;" e3efcl 6RTAE NMETHODS AND APPARATUS FOR ASSEMBLI NG GAS TURBI NE ENG NE
STRUTS BA%MW E I NVENTI ON This invention rel ates gene as
t urbi ne eng e particularly, to methods and appar at umbllmmmm,mmm
assenbl i ng gas 4codf ne engine struts. At |east sone known gas tUu

engi nes include one or nore rotor shafts supported by bearings whi@#!5% n
turn, are supported by annular frames. Each frane includes an annul ar

casi ng spackTHODB! ANDUEMER ATV STFORMANSEMBEING AU TRRBINEENGRUEL Y of
circunferentially spaced apart struts extendi ng therebetween which direct a
predeterm ned air flow downstream f SdRUFe frame. The struts may be
integrally formed with the casing and hub in a conmon casting, for exanple,
or may be suitably bolted thereto. Each strut includes a pair of sidewalls
coupled at a leading edge and a trailing edge, such that a cavity is
defined therebetween. In either aforementioned strut configuration, the
struts fadACK&GROPNOVOHITHE BNVENTION! support to the overall frane, and
structural rigidity for supporting the rotor shaft to facilitate m nim zing

defl ectiong.of. the shaft during engine operation. Agcordingly,, the struts
are subj ectiit HyslioR dkelss SRERIE dobgS WEBER GEES AP BOBLBRIENAR: Brer i e,
fl exture Qﬁeth&% aixﬂraidbarﬁﬂuﬁlmséénﬁhﬁ@ gh@tdr&We@Méih@st?@b.l gue or hi gh cycle
fatigue | oading may eventual |y cause fatigue cracking within the strut

sidewalls. To facilitate reducing the effect of fatigue |oading induced to
the strut At lgest sems kneypegag Hhine sngives inchide nie of raerIptey shiils wepored oom

t enper at ur, : i | L] I i i t: The
danpi ng. oy, RAAEPURRE, fiThin of! peBOREY bPanf B RS a0 S ifGtulitn. T1O

vi br at i onannslar essieg spadtd cradiatip rautgéirdiyh &roat antannuldowabeand s pdiraligvotes are
expensive and are typically only coupled,to the frane n the struts are
b Coupt Semissurs faessh aPat SHOR PHERITH b ERe EE MIBTD Alyerted Tk

addi tion, Rtdr@RRU il fovdA¥wastRARNMroMfthd NEmb! ARE strh@MRayt RAhtdpplly folgedi t her

brazing or welding, is equally expensive because the whole front frame nust
be subj ectwith ths casingand hule iit areemmon castjnge fexamplee pt miapi e suitddn bplied]

stresses t cQul . B i tlati I e (ol . The RTV
i1 cones Arsel prtefl i HpA AR AR NalE B e AL Bles !

vi br at i onaldgstsuelsfasa candtydedefimedttheeltsitwedn. However, al though such silicones
are very costaffordable in conparison to the danpi ng devices, such

silicones nmay, onl rovide, limted vibratjonal i ng, and do not jncrease
The. str actirelihet sibudiatohgt st eoRhpaio B E P ARRACEOTIE RUBRFRON | 1
one aspectsypport BE RN KRN frhM¥eiHd QFucth@al"BERRY f605uppbiing! the REoRBhAAXRANdADI e
stiffener is provided. The method conprises providing an assenbly including

a first sifaelistd mimmhizing defentions @bl shadiodmiagt engingt ongrationd Aecoaditighyr ai | i ng

edge such i i i.ne r ] i

ext endi ng ProbSARTIFredo SBrsgr R R 4600 AP Cbd . BRI o
first expdhstalt of sheama sidemalghkiué e los spetblfytiguparnibigh syuld fithhat lbdikng| eeve
extends between the first and second t”ilt si dewal | ﬁ'i and coupling the

sl eeve t o PaeeYenpuelly sanse fatieyn grasking wathin the sfrubsidewalls: aspect of the
invention, a strut for a gas turbine engine is provided. The strut includes
a first simepilitate ledemnAe sffele Waldtigud Mehddlg inBasdd 181Re SKRANAdUsEsomheeve.
The first sidewall includes an opening extending therethrough. The second
si dewal | iknoponpiews daclide tehdampingt desiietevialirpomt teapersiite nepleanigedatRildl a

Lral 0 ies 5 HRindiof B Mdtulo® SR ORFPIENERNLL DSuelld 8,20 gecond

si dewal | s. e’'secon includes a eni ng ex rough
that is cdrmedstioifilitate raducdipedbisitibhalrsaspes induced theodghthdé staitsleWalvevepeni ng.
The at | east, gne expandabl.e sl eeve extends through th irst and second

f
si dewal | o¥ehinteesaruemensiveand e trrisally onlyeatiad tabe trame sdep ke Ylenal | .
The sl eeveud fof O iEOpdrRidPFdsiti P hinl ' He GRS 1Bk EihdUth hidiBoRla Sal d

strut.
repair to any element of the front frame that requires either brazing or welding, is

equally expensive because the whole front frame must be subjected to a heat-treatment
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BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a cross-sectional side view
of a gas turbine turbofan engine including a plurality of engine struts;
Figure 2 is an axial, cross-sectional side view of an engine strut shown in
Figure 1; -2 Figure 3 is a cross-sectional view of the strut shown in
Figure 2 taken along line 3-3; and Figure 4 is a cross-sectional schematic
view of the strut shown in Figure 3. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Figure 1 bfoc8ssCtoQtipriffe locaNadd stedes\thaWolld e At mifidHoRl si8s ot RBsegngi ne 10
including a generally longitudinally extending axis or centerline 14

