27 June 2006 METHODS AND APPARATUS FOR ASSEMBLI NG GAS TURBt Nire BE NE
STRUTS BACKGROUND OF THE | NVENTION This invention relates generally to gas
turbi ne engines and nore particularly, to nethods and apparatus for
assenbling gas turbine engine struts. At |east sone known gas turbine

engi nes include one or nore rotor shafts supported by bearings which, in

turn, are s a # . i ul ar

casi ng spacggfﬁggﬁgV%%Egﬁﬁﬁégég§ﬁ$@§§f§§ﬁgﬁﬁgﬁggﬁ%%@%iﬂﬁﬁgmgﬁﬂpiﬁgty of
circunferentially spaced apart strugTrRaxtendi ng therebetween which direct a
pre- determned air flow downstreamfromthe franme. The struts may be
integrally formed wth the casing and hub in a comon casting, for
exanple, or nay be suitably bolted thereto. Each. strut includes a pair of
sidewal I s coupled at a | eading edge and a trailing edge, such that a
cavity i s glafkoRbURey ePerepvENPI@t her aforementioned strut '
configuration, the struts facilitate providing structural support to the
overal|l frame, and structural rigidity for supporting the rotor shaft to
facilitatdhis Hiventiomgeldtss | gsoctialin do dast tuebin adpzingsiraind gneregparticulpsy, atd on.

Accordi ng re subj.ected to stresses induced by the engine
during opﬁ%ﬁ%%{i%’é&#ﬁﬁﬁ@r% F@P&gﬁs B‘F‘S}Pﬁgn%lf"? Ui dewal | s” due to | ow

cycle fatigue or high cycle fatigue |oading nay eventually cause fatigue

cracki ng Wittiédsh sdrhe kadbwiigas tudlsine khginesTacfude idnk tod infort e6tLE biRdistdagpaitdiect of
fatigue | at |l east sone known struts include

Bagi n in‘gl%ced to the struts, .

a danpi ng° 4 9?‘%@3 Flodth e sapperied by aemilardmesrtipch Gamp deledesan a

conbi nat i ggh : i VECES, Al 0 ihe
Franse tor an bihe Wced RRuOR B AE hpRC o a8 RSl bR he
struts. HeWgyrderentigly Ispaiesdi apest strws exprandinioy ¢heachdtvadon titjthcdirdéeyy Dkt coupl ed

to the frane en_t St rut ar.e _ngt coupl in operating position within

t he gas tgﬁb?%r@e%%?ﬁ& 3‘1"}41%8%“}1&08?1&1%‘%&?5@% stgs %W%@I“étﬁ%rﬁ y rmede fr ont

frame thatvithehigicdstrs id M inkr daich Sdsting! Bk Bampls, orSisiAhd ¥ui%§fl§tﬁ{e%ie L 27
ment -

because the whole front frame nust be subjected to a Heat-tre
June 2006thereto. 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 aforementionéd strut configuration, the struts facilitate providing structural
support to the overall frame, and structural rigidity for supporting the rotor shaft to
facilitate minimizing deflections of the shaft during engine operation. Accordingly,
the struts are subjected to stresses induced by the engine during operation. Overtime,
flexture of the strut sidewalls due to low cycle fatigue or high cycle fatigue loading
may eventually cause fatigue cracking within the strut sidewalls.

To facilitate reducing the effect of fatigue loading induced to the struts, at least some
known struts include a damping device, a room temperature vulcanized RTV)
silicone, or a combination of the two. The damping devices are coupled to the engine
frames to facilitate reducing vibrational stresses induced ﬂubugh the struts. However,
such devices are expensive and are typically only coupled to the frame when the struts
are not'coupled in operating position within the gas turbine engine. In addition, a
tepair 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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process to elimnate |ocalized stresses that could be an ghiune@odéon sites
for subsequent cracks. The RTV silicones are injected into the strut
cavity to facilitate danping vibrational stresses induced to the strut.
However, although such silicones are very cost- affordable in conparison to
t he danpprgesteoiatigsnate lchlizddl stessee thatreyuld eyananiniatiole sitdsi foi fuddequieht at i onal
danpi ng, a do not increase the structural integrity of the strut. BRI EF
SUMVARY EE°HHHE | NVENTI ON According to a first aspect of the invention,
there is provided a nethod for installing an expandable stiffener, said
net hod CURPRIT BilicodisQive fHidtfedint et Yavitye! faelling: dantliksvibdanap a first
sidewal | and a second sidewal|l connected at a | eading "and trailing edge
such t hattr@sesaiduged do dbe | siel Hewiesgretalbengh fsaehnisilipones erseNEmYgcosixt endi ng

~ through 1 i %H@cll he. S| N rtj first
-expandabfgﬂg&éil %%\S}Ié ct'i"hfr&oug 3 Eoﬁﬁglga(fsaglg’#fﬁe §8§%§h?ﬁ°§m@d@ﬁ‘f’% ﬁga? cgnlflng%g é&eéve ext ends

across lindted aitirstjonahdhnidtgyend dd het ihtreade thastraaaalnidtegtityudf tiss demal | s;

coupling the sleeve to the first and second sidewalls; and inserting a

second s ' i hat the second sleeve extends from
one of ﬁ@ﬁf??&@ﬁﬁ&@%@ﬁgﬁméﬁ? partially across the cavity.
According to a second aspect of the present invention, there is provided a

strut for a gasorlliaplé A€ired Aol tEdinfestid thefPRPEMVIIAI% mathbd Fsit si dewal |
conpri sing an opening _extendi ng therethrough; a second sidewall connected

