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;] "e3eVS\ " ~66]1 T8=2 June 2003 1 ASSEMBLY FI XTURE AND METHOD FGRJWERROSBLE
VANE ASSEMBLY FI ELD OF THE | NVENTI ON The present invention relates to
assenbly methods and fixtures therefor. More particularly, this invention
relates to a fixture and nethod for assenbling a variable stator vane
assenbly of a gas turbine engine, by yhich conponents of the vane assenbly
can be selected to conpensate for part variances and thereby optim ze the
oper at i OASSEMBEMFIXEURE & ND METHBDAOR WA RBABIHROUNDE XSSHIEBLNMVENTI ON
Conventional gas turbine engines generally operate on the i~ principle of
conpressing air within a co%Fressor section of the engine, .and then

del i ver i ABEEROE Il ENYEINTHIQNt 0 t he conbustion section of the engine where
fuel is added to the air and ignited. Afterwards, the resulting conbustion

m xture is deliver to the turbij.ne ti,on of e_engi ne gre a portion
of the energy geneﬁg}eegreﬁs}%tW&egh%ﬁgl??egntopq’%%‘@_bg' Féer']‘lg?@sr 3%&28‘%’9’% t ur bi ne
to drive thERfGNIVdRe pPAFREASEP, thid Hlvgﬂﬁ@ﬁfrﬁlﬁte%%' wmuﬂé\sgagmgp{&df frage
conpressors, stator vanes are placed at the entrance and exit of the

conpr essmsseabﬁh?la anrihbie siaemnvad asemblyc ofpigas sarbint aggihe, byorbich t o
direct the air flow to each successive conpressor stage. Variable stator
vanes, WPt of dhepeanedpesembly raanabe selected he caxipenshte fer parfpr essor,

are abl e to. enhance.engj ne per.f ornance altering t.pe air flo hr ough t he
conpr essJAERER G R BRRELAE [T oHaRtn grhiGerdtk RSoBhe esafiblic gas
turbi ne engine. A high pressure conpressor variable stator vane assenbly 10

IS ShowBAQKEROUSD DRTHEINVERT@OsEND! y 10 includes a stator vane 12
nounted within an opening 38 in a casing 22 of a gas turbine engine. As

known in the art, in order to alter the pitch of the vane airfoil relative
to the axis of the Conyandiopal ,gashburbing engirase geAenadlyd eperptedon otheot at e
within the opening 38 of the casjng 22. Wile various configurations, are
possi bl e BY lﬁgr? aHIBPERSEgy alr W‘@“‘J%ﬁ@%@@% spelien g€ dBeisrBEE, apde vane 12

shown in fj . 2 jally e i,hg. fl ange fromwhich an
annul ar - SFE%%ZH&%S’S?‘P%Q%‘@e&‘{}‘Sﬁf g.s%ilggl oy%eogédggﬁjﬁ% S %l 8? Q@%&PWB (unl ess
ot her wi sqyR&ee el fdiaddednth akkadir A GEhRES. ' HfRiriafidb 0 tRé SreWliliihg’ ef erence
to the centerline of the vane assenbly I0, and not the radial and~axi al

di r ect i oreontfustion mungiuneis delivired te blee aabimbiectiof ofithe engineystladread) . A
trunnion 34 also extends axially relative to the flange 30, and with the
seats 28 RarHpRQithesnsrgn gﬁﬁ%raé%gyﬁ e sgmbustignprogess; i§ gxéragtedrie ayane 12

i's secur .0 the L ng. 22 W t hat al ecures a,spacer 14,
[P esccr Sl B 8A3L 2D Rpflkedd | IR RGRCHERRTIRPRGCT )
W thin t hguRReE b BrdsSofsAResH ihed aldIBlaced ah ¥Rt sndeNBid shiewhiheat t ached
to the ' lever arm18. During engine operation, an overturning noment is
creat ed lpmpressor section and between adjacent compressor stages in order to direct

the air flow to each successive compressor stage. Variable stator vanes,

whose pitch can be adjusted relative to the axis of the compressor, are able to

enhance engine performance by altering the air flow through the compressor

section in response to the changing requirements of the gas turbine engine.

