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 t hatvitheigidstrgy Gid K in d&idéh Odsting] Bk BRample, orGaiahd ¥ui%§fl§tﬁ{e%ie

men

because the whole front frame nust be subjected to a Heat-tre
ereto. 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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-1 27 June 2006 process to elimnate |ocalized stresses tpafune@aded be an
initiation 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
conpar i sprocess toledindaatpilovglizbdvitiesss tlsit cbuldite anangiatiomyitarfby sybseqtiede i mted
vi brational, danpi ng, and do not increase the structural integrity of the
strut. BRPEF-SUMVARY OF THE | NVENTI ON According to a first aspect of the
invention, there is provided a nethod for installing an expandable

sti f f enefThe gaid sitiebitd thr€ RTRRSSINADtheRiRY call %o MciRBREMMYing bibehtiiHang @ strut
having a first sidewall and a second sidewall connected ai a | eading and

trailingSEsses dseed Ratthg smbi Hewieyerdedlthpegh tshelr sBiwongseare Memncosy an

~openi ng i I h, t I i t C i dewal | ;
‘inserti n%ﬁg[td?@ gsﬂt?gko‘é&sgﬁ%a%)l %gs({aié{g\%g ? ‘ﬁ(gégg#cthﬁ%ﬁ%osn ggﬁ%&y&%gﬁ‘g\% such t hat
t he sl eelimited vibmaionatdamgsing, tahé do avi inyreasedhdstrwwaenl ihtegrifyl ofslie ang. second
strut sidewalls; coupling the sleeve to the first and second sidewalls;
and i nsept,i I i e opening such that the second sl eeve
ext ends PF@@?§ﬁ3%§@&€ﬂgﬁfﬁiéiNgﬁhﬂgégbnd sidewal I s partially across the
cavity. According to a second aspect of the present invention, there is

provided a stAdtorfliag t@a figd aspedl dHtREINBAIAIE thebcis rlidadla MOMPE Fsri ng: a first
sidewal |, conprising an opening extending therethrough; a second sidewal

~ connect elstelinganexpandaplestifengs) saidimethod eampriging cugddinganassembly ai | i ng edge,

2078 soincRafifbl dal havifieh HRESABRLINGRT, Salufla by BNMeBEE A1eahEOVE | S
sai d second sidewal [ conprising an opening extendrng eret’hrough and
concent ramidrdiingédggrsach that hcavey prddfined tisadbdthdeh sformimeinalpeningeni ng; a first

expandabl | eeve extepding thro said first and secopd sidewal l
openi ngse’g?fﬁﬁ%&'ﬁ%@ﬁ téedﬁ'at ?18‘?"?@[ ?”gllg‘g%%wd %‘ﬂﬁW?l&ilEFegé'lgcﬂgfsgi dewal |, said
sl eeve CORbh@iblEdedve thidfitl ihbALmbIFsRARINGcR thaf felsdGe bdtbfiisQbro3@l d St UL;
and a second sl eeve extending partially through sard strut '
. the cavity and between the first and second strut sidewalls; coupling the sleeve to the
first and second sidewalls; and inserting a second sleeve into the opening such that the
second sleeve extends from one of the 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.




cavity fromone of said first sidewall and said second sigewaklzosaich that
said second sleeve is concentrically aligned with respect to said first
sl eeve, said second sleeve conprising a first portion having a first

di aneter and a second portion having a second dianeter. -2 27 June 2006
Her ei n diHecdinsiistlossd ds retretiddf for ihstalliag | annegxpandabie anffeddre Thé ichdtkser . The

nmet hod conpr.i ses pr,ovi di ng ap ass ly including a first sidewal] and a
~ second sFEfERBFP prg\gﬂwgcqnegs%gxpglg ERGIEg? iﬂﬂt f %Wa}% ﬂ'é é(fﬁ%‘m_éiu%‘ﬁe‘{’ﬂht a
cavity i goiRbledef atlBRHEPSAIRSNing deg\gAg I@?Ilaﬂth_aﬂa%%w ﬂ%éﬁ?i}ﬁé@ R dRebdnough the

first sidewall and the Second si , Inserting I rst expandabl e
- sl eeve t Hroves an hwenisg exbsingdingptdrdugl thadirstt sidewalhend Itee yezond sidemal, bet ween

the firs se iLdewal | s, .and ¢ ling the,sleeyve to the first
and seco%ngggﬁéélmgrlg{]%p%%a@e ¢ ?%vgﬁ%?@ﬁh e ?S?%igt()p Ype 3“°gslat§a %‘F Bfeﬁ%e engi ne .
The st r uextends budwserathi firstt argli sdewval btrutdidew@lio hdSéolpiay the deab theast one
expandabl e sl eeve. The fjrst sidewall includes an opening extending