ext endi ngcfaein an inlet end 16 of engine 10 aftward to an exhaust end 18 of
engi ne 10. Engine 10 includes a core engi ne 20 which includes a | ow
pressure ’g s ol e 0 . , a high
B casur e TUPR G ottt ey S0t 5 M E bR TRUAZR el BaERIRL ThBlcHY, ) 01|
arranged ktresaess éiduabd taxihal stivtoMavedvet,i aliisthigh. suchnglies®er ard2vandedstsr bi ne 3
8 are couple A first, rotor, shaft, 42. I n one epbodi nent, enging 10 is an
F 110 enggﬁ%r%a@éi in AAMPAFis R GHfHAPPIEE SEVICPE SHFR SHigPResEmaY o8, Devie nnati ,
Chi 0. Engiiffited Yitthtishal B&hHHE SardNioHOR Hciasé fRTRuolraMiedtity BPRRIIr. @ beari ng
(not shown) which, in turn, supports one end of a shaft,” such as shaft 42,
for allowing rotation thereof. A plurality of circunferentially-spaced
struts 52BRIEESUNMMARYE OBRHEINMENTIONt ural case ring (not shown) and a
center hub 54 and direct airflow entering engine 10 downstreamto core

engi ne 20 5 l | 1:Ql

structur aFn ?é{]%%gﬂﬁ ﬁg{)&ggﬂt %ﬁﬁ@f@}h@h@%ﬁ%ﬂ#é@ﬁ% Egg)s(b %éltg i Osﬁg% Ré;ri de view
of an enginprosidedt ThOmethodcoagprzegproeiditg bt a&Bmbihimetuding &ifigursedeivall. St r ut

60 i ncludes a pair, of sidewalls 62 connected at. a |l.eading, edge 64 and a
Ohor i 058 & Berd St TalCuREuRaar 2 JEHIE it raling g YAIBILLCANDI B B gur e
2) is def yagsbdithaeBitheeEasimias dﬁp@éﬂing&?@m@ﬁ%ﬁ@eaﬁ%ﬂg@&ﬁé Fibidls7a8vhIY an®ther adi al |y

it
outwardly, in span froma_ radia inher edge 70 to an opposite radially
out er edgeecpad sBlewalls iBertingea Hiostl epandable pleevee theseghpther assembly dopesing,

(not st rahEEe STk ReGRBTR 43F il b b SEERTY S ol = ™

al ternati v ssheth eMirst ol sedond@Ueavalis.f ornmed integrally with the hub.
Figure 3 is a cross-sectional view of strut 60 taken along |ine 3-3 (shown

in Figure 2). Strut sidewalls 62 are connected gt |eading and trailing
edges 64 Hhanqher qsegfﬁégt% Hpvgntions a sty 367 7 aay tugbtpe gngipe goproyidgds i Hisd

teQSreﬁidg b%@[?u\rl\tggﬁlﬂﬁ&j 4 fiedlsldéwall, 98080alsidewHsShiapadesRdne 'éf?ﬁ’é?{dﬁblg%lgé%. 82
The first sidewall includes an opening extending therethrough. The second sidewall is
connected to the first sidewall at a leading edge and at a trailing edge such that a
cavity is defined between the first and second sidewalls. The second sidewall
includes an opening extending therethrough that is concentrically aligned with respect
to the first sidewall opening. The at least one expandable sleeve extends through the
first and second sidewall openings and between the first sidewall and the second

sidewall. The sleeve is configured to facilitate increasing a fatigue life of said strut.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a cross-sectional side view of a gas turbine turbofan engine including a

plurality of engine struts;

Figure 2 is an axial, cross-sectional side view of an engine strut shown in Figure 1;



sidewalls 62 to formstrut trailing edge 66. An internal strut stiffener 84
is generally disposed between strut sidewalls 62 to facilitate resisting
buckling of sidewalls 62. Stiffener 84 extends radially along strut walls
62 between radially inner edge 70 and radially outer edge 72. In one

enbodi nent, stiffener 84 is corrugated and has a shape simlar to a
honeyconb or square wave. Stiffener 84 divides cavity 80 into a plurality
of cavityFigad $ i8H cro¥pb&tioRAGHEW 68 kHeystrus shdvie HEFighf Ttakel @Fongankt3y3;80 into
a | eading edge cavity 90 and a body cavity 92. It is known to facilitate
reduci ng @hdluced strut vibrations through silicone rubber injection

danpi ng. More specifically, in the exenplary enbodi nent, a roomtenperature
vul cani ze C i g avity 80 to
provide | ?rﬁ(‘g%iqsv?%ljog %gﬁcél?ﬁ g%{?}aﬁg%%"{ﬁ#tﬁ%?& #18%[8 lﬁEc#&egarrpl e, in one
enbodi nent, the viscoelastic material used is Kalrez manufactured by the
Dupont Ch@EWLEIbEEEGRIPHON ObrBHRINVENTAD™Ct ed adj acent an aft side 96 of
stiffener 84, and silicone 94 does not extend Iongitudinally betmeen
radially inne ge 70 and r.adj al.l ut er ut rat ext ends
ar t al |y FAFGAEH? ErofSsiahateaed of d s sRERG 1BormRdbgh0jhe ik o