" to sai d EStalinggnsapgidablestiffenaagidigethed gemanisingitrravidingianjapsgmblige, such t hat

a_cavit yinicﬁxdﬁg d éﬁ%ﬁ.‘h@ﬁﬁ%@ﬁ&t §i%1¥:xg§1§ hiBh S%Bﬁ%girﬂg\?ﬂ cor%:g&gérf]"gﬂ d Ragifig! d second

si dewal | conpri si ng an Bpeni ng endi n rou concentrically
al i gned audttmiliespinetsutlothatd chvity issdefimied dwadbetvogeanfongingaanfdpesingexpandabl e

sl eeve extending thro sai,d first and secqnd sidewall openings and

bet ween Keeging &%@éﬁ%&%ﬂﬁeﬁtﬂ@&pﬂs@% ﬂge‘é’?lg_évﬁmf}g S :SH sl eeve

conf i gur §gah@bi@gdbdveliioBell MELERRILABoFEnidA I HA thefsReff ciald adfdkyt; and a
second sl éeve extending partially through said strut cavity from one of
sai d fi rige cayiteandl Hetvaern thafint suicoehdsitaé sidewalisy conplingthesd¢aresethend sl eeve
is conce i.call l.Lkaned wi,t.h respect top.said first sleev sal,d second
sl eeve @Itg{f’r%nrcfgsef %rb(fi%a |a(rﬁc§j’t ?“Sd?%eft RPN Slgevfeil?tgttﬁ%@f??ﬂges}lagﬂ@?g‘es econd
portion feayidigedve exradNfodioagel te-first and second sidewalls partially across the

_cavity.

According to a second aspect of the present invention, there is provided a strut for a
gas turbine engine, said strut comprising: a first sidewall comprising an opening
extending therethrough; a second sidewall connected to said first sidewall at a leading
edge and at a trailing edge, such that a cavity is defined between said first and second
- sidewalls, said second sidewall comprising an opening extending therethrough and
concentrically aligned with respect to said first sidewall opening; a first expandable
sleeve 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; and a second sleeve extending partially through said strut
cavity from one of said first sidewall and said second sidewall such that said second
sleeve is concentrically aligned with respect to said first sleeve, said second sleeve
comprising a first portion having a first diameter and a second portion having a

second diameter.




-2 27 June 2006 Herein disclosed is a nmethod for installipgJmezeogpandabl e
stiffener. The nethod conprises providing an assenbly including a first

sidewal | and a second sidewall connected at a | eading and trailing edge

such that a cavity is defined therebetween, form ng an opening extendi ng
t hr ough Heeeih idisfossd dewatletl@ddfot Hestsléiag rih sipiﬁﬂ\ﬂtilé ,stlffémeffhé igethod i 1 st

expandabl e sl.eeve t.hrough the sse |y openln hat the .sl eeve
" extends B¥THREEH Rrﬂ‘é‘H assayd ﬂ‘gmﬁ 3 dirstsyt ]I L agerndotifewally t he

sl eeve t gofrfeetedfak %ﬂ%aﬁﬁ@aﬁ?ﬁ&'ﬁqg%'dg@‘éﬁéﬂ ﬁlat f‘lcﬁﬁt)gisscféﬁﬂt%@qqe‘ra)e%véh{ ut for a

gas turbine engine . The strut Tncfudes a first “sid second
- si dewal | forpyie an dpenisg estradimgpthraighl the dirslesidewathend |tlnfsseo9nd16vcblvﬂall; ncl udes

h h. T d sid d h
st iRt BehaRiCoRR e U ASERM PGy BipobEUBR YRR 2 cavi ty

is defi ne;dehcﬁ;t maen thheﬁrf;u 4t seadtdll sAgRdbwalisleamdl dosiplidd theSeRBdo theleval |
i ncl udes _an enln extending therethrough that is concentrically aligned

with res E%?n silewalls. sj dewal | opening. The at |east one expandabl e

sl eeve extends through the first and second sidewall openings and between
. the Tirshig He6Nel it 18 & Qﬁ}@n&'éﬁ "ThTJﬁ%tﬁlcﬁfEi\é %tgé%%& red to

facilitate increasing a fati l'1fe sal strut. PTI ON OF

‘THE DRAVaqes! Fidgweld, andi af least rm sx;mdablo skkvsi dbe \ﬁritmdrfwaa igelsdesuabi ne

i o, oL Exleh Tl oo B ek B REL T honthih Ao 1 27

~June 200&déwgliata Badifig *dgd AfiSat saedilinhedge\suehmiRf a tharsik defingdweteddn Fi gure 2
taken along line 3-3; and Figure 4 1s a cross-sectional schematic view of

the strutedisipd seepndsidewalls. DﬁTI%FfLOEDi DEsErRl prelwiesan oneEnENEIIEN Fi gure 1
t

ot udi e ioSlE R el Al @l Mty sk AEER SAAIRRMNL. 1,

ext endi nGhé abheasinona bxgandatde ]sﬁeev@fexen@sl ﬁ&oﬂgh fh‘et fiat dnd cecvnd esidevisl end 18

of en |ne 10. Engi ncl.udes a
9 penings an Qetween the hrst s?dewaﬁ 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;
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engi'ne 20 which includes a | ow pressure conpressor 30, highipicesssr e
conpressor 32, a conbustor 34, a high pressure turbine 38, and a power
turbineé or a low pressure turbine 40, all arranged in a serial, axial flow
rel ati onship. Conpressor 32 and turbine 38 are coupled by a first rotor
shaft 42. In one enbodi ment, engine 10 is an FI 10 engine available from
CGeneral Elgctrigc. Aircraft Engipes, G ncinnati, Chio. Engine 10 al so

i ncl udes aﬁ‘ }Seﬂch$Sa$%tl@@? wisveef the sput shoven indigirag tokent aletiing 3-3nhi ch,

in turn, sgyaports one end of a shaft, such as shaft 42, for allow ng
rotation thereof. A plurality of circunferentially-spaced struts 52 extend
between an outer structural case ring (not shown) and a center hub 54 and
di rect ai rfipew 4isnerissgeativgaleheri ftictaewsifitessti shovar @ pgene 20. Struts 52
are hollow and are fixedly joined to the outer structural ring and hub 54.