A high pressure compressor variable stator vane assembly 10 is
shown in Figures 1 and 2. The assembly 10 includes a stator vane 12 mounted
within an opening 38 in a casing 22 of a gas turbine engine. As known in the
art, in order to altet the pitch of the vane airfoil relative to the axis of the
compressor, the stator vane 12 is designed to rotate within the opening 38 of

the casing 22.- While various configurations, are péssible for variable stator
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the gas | oads on the vane airfoil, generating reaction forces2dang 20t ed
by the arrows "F" in Figure 2. As a result, rotation of the vane 12
relative to the casing 22 requires a seal assenbly that mnimzes wear,
friction, and conpressor air |eakage while subjected to the reaction forces
F, as well as withstands the hostile thermal and chenical environnment of a

gas turbine engine. In Figures 1 and Z, a seal assenbly is shown as
consi st i panefassembliesNthe4anad1 Nakdorn 38 n bhe 3PR&SMa Hdi%[lg flange
30 on opposite sides of the casing 22. The "bushing 24 and washer 26 are

pr ef er abeytemdiinge afige 30 dommosghich aresenilat-shaad portorpextehds deiallgston wi t h
gl ass an%\?EEFLO\I fibers, in order to be environnentally compatible with the
engi ne eR@fiNgMBAI ofseale?y (wnless ethegwisanetedy sadighand]axdaldirectionsng

b1ty e OP Sy e 8cd fo ie LEMBIE b1 BRCERE By HE b oo T
openi ng 33t e tfBalCAR AiaP direstifrs bMPR dridithe fx{‘m&élpﬁ\epz;ss&?\ﬁ)rl])g!ﬂé ing 24 and

washer 26. As can be appreciated fromFigure 2, the dual tions of the
bushi ng b4 iastdlledl hArtr@finion F4oalso axtenids axidly sedativentbthe flaryel3(hand003 3
rotation of the vane 12 are determ ned by the_clearance (radial relative to
the axi s With the seafapBeRenieots thoyghnthen &psning 38 as seeamdn fighea 228 hset ween
the flange Q he ne, 12 and.an ter | ar, surface 36 of e spacer
14 To marmize” eenird33nd Gre 22l < uC B b el slcmaten 10, e
assenbl edldeQe 1BRAPRVEH arkA 1800l thaltriBoRI A, REMALHA Vf The vaheaD APERIn S

achi eved. However, an excessively small clearance results in high forces
bei ng r edhe pedning 38 incdusedvianectidtionthativwaze (nvestsdwrk atthdtedatt that | on
hardware and, in the extrene situation, could conpletely prevent actuation
of 't he vigkerprm 1&aqdi ng to conpressor stall. On the other hand, an
excessive clearance will not only permt excessive air |eakage fromthe
conpressor, but wl | so permt the reaction forces on the vang. l2 to
cause excessive ¢ IPABESPBENEobanon, 88 eSrptie ot BEntied e ©
reaction tﬁﬁ%ﬁ@&mﬁsﬂfrﬁtm&e%%ﬁ”géﬁérﬁgng @eédﬂ%n%?&!s%g?é&eﬁf’&ln%?&@r 26 -
and, in conbination wth higher akage through the seal assently, causes
nor e rapiadrades EF’ dnafigare @f Abea bessil, xgtatibnaof thastme 126eeldtiventd-tlgure 2, it
can be seen that the clearance thr ou)grh he bushing 24 and washer 26 is

det er ni n€8sIBg 2ReTedlirgs & reak agserably dhat pririevzgse weate EicHONarandrf ace 36