t her et hr tyAnd sesand @dewallssi dewal | is connected to the first sidewall at a

| eadi ng edge and at a trailing edge such that a cavity is defined between

. the firshi@nfls3eeenda s ¥R b turbif & r!dnfé &%w@ciudw& g SRieRgu.Apen! N9
extending therethrough that™is concentrically aligned wth respect to the
first siskepnd lsidepelhi ang. at 1§dst one expmadiblonkeex pAhe dinjtsideivabviecles¢seards t hr ough

the firs nd second sidewal | , openi ngs_and, befween th i,rst sidewall and

the secotRibie STERMRe TheelRuian. °AER' SEind Gieaat 5 Foubbird 4 dhe siEaci ng a

fatigue ijdéwalDht SRbding gl andBiRlabtailRESEdge RhtIOMabhr cd¥ily iAo N Fetwbaure 1 is a

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

pl ur al i tiredirsiepnst srsond pidewallssi Fhe second sidgwallindpdesanoepeningcextensdig si de vi ew

of an engi (o) - El e i ' LS.

Cross- sg%l'? %gﬁgﬁéw/?lggvﬁo@ﬁ]ne%‘g#lgu%glglsl%doym%ﬁir%%gﬁgtégggii E%tg’ﬁ%ﬁagldgﬁaﬁigi ne 3-3;
: 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;
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and Figure 4 is a cross-sectional schematic view of the sbrwnedoosn in

Fi gure 3. DETAI LED DESCRI PTION OF THE I NVENTION Figure 1 is a
cross-sectional side view of a gas turbine turbofan engine 10 including a
generally longitudinally extending axis or centerline 14 extending from an
inlet end 16 of engine 10 aftward to an exhaust end 18 of engi ne 10.

Engi ne 10 1{,.ncl uEﬂES a core  engine 20 which includes a | ow pressure

conpr essor &8 hisghcrpssessstional Kiswpelths strugshownsindtgiye St takenddlongline 343
pressure tyysine 38, and a power turbine or a |ow pressure turbine 40, all
arranged in a serial, axial flow relationship. Conpressor 32 and turbine
38 are coupled by a first rotor shaft 42. In one enbodinent, engine 10 is
an FI 10 gylerfiels a\cedss-abitonal ohertetiveviatv JFltecstrut shoal rFfire BNQi nes,
Cincinnati, Chio. Engine 10 al so includes an annul ar franme 50 which

supports i ) i i rn, supports one end of a
shaft, sutaz%ﬁgghlé aW?ﬁﬁwgﬁWﬁ(ﬁgn thereof. A plurality of
circunferentially-spaced struts 52 extend between an outer structural case

ring (not Eimer)isangoss-se@ivhel sild e ofaNghsdititd tutofdd .'i@irl%nfdeﬁlicfbgfn?hgi ne 10
downstreamtoaﬁore engine 20. Struts 52 are hollow and~are fixe | oi ned
to the outeasrally fongitudigelly extendingrdisier Gnterfieyld extending fomaniialet end 16

Cross-secty i ' i rut. 6 ch engi.ne strut 52
(shown in dé:&gl récsll). gﬁ&:‘ﬁ 9%8%&%{%’&@28 ii‘sgglpe 89 ?nﬁgﬁgﬁ WCEWeR 8iAkct ed at
a | eadi ngnging@06+hicinihchidedwlotnpressusd oeBprebdoaBh, Hgh peRrSSbomenedrshat a
cavity (not ho in Figure 2) is defined therein. Each sidewall 62

xt ends | m@mﬁ? a 9,1“%? pressye fwrbineoif, aad it powsrrughiamor s dewapressdieal | v
i.nner edgeubthel®. ain i [pr=1 : e I Ut.S re hol |l ow
and in the exenplar aﬂ%i:}ﬁ ?rgénr%@l ﬁ\%wﬁgﬁ}egnﬁflgﬁgo%‘%? nfggoﬁlségaa“?%ur%me :
convent i oR&larg cpmlmi/ bpacfirsstotert sla@t 42 I bob epbodinehwhging 161 igWneFRY, such

as hub 54 (. i i e 1 | n. al nati ve enbodi nent, struts 60 are
formed i %?é%?gng‘b%1?9@%8“@@%@&‘@&%%5%&(9’%‘%%‘13@99@1!%nal vi ew of

strut 60 taken along line 3-3 (shown in Figure 2). Strut sidewalls 62 are
connect ed Eagineclddalpg irthdles aaiahhwlgr ﬁag@ss(ﬁegh@ﬁ@uﬁﬁoﬂsr@%@ﬁggj (ﬁg{ ¥hown)