Figure 2 i i = I i vi.ew of an engi ne strut 60, such
as engi ne ﬁ%?@@??%ﬁhﬁ%ﬁgﬁwﬁﬁ%t 60 i ncludes a pair of
sidewal I s 62 connected at a |eading edge 64 and a chordw se-spaced :
trailing dtgeredbis asuss-sbétivnabsi€dViewof(@ds tusbNrtoRrd hchifde] | ned

t herein. Each i&;@@l | 62 extends |ongitudinally, 0or r%gigﬁaﬁgiugbn%\?)ar dly,
in span f rESRfallY lomgindipaliyprsendingpaxiyor eenteslinophogénding fadhahligieveridsls  edge

72. Strut i | ar. i me . iphclude a
St torm o SBghEonati SRl kbl EntE TP Re TP MnaTeola ipe Bk Sofot shown
i n Fi gur e edgine0othietsincludes Hlbw piessiie Eompicgisr 80,Nigh ﬁﬁs%@eb@ér%ﬁ’e@s%} B%,e_

e hub. Figure is a

enbodi nent, stru&ﬂseﬁpo e}lrié_{formed intﬁagggally w th the

g1 oss- sect WIS AT BrEY PIFESUED twrhien3 % abd g PowRs terbing ehapwi pressigur e 2) .
Strut si deydtdest0621 1l T t el | es .64.and 66,
respectively, 3’ 27&\%%1%9%8%%6@’0 i{lr@?p{fﬁ%gglaﬁ% ngnpiseg%égg%gg t?%&'eei n. -
Mor e specidBiasaicpypled bganfastidtyr dhafihddeth end embpdiorht, RRARE 082 XE1E0dS

bet ween i . to or trut frailing edge 66. An_ internal strut
sti ffener%ggﬁlg%udgahggféw g Eﬁ‘cb’%‘ﬁkﬁé:ﬁﬂg?‘% 1agiaala Ohio. 62 1 o :
facilitate resisting buckling of sidewalls 62. Stiffener 84 extends

radi al |y &nging 10 alsd inchales an GAnilet Bk SEFhRY Nppdthes beARE @t anhdadi al Iy

out er edge 7%. .I'n one ~
| which, in turn, supports one end of a shaft, such as shaft 42, for allowing rotation

thereof. A plurality of circumferentially-spaced struts 52 extend between an outer

structural case ring (not shown) and a center hub 54 and direct airflow entering engine
10 downstream to core engine 20. Struts 52 are hollow and are fixedly joined to the
outer structural ring and hub 54.

Figure 2 is an axial, cross-sectional side view of an engine strut 60, such as engine
strut 52 (shown in Figure 1). Strut 60 includes a pair of sidewalls 62 connected at a
Ieading edge 64 and a chordwise-spaced trailing edge 66, such that a cavity (not
shown in Figure 2) is defined therein. Each sidewall 62 extends longitudinally, or
‘radially outwardly, in span from a radially inner edge 70 to an opposite radially outer
edge 72. Struts 60 are hollow and in the exemplary embodiment, include a platform
74 used to conventioﬁally Joint each strut 60 to a hub (not shown in Figure 2), such as

hub 54 (shown in Figure 1). In an alternative embodiment, struts 60 are formed
integrally with the hub. '

Figure 3 is a cross-sectional view of strut 60 taken along line 3-3 (shown in Figure 2).
Strut sidewalls 62 are connected at leading and trailing edges 64 and 66, respectively,
-3- :




enbddi ment, stiffener 84 is corrugated and has a shape si pr hae 2065 a
‘honeyconb or square wave. Stiffener 84 divides cavity 80 into a plurality
of, cavi'ty cells 86. More specifically, stiffener 84 divides cavity 80 into
a |l eading edge cavity 90 and a body cavity 92. It is known to facilitate
reduci ng i nduced strut vibrations through silicone rubber injection

danpi ng. More specifically, in the exenplary enbodi nent, a room :

t enper at ur8€hul canthgled (RFV) si¢avine 948has bden i njdefined i nt dhatinut

wity 80 ' ljmd i ti |, danpi i thy trut. 60. F
xarpl e, i o BRI & Tehdélyy U Rl F Ay P, dfkoiter Y2 Bihq baetbs 1
manuf act ursidevimflsttRao Earpostiut treibegiedad 660nmpany. Silicone 94 is injected

gledae

adj acent an aft side 96 of stiffener 84, and silicone 94 does not extend

| ongi tudi nal l.y, between radial |y, inner edge 70 and radially outer edge 72,
but rat her“g%d{\{?“@;rgméﬂﬁ%isé isyeensrallyedispasad betryrgn ot rsideyedls 620tand 72,
respecti vehdilitald RERELABHAG SfdeHal ' ' lyen to a
class of materials t%at lglingg#ayse a g??’etc |ﬁ§e%)4$é%?n(§frslarg Pgﬁ%ggﬁﬁﬁge

usual |y revallsr 64 hetween sadialtyr @mer t @lgan7@xindr ndlallgt meas edfat72, s depgndent on

the initial ,stiess, t he strain, anpd either the tine rate of

appl i cati (?ﬁnbé’fil'{l?{i’ %tﬁfeé]g% g'f‘)rls P?Eu@t?f;gaﬁ“ggﬁs 61‘5}1@? apto ahongycombnor  These
mater | al s syaadivaveestitiohdr 84 divites bady 8 iea phirdle of Ehlly Ml tIBrSL T eSS
and usually exhibit creep under a_constant applied stréess. To further .
facilitat Speabeallyngtifignsr & iddvides eavityReintonk titadmesedgatcatily 90amk sbodyt 60