and a pair._of_ shoul.dgr of .t.he a 4, n,. ne. 1 acer 14
are pr opé?ﬂér%%’gn%l? 38al§%%ecwh(# ?‘?Pﬁ%ﬁ%&%dt&\s/&%ﬁhélgﬁ?géﬁ% %f%e?@eat s 28
of the VaPRhdtAnds tRO WML thérdiICartd chBAiE€ASdiGrdrliie bE @l §§H @hon D
reduces the clearance through the vane 12 and spacer 14 but increases the
act uat i orenigimequdnr Biguireed andrtatseal hssenabslg iE2shovn|as dewsistirsg of @ he

of fset di mensions D jncreases the clearance but decreases the actuation

torque. Ibyshirg 3fand, washer 26 betwesn b apacss ddand Hapge 3000 PpROSIHRBOWN i n

caept abi LR G 22, PR b F af el A et Bl el O
that a clfpe® dRhpbsiRNaDIEAS] sich AehuBaRidd st haf gllissRAG PEFLON®, the

t or que 2 June 2003 4 required to rotate the vane 12, spacers 14 with
i ncr ementfibdry, dinf fadent tof beetendinmemsérdaly Dcbhmpatibée nwithr ptheel gngine
manuf actured to al |l ow adjustnent, of bhoth iqhe actuation torque and radi al
cl ear anc ETHHIOIIRERY @§t WRY aspRE@yide suitaklq dow-{Eistan Kearirg ¢ a%eér&@é

required to,rof,ate a mane is outside pr tablished torque limts, the nut
20, Ievere%biﬁ &-g,vag}ee]gg) Téatgr?g agf)efg%&eﬁﬁ%al}%gleygl%bved and the spacer 14
repl aced with another having a different offset dinension D. For exanple,
if the actuation torRe@byRy tbo@itihthe radibageleakdgeviron dhé Bhipgessokf set

dimrension D was installed, "while a spacer 14 with a greater offset

di nensi orthpough i thet apérdngi 38 af theacasing 23/ 5 Aovimpeniert functicas 9f die Once
reassenbl ed, .torque s again, reneasured and the .process re ed, i f the

t or que rebr‘éﬂh%@ggg‘t %fi\%é”% r&sﬁt agl‘“g‘i%aﬁ'e PR edateoram Emﬁ?ﬁfﬁbet%@labove,
further i I i NS t r L, e the
stat or 1zﬂ¥§ﬁ§h?3¥}@@n8§§ﬁ§§ﬁ§€?@3|@a%%%ﬂg%ﬁgéﬁpﬁo t esgggggﬁéﬁﬁik
installed, -and that torque is not a reliable indication of the radial

cl earance between the vane 12, spacer 14 and casing 22. |Instead, actuation
torque has been found to be primarily determned by irregularities and
interferences of the bushing 24 and washer 26 after they have been
conpressed by the | oad generated between the flange 30 and spacer 14 by the
nut 20. These irregularities and interferences are not predictable
particularly since, while nolded.-to tight tol erances, the conposite bushing
24 and washer 26 can distort in the free state due to residual stresses,

Y M o S o o g, o




. et

consi stently achi eve m ni numradial clearances w thout exceed? ﬁ‘ﬂ"%\%‘p@pt abl e
actuation torque | evels. 2 June 2003 5 BRI EF SUMVARY OF THE | NVENTI ON
According to the present invention, there is provided a nethod and fixture
assenbly for assisting in the matching of conponents of a variable stator
vané assenbly of a gas turbine engine.3In particular, conponents of the
vane assenbly are matched so that part variances are conpensated for to

m ni m ze motatiarl of tteavamec &2 ate deteaniiedabiitiey tlegraace rddibl mlativeisd then t or que
levels, wth the result that the operation and service |ife.of the assenbly
are opti el %é@ﬁmrﬂﬁorbthrﬁughitﬁemm 24 padnwesher Af between thevent i on