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
integraily 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- :




3 27 June 2006 such that a cavity 80 is defined therein. 2N 2006
specifically, a generally U shaped end support nenber 82 extends between
sidewalls 62 to formstrut trailing edge 66. An internal strut stiffener 84
i's 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 mentSUckt i f f dk 84 Bs coreayifit ed add has im shapefipedri | ar there.

honeyconb i ffener 84 divides cawvity 80 into lurality
of cavity Ig%ﬁ gﬂ%{g{c kﬁ‘ r%%erslegéllcl?lt ?‘f(%lgqpf’g,engﬁuf’?gﬁgf‘e% TCﬁQ\,F’HSE&SCB "% 80 i nto
a | eadi ng sidiyenlls#2ito Yorfistamwdaftingedye 66.avity 92. It is known to facilitate
reduci ng i nduced strut vibrations through silicone rubber injection

danpi ng. re specifically, in the exenplary enbodi ment, a room

t enper at u?gﬂdﬁﬁegﬁﬁi%w‘@lﬁgm 8gi 15 goweallydigposed detvaen stk sdtdawalls & kaut

cavity 80 & ' 47 ' L @pal i L.t ny. 60 or

exarpl e, 1 nLLRS Rl bUANIE AT HRUAL, 837 SUFRER Dfolbd' ety ond it 01 1)

manuf act ureallso$2 t beswesmp eadiallyClirerer calge CodnzadyradBilyi aoae elde i72. | Mnesied

adj acent agp.,aft si.de.Q6 of, stiffener 84, and _silicgne 94 does not extend

| ongi t udi neﬂﬁogug%r{tmﬁetgﬁen%gﬁ at F?/“'Wfﬁﬂ andias & ghapscsimilas tn pyhongypoab etgge 72,

but 1 at hersqeate ywaas! Stidendtald divldey chai PRt BRRRAIRP S OB cARIRS Miednd 72,
n

respectively. Viscoelastic material, "as used herein, 1s”a nanme given to a
cl ass of Spesibeally stiffenst 8didiviresyeavity St inta hileaging edek angity 90 andes padys e

usual l'y r%%%?{%j to as a strain to an external stress that is dependent on
he initia r'ess, on the strain, and on either the tine rate of
pplication of the stress or the tine rate of change of the strain. These

mat eri al s Iusukhdwn éx Hadilitatearadieing | inguded dtfue viliraidnd thRughi dBcde #BBerSt r €SS
To further

and usual l.y. exhibit, cre under onstant applied stress.
facilitat é’%fg‘é‘ﬂ"l?cidﬁ’&p\?igbr Aot apeeif sdB et semplay .ambglimen ha soemt 60
| ncl udes gerspafife ARSAIRIY(RIAD Gl Had BEAHfLcRE SRS Hut Al Pogd W thin

strut
provide limited vibrational damping within strut 60. For example, in one

embodiment, the viscoelastic material used is Kalrez® manufactured by the Dupont
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

4-




sideal | s 62, and coupling sidewalls 62 together. Sleeve aggawizogs 100 is
expandable and is fabricated froma material that is plastic deformable.
For, exanpl e, sleeve assenbly 100 may be fabricated from but is not
limted to, stainless steel, or nickel alloy. Mre specifically, each
sidewal | 62 includes an outer surface 104 and an inner -4 27 June 2006
surface 106 that defines strut cavity 80. Afirst sidewall 110 and a second
sidewal | sufacedOh thatclefides strutaraginB80i o lfiryt-sideivgl ad o™ Btodd Aidthal

ext ends be en,sidewal | inper ang outer surfaces 106 and 104,

respect i veﬁ ?fe*’ébéﬂa 36%“?‘?3?‘0&1131451@5&1“’% 107 ghatiextends betweon sidewall t han a
| argest oufner MldafirRhrfadedd 06fnd 1 68 Y&spRSRRAP! Y 100. Sleeve assenbly 100 is
mechani cal |y coupled wthin strut 60 by a 'plastic deformation process,

described in nore detail below Mre specifically, sleeve assenbly 100
ext ends frOneiing 462 bpsiaviiametoui 2 that is sleghtly Odrgarcthan @1 langwi syterBdiatmotes econd

id |1 : 0 h g h 130,  th '
Slightly 1R UGty o SRR SSEBRY 18 elicofiR ol niotn v |

outer surdtate® BP4, plastithdéfbahativhe proe@PUeLrived it Mot rddtaifBelos) SRME:
assenbly 100 facilitates mnimzing disruptions to airftlow passing strut