I ncl udes a\%ge?ye assenbly 100 extending through openings 102 forned within
trut side S 62, and coupling sidewalls 62 together. Sleeve assenbly
100 is expandable and is fabricated froma material that is plastic

def or mabl dt isFknovex donfhalitail edueing dndwoeti| mi%rmshmg,%grgiﬁ@g@%%am but
is not linmi.ted t%iﬂI,I}SIai nl.ess ste .nickel alloy. re specifically,

each si dedFfioBL EldesVialy SRR 3 Caélgi; B I8 1eRemBiATY spmberiment, 4a 290mune 2006
o denal 1 ) moner 0t Bty kel 8RBl oy ot o™
ext ends betewdn laniedhaiibrationah edarapidg ovfthin stmf afles F66 exachpl@4in one
[ ospect ! ¥ ElnbodiRER 00 AR51ER RurlhlRLE s KARed) Hanbfhcired by e bR "N 2
Chemical Company. Silicone 94 is injected adjacent an aft side 96 of stiffener 84, and
silicone 94 does not extend longitudinally between radially inner edge 70 and radially |
outer edge 72, but rather only extends partially between inner and outer edges 70 and
72, respectively. Viscoelastic material, as used herein, is a name given to a class of
materials that displays a stretching or elongation response usually referred to as a
. strain to an external stress that is dependent on the initial stress, on the strain, and on
either the time rate of application of the stress or the time rate of change of the strain.
These materials usually exhibit a time lag in the strain relative to the stress and usually

“exhibit creep under a constant applied stress.

To further faéilitate reducing vibrational stresses within strut 60, each strut 60
includes a sleeve assembly 100 extending through openings 102 formed within strut
sidewalls 62, and coupling sidewalls 62 together. Slecve assembly 100 is expandable
and is fabricated from a material that is plastic deformable, For example, sleeve
assembly 100 may be fabricated from, but is not limited to, stainless steel, or nickel

alloy. More specifically, each sidewall 62 includes an outer surface 104 and an inner
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122 bf sleeve assenbly 100. Sleeve assenbly 100 i s nmechaniezaddeyoo®upl ed
withi-n strut 60 by a plastic deformation process, described in nore detai
bel.ow. WMore specifically, sleeve assenbly 100 extends fromfirst sidewall
outer surface 104 across cavity 80 to second sidewall outer surface 104.
Sl eeve assenbly 100 has a length 130 that is slightly larger than a drop
di stance 132 between first and second sidewall outer surfaces 104, such

t hat when smt:qob d06 whathiefines stoit @ity SDeev dirastiewallyl 100fhdf Asdcbhd sidewall
assing strut 60. Furthernore; opening

m nim zing ptl s to airflow

Too 15" potfs PstiBhetii bouolncalofSrmtantain 102 Shit swionvs Reiwosa sideoml « has
when sl eevmela@ﬁqmggrgmjfg&sll%laﬁ&qm [=Ta R E{Et h openi ng 102, sl eeve assenbly
100 does not contact or disrupt Vi ’scoel ast’ic material 94. During engi ne
operation, silicone rubber injection danping is a formof viscoelastic
danpi ng t h@peiag 162 bas aahasmeter &ihﬂatnmh@ﬂyd&ganﬂhamaellazgnmemt&omneﬂ‘ert he

nowever . (1 & SPbve FREROIE, o iepUE pfertply (A0 medihisnly Seuelal aublh 1ot o,

on aircr af dneregi bes, plastithdeforeaiingrobéss, (savsy Er{‘nl:drgltfe@aﬂl%cloﬁorlvﬁi‘@”p' &
during installation, viscoelastic material is | njected 1nto strut cavity

80 and curWacifieslbe steres assemhly 100sextunda Sonx firshsidewall obtec sunfed4 acmosegr al
t of st h | .d th
Sntive ooty B to HAURY Ftpnill ot Winthes 184) SholantBnfb A0S e pueut Pty "

t enper at u rthattlh a]lighﬂydhuger ‘chanaeirqm ;hstainsc 0% Eatmeéh firt efid %coﬂ&5168w§l btk 60 to
nmelt and/o nwg clo c00]i.,ng or anti-icing E)assa (not
St

fhown) wi o ‘l‘tyw  ciup tednuithip sarut 6Qyglesve apseoblyy @, aaélsaws ttle,

f any, ac}ﬁirﬁm&nf% dShipihd i@ airtflRWe
assenbly 100 whic c03§| es gtru'ta s%‘ge%% sé?' 'SJI’I ng en’gl nmngpg@ t5 on,
mul tipl e esiioneshasdisiatcs i 18Aadionstileamt fress etifferey Sde sugh dehiowhlbn Elesve

I nstance, ons in th ur.bi ne bl (,not shown) and
whon tre ety 306 AU QDR Joand ok SickE Sstndile AP0 Yhrkndsonak

such operoaidisonalvisobslasic matkiialgige pure tones may travel forward to EXCI te
or vibrate struts -5 27 June 2006 60. The induced vibrational stresses

pr oduces 3) ending or flexural _.and/or_ torsional novenent of strut sidewalls
62. Sleev fng onstation silicens wbberciaiestion dpmpingrig adform 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
info 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

R
'

