1, a gas turbine engine 10 includes a
B?en%rorggg)gﬁ a conmbustor 14, and a turbine 16

centered around a central axis 17. Air 18 flows
aX|aIIy through the engine 10.  As is well known in the

021} ai r 2 sohfiPassedfional YiRw of amattaskypentifastener

I,
SHTR S8 ihe the TS AER EBRRAE babighe Ll bk liidint fap
ofdricimGiang 4 tvmhdbe attechymery dastemess asagimbly mSmgdhltoogu @anve

e 16, which in turn drives the conpressor
{‘llgsgéllgék&éﬁxhaust gases fromthe turbine 16 exit through

t he exhaust nozzle 20. [0023] Referring to FIG 2, the
exhaust ] | L { I
Flaps 2DarAhEoUesBRBN etk Pechit wigREAN |,
and a plurality of divergent flaps 26 disposed
radially inward fromthe external f|aps. Each externa

00231 24° i fiaterdng taRlGeki 2 ganiurhing gngineifdaciudesa gpmgrassor
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fore portion 30 and an aft portion 3 ore portion
fovs adaltbepughihegegine 48nhsys well kows griheiarty airHd is

BrfeSEN mhERosfrplo 1, SEbedhtil), 1% (ihRSsor e mixed

with fuediand buimnied in theg:tommistqrﬁd fThechat @a‘semexndmd g‘ameeating

15 BroBd b chilie o a8 7 1R 3P HBRE in il Ve e
compressbrt t2e r‘mem)dh;ustrgaaes froov tha tdrbinemséxittAroughdhé eghaust

Ingor[?ir 46 di sposed in the aft portion 32 of the
%‘gnt flap 26 and secured to the backbone structure

[oﬂzby a p'ﬁ&éﬁnﬁ?t@ﬂ@ 2, thesednalLst fbzledinBIubies Elp@anty of
0024 erring to FIGS. 3 and 4, in th
Qmmék* FNged mrcwfem@ra"b Abawtthe awéﬁtansha plupaiity of

d‘%@l c at ed %fsfcggr%lgﬁ gﬁlaiﬁHm%m M ¥xtH'r%2 % %‘s‘fﬂ é‘xternal

c'matrix COﬁ'pOSI
flapt 2hiseludes e exigmal flap sudagso2fbbaving amn@mm@songmeﬁam

cﬁ{ﬁig%reﬁ%?%}ﬁ%hﬂﬁég ﬁ c%rg AR °$‘,23ndfn %rr?d é}?aﬁ fb‘éalogaﬁégftbﬂ{éefore portion
Joinsludes adingerasseohbly536 foe seemnhgﬂhea divelgent tlap 26 do theogas30
tuftyihe'Safnt. BEE bMERheREndir 26 [Ps EfpBrise ¥ FoShRE ¥ edtencing
the Gdragth eﬂthgﬁhp&:csrmjm thetfbﬁ_e ;bcsramh eog: ?ﬁ%t piamdnefsznsdgcmwne
surfa ee SO i Nnc es
FeHir 4B iposed A auhwarg g e G Sset ShanisaoutssLiferelo By
rhédns for atthchnodift raenmd @;w ﬁmmm ab ‘dﬁb‘bo@ed ﬁﬁH@taﬁrsﬁdrf% 32 of
hol e 62 formsd within the tsheet inner sid
the givesgamnt flap 26 and secured to the backbone structure 40 by a plow fastener
assembly 48, shown in FIGS. 3-10.

[0024] Referring to FIGS. 3 and 4, in the preferred embodiment of the

prasent invention, the hotsheet 38 comprises a substantially fiat substrate
fabricated from ceramic matrix composite (CMC) having a hotsheet inner side 50
exposed to the exhaust gases 18 and a hotsheet outer side 52 facing the
backbone structure 40. The hotsheet inner side 50 and the hotsheet outer side 52
extend from the fore portion 30 to the aft portion 32 and include a hinge edge 56




11. [0025] The backbone structure 40 extends the |ength

?ﬁ Sgﬁgngbgheet 38 and provides structure thereto. In
BE f ed enbodi nent, the backbone structure 40 is

fabricated fromnetal. Additionally, in one enbodi nent

of the present invention, the backbone structure 40
iang|atiriinaedas §8. sinfhe preteedambadment, thetreiling edgé is defined