60. Furt heiseifigallys slerysgpsambly; K0 extends ifigretirsh sidewalhnvter $@facd d@datosam f rom
stiffener : 00 1S¢] r.ted.thro
Speni ng. 108 LA eBhd MOEaf YRR Gt St Rt Rnl RS B AL ot
mat eri al Ohat iDelightly lenggr than apizoptistince $31 bawaen fikbBR! sdcbh@SilEwal] S@agpPi ng i s
over conss SHHGO%: el ik Pl Gheledontian SHEREL. Soe soFmbRe | Bt feiiteoun
anpi ng nehhHaEBieoiRaHtBA - @l tdd | k i use in
struts, such as I%?r ut p610, yﬁ%%gﬂfwg%mgn%eég' 5%%%@?‘%@’%@ tsshown in
Fi gure 1) .posisioned angistancel Udindownsiteamn| fromostiffaries cBdlelsach itleat ehedy kldbve S

i njected t cavity.80 and cur ce there, e viscoel astic

mat eri al bag%tgﬁ)l Ig(?:tis ]inﬁ?ljée L Ouﬁgrqpe%lpggg?u%eé’ assr%i‘t@l’/ébg dpgs potcopiget 60 has
to be brazedispiptwidcosaktichraiendlioqe front frame 50 (shown in Figure 1) nust
be heat treated at a tenperature that would

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
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

R
'

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, 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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cause any viscoelastic material 94 in struts 60 to nelt anglae2bos N and may
clog.up cooling or anti-icing passages (not shown) within strut cavity 80.
Furthernore, material 94 provides little, if any, additional structural
integrity to strut 60, unlike sleeve assenbly 100 which coupl es strut
sidewal I s 62. During engine operation, nmultiple pure tones and vi brati onal
stresses naé be produced, for instance, by physical variations in the

t ur bi ne bl &Bi nhe( mduceshvibrationsldstreates prodieed dendih@de Aernil ﬁﬂ%ﬁdrélg?ﬁt

transonic er soni eeds. .l n. such operational nodes, multiple pure
tones nay rogélglgmf %&’ﬁ? ﬁl%lg?fa@&é?'t glegye Frmabel Uk fagidatesreducing flexingal 60.
The i nducesgidewiliab? %alda?ﬁﬁseﬁﬁﬁaﬁoﬁﬂoﬁfséﬁ%% iﬁgﬁ'iléeéhntg ﬁ{utféoe@&i%%ﬁﬁ%ﬁgzi L at es

torsional  novenent of strut sidewal eve assenb

reduci ng fiexgapgy demping aethan |strub Hlafiet cebspmtinllypradit oded oft &:RH666n iangduced to
-strut 60, eI Y | I ncrease danping within strut 60 for

subst anti a gtaglgwn%%glgﬂ%fly@{ it?l]e?ff?‘?ﬂﬂe% - substantially all nultiple pure
tone frequencies. Figure 4 is a cross-sectional schematic view of strut 60
and -s| eeverigasedtib y dOG-seciibred wehaasaRMibY J08nit W0l MilPSIedyvel Ikahns! fifVe 140
and a second sl eeve lﬁé _Fi.rst sleeve 140 is holl ow and has an-outeéer

" surface 14Xegyrpssembly 18P ingludes adirstideeve 140 wnd aseeomidisieevo ld2r Filitateyer 122

i S neasure ' ' ter surface, 1 and | eeve
nasenbly | ehot LOUGRaNESRs hbalbdatbc PELGEM R Wind g S hasmbin: o
speci f i cal ¢ujer diamster I2@eiv endasmgt hwitl3 Zespeasurast Hedveesitesfridst14angyd50 and

a second d 152, ol lar. 154 extends radially outward a di stance 156
ér om sl ee\/gzgefﬁ(flsﬁ?n Vﬁg?gtﬁelr;’b iSopeasprids witheraspect 4p | fjrst slsbvead40.54Moas a

i aneter 1p8itibaly, ifst! M8 TerddiRN3S gﬁ’é%é\%k{j beRRRR! st 204 é‘?@‘fgﬁgfﬁ“&%ﬁéﬁ' | ar

154 prevents first sleeve first en romentering I ng
102. Furt feddele A edlar 354 egandsaadially Mitelnts distahile 156 from stdeoe 140 Adhsal SO

body por ¢ 1750 1780 M SRBE b edi? 437 paf's 356k S s el hporaveil 152,
| gng has qlpbBiI:tng glizam@r tha 2ollaBeAGANSteRAY (iR 's1de0d ik 2nd*F ONHSm' Efildd ' St
ody port Is?cﬂewaﬁ opening 102. Furthermore, 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