Vi scoel asfeferiBt BhgialdinAly extdingeiki dt cehterlmeNABRte@diRTrdm af ifletand 16f
material s that displays a stretching or elongation response usually

referred ©benging 18taftyjard t‘balhﬁx@%ﬁteﬁr al8 af engine 1GhaEngine ddpinplyder a 6pfet he
|
ol HhAe 20 SANRoLEAl P AR RILEARSE: 400 FEh fo Bl o2t o

usual | y exhiomitiuster Bde hﬁ@gpﬁessmehalrbheeﬁ&l anélagiowee thebincher stlowggesamd usual |y
exhibit cre d a constant, ap d stress. .To further facilitate

reduci ng W¥ EE’& O‘F'el!ﬁ‘mé’cgf:@é‘é%%e%? tqef Wrrﬁ{aUBBShl%agﬂmgfetsiﬁr 3gnf fuPiges a

sl eeve assgrhd )éo'ﬁﬁéh B taemqt ﬂﬁom{aﬁt@ RPERY BdBodiRen, RhPRE 1 lg%rmbr ut
sidewal I s 62, cou ling sidewal|s 62 together. Sl'eeve assenbly 100 is
expandabl enginglayailablg rqr@éiee@rat Flgnitrig Adraraft Eagines Alinginngsi, §0ie.c def or mabl e.

For exanple, sleeve assenbly 100 nay be fabricated from but is not Ilnlted
to, stainl

el udos. SREseF Ao, if¥ndlh S nfat Bime TR GRSl bl BEGH
strut caviuhyclBGn téinf supglorts iotie wad lof lal ¢hafinduch seslofd42, ﬁhe%ime@lﬂ)taimnh

i nclude a _concentrica | J gne ing 102 th ext ends between si devvaII
i nner and ety ém P@L@y of e rqngally PRSHR TG o extafﬂgf%elmg

di amet er %&Qctaﬁaﬂ&asb $in |(h(95mmb\)('nj a{d@!@éen&é?qmb%'aﬁ& Qfsdt a%fowerﬁérﬁ{geéngrnelﬂ of
sl eeve assenbly . Sl'eeve assenbly i's mechanical l'y coupl'ed ™w thin
strut 60 B9 @w@mmd@t@nmc 26n Spw@cia?sare lwdlowr anideate ifxedlyrjeindé tathie bel ow.
Mor e speci ey e R3S nbly 100 extends fromfirst sidewall outer
surface 18E{eggﬂrr'%)c\s€%ralcszlg§ %n 1@%’?‘0 second sidewal | outer surface 104. Sl eeve

assenbly 100 has a Iength 130 that is slightly larger than a drop di stance
132 bet wediiguré Psit aarmtis enombesildmlvaidle view enf apumaeesrut @0, swhcds dogate when

| ed thi t 6 nmbly 100 faciljt 1 ni n
i SFupt i ot 52 GHPD dfFisde The ol 10, ngetiesr Pe OF JFUAIS B2 PSS E 5t s
posi ti onegeaAifd NG£ atd4 é’rﬂ)‘ﬁﬁ‘\%ﬁé-@ﬁé&:&rtﬁiﬂuﬁ 'eaéeeeer s&‘ﬁ SHch dabay Men

sl eeve assenbly J%O is inserted through openin 2, sleeve assenbly 100
does not @hmmm Fegureli2g ﬂﬂjé‘tﬁnﬂdstbdéllnsﬁa‘lh md@\éal élZ egmndﬂl@ngmgdm@j’m

operation ubber i pj.ect 0 ti
danpi ng t E%ffélb 8‘83'8% | nigb%lh Ilragca 1&1 c%e ngj% é&cogﬁ%}s{ad?ﬁ%eé&% t he
limtatiordgof?2. aBtrhea&Bt ars teRowfant he tigd Mmﬂmgbwmbdamrmqwlaﬂélaqmmgmes

however, there are sti]l drawbacks to its use mqitruts such as strut 60,
on aircraf ‘@?Fb?%verﬁ@élﬂllb@‘@r?@ﬂh@@@o(tg BAWR (nof sBoynin Figuye 2)spchasanpl e,

during inggldsathofn i MERR! BSt irf e kibbilinfhl, Srdd'60  imegavi Ly 80
and cured. OnceS ﬁ& %e vlla)scoe ast?lgl'arra? e?ll al beconmes an a?nt egral part
of strut &ﬂegmby\mmhrthehtiba strut 60 has to be brazed or welded the entire
front frarre 50 (shown in Fi gure 1 ) nust be heat treated at a terrperature

t hat woul e any Vi sc astic 60 t and/or
burn and HTER YT RpsERGRRY B B TRl Rl Rl B S b bS5
strut caviSiymt &@ewﬁlﬁGZ’lﬂér@Bm%ctdd&it%adﬁi At éi%&s Butahdi €6, tebpertiyely,
additional structural integrity to strut 60, unlike sl eeve assenbly 100

whi ch coupl es strut sidewalls 62. Durr%g engi ne operation, multiple pure
tones and vibrational stresses may be produced, for instance, by physical
variations in the turbine blading (not shown) and when the fan bl ades are
operating at transoni c or supersonic speeds. In such operational nodes,
multiple pure tones nmay travel forward to excite or vibrate struts -5 60.
The |nduced V|brat|onal stresses produces bendi ng or flexural and/or

ey . oy e . o ~ o~ ~ Y T 1 D R S— -,
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First sleeve 140 al so includes a first body portion 160 and a second body
portion 162. First body portion |60 extends between collar 150 and second
body portion 162, and has outer dianmeter 122. Second body portion 162
extends fromfirst body portion 160 to first sleeve second end 152, and has
an outer dianeter 166 that is smaller than first body portion outer

di aneter 122. Accordingly, first sleeve 140 is stepped such that first body
portion lg@phas aghggnd sufface ch§H§ t hat ggxt endy radi gifinegout wapgleim and
substantially perpendicularly from second body portion 162. Mre

speci fi caMare Sp'r:crigcallyo@ygqmradh.‘/oﬂ-smmbdsmd senport wembers 823 exkindk hsbgeen70
nmeasur ed between 4] rst bod rtion outer surface 144 and second body
portion Ié@?“@ﬁ%%i&§$883§u¥%§g?%aﬁ§f%pernits second body portion 162 to
extend from second sidewal|l outer surface |04 a distance 174 when first

sl eeve 14Qn mtérfglesthe dstiffenou@lh istgetéralbP dispoked Bétivetn rsetit eiddwalds l6artol 54 1s
agai nst an outer surface 104 of first sidewa Di stance 174 is