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, nlike
sleeve assembiy 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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sidewal I's 62 and danps vi brational stresses induced to stpmhur@oosnd
signi-ficantly increase danping within strut 60 for substantially all nbdes
of .excitation and substantially all rmultiple pure tone frequencies. Figure
4 is a cross-sectional schematic view of strut 60 and sl eeve assenbly 100.
Sl eeve assenbly 100 includes a first sleeve 140 and a second sl eeve 142.
First sleeve 140 is hollow and has an outer surface 144 and an inner

surface 1460. Sheeinduesiseibizitipnalositesses diradmie beddag of MRRAGY aEToMdriohasPect

to first sleeve outer surface 144 . and sleeve assenbly [ength 130 Is

measured W qﬁreﬁlggtp%tﬁsttru? BldFYVF"& %%I Slegxe asper %Wbm-,o fagiligates reduting flekingstf sl eeve

| engt h 132sideasily 62 dagt i nd 152. ‘A coll ar
5 R ortoR MBoch el B RN ety

154 extends radially outward a distance om's end
150. Nbre 95259 degiping within astrut 59 fiers substiintially edl #fpded At exicitalidd @8 t han
- si dewal | L] - h_that collar .154 prevents first sleeve first end
150 from eh 3@?’2%13}%?‘&‘%??1"%83 S WEE S ur t hernore, collar 154 has a

t hi ckness 159. First sleeve 140 also includes a first body portion 160 and
a second bBigyrepdris iaotrods&ctiortl rsehenR@RYvib@! & Qfit ¥O0aRKLIE efpeco! | ar
150 and segond bod orti,oq 162, and has outer diamet e%i%%&h@gc@r?g body

" portion 162°8% 8eiably 18fhingludes afisstslenye ¥ and 8 Gecond sldevs 1421 Bastaleeeond end

152, and hag) @R ' |S. . smaller.than first body portion
outer di anet er ggg%%%%gorglﬁgﬁ/@?% is]‘ftf %I*dzaet\}gnﬁféfﬁrffl%e @&eéﬂ%ﬁ’e%ﬁ?ﬁﬂ fat

fi {st 3|ody0qjgrr dmmgtetlaaf ﬁas?anumddwiﬂlal réspleci tﬁ;&i’rfstt ﬁééveeédt&gggfag@qu@! %qu -
out war dl y subst.ant i erpendi cul arly from second body portion .
gtér e speciﬁ%]egglar%eﬁlflyﬂg?&l’b]é@mpg’re?ﬁ“&?ﬂ Sith Egpychde finsB sleawe 440.hi Moness 170

easured hpbyigiedly, iffrts1dQe e E 3 'iheaglﬂ'te&' hefttich adcﬁrg} élg'% 3?@ 61,?1& %8%%’3,2{3 d%/ o

portion 162. First sleeve length 132 pernmits secon
ext end fr gifddédorecolisr dhentendsuadinlly outivanka dBkinee tSGHamateetd 440 hekksf i I St

2gai nat  ataooy Mk oG RER tuaF 15 o iy 158 et s ol
oo el s o b cpbiogs Wl el el L
strut 60 Sids opghiag ié@GFurthermore, collar 154 has a thickness 159.

First sleeve 140 also iﬁcludes 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

Bt
. y

_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.




Second sl eeve 142 is hollow and has an outer surface 180 angunarodener
surface 182. Second sl eeve 142 has an outer dianeter 122 neasured with
respect: to second sl eeve outer surface 180. Second sl eeve 142 al so has an
i nner dianeter 184 neasured with respect to second sl eeve inner surface
182. Second sl eeve inner diameter 184 is slightly larger than first sleeve
second body portion dianeter 166, and accordingly, is sized to receive
first sl eeé@@é@lﬂﬁﬂe héys ballaw and hhearedieosghice 1180 laad antigh@rsarae (Hecond

| [ ' t 4 i bstant i t bet first d 190
and 5 secors ARNEL L R artoit Bpbets Tadheangrt waherimerialsesondsiond.

sl eeve i nneiter siifat@¢80.183cdra élé&r\é%é!al’w%%%%? gﬁ%%%%%sﬁge‘gg econd

end 192, and as such second sl eeve inner at
second sl e¥\Rech & Gprendrileerydnn@esufide si8devBechad silese inime| dig@sien 189li4 ar 200

at second 192. Collar 200 extends radially outward a
di stance Zﬁgﬁﬁygaﬁgéégg%gﬁgglggveesefﬁﬁé h?éys%g%g@ﬂ@terﬂ@z angcgonglingdy, s cal |y,
col 1 ar 200siabio acadivarizbialecl dodohdtbolip péifiBh it dTRIOBLY P AU oldkdith. ! eeve
col l ar dianeter 158. Accordingly, second sleeve collar dianmeter 204 is

~ larger th@% s&egewal_l openi ng 120, such that collar 200 prevents second
sl eeve sectEREHEevegBerdignstent&h is substangialinronstapt bétwgerl @ firstBod i H@amdbr e,

col lar 200, hasnd dahi ti4 r.oxl [rat equal first sleeve

di stance 174. gec%ﬁd@sgrgg\%/’eea%%ﬂ éf}% édﬁ?eﬁg@ﬁ %fg?iﬁé%&eg‘ﬂ%b@f’%ewnﬁ rst and
second endwrfag018his om%r%lﬁeahmmﬂared aeveohd RER: mng SanHF@Q, \;\Eﬂiﬁ'ﬂs f@ucjhengt h
212 of fir | eeve. secon oqy,.portion 162. Accordingly, en first

| eeve 145%%03@5%55? fragr gﬁaﬂ‘??‘?ﬁqéﬁ FﬁFJ)‘P"r@BS abRcPRd @Pevesﬁe@@'tﬁéﬂd 1920, and when
econd sleeve 142 is inserted within strut 60 fromsecond sidewall 112, a
gap 220 i Sedeid sede hﬂﬂmﬁnﬁﬁ%@cﬂaﬁ%@m%&r@lﬁwf& Eé&ﬁﬁ leﬁg\@zf Erﬁﬁéf body

[

portion eg)g sl eeve 168. Second sl eeve 142 also has a thickneSs nmeasur ed
bet ween sed8ftegfs sadiallypretvagtha disianse 200rfem sscab@Xleave 14805t seamdastli vel v,

that is r Qxd by £ bo ort end surface thickness 170.
During as gggb%jro e%%f?cgﬁ g’g%l IEIJ|t %‘?ﬁ%ﬁ@‘%ﬁ%“’ ﬂﬁtﬁﬁtelﬁtapﬂ"‘i"%’clﬁ?t%ly(eﬂw fg¥own) is
coupl ed t cleewt callar @metdrel 58, | Jovvedinglly] ddcohi®sIS@RMW Y IERHRLEDIGRERGL UL -
sidewal | 62 in E?oo ition ig{Lative to the remaining sidewal | 62, t%us
facilitat %?ﬂ? sig V&’illln%?ﬁ"mcgf e"'HPIh&athEal‘ M) prigyents sehond|sleeve 2ecoddmntiot  hol e
is fir SF 402 ioftlerddriy SEWAT o 1(‘2’:‘%@&%&, Q1200 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, fhat is

approximately equal first body portion end surface thickness 170.