Bt
. y

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.




to first sleeve second end 152, and has an outer diameter2ififmetobes is

smal l.er than first body portion outer diameter 122. Accordingly, first

sl geve 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. Mre specifically, first body portion end surface
168 has a thickness 170 neasured between first body portion outer surface
144 and se8essadistegye b42 is bollayé and Ras st osteesitick 480tRd b32np@ siithée pECON

ti 162, t 0o nd from second i dewal | outer surface 104 a
3 iog%/aﬁg; |19)§°°6\‘/ﬁ SieeYs fﬁ ﬁ%‘i T r il%i Blepaged Wifbagﬂi’ectstprsmond_csée@mclhl t hat
first end ogbt Qnfat5480.5 Sé&ﬁidr‘s‘léev@rl49lﬂs%lrha§ !éﬁfiﬁzfe‘? 3180 144 ﬁé&stuﬁ%dce'

. . _ 9
110. Distance 174 is approxi mately equa irst sl eeve co I‘ar ess 15
such that reppectio speomd esleqygsinngosuafide 182, eS¢cend stuetevdnshrydiame@pRRM%E Nat e

[ .. =6 27.June 2006, Second sl eeve 142 is hol | ow
e SRR B B8 R AR TSe el e e 145
has an outa’zacubameixerﬁﬂt&%d%@édﬁhﬂ%ﬁ%b&hibﬁ%{é?&ﬁroﬁ _ﬁFHBé’Edto%gﬁx%&e out er

surface 180. Second sl eeve 142 al so has an i nner di aneter measured with

respect togsecond sl.eeve.inner surface 182. Second sleeve-inner diameter
' 184pi s s|$“§ﬂ?‘f ge?vérla%fff digmgeier 184t substanfially earstagt betwgepa firitend d9Guret er 166,

d ' ' i r VeS| st S e .second body portion
e ot hr ougpond oh 192 &F Seldhd’ S6G B! Nbre pSRlaR® ol BF¥ebines

subst ant i aurfaca b8 isaontwasdlyehamferéd nstecond sk8%: sdtdnd 2nde®RNdnend sd§2 of
second sl eeve inner surface 182 is

ond sl eeye ;142 More specifical]y,
Sﬁf war dl y S?%%Sﬁqggﬁmé’fﬂ g’@@lﬁ légége‘x’z‘ cased gheecendisieorz seeond end 199ch  second
l'eeve inner diameter 184 is increased at second sl eeve second end 192.
Second s| cvendidevalisn alsachildas Aodiik by 1 2BMrlIREE Qg3 68 8, Seapnd end
192. Collagr 200 extends radially outward a distance rom'second sl eeve
142 at seddRewEnds radially perd pegstmceeaorzﬁomcsbd:cmd defehiae a dgt@gﬁlﬁr d204|
that is apppsoxi fi sl eeve ¢ r. diameter 158. Accordingly,
second sl ggg'ei%o Flgérc ﬁ@og?} %%h?ssa (ﬁ%ﬁlﬁt& 204 il 8 appr0x1matf]5ly equal first |
sleeve collar diameter 158. Accordingly, second sleeve collar diameter 204 is larger

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

e
H

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 .équal first body portion end surface thickness 170.

During assembly of strut 60, initially an alignment fixture (not shown) is coupled to
strut 66. 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

-




an' si dewal | openi n 120, such that collar 200 prevents geo@edoss eeve
ggggnz gnd 192pfron?enter|ng si dewal | opening 102. Furthernore, collar 200
has a t'hickness 208 that is approximately equal first sleeve distance 174.
Second sl eeve 142 has a |l ength 210 neasured between first and second_ends
190 and 192. Second sleeve length 210 is I ess than a length 212 of first
sl eeve second ? . portion 162. Accordingly, when first sleeve 140 is
i nsert ed ?SHP‘E acption of opeig 3. r The pidat sltherl amed do Wrencsthepeging| eeve

142 ns t second I dewal | 112 a gap 220 is
def i InZdI befdv\%tegﬂ oggggﬁgdﬁlﬁ%lg’vméﬁwfr%r%ﬂ? fedped fo{opa peniges 1¢%dy portion end
sl eeve 168. Second sl eeve 142 al so has a thickness 224 neasyred bet ween
second sl elop distamte K2dis dhenedetesmiriedc arch B a21ebve8seniifty ROGHH VA May oAt 1S

f hi ck 170. ring
2SSenbl y - o TRE oy ot rmpaieh °%feé€q”@ﬁ§$£h€é’she%f§pérémc necZﬂidquh tt coupl ed
1 posi 11 on el ot fye Lo i olnlich REH SRRy B ERC N it elereg

in position relative to the renalning

al i gnment 0 ip pani ingertetiothrough rfostytidesvafleoening B2 aki firbwih Mélﬁi Li@eidll st