! . wal | 110. :
appr oxi mafasitateqasisting buckling ebyidewalls 64 phitenes 8dextands gadially Hang ptrytst
sl eeve en 2 n [, 1Bt gyal distance from
strut 60. %E}S&Sé%gg"r’lﬁﬁﬂagﬁ}g %g#%g@%%@vﬁaﬁ ng?s%dg% g(gﬁ%e?gsu?# a(%:ﬂ% 180 and
an i nner smbbdioent, SRiffeBercdhis sdramatedlat@ hemsa slmpe wimilardioaabbreycé®P areasur ed

with respect to sec s|l eeve quter.syrf.ace 180... Second, sl ee 2 al so has
an i nner aﬁ%ﬁw&?’e-lg{i&ﬁ%@ﬁ#@&‘%ﬁi ‘farYltP'g{Qp‘B a Pg’r@% 8ﬁ8aV§Tye‘§3§\é§n Psur f ace

| 82. Seco gﬁeciiﬂi&ﬁy,estiﬂh‘h@f 84lidanBdsedavitP40i ifitoSa 1bingyedga cgfity bDand fa bsdy sl eeve
second body portion dianeter 166, and accordingly, is sized to receive

first sleé&ddtys¥cond body portion therethrough in close tol erance. Second
sl eeve inner dianeter 184 is substantially constant between a first end |90

and a sec 5%%34 11 SAC : . L 1 d sl eeve
i nner sur a%e ?‘g ﬁ(g)l{ﬂltlt\?v%r %Pg“@%gﬁ#‘%re éﬁ%?i‘% I@gg%ﬂﬁe@]‘%i @ngsl%oélgzﬁﬁgﬁd 192,
and as suddjetmnodampingeveVbrenepecificalips én th84exemplargr eabatimant, secoom sl eeve
second end 192. Secqnd.sle 142 al so includes.a collar, 200 gt second
ol cove SolTRFTHHE Teniesdh (R otodier T b pesh Biscirdomidard iy ce 202
from secopghgdeauRited Aibratied 0BsmFIRE WHfin Maiue GRECiFht Cédlahmple,Col | e 200 has
a diameter 204 that is approximately equal first sleeve collar_dianeter
158. Accoribagdiment,dhe yirgoelpsisvmatenal] used ds Kabee® mawfacturpd bydhe Dypantsi dewal |
opening 1 cehl . . : V. e 192
fron1ente§$ﬁ63%€ 8mg€$yo%%ﬁ&%ﬁiqgé&éﬁﬁfgﬁgﬁﬁg%gggggk?gpgﬁﬁggﬁg§4h qhickness
208 t hat isBicappoddoeraioe kytend lagithdihally bdteesreradiatlydmoe efigel 70 Sad exdibllyl eeve
142 has a Iengéh,é%% measur e betﬂﬁen firz% and,secong ends .19 an% 192.
Second s| QBFE P&t PULTRINGT ONYeEYe eHarftglllV Y genanmer gp foiufe%Fd%qs A@dsecond
body por t 7onredf2tivé§Coriddatste mAReRL dsnibd BbRAY ¢s h Alme iversdrd Qidssbst hi n
strut 60 fromfirst sidewall 110, and when second sleeve 142 is inserted
wi t hi n st matergds thab displays ridstedtelinglor elongatien grsporeususllyl eéfemed thes ween
second sl egve 142 and first sleeve first .partion |.eeve ,168.
Second I S8 G48 el e sRarF Einedbian BB o) o M BB ceve
i nner and efhérahe Ginefraeas apSlcadionl of 82, stresssgratié tivel nite dfithkndesofah@steath.mat el y
equal first body portion end_surface thickness 170. During assenblé of
S

Yy .
strut 60, Tihgsematerigls ypuadlyiexhibii time lagdp ehe shgtn shbing fo the stgissmd gsvallyst r ut
60. The al. Bﬁ%ﬁkpmhﬁ&ﬂfﬁxéﬁﬁHﬁﬁh¥d9&%@'es each strut sidewall 62 in
position relative to the remaining sidewall 62, thus facilitating alignnent
of openin%§ 102 through sidewalls 62. A pilot hole is first drilled at a
cent er poilot fyrthsr fa¢ibitety reducing vibrationekistresses yathin otrub f60p maeh rigrutl . The

pil ot hole iis,then reaned.to rm.each eni ng 102, e I t,

mul ¢ ple. s B°0ex BRI 1pieRIeBAER 3R feriis 0BG SIS SR | e
det er m nedidesdn62,mt cdupligesidevads Sabyethen Mdeve A0sehivyy DE0 takxpandabRd. |1 n
one enbodi nent, sl|eeve assenblies 100 are pre-fabrjcated such that sleeves