Vane contigthectp 3 et PindtR fnd aRiciiter BEEHRE SHRe 26 BRI FPAHRIL, 3 hae
seat of f sginifiom &rﬁgfésg&e-am@aga e,cetﬁetoar_mﬁhahaesg@ew 18 hQsPgpeassendl ed

has first and second surfaces of t relative to each other, the first

surface hesambbahitbethd easingad? dohehsteahe ohinibfumapessiblel ckakdikces gcond
surface is adapted to face the surface of the vane. The vane is installed
Wi t hi n arfBiRedag Hewavera Amgreessival smafl elearanes | reaultsrdnblighi forges ween t he

menber amFE CeAdRTAs ol R DEnEERe ndVERD G OveToertte e A
Peni 9. PEANAL AL th Y SeloEAAMbn, Rofidktdthletdly e RMRLAfor f e vane

so that the casing and the first and second se nped

bet ween tthe ¢and U2ecleadihg ke cunpeessodatalh Medhé ethembdndoan, exsbisive can be
determ ned experinentally as the load required to flatten the sealing
menber s ailerrappe pill gt emdy parmitexcessive ais deakagrdramythg compressarabul

second suriikaBo sriL AR AdEN (e o redaRate B Fallarede ke o0 1° 1T
gener at esyohGaleSidsihuy AT N UR8doliintNend YRS oAl B9 JFERBES

Finally, e position e seat o € vane Is tected and a spacer is

sel ect ed dvacengatod i frhetbubhimn doandelagtan 26 anld, Xat combirkeandvigur f aces
based on the position of the seat. 2 June 2003 6 In view of the above;
it can béhighenlaakage &nroughr therseak assepddprcauses pioze rapid deteripgatiemef based on

condition orres di t t wll exist in the final assenbly when
properly § 3%“5%93%33%&%??’5% arly, the seal assenbly conposed of the
seal ing nenbers is conpressed under a load that flattens the sealing

menbers and m nor SWJrﬁ,Cﬁgﬁfé 094 &dr HeCseehh@iat WRH! desaliBs WhisugH @) € drag
torque when the spacer is nounted to the vane. In this condition, the

of f set dibeskdhg24r aqdiwasthef @6 it ietamitied by the axialleffsbe dimensied ‘It al
cl earance through the seal assenbly can be nore accurately determ ned, with

the resul betiwesn thepannwar sudfachPg andda drain of shenldesdX ok thappacesdnbl y i s
unnecess . _Accordi ngly, a,significant advant.age of .t.hi.s invention is that
an 1 mpr ovOeRs EaE VAR e g Pb Bt (RAPRDY gRrrlnty PR R A8 he 11 e
0 assenbyguAd¥l SARbRI R B 1A 0898 L vaARN D hEWhbRICRHFIpLrE ©
accurately and consistently achi eves a vane assenbly whose radi al cl earance
i's mni mkededsing dre affsetpdiaidrgicac Dusddugss tlor gleardnee ¢hrougthére vimpet2s and
advantages of this invention will be better appreciated fromthe follow ng

det ai | ed ¥dEPREAT BhbubmarraseeserrPRatnder e respiggdhEs retage the yapg an
| oded ti i.ew of i,abl e .st ator,
Eurbi ne. ekt NATEHisethiSE, fle SHALaReRTySAE T ot AR8el R TRAME BT, o

Fi.gure  decreases the actuation torque.