' 7 27 J 2006 desired | ocation
oF openi ad oS B8t BredOltap LA ncSitioRed Aot Tt sidon ogerinace 105 | n
one enbodiltentmd At tslqpve se@MABT PSLHERE 4 RisiOlk Q‘l@&eﬁlélﬂ%gfo]n%f %eéﬁpmo ray

132 is then determ ned, such that a sl eeve asse
giaSt ggtc gr rﬂuFFéoF“IftF’ﬁe dRd. efeenmdnaleave 2o is thensiwertdd drodglD s@doﬁdmi@e\ﬁ@lbrl cat ed

t hat 0, 1 rm nblle aV|n pIurI|t of
engt he. 138RF 107 S{tCieRrs 6 PR S el SroB gieevr s ke | )
%pem ng 1®951aanbcldrgamsglsemd@méwauctawlshrfadeland %uahﬂfahﬁécoha &Evesklézfe}ée collar
154 is pos P nst_first sidewall outer surface , and
sl eeve seé%c#ﬁ)l ‘?}g""i@‘é’%‘t@ﬁﬁ@eﬁ’eﬁ%ﬁtﬂéﬂ@& Pegichr L. séwmdingllydwhaid fuélyou]t Fr

rough s si dewa

openi g 105 mna anan o e el Wi HE60. it Qe ok PGS ol 1 ar
200 is pé§2tslrmﬁbdagaﬂwsﬁolsmwwmmmulsmué ¢42.surface, and such that
second sl eeve 142 is

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 draﬁ 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

o 102, such that sleeve assembly 1...00 is retained and mechanically locked in position
i within strut 60. Sleeve assemblgr 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 struts 60 are

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

-8-




r adi‘al I y out ward fromfirst sleeve second body portion 1627 Je@osali ngly,
when.fully sleeves 140 and 142 are fully inserted within strut 60, first
sl eeve 'second body portion 162 is received in close tolerance within
second sl eeve 142. A mandrel 300 is then pulled through sleeve assenbly
100. More specifically, mandrel 300 is drawn through sl eeve assenbly 100
fromsecond gidewall 112 through first sidewall 100. Mandrel 300 is known
in the artto fagilifgfe avibestinatdampingrivdthiont méquirng smmya60 t e itbase@draml 1 er is

drawn thro 100 rat.her, th mandrel 300. As mandrel 300
is drawn tﬂ% uﬁ% s%’{ee\/e a@@é ﬁﬁ?ﬁmﬁﬁ'&mﬁ%@é@% yerenitech Somemiginectpansi on,
sl eeve asszmdb«mholﬁeequ&uigmth‘@@inbﬁtsdef ormed within sidewall openings 102,
such that sleeve assenbly 100 is retained and mechanically |ocked in

posi tion %M strul 0. Sleeve assenbly expansion gap 220 facilitates

pl astic de VEERscrived wrpansioneleeys agsembiin ihchuis astephed figst sloevermidya

retention @ fro essi b tvveen each
respective s?rgﬂegg&%4%§§§%é/?}gg%d§§mn nﬁ)h Eﬁ%’vg?n S@Ff € pgspmbly, ds
conpr essi dhstaliedimencadd expansioh4Poedihbfenablad t@ﬂbéﬂe%senﬁﬂlﬁss %195@@5 le cg
second sl eeﬁ% 142 fa??cﬁgt at e etent| on margi n of sleeve assenDd 100. The

al i gnnment ‘P Grats;ta Ate Wt dampingswitkoud Irequinizs a tiecompimeibgtheas| eeve
assenbly tde@fhen®l 26MRs. 149 aaﬂgulyale £ e nbl i s 100 to

install ed while sI?r uts 60 are  Coupl egmw ?‘T:SEI%S fe}%ﬁﬁeﬁi re fn@ g’fg@?ﬁd?l cal ly,
sl eeve asdiptionssvitlgn engipe hemierstriislin aatoat&afté@tl\idmﬂ {308 frangaCi | i tat e

vi bration danpi ng vm t hout requiri ng struts 60 to be uncoupled from engine

ér ane 50, ey %g?eeggci rane, 50 tq be uncoupl ed from engi ne 10,

nd wit hout reqw r| ng eﬁ%rﬁlfeg nyigEms, g V@%WP’@@&@WRQM% sl eeve

assenbl y ithost wﬂtdiaedaustﬂeepraﬁdwiu isdoghlzgoiat M idvenRGE B N Bk pder ne
an expans The sl eeve asse ? tH a cold