140 and 14pd figfehriggtednfispmet maggriahghat ip|nlastic deforgrableenfonexample, sleet s| eeve
140 is th i i S| : i:A0.d: t second
st deval | TESRGAE phely Bepkahdd BhonsbPitlor 19, kbl Pl BE At BeEPRS,
si dewal | allbgyr Maue fpecefichliy, caahdideivall 162 Shdedes apenardueack [BRarelxdreinder a

di stance 174 from second sidewall outer surface 104. Second sleeve 142 is
then inserted through second sidewall opening 102 and towards first

sidewal | 110, such that second sl eeve-%ollar 200 is posi ti oned agai nst
second sidewal | outer surface, and such that second sleeve 142 is radially
outward fromfirst sleeve second body portion 162. Accordingly, when fully
sl eeves 140 and 142 are fully inserted within strut 60, first sleeve second
body portion 162 is received in close tolerance within second sl eeve 142. A
mandrel 300 is then pulled through sl eeve assenbly 100. Mre specifically,

NN N o A NN A A N




_g_ to facilitate vibration danping without requiring struts 60 to be
uncoupl ed fromengine frane 50, without requiring engine frame 50 to be
uncoupl ed from engi ne 10, and wi thout requiring heat treatnents. The
above-descri bed expansi on sl eeve assenbly includes a stepped first sleeve
and a second sl eeve that define an expansi on gap therebetween. The sl eeve
assenbly is installed in a cold expansion process that enables the sleeve

assenbl i esyrfReN®6aRMMN FiRhe Nt daviy BOL SA tist! sdddwalll ProEand Hkédon@nsidéani ng
w thout requiring a time-consum ng heat treatnent process. As a result, the
sl eeve asdbibiah ihelufle preancentricallyrefianed oneningdl 02 thataxtends bgiwaensidemgilne fr ame

struts i nif?’gﬁ%ﬁ%‘ﬁys 9fa£e\§elo%'}9dr18h,ir§ éegt.i Iner . Wihil e the invention has

been descr erns of varlous 's i T enbodi nents, those skilled in
the art will recognize that the invention can be practiced with
nmodi f i cat Opaning t1IOR rhak kedisipeter il 2@uticht S< olpghtlyf latdee tlednaa tesgest Buter Glagieids: 1. A

et hod 1oL 051 1o YRRl SN ARk a St
?gg) asﬁ gﬁ@ﬂti’ﬁri:ta?@ %?‘c’:\%\h/)ilatsgc B mMaANedRsk, Ales@iveqadi Mbre( 84dil 3R Altbieny edge
specifically, sleeve assembly 100 extends from first sidewall outer surface 104 across
cavity 80 to second sidewall outer surface 104. Sleeve assembly 100 has a length 130
that is slightly larger than a drop distance 132 between first and second sidewall outer
surfaces 104, such that when coupled within strut 60, sleeve assembly 100 facilitates
minimizing disruptions to airflow passing strut 60. Furthermore, opening 102 is
positioned a distance 134 downstream from stiffener 84 such that when sleeve

assembly 100 is inserted through opening 102, sleeve assembly 100 does not contact

or disrupt viscoelastic material 94.

During engine operation, silicone rubber injection damping is a form of viscoelastic
damping that has good damping characteristics and overcomes some of the limitations
of at least some of the other known damping methodologies, however, there are still
drawbacks to its use in struts, such as strut 60, on aircraft engines, such as engine 10
(shown in Figure 1). For example, during installation, viscoelastic material is injected
into strut cavity 80 and cured. Once there, the viscoelastic material becomes an
integral part of strut 60. However, if a strut 60 has to be brazed or welded the entire
front frame 50 (shown in Figure 1) must be heat treated at a temperature that would
cause any viscoelastic material 94 in struts 60 to melt and/or burn and may clog up
cooling or anti-icing passages (not shown) within strut cavity 80. Furthermore,
material 94 provides little, if any, additional structural integrity to strut 60, unlike

sleeve assembly 100 which couples strut sidewalls 62.

During engine operation, multiple pure tones and vibrational stresses may be
produced, for instance, by physical variations in the turbine blading (not shown) and
when the fan blades are operating at transonic or supersonic speeds. In such

operational modes, multiple pure tones may travel forward to excite or vibrate struts
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(80) 'is defined therebetween; form ng an opening ( 102) extending through
the first sidewall and the second sidewall; inserting a first expandabl e
sl eeve ( 140) through the assenbly opening such that the sleeve extends
between the first and second strut sidewalls; and coupling the sleeve to
the first and second sidewalls. 2. A nethod in accordance with Caiml
wherein formng an opening ( 102) further conprises using an alignment

fixture t@oenphy Rdub& {ibidifonal ﬁféé?és pro®eRs Bendifig ©P TR Gfal lafdbt Yorsiongned with
the second sidewal|l opening. 3. A nethod in accordance with Claim1l or 2,

wher ei n ceogyemsnt efwrusisidewalls 63.4G)eeve pssembly b0 Facdates mdluaing\flexingaeldi ng t he
| f d id 2) t
secure 1 nsoeRallg B2 drdtSartes E¥cona e Bt REG R SRR ' °

G ai m 3 whet€is® dantping |witldn pandi 60 fbxh@ulsdtﬁﬁi\aﬁy(aill4(1}1)ocfeblrdﬂ1€ic1ta€imi)ra1ﬁes
drawi ng a nendrel (300) through the sleeve to secure the sleeve to the
si dewal | s Sysantially alAm%tt‘FHEB“‘ie oBGEeAUSHAIEL with O aim 4 wherein drawing a
mandrel (300) through the sleeve ( 140) further conprises draw ng the

mandrel f pam@ 4f §sr S Ero@ﬂge&loﬁglogch%aﬁ@ Gie 8?‘é§utt b6 %H&l RideDE agdeRftyye 1804

t hrough a second end ( | eeve. 6. hod in accordance with
any one ofSlache ammbédl(ﬁgmc udcsm; ﬁrmlec‘@ 10 mleﬁrsqcmgi slegvier 2. dirshisldens! e

oo BB R Sa AP P AT A P BRTRSSEMTSEAES, o
-10 outer diameter 122 is measured with respect to first sleeve outer surface 144, and
sleeve assembly length 130 is measured with respect to first sleeve 140. More
specifically, first sleeve length 132 measured between a first end 150 and a second
end 152. A collar 154 extends radially outward a distance 156 from sleeve 140 at first
end 150. More specifically, collar 154 has a diameter 158 that is larger than sidewall
opening 120, such that collar 154 prevents first sleeve first end 150 from entering

sidewall opening 102. Furthermore, collar 154 has a thickness 159.