During_assembly of strut 60, inifially 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

-




27 June 2006 desired | ocation of opening 102. The pilot habeaurdesobden reanmed
to fermeach opening 102. In one enbodinent, nmultiple reamers are used to
f or,m openi ngs 102. Drop distance 132 is then determ ned, such that a sleeve
assenbly length 130 nay be deternined. In one enbodi nent, sleeve
assenblies 100 are pre-fabricated such that sleeves 140 and 142 form
assenblies having a plgral i.ty of lengths 130. First sleeve 140 is then

i nsert ed tﬂ?sgﬁé;%cﬁ'fl?%f’ Sperdne [ 92. o Pespitey holois dheh tdamed gb forecent opesiapal |

112, such t1n fol lar 4 is positioned against first sidewall
out er surfgdgg Infgﬁ,%ﬁlgg |(r?’sr§8§*ﬂg§3e %%ggﬂ‘ge‘ﬁ?d%oﬁ?p ghifs-a di stance 174
fromsecond sidewall outer surface 104. Second sleeve 142 is then inserted

through seltpdlisthukenkd is thaedetergindd? swhdhitaédie abidnitily Tndfiedd &}P such
t hat s'econ(g sl eev. ﬁ?gl | ar %0 IS é@ositionecj aggli nst second si dnelwa? out er
surface, aht 9SS ¢ aenesem ?Fgmgme gveassernbliesy HY) ael nye-dalricated stictothat i r st
sl eeve secaed OMY alP1 42 §orml ésqg?g{kﬂgf% frul | ves, 140 and
142 are fully inserted w thi g%gl%ﬂr%ﬁt X islslﬁrms}?e%g\;?%%c@deﬁﬁgﬁleﬁﬁ?t i on

162 is reckilisdhamngsrigethraigbriistcadavalhipenipc 0Rlasd gevhldondsia@lr el 300
Mor.e specifically, nandrel 300

i s then pul;he | eeve ..as |y 100.

is drawn 'tjlhl rbb%lﬁhqé%{;%%glg%@e%%f% i%ﬁ’&‘ﬁ%‘%@%ﬂ%ﬁt Iretesidawalliongert surfaea h
first sided| bndl Gigst shardrsebond0hdi FSKBAYRYS] It tgghati ve
enbodi nent, a nual fi r?e c; hr eaded uﬁHeer]dfsSk%lfg\}nzzlt ‘?}’8333%&1& %@%’gtlfassenbl y
100 rat hePYRarisehdOd) Seomd geevenhtd & tBDOinsertalt dwoughseepti Slaeve

assenbl y A C n - l,d expapsjon, s§leeve assenbly 100 is
plastica g 102 R Rl 0 R 3 FRCIRR Gogond534eve ealivepde e

ssenbl y DOSitipsedr agairish setoad didenal e alificd, Q6K 8McH thaP 8tiohd eveiNign strut
60. Sl eeveﬁége%d:ﬁggnﬁj orl gap 220 faci [ tates plastic eForma I'on

bet ween sf 0 7H5t sleqye seeandibody ipattion 16 efcdondingly, wherefidlyassenbl y
100 is fEREVEZAAD23IUS ERGHLT; [ Leeve 1 nd 142, and

si dewal | out er surfacegrl%%?l an,rtcorrpr eggyagﬁb’bf\értgb\ég%veé%%ég?ﬁimmé’ﬁd- 142.

I n additi 6f2 istrhesivadeinfclose toltranerwithinsbeedalcbd@ 142ci | i tates retention nargin
of sleeve assenbly 100. The alignnent fixture is then renoved, and

RCRIT Al AT e T R e
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
(0 102, such that sleeve assembly 15.00 is retained and mechanically locked in position
within strut 60. Sleeve assembly cxpansion-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 strufs 60 are

coupled within engine 10. More specifically, sleeve assemblies 100 may be installed

-8-




'colup‘l ed within engine 10. Mre specifically, sleeve assenbriws20@® nay be

installed -8 27 June 2006 to facilitate vibration danping w thout requiring
struts+'60 to be uncoupled from engine frame 50, w thout requiring engine
frame 50 to be uncoupled fromengine 10, and w thout requiring heat
treatnments. The above-descri bed expansi on sl eeve assenbly includes a
stepped first sleeve and a second sl eeve that define an expansion gap

t her ebet wenfacitiiae syibetion adaping without irepliddg et M(Bt@%hdnﬁéﬂ?a@imn process
t hat enabl g5 Ve, enbl.i.es ta be coypled wthin struts to
facilitat eéh?iu%erhgﬁﬁ%%ﬁ’d‘g]%?lﬁdewlﬁ%ﬁ’i’gl?"eﬁﬁ{"ﬁ%ﬁdo g)etqﬂﬁ@ml%ﬁgm qugirieeld)

treat nent qudoritlsst rdfiring Ieftiréatmeh®|, Sl eeve assenbly facilitates reducing

i nduced vibrations within engine frame struts in a cost-effective and
reliable rrﬁ%gﬁqr X}gil, the invention has been described in ternms of various
specific e Offeriescribed grpansion; sleeyd apsemblieinghidenia steppat figgo sleevd falta t he

i nventi on i 1 ification within the, spirit _and scope
of the ol arandGeRithl S8 RendRRh b uRRoters, T icens by 1
expandabl dngfaliddf iarrerold szpatsivatphortse tiaDenabiedghe 6 MiRhIRE 158 SHRIN
including a,str sj dewal | _and a second srdewall “connected