By d crniied ety o6 {REHENhes! 20 aBindatithiBigy "
plﬂaclahemtyomhiﬂga(ﬁﬂ banbestperningEIG4. TGRS &t also gwlunie a
sontarnide B oGPl R g s Sdies f oRatssen 1 Hic.
durface 70, as well as a pI ow outward edge 72 and a

74. Th d f
£y "o thebeinges rvguih A sang fenah g fehatsragtos
taAd ProvidelestarRtire Merd®! Of YAHReferfdetddinkat, ttesSbadiBone

non- operating condjtion of the engine, the plow 46 1s

siucture #Qigifabrigated fremimetat. (Agditiang bd@enssz@t of the
brissheRlertfon, fie @a@.ﬁﬂowstﬁséém%o .naﬂa in ah QEBB‘#’% égléehﬁmg

di sposed axially 1nward fromth ere ace
intel ther &t pertin 3gfof the divergpet lapas?f, @sdept saendotd@. 8uThece

Packibire shAcfnd i BsS e Bl o bedRBorP b .
[naaﬁ] i nwehieferingdo FIGS] mand 6, {heqllew pedicariéddcirdes a ptanebody

B PUVRG A P19 olfarstrib B SRk 8ol Tk Siftac 15 28welt 25 ¢ plow

batwdard edge 22 and apiew h)warelzadge k. The pl@hmwtémridainﬁér surfaces

BRT0TRete 2 Bontolh ol infhise Blelos Sionafiss nflF8 baviak oMl ou

Berddypgmieharddieristios. H ﬂBﬁ-o@bfdﬁﬁg GORifERBS lh%'di@lr% the plow 46
dovetail ,slot. 80 forned therein and a recess 82 al so

fsiatinyregister; with 1he tayling edge 58.A1 th%otsaget 38 ap span in K. 58
RAther Xhe Pl 46 i@Spdied R Ily Hhvard fr%%%%‘éhﬁér‘eg sfu'erBe 5 60 and

recess surface 83 'and a retcess ovet al
tares apefiset T3 betwegniie plow euten sutlace #8areisha shianiarge surface

i K
Bbo A qaB,7q B 3RD fBHined Bekeilon e Abh 6t hfr's s G231 e plow
Buvard edge 7496 In thegrefetred ekbodivdent, the nhivommfuaemsne fatpi¢ated

qg%leﬁgs a base portion 104 and a protruding portion
extending fromthe base portion. 5 File 3309P-0158

[DiﬂTpr ot r IREferging ¢o FIGS. 600, the plowl4s isaatthiched to thaatRBone
PG oA R ol el EeSb et o, LG rdfnbd®
embodiment, the plow 46 includes attachment features 77 for attaching the plow
portion onto the backbone structure comprising a dovetail slot 80 formed therein
and a recess 82 also formed within the plow portion, as best seen in FIGS. 8 and
9. The recess 82 includes a substantially flat recess surface 83 and a recess wall
84. The dovetail slot 80 includes a bottom slot surface 85 and wedge slot
surfaces 86.
[0028] Referring to FIGS. 7 and 8, the plow fastener assembly 48 includes
a plow fastener 84, a nut 96, and a bracket 98. The plow fastener 84 includes a
base portion 104 and a protruding portion 106 extending from the base portion.




substantially trapezoi dal shape adapted to fit into the
govet@ip.oskot 80 of the plow 46. The fastener includes
a radius 116 forned at the base end 110 of the

protrudi ng portion 106 of the fastener 94, as best seen

RefriBiside, Satondoe fkiihs aananed A8 BAEE baae A6 4PN

m@a@é 114 fgmeashane tistt end h eabrrﬁélb%t:,e PBrtioRCloddas £
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BGCﬁ?’r‘é f§§e@ér mélﬂ@esoé A5 16”%"98& bt ﬁ’\%%sbréng '1% of e

inth epre erred enbodi nent ar e
emiw"t%pm%w%ef the fagiensn 4, 29 besioreendn @S Hant80. The nut
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protru ast ener
tﬂaeiaetelneoa@}riheﬁbrw{dt O8iindledeascesfinst sitie 8 16 and @pidcondisidg 128