First sleeve 140 also includes a first body portion 160 and a second body portion 162.
First body portion 160 extends between collar 150 and second body portion 162, and
has outer diameter 122. Second body portion 162 extends from first body portion 160
to first sleeve second end 152, and has an outer diameter 166 that is smaller than first
body portion outer diameter 122. Accordingly, first sleeve 140 is stepped such that
first body portion 160 has an end surface 168 that extends radially outwardly and
substantially perpendicularly from second body portion 162. More specifically, first
body portion end surface 168 has a thickness 170 measured between first body portion
outer surface 144 and second body portion 162.

First sleeve length 132 permits second body portion 162 to extend from second
sidewall outer surface 104 a distance 174 when first sleeve 140 is inserted through
strut 60 such that first end collar 154 is against an outer surface 104 of first sidewall
110. Distance 174 is approximately equal first sleeve collar thickness 159 such that
first sleeve ends 150 and 152 extend outwardly an approximate equal distance from

strut 60,



the first and second sidewalls (110, 112) and is configured to couple the
first sidewall to the second sidewall. 7. A nethod in accordance with any
one of the preceding clains further conprising inserting a second sl eeve (
142) into the opening ( 102) such that the second sl eeve extends from at
| east one of the first and second sidewalls ( 110, 112) partially across
the cavity (80). 8. A nethod in accordance wwth Caim?7, wherein inserting

a second Sl«:@&\aeslée%éahzu@h@u&mn@ma@hﬂgu(ewaafaéemrsfo%{d SOMRE Sifact 1§Brting a
second sl eeve into the opening such that at |east a portion ( 162) of the

first sledgeond slergy 143 hesniain avtey diamatar d 22 maresered vaicissiect tcetspend geeva net hod
in accor d%ﬂfé?s&ﬁ‘féc? l%bg'l)gp]pél}(fﬂeg/e MRENE! Pod ISERL R9,8ief $P RS surﬁc?‘év?th( 142)

into the openti n er conprises inserting a secon eeve into

t he openi Rgpsuad debarid slegapinne?Onrface B 1 ISechbrdetle@eninaer diache{er 1182) isof t he
second sleeve and a portlon ( 168) of the first sleeve (. 140). 10. A nethod

i n accor dahgiEIndetesr thap fuseslesie émmﬁémiy pertion digaeter Hoo, %@P@‘i%‘é‘n&l}’f Isr st
expandabl §1z§<‘ti RE%Eeile fif ﬁ”s?éla%{kf ?HH | Bddfy e r ol tﬁgreﬁhr&%)m fetst RfiErafiQPr i Ses

inserting a first expan eni ng erein the first
sl eeve includes a flrst portion ( 160) having a dlaneter ( 122)

appr oxi maetgndeipeat irmeddiameteerl 8¢ isl%}tantﬁaltyhmnstastdmbh'gemmﬁmtcrgi 190168), and a
second portio net er . 4) th t he .assenbly
openi g apatreved end 7025 ieed selve 133, CARVE “Sfsifiellaherons Wmeripe

conpri si NguiffRerdd RIAWSRIGH bkhrfeRAVA decditP dlebvit Secbi efPaPR Nghd asl&h such
that the second sl eeve extends fromat | east one of the first and second

si dewal | s sgepnd sleguoingrdiameter |34isipereased at seaond slequgeycondaddbizh that the
second sl eeve extends circunferentially around the first sleeve second

portion ( sl&2u slé'e’vm? HRb el 308K %%Pegt%iw&h@ EVekohd N F6L! Dofidtsert i ng

a second sl eeve Into t e openi urt er conprises Inserting
a second gD@exentavadiglyaoutivardes (drstz(nc&ZB)Z f’rdmtseecmdmveﬂmm ebgondpnd! t he
assenbl y di a ter i nto openi ng. 02) h that a
Gan (220) TPE" N dTiaibhic o iagtsr o4 PaCS SBedtiaPRaui e ¢ ne
first sl egngvd bdlfk dR@idiérorss( 18EDordiagly, &cohd Weekdedllat AlanftGaDativigbie engi ne
( 10), said strut conprisi n(?

than sidewall opening 120, such that collar 200 prevents second sleeve second end

192 from entering sidewall opening 102. Furthermore, collar 200 has a thickness 208

that is approximately equal first sleeve distance 174.

Second sleeve 142 has a length 210 measured between first and second ends 190 and
192. Second sleeve length 210 is less than a length 212 of first sleeve second body
portion 162, Accordingly, when first sleeve 140 is inserted within strut 60 from first
sidewall 110, and when second sleeve 142 is inserted within strut 60 from second
sidewall 112, a gap 220 is defined between second sleeve 142 and first sleeve first
body portion end sleeve 168. Second sleeve 142 also has a thickness 224 measured
between second sleeve inner and outer surfaces 182 and 180, respectively, that is

approximately equal first body portion end surface thickness 170.