ﬁ‘t’ hta\fjnﬁaf.rs,t S €
at a Ieadiv%hlgﬁ ts i tpoiifate yigration Higt withQUi vequijringsa tigfe-comsumingdreabet ween;
f-orm ng anread@sHt NGo&sk engl ouqnh ' | || _and. the second
sidewal | ; insert Ivr? a fi_flg{wg(sgg’nggbf%ggel %gé@%ﬁ?agﬁﬁﬁei Retusngagrsedopeni ng
such that V’ébféfw@l‘@%ve epgine frameatmisn atcbet-affviiveyamdnalidies wassert he first and
second strut sidewalls; coupling the sleeve to the first and second

t he openjng such that the

i dewal | s; {.n i econd .sl.eeve int
é_econd s| evgl\q/igéj 1\éH>§:t %ﬁ’é‘iﬁ‘?‘?%%, %er?g J;efscrgl??éi 10, (eHps Qh ariusceneaifisi emhedimentpar ti al | y

across théhasavikiled i tie BRt WAIU rbdbgABOMERRGE iIWiehﬁor?léﬁﬁ rqelpyg{ggge%i BihOr M Ng
an openi ng}f t her ,ﬁlg)qrr@ri ses aligning the first sidewall~opening
subst ant i qd;%c@aﬁ’&@ﬁ ISPt @nd ﬁPOrPéS’gﬁ@tClanns.




to the second sidewal | opening. 3. A nethod in accordance2wnidna 20b&i m |
wherein coupling the sleeve further conprises radially expanding the
sleeve within the first sidewall and the second sidewall to secure the
sleeve within the strut. 4. A nmethod in accordance with claim3 wherein
radi ally expanding the sl eeve further conprises drawi ng a mandrel through
t he sleevg_&&gmgwre the sleeve to the sidewalls. 5. A nethod in
accordanc | aim 4 wherein drawi ng a mandrel through the sleeve
further conprises drawing the mandrel froma first end of the sleeve
t hrough the slgeyus E&%hanae : ~-10. 27 June
2006 6. A net hojg in (?(}g(r)f'ﬁdg{aaﬂce w t %ggﬁw&%%&ﬁmﬂ@?éﬁpﬁé&g first
expandabl e sl eeve through the opening further conprises inserting the
first sleeve tiprovdingtdncassapkelyiingudinghz dtivathating stigevideexll andla sebordugh bot h
the first 2&1d econd sidewalls and is configured to couple the first
si dewal | SPPRE cQno6HEd 3t elgading and Araifingnedes suelc it dasavdtynist Henedi m 1
wherein iQﬁﬁEﬂétﬂger? second sleeve into the opening further conprises
inserting the secodd sleeve into the opening such that a portion of the
first sleeve is radially inward fromthe second sleeve. 8. A nethod in
accordance W t Horediag nanl ophrifi@iettenBm@r thirdlihathee el GiddvRlY 8nd HhO seddd@ openi ng
further copprises inserting the second sl’'eeve into the opening such that a
gap i s defids¥alipet ween an end of the second sl eeve and a portion of the
first sleeve. 9. A nethod in accordance wwth claim1 wherein inserting a
first expandab | eeve, t hr oygh t.he openi further conprises_ inserting
the first expa#@%ﬁ% % %&W“&%’#%ﬁ&%vettﬁ@usﬂ Hgemblyapeninsspeh that &e 5| eeve
~ Lnel udes glebvd éxteria8 bbloGkhB AuViflKord UWHR'AL firsR BRI RELRRLAIGRANAL 1O 2

di anmeter of the assenbly openi'ng, and a second portion having a snaller
dianmeter than the assenbly opening dianeter. 10. A nethod in accordance
with clai m9 whemding thosleevesiontheifirstearid segorichsidewsity) dind Sheeitg 4 Béoond he
openi ng such that the second sl eeve extends circunferentially around the
first. sl edevedpiosthg OpERIRE &Rch that the second sleeve extends from one of the first and

second sidewalls partially across the cavity.

2. A method in accordance with claim ! wherein forming an opening further
comprises aligning the first sidewall opening substantially concentrically with respect

to the second sidewall opening.

3. A method in accordance with claim 1 wherein coupling the sleeve further
comprises radially expanding the sleeve within the first sidewall and the second

sidewall to secure the sleeve within the strut.

4. A method in accordance with claim 3 wherein radially expanding the sleeve

further comprises drawing a mandrel through the sleeve to secure the sleeve to the

sidewalls.

5. A method in accordance with claim 4 wherein drawing a mandrel through the
sleeve further comprises drawing the mandrel from a first end of the sleeve through

the sleeve and through a second end of the sleeve.