RGPS 123 015l oo 138 1B 24 APRTo LB Linky nsgspasd a2 of
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o CRpOSIE s oS pEAT GpBrag 1 S8 ety e esskes S 1o
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expansi on of the fastener 94 and mnimze |oadin
theeetoraugnaePeliaviligwasher 1R&gan ertiqnady pe placed betvash the

btdcket 98 &hd e nuitbachnent features 77 of the plow the
ribs 124 fit into the recess 82. The recess 82

[0029]ides tRateringde BKIS.B-19, a< the plaw ta;‘@rm Bt dsimseded imto the
GOV G0, 4 080 150 thifled béfachifie BT fortlf 104D D .
{astanen 64 amt dhezddvedail $!ofeBONaslbest St :rni-TI@SaB aadnbe The gap 130
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BAFhaReks GREREN oA b0 T b saftbbd Yl PRfaee
bagini}gjfﬂm @MOJmethna[ &QBGbldiffgﬁz mefw?ﬁ@aﬁ%% 9|:|3!tS ﬂﬂto tﬂl’ibss

n 0 e ot shee

Sy TRt B 27 ot Ph AW PRt 12 0 1ng TeGpun b The recgss
aam&rdes 1l?£sutist§rﬂﬁﬂ¢ﬂat138ess€§urﬂa§ést3 t6 BEcdPiinbaxte!thé ribs 124.
washer 140, and a nut 142. The fastener 134 includes a

hla (passs B2 aRd i%ﬂ%&?‘aew? reiepiqnef the glayy fagtange 9% ¥ethin the
pewtde nTHe’EéIIé@IIIEQVa%hB} ﬁ@h‘aﬁrﬁ?{ﬁﬁ tﬁeh;'ir%%%ﬁ i oﬂ%ﬁt row

f ast ener asses throu att achnent pen| n
weanallye AJB'GHQQ pge m"mweweﬁlerdﬁm sh@wmiapluralityeNiwashers can
Qﬁ&gg &R8kg38. The fastener head portion 146 fits into

e counfersink hole 61. The washer 136 is sandw ched
19980ken t iieferdng heEIGR S, dniit ah@ 1Bamiebos o sttacirtentad2 ofGhe

Qﬁégtts‘é t3 lrﬂfel pa églﬁe %&t?%; %Bﬂﬁg%ajfg’s%eﬁéﬁ Slidg Washer

cy | r i cal
136, a spacer 138 at least one Belleville washer 140, and a nut 142. The

fastener 134 includes a head portion 146 and a body portion 148 with the body
portion including a plurality of threads 150. The fastener 134 passes through the
attachment opening 61 and the countersink hole 62 formed within the CMC
hotsheet 38. The fastener head portion 146 fits into the countersink hole 61. The
washer 136 is sandwiched between the hotsheet 38 and the backbone structure
40 and supports the spacer 138. The spacer 138 includes a cylindrical portion




154 and a ring portion 156 extending outwardly fromthe
qy&hagﬁJggl portion. The cylindrical portion 154 of

he spacer 'is substantially adjacent to the fastener
body 148 and the ring portion 156 extends radlally

outward from he ckbone structure 40 defining
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co ts. [0031 ferring ba FIG 4
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EseMblp 36 Ane syubstartialy seunstandssized taaceominddate fhiexbely portion
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nd anbi ent erature to extreme
Backbons SVl 405 e perameipte agiy sea gl tiermat expagsion
{oW=H &b af0BortiBe 326f Mesap 2é.5es resulting in extrenely
hi %5 tenperat ures and creat es harsh environnent for a

ity dn OPﬁ@tlgasortcertBe ABgipe TPd1eginsdo operate, the temperature
Ptﬂ@'eﬁ'i cll ckl@ﬁséshf ust A tﬁ]@ anidsHt emp & W@E@eﬁrerﬁ@ﬁlgh

ot ga 8 are ex rough t he ex aust nozz
wpatatuman grhentempierasurgenfithe gages2td passingthraughitbe gnging lalso

hEgRYeS G FRorsafety o Rbrraflres 3l oriER b Hhigforigi for
8 pejority ohtheygadderbireecbmponents sMaradspeadicalty, as the engine 10

bETRELAUHEES: 18 Bl 145 AaCotedUhDEh bnd Sqiel ok

caysinythe divergéntdiapl26do dehtotvaey hah eémpérafurefeThe aatsaéet 38
ackbogre structure 40 i

Cl.VC. Howeyer, the t al 0Ois__.