During assembly of strut 60, initially an alignment fixture (not shown) is coupled to
strut 60. The alignment fixture securely couples each strut sidewall 62 in position
relative to the remaining sidewall 62, thus facilitating alignment of openings 102

through sidewalls 62. A pilot hole is first drilled at a center point (not shown) of a
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afirst s
therethro
a | eadi ng
defined b

i dewal | ( 110) conprising an opening ( 102) extending

ugh; a second sidewall ( 112) connected to said first sidewall

edge (64) and at a trailing edge (66), such that a cavity
etween said first and second sidewalls, said second sidewal

(80)
|

conprising an opening ( 102) extending therethrough and concentrically
aligned with respect to said first sidewall opening; and at |east one

QesitEMatlonlADpet 8091 Mhe PAOOHAB i$lefl rédnicd todBfn %ﬁ&psﬁshn%igiewal |

expandabl
openi ngs

and between said first sidéwall and said second side

k said

sl eeve corf0Rgliz ent ¢erobddiment, matipl¢ rramerssAregsed th derimyopeningsd 08f sai d strut.
ut (60) in accordance with Caim 13 wherein said at | east one

14. A str
expandabl
(300) thr
second en
expanded

(60) in acé

(100) furtiagris aRmPhicea tﬁrofugﬁ FrstSHRMAA dpEffly ANCarkORERZh se6Hd dddldioned a

Droh et 432k SOl RLRHA Wb 3844 sRblblosiof B 10
dieferthiiigjl. dh omeiethtsidanee, slsmrassemhhes allod as¢ pevfabricatediduchl fhyt

AN

a

at

is

t hi d fjfst and d sid , ' 1 15. A strut
Slcspemiang |47 Bialooratiiss hexieoeiie’ SEIRIERE 1P0adiob oS oove

eeve (142), said frrst sleeve extending between said first

and

second si dddasuch tbﬂtfﬁﬁt slaexe C&H@t bdinis positingedaagainss firgy sideimaH o(utqeuyfamw ng a

second sl
first dla
(166). 16.

TRt 1 Cloy e el s B erfinty 12V R SrRREi el

nmet er
ond

sl eeve ( At sxaends4pageiond! Meévlarmglis fndinSéadt thEaydH xec(oﬁﬂ)mdévaun at
of sald first sidewall 110). and said second sidewal | 112).

Wpeping) 1 02 nandctosragdsntiest \md@waﬂj Oprsuch that sepongiidgexe solay %Ioosé“cond
gp%gﬁ)aoﬂé’(?a 11% @%Tgrsmfew]aﬁ?()utér%}faées, aft® @ﬁaf({hgﬁg&lo}{d %H:g@é 1115'?51 of

| east one
17. A str
sl eeve (

said firs

eeve
radially outward from first sleeve second body portion 162. Accordingly, when fully

sleeves 140 and 142 are fully inserted within strut 60, first sleeve second body portion

162 is received in close tolerance within second sleeve 142,

A mandrel 300 is then pulled through sleeve assembly 100. More specifically,
mandrel 300 is drawn through sleeve assembly 100 from second sidewall 112 through
first sidewall 100. Mandrel 300 is known in the art. In an alternative embodiment, a
manual fine threaded puller is drawn through sleeve assembly 100 rather than mandrel
300. As mandrel 300 is drawn through sleeve assembly 100 in a process known as
cold expansion, sleeve assembly 100 is plastically deformed within sidewall openings
102, such that sleeve assembly 100 is retained and mechanically locked in position
within strut 60. Sleeve assembly expansion gap 220 facilitates plastic deformation
between sleeves 140 and 142, such that primary retention of sleeve assembly 100 is
from compression between each respective sleeve 140 and 142, and sidewall outer
surface 104, and compression between sleeves 140 and 142. In addition, the chamfer
of second sleeve 142 facilitates retention margin of sleeve assembly 100. The

alignment fixture is then removed, and sidewalls 62 are coupled by sleeve assembly
100.

Sleeves 140 and 142 enable sleeve assemblies 100 to be installed while struts 60 are

coupled within engine 10. More specifically, sleeve assemblies 100 may be installed
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di aneter ( 122), said second sl eeve dianeter approximtely equal a dianeter
( 122) of said first and second sidewal | openings (102). 18. A strut (60)
in accordance with Claim17 wherein said first sleeve second dianeter (

166) smaller than said first sleeve first dianeter ( 122), said second

sl eeve ( 142) extending circunferentially around said first sleeve second
portion ( 162). 19. A strut (60) in accordance with any one of clains 15 to
18, wher ek r33iitdteS BRI SARENRe (withibit rééﬁﬁﬁﬁ§ $86ts360 HNRF udddpled 186h and a
chanfered outer end ( 192). 20 A strut (60) in accordance with Caim 19
wher ei n sainging ewrd0s wtboet tequicing enging¢ fig0le I(stosbedimspupled ffonvengiag H0.f i r st

sl eeve (140% stﬁcq t hat. a grgrdet er{ri ned gap (220) is defined between said
first sl efUWHROUISQrRRheai HeamEnts | 142). - 13°. A3. AF. AF. AF. A3. AF. AF. A
F.AY. A F.A3. A 3. A33: A]li _o

+h/ DHG' $$)T%e abeveddssadilse] exphaddic slkea] ssadrbly dadladdscadteped dlrstadl @t @afl @a] ca] ca]
ca] ca]ca]ca]ca]ca]ca cg#ca] ca] ca] ca] cTa] cTa! $%1984 , , . 3. g25i 7p7: <N?0D