i t her ebet ween
expan3|onnﬁﬁ QnﬁﬂgwngﬁéBFE§miﬁé@§b§ﬁ¥eﬂ@35enbl|es to be coupled wi thin
struts to faC|I|tate vibration danping w thout requiring a time-consumi ng
heat _




treatnment process. As a result, the sleeve assenbly facil rairegooeduci ng

i nduced vibrations within engine frane struts in a cost-effective and
reliable manner. Wiile the invention has been described in ternms of various
specific enbodi nents, those skilled in the art will recognize that the
invention can be practiced with nodification within the, spirit and scope

of the clm June 2006 CLAIMS: 1. A nethod for installing an
expandabl f ner, said method conprising: providing an assenbly
including a strut having a first sidewall and a second sidewall connected

at a |eading ang pidimid foPghsel m(g AR Wl bl LAgdisipher ebet ween;
form ng an openi ng extendi nggfgnrou ﬁﬁ(%ﬁiee i rgéf[lj’ %%{%g\gc\)a %dgﬁlﬁ%tsw " second
sidewal | ; inserting a first expandabl e sl eeve through the assenbly opening
such t'hat the mddding axasserdblyadoclodiagtsharut duiing afickt bideweltand Bacédndst and

second stru(% s'idewal | s, cougl ing the sleeve to the first and_ second

si dewal | s:S9EHAL Frweeted gt 2 deadingy and twaling pdge suehe thabenicantys isc Hefinedt  t he
second sl qpuerdiwt&pds fromone of the first and second sidewalls partially
across the cavity. 2. A nethod in accordance with claim1l wherein formng
an opening further conprises aligning the first sidewall opening
substantial | y damaagtdn opdiyg éxtddingstesish e HRe SE&SRAIN asd deMRLELnAPENi Ng.

3. A nethod in_accordance with claim|l wherein coupling the sleeve further
conpri ses sidgwpll | y expanding the sleeve within the first sidewall and the
second sidewall to secure the sleeve within the strut. 4. A nethod in

accordance wt im erein.radial expandi ng. t he s] eev further

conpri ses dr awﬂlﬁgh%gr%ﬁﬁr%papﬂ%&gﬁe‘fe _ oé‘gg@%f“?g%@@dme_%mgﬁ%&%ﬁhé‘é to the

s fﬁﬂ’S‘L | Sslcbve dhtéfidh Bdsd theREARY HRANNEv ' e filR4H deobhF LRl lidhatng @ mandrel
| coupling the sleeve to the first and second sidewalls; and inserting a second

sleeve into the opening such 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-




sl eeve further conprises drawing the mandrel from a first2enthe@bog he sl eeve
t hrough the sleeve and through a second end of the sleeve. -10 27 June
2006 6. A nethod in accordance with claim 1l wherein inserting a first
expandabl e sl eeve through the opening further conprises inserting the
first sleeve through the opening such that the sl eeve extends through both
the first and second sidewalls and.is .cqonfigured to couple the first .
sideval | {0 t hé: CRRMIE Fetlrdapiee vt Glaiml dwhetern Teediddh bet \Gpmdabls m 1
wher ei n | BRevd gy C&lj‘éqi ' : '  Nal=1g rjises

I nserting the secé%hﬁgleevéﬁ%ﬁﬁﬁeﬁﬁghg%gﬁpﬁﬁ sﬁ%Hﬂgﬁéyga pggggghﬂ%f t he
first sl eopeningsuchdhaithysleewraxtentls tinoughebosiethefistaing evend8idedkalleadibid i n
accordance with claim] wherein inserting a second sleeve into the opening
further c§ g‘%%‘i“’i‘%%‘é‘r"tﬂ‘%éfsfﬁée‘%u:@rfbeﬁ(@é@éldﬁwﬂé t he opening such that a
gap is defined between an end of the second sleeve and a portion of the
first sleqve. A mH¥RiA0edBaRETRIIAAGE 1Whdleif] iBldlidy WRELAH L0 h! N9 2
first expandable sleeve rough € openi'ng driher cofprises rnserting
the first texpenagifheha! egipeised s tHeRBccAIRE intWhied GicRirde®ch tHath sl eeve
includes a first portion having a dianeter approxinmately equal to a

di anet er Bertiopef thedumtylseve proraidal]y inwatd drosethersdcqudrsléeses  having a smal | er