-10-




11. A method in accordance with claim10 wherein inserting7aunseoond sl eeve
into the opening further conprises inserting the second sl eeve having a
dianeter that is approxinmately equal to the assenbly opening dianeter into
t he opening such that a gap is defined between an end of the second sl eeve
and the first sleeve first portion. 12. A strut for a gas turbine engine,

said strut. compyising .a first sid |l conprising an opening extendi ng:

t heret hr otu6§]h; rrg\ e dmsf“ifgﬁﬁlnfe (‘,vdﬁln\l\@@tnég %e@% Hg?’?tlpgtap E?S&&&Bﬂ)&aﬁlﬁ a

| eadi ng eqdmev@fodth the dpedide ROMEAGEMPS emgﬁ CARM} Eiked ingd between
said first and sggéohnd esipleewa% l's, - llpzéYéQ\?ﬂéne glg fgl\aélt %S"’eezﬁ‘g&ésh. glgwal I
conpri si ngpeming pachi that thxslenc extentih treddhrotgthedirst and eaeadtstdesalls yndidsi gned
with respect_to said fo'rst si dewal | opening; a first expandabl e sl eeve

ext endi ng “PHiEHErhto eithe Gyst sidgwalbtoghe segoad sidewallopeni ngs and bet ween sai d
first sidewall and said second sidewall, said sleeve configured to

facilitate incnpeasi . i .| i d st.rut. and a second.sl eeve

ext endi ngqbartﬁaﬁﬁy&gﬁﬁggghhggé?ﬁlg{ ?ﬁ?ﬁéﬁ%?/mflp%eﬁm &°% ngaslfe(?vefull?st

si deval | #rtbpeaing i@ dmpridesvabdrtife e sbbild shativel iit6 T \ehenlrRaveh tt a

concentrically aligned wth respect to said first sleeve, said second

sl eeve coﬁ?}ﬁlpgioﬁgl%ﬁgrﬁﬁ&1@Nepbﬁaﬂiﬂliﬁinm‘diﬁmgidlefsqusldS&Eeameter and a second

portion having a second dianeter. 13. A strut in accordance with claim 12
wherein sgid at |east.one expandaple . sleeve.is coupled within said strut

" by drawi ng' a n}a\nlggﬁlf)&tnh%‘i?&#%ggi“a&’s‘ﬁ@&i Wei'l'e&?’r’u’énsef‘?&? S%FHB& Sleeg%l?rﬁosl eeve
to a secomd opBing furdsr St i i i expanded

Wit hin sai d()?i rst and gg@gﬁgéégp%em Ihtsggéeorlllla%eg?(éﬁ&ﬂ%dt?@?@}lﬂ“e%g%rdance

wi t h cl ai gapli2 defmsddietweenpon dnid@f tiaf sesaridblsse and a poinas thersesighaet er t hat

is approximately equal to a portion of said first sleeve first dianeter,

sai d second sl eeve dianeter is snaller than a dianeter of said first and

second si ttewal ©* BpBAT 1y eccardancs with ¢laimn] avhesnin dnssating e Hirey exnandabloner ei n
said firs i r. is smaller.than sajd first sleeve first
ai et er e IR0 e TREG camtp R imeEineoRE AR, Proriie R 0 1 7o
sl eeve semesughiid dpeihg, wherein the first sleeve includes a first portion having a diameter
approximately equal to a diameter of the assembly opening, and a second portion

. having a smaller diameter than the assembly opening diameter.

10. A method in accordance with claim 9 wherein comprising inserting the second
sleeve into the opening such that the second sleeve extends circumferentially around

the first sleeve second portion.

11. A method in accordance with claim 10 wherein inserting a second sleeve into
the opening further comprises inserting the second sleeve having a diameter that is
.approximately equal to the assembly opening diameter into the opening such: that a

gap is defined between an end of the second sleeve and the first sleeve first portion.
12, A strut for a gas turbine engine, said strut comprising;
a first sidewall corprising an opening extending therethrough;

a second sidewall connected to said first sidewall at a leading edge and at a

trailing edge, such that a cavity is defined between said first and second sidewalls,
‘ . <11 -




- 16. A strut in accordance with claim 12 wherein sai d secopdlskeeoye
conprises an inner end and a chanfered outer end. IT A strut in accordance
with claim 16 wherein said second sleeve inner end is a distance from sai d
first sleeve such that a predeterm ned gap is defined between said first

sl eeve and said second sleeve. -12 NETHODS AND APPARATUS FOR ASSEMBLI NG

GAS TURBI NE; EN . A hod f i |l dabl
sti ffenerl\g(%lldg_o CP‘E%I u%@ggl IEr (5'@?1 ?ﬁ%%nanas ee%'rlbq%y ex?%’ﬁlin%s?@ﬁfé}fqﬁ%@g %r)f( 2’? e

si deval | (cohOgntdeallyalighedwith séspenvad kaid Eld kideranepifss-at a |eading (64) and
trailing edge (66) such that a cavity (80) is defined therebetween,

form ng an opening (102) extending through the first sidewall and the
second sidewal?d fifstrixppadahly deqver extending tarahgle ssifl s ad 46ont hsidewhl t he

ot sy aHEnES dMBbeutfny Bl SR o et el seibede T

si dewal | s.confifred & facilitate increasing a fatigue life of said strut; and

a second sleeve extending partially through said strut cavity from one of said
first sidewall and said second sidewall such that said second sleeve is concentrically
aligned with respect to said first sleeve, said second sleeve comprising a first portion

having a first diameter and a second portion having a second diameter.

13 A strut in accordance with claim 12 wherein said at least one expandable
sleeve is coupled within said strut by drawing a mandrel through said sleeve from a
first end of said sleeve to a second end of said sleeve, such that said sleeve is radially

expanded Wifhin said first and second sidewall openings.

14. A strut in accordance with claim 12 wherein a portion of said second sleeve
has a diameter that is approximately equal to a portion of said first sleeve first
diameter, said second sleeve diameter is smaller than a diameter of said first and

second sidewall openings.

15. A strut in accordance with claim 14 wherein said first sleeve second diameter
is smaller than said first siceve first diameter, said second sleeve extending

circumferentially around said first sleeve second portion.

16. A strut in accordance with claim 12 wherein said second sleeve compﬁses an

inner end and a chamfered outer end.

17. A strut in accordance with claim 16 wherein said second sleeve inner end is a
‘distance from said ﬁrst sleeve such that a predetermined gap is defined between said

first sleeve and said second sleeve.
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