AUA\ | 1 JJ] agcyeﬂ/]smmtl}@z fige Ancapansgt g7 Mjeehetuscda) Ehy elspvenpsambly] Ba) ca) ca]
ca] cal cal GalARl 57 CBICAERGRbRRLSINATRARLS fotitre beaMIBNINIBRRE Q2 RoRS

VSSMIUTTf
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While the invention has been described in terms of various specific embodiments,

those skilled in the art will recognize that the invention can be practiced with

modification within the spirit and scope of the claims.
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1. A method for installing an expandable stiffener (100), said method

comprising:

providing an assembly (60) including a first sidewall (110) and a second
sidewall (112) connected at a leading (64) and trailing edge (66) such that a cavity
(80) is defined therebetween;

forming an opening (102) extending through the first sidewall and the second

sidewall;

inserting a first expandable sleeve (140) through the assembly opening such

that the sleeve extends between the first and second strut sidewalls; and
coupling the sleeve to the first and second sidewalls.

2. A method in accordance with Claim 1 wherein forming an opening (102)
further comprises using an alignment fixture to ensure the first sidewall opening is

concentrically aligned with the second sidewall opening.

3. A method in accordance with Claim 1 or 2, wherein coupling the sleeve (140)
further comprises radially expanding the sleeve within the first sidewall (110) and the

second sidewall (112) to secure the sleeve within the strut (60).

4. A method in accordance with Claim 3 wherein radially expanding the sleeve
(140) further comprises drawing a mandrel (300) through the sleeve to secure the

sleeve to the sidewalls (62).

5. A method in accordance with Claim 4 wherein drawing a mandrel (300)
through the sleeve (140) further comprises drawing the mandrel from a first end (150)
of the sleeve through the sleeve and through a second end (152) of the sleeve.

6. A method in accordance with any one of the preceding claims, wherein
inserting a first expandable sleeve (140) through the opening (102) further comprises
inserting a first sleeve through the opening such that the sleeve extends through both
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10% & () - e ARVES éebond sidewalls (110, 112) and is configured to couple the first sidewall

to the second sidewall.

7. A method in accordance with any one of the preceding claims further
comprising inserting a second sleeve (142) into the opening (102) such that the second
sleeve extends from at least one of the first and second sidewalls (110, 112) partially

across the cavity (80).

8. A method in accordance with Claim 7, wherein inserting a second sleeve (142)
into the opening (102) further comprises inserting a second sleeve into the opening
such that at least a portion (162) of the first sleeve (140) is radially inward from the

second sleeve.

9. A method in accordance with Claim 7 or 8, wherein inserting a second sleeve
(142) into the opening (102) further comprises inserting a second sleeve into the
opening such that a gap (220) is defined between an end (190) of the second sleeve
and a portion (168) of the first sleeve (140).

10. A method in accordance with any one of claims 1 to 5, wherein inserting a first
expandable sleeve (140) through the opening (102) further comprises inserting a first
expandable sleeve through the opening, wherein the first sleeve includes a first portion
(160) having a diameter (122) approximately equal a diameter (122) of the assembly
opening (102), and a second portion (162) having a smaller diameter (184) than the

assembly opening diameter.

11. A method in accordance with Claim 10 further comprising inserting a second
sleeve (142) into the opening (102) such that the second sleeve extends from at least
one of the first and second sidewalls (110, 112) partially across the cavity (80), and
such that the second sleeve extends circumferentially around the first sleeve second

portion (162).

12. A method in accordance with Claim 11 wherein inserting a second sleeve
(142) into the opening (102) further comprises inserting a second sleeve having a

diameter (122) that is approximately equal the assembly opening diameter (122) into
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13. A strut (60) for a gas turbine engine (10), said strut comprising;:
a first sidewall (110) comprising an opening (102) extending therethrough;

a second sidewall (112) connected to said first sidewall at a leading edge (64)
and at a trailing edge (66), such that a cavity (80) is defined between said first and
second sidewalls, said second sidewall comprising an opening (102) extending
therethrough and concentrically aligned with respect to said first sidewall opening;

and

at least one expandable sleeve (140) extending through said first and second
sidewall openings and between said first sidewall and said second sidewall, said

sleeve configured to facilitate increasing a fatigue life of said strut.

14. A strut (60) in accordance with Claim 13 wherein said at least one expandable
sleeve (140) coupled within said strut by drawing a mandrel (300) through said sleeve
from a first end (150) of said sleeve to a second end (152) of said sleeve, such that

said sleeve is radially expanded within said first and second sidewall openings (102).

15. A strut (60) in accordance with Claim 13 or 14, wherein said at least one
sleeve (100) further comprises a first sleeve (140) and concentrically aligned a second
sleeve (142), said first sleeve extending between said first and second sidewalls (110,
112) and comprising a first portion (160) having a first diameter (122) and a second
portion (162) having a second diameter (166).

16. A strut (60) in accordance with Claim 15 wherein said second sleeve (142)
extends partially through said strut cavity (80) from at least one of said first sidewall
(110) and said second sidewall (112).

17. A strut (60) in accordance with Claim 15 or 16, wherein said second sleeve

(142) has a diameter (122) that is approximately equal that of said first sleeve first
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diameter (166) smaller than said first sleeve first diameter (122), said second sleeve

(142) extending circumferentially around said first sleeve second portion (162).

19. A strut (60) in accordance with any one of claims 15 to 18, wherein said

second sleeve (142) comprises an inner end (190) and a chamfered outer end (192).

20. A strut (60) in accordance with Claim 19 wherein said second sleeve inner end
(190) is a distance from said first sleeve (140) such that a predetermined gap (220) is

defined between said first sleeve and said second sleeve (142).

-13-