di aneter than the assenbly opening dianeter. 10. A nethod in accordance

ith claigm9 j | Si I 1i th d | into th
el ' e e SPTRULIS e SE R secand sheese (g0
first sl e@ﬁé%péﬁﬁ@%l&?%mgﬁs?s]iﬁsérﬁgﬁts @%HB @16%9& ﬁft(g ﬁ#bﬁcﬁg{eﬁfg&@ua{ fHlaf 10

wherein inserting a second sleeve I'mto the openin conpri ses
i nser t i nggdphe denalisttwtamancndafithegseaondl siewmt and b pditionsof tpfrsoxledmt el y equal
to the assenbly opening dianeter into the opening such that a gap is
defined between an_end of the second sleeve and the first sleeve first

portion. 712. A(A‘S‘F‘F@P‘_i il racgorgancer With ickime h gihessin Jaseating pfirscexpsniidhing: a
first si dﬁ&@e'ﬂ&%@ﬂ%@ 'orﬂgniﬁg er}l gognp%xstése ?&Eﬂ%gt {ﬁ%rﬁép E}?puaggéble sleeve

through thg opening, 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-




~a second sidewall connected to said first sidewall at a |gaginegoeslge and at
a trailing edge, such that a cavity is defined between said first and
second sidewalls, -11 27 June 2006 said second sidewall conprising an
openi ng extendi ng therethrough and concentrically aligned with respect to
said first sidewall opening; a first expandabl e sl eeve extendi ng through

sai d firstgand nd: i | openi ngs_and bet n sajd first sidewall
and said sseacontsje%gﬁtge\(/g\}a *v,gﬁ\é%f)lajp Isﬁlglglgveaqll c(())‘%f‘fn&.xreex\é\g’t%glgf ?&eﬁf@g’f%h i easi ng
a fatigue dantentiitalyailigned with respodt 1@s58 SRR didevaR bBeding:endi ng partial ly

through said strut cavity fromone of said first sidewall and said second

sidewal | such that said second sleeve is concentrically aligned with
respect to sai c* firstsxpandableesleevsi extendinm dhrolige vaid clinsp ands iseepnd fidewll por ti on
having a f ] [ r and .a secon rtipn having.a,second di ameter. 13.
A strut i ndpézgfg:lg?&giﬁg%&me%s ‘ﬁaﬁﬁgl ‘W@ré‘? Saigi gF°8 dlsé%?faﬁoﬁé%leﬁ Sffdabl e

sl eeve is cafiphed tMakilile fRtdsBbaUhtife 15 P “%d}fjfe' through said
sleeve froma first end of sgi as é@%/ée tg\f\%ﬁgg@gh end of said sleeve,
such that said sleeve is radially expanded within said first and second

si dewal | openi rgsecoridisleeNesixtantlinigrpantialbyr theough saidt dtruc cavity fi@mwnerdefisaida

portion of. sa.d second s]eeve has a dianeter that is approximtely equal
to a port by S e“é"@i%’ SiaPJs%eOglP%é‘Q%W?li Fagh that saidhsecpnd slepve Bewapentatallyy e

di aneter i -di of.. sal irst and .second. sidewal |

opent ngs. SEREMIE Fechbit o Sl B Elve Xaid Bcbnd oSl iR LHRBPARED o1 cove
second di anvihga firstlignetbd £id o RachdSiirfod hivihg & 5&8NE dfahletdr, di ameter, said
second sl eeve extending circunferentially around said first sleeve second
portion. 16. A strut_in accordance with claim12 wherein said second s|eeve
compri sesdn  AnpEdt @nercardance whithnéleined 2ouberrineswid at Teast she wkpandablecor dance

wi-th clai Qfeé‘vGe wherei n sai.d sgcond sl.eeve inner,_end is a . distance fromsaid
first sledve SHcRUPRd vidun sud st by deyvipg g man fﬁ%@l@@d&@ﬂeﬁwa

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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first sleeve and said second sleeve. -12 METHODS AND APPARAIHEIQ0FEOR
ASSEMBLI NG GAS TURBI NE ENG NE STRUTS ABSTRACT A nethod for installing an
expandadbl e stiffener (100) includes providing an assenbly (60) including a
first sidewall (110) and a second sidewall (112) connected at a |eading
(64). and trailing edge (66) such that a cavity (80) is defined

Si deval | andENEREE AR AsPARAIYS RO bRENPING 04 BIRBRMBRNGB:cve

(140) through the assenbly opening sg?ﬁLg%pat t he sl eeve extends between
the first and second strut sidewalls, coupling the sleeve to the first
and second sidewalls. Fig. 2

ABSTRACT

A method for installing an expandable stiffener (100) includes 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) exténding 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.

Fig. 2
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