S i onb e Gl e AxdRuiliatng 18 SHORE dre AM0ing e hatehes) 38 e
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t he backbone structu

hotsheet is subjected to extremely high temperatures, the hotsheet does not
expand a great deal due to the material properties of CMC. However, the metal
backbone structure 40 is subject to greater thermal expansion. Therefore, as the

backbone structure 40 expands, the plow 46, secured to the backbone structure,




7 File 33091'-0158 noves aft toward the trailing edge
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mairtaEgng Mtbgrltbpfﬂ"wfamaex: OTheepibwdastener assembly 48 can be used
to join any CMC material with metal structure. In one embodiment of the present
invention, the plow 46 is attached to the backbone structure via the bracket 98, as
shown in FIGS. 5-8. The bracket 98 is fabricated from metal and can be easily
attached to the backbone structure 40 subsequently by various conventional
fastening means 160, such as rivets or bolts, as shown in FIGS. 5 and 6. Thus,
the bracket 98 provides a bridge between the CMC sheet and other components
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assembly to minimize CMC stresses than can occur because of thermally induced
tightening of the assembly. The spacer allows for the thermal growth of the
backbone structure while maintaining a tight attachment of the assembly.

[0037] One advantage of the present invention is that the plow 46 bridges
the gap between the hotsheet 38 and the external flap 24, This feature ensures a
smooth overall contour of the engine to minimize detection of the plane. An
additional advantage of the present invention is that the plow moves relative to the
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[0040] While the present invention has been illustrated and described with
respect to a particular embodiment thereof, it should be appreciated by those of
ordinary skill in the art that various modifications to this invention may be made
without departing from the spirit and scope of the present invention.
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scheme permts sliding of the structure relative to the
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23. M%S'fgstangr assggr%gfy éc%ording to claim 1 wherein the tightening means

is a nut.
3. The fastener assembly according to claim 1 further comprising:
at least one washer disposed between the non-metal component and the

metal component.

4. The fastener assembly according to claim 3 wherein the spacer is
supported by the at least one washer.
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supported by the at |east one washer. | | File
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structure supporting the hotsheet. 14. An assenbly for
attachi ng conponents of dissimlar material in a gas

10.  The fastener assembly according to claim 1 wherein the metal component

opening is substantially round to accommodate the body portion of the fastener
passing therethrough and the spacer.

11.  The fastener assembly according to claim 1 wherein the metal component
opening is an elongated slot that accommodates the body portion of the fastener
passing therethrough with the spacer and allows relative movement between the
non-metal component and the metal component,

12.  The fastener assembly according to claim 1 wherein the non-metal
component is a hotsheet disposed within an exhaust nozzle of the gas turbine
engine and wherein the hotsheet is fabricated from CMC material.
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means to be attached onto the plurality of threads to secure the metal component

between the non-metal component and the tightening means.
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adapted to accommaodate the fastener and a spacer disposed about the body
portion of the fastener;
placing the spacer onto a distal end of the fastener such that the spacer fits
through the metal component opening and rests on the non-metal component; and
securing tightening means over the body portion of the fastener protruding
from the assembly to maintain the non-metai component joined with the metal

component.

16.  The method according to claim 15 further comprising an intermediate step
of:

placing at least one washer between the non-metal component and the
metal component, wherein the spacer is supported by the at least one washer.

17.  The method according to claim 15 further comprising an intermediate step
of:
placing at least one washer between the spacer and the tightening means.

18.  The method according to claim 15 wherein the spacer defines a gap to

allow for thermal expansion of the metal component while maintaining tight
attachment between the components.
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