In the art, variable stator vane assemblies of the type shown in
Figures 1 and 2 have been assembled to attain a torque level within an
acceptable range for the actuation hardware. Because it has been assumed

that a close relationship exists between the offset difnension D and the torque



1; and ' Figure 3 is a cross-sectional view of a fixtured vaneJ¥i&f y in
accordance wth this invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
present. i nvention provides a nethod and fixturing for assenbling a variable
stator vane assenbly fox use in a gas turbine engine. As 2 June 2003 7
represented in Figure 3, the nethod dntails preassenbling a vane assenbly
of the general type shown in Figures 1 and 2 with a fixture 40, which

enabl es t&fuivaDeo 26@ETHY vhRe B8, SPUBrATL With hdterm@htdkl Hiffsent 6f&AL abl y
assenbl ed while achieving mnimal" air | eakage and accéptabl e actuation

tor que | dimkessioMhiD bathbeémpuarpasely miahluifdnturbeistoralloed adjushment eff lssthe to t he
vane assenbly 10 of Figures 1qand 2, those skilled in the art w |l
appr eci athe aRationetargue mrdoradial deprancadyesubstituiiag spaeensi 1es Affett differ

fromtha . descri bed previously. w [ repce to Fiaures 1 and 2,
t he vari tﬁfﬁsee_ S at1€‘§hg/§$\r§uaesge§#gqe§q h‘br&r%? ﬁd%%"‘:t ’rﬁsfeggﬁsé o rg Srii% is?eao_t at ably
nount ed %x‘q@eﬂiﬂrﬁl@, 8ReALNA0,38veMNark €18 R8s 16%rRf sﬁadé334té_i‘@%ﬂﬁ)v%ﬂg' ne,

with the seats 28 and trunnion 34 extending axially relative to the flange

30 and t andudle spacenpd meplacdB witth envthes Ha¥ing padifferdrnt, offdet @limehbioand | ever
arm 18 are all secured ,to the trunnion 34 with the nut 20. The seal
assenbl y Q-hdtorredumple, ife e getupHpBuigrquaevamirg Sigteer spatasr Fhadth del udes

t he bushin sher. 26,~ Whi ch be .f.or med of vari ety of

mt er | 2l STEE R KGREHiSEEP: WES dedmed Butily TefebireBt 1 A ety anc
TEFLON f igpRE6 ditBhéiBnaD! 140mBiafle if @& uﬁﬁ&%ﬁ’?&l}{y'léwsf&%e idihb&nkpY. seal
assenbly configurations and designs can be used wth thi-s invention. The
radi al clCraearassensitledetorghe icagdinge@2asured dridathgepraessirepbateddfithel 2, and
t'‘he annul ar surface 36 of the spacer 14 is determ ned by the axial offset

di mensi oforque ngmaipeAutside tharataklishedilipaits.36 and t he shoul ders 32 on the
spacer 14. Therefore, the determ nation of an optiml offset dinension Dis

critical to mnim ' a u . . i
mai nt ai ni ng an accggggﬁ%&#é&%éeg]%e%%&( ggfﬁi‘? gﬁ%ﬁgg{lé?%%fa e S\i/‘_g‘r?’en 12. -
However, tHae the thRj! #8§€Qired kot thy 1aok 01D i) lsaRprisinks; %Iﬁlﬁv@gf 24 and
washer 26 can have interferences with the vane 12, spacer "14 and casing 22,
maki ng a ipdepiratendnofothe spacadildl instatladaanel thatotoghjue hie Bets antuliabld
i npossible.., . 2 June 2003 8 According to this invention, the fixture 40
serves t dndisptipRigfdhe radial clearance between the vane 12, spacer 14 and casing
22. Instead, actuation torque has been found to be primarily determined by
irregularities and interferences of the bushing 24 and washer 26 after they
have been compressed by the load generated between the flange 30 and
spacer 14 by the nut 20. These irregularities and interferences are not
predictable particularly since, while molded to tight tolerances, the composite
bushing 24 and washer 26 can distort in the free state due to residual stresses,

etc.

In view of the above, it can be seen that it would be desirable if a
method were available for assembling a variable vane stator assembly to more
consistently achieve minimum radial clearances without exceeding acceptable

actuation torque levels.



the optimal offset dimension D under a specified clanping | oadJine 2003
spacer 14 based on the actual dinensions of the vane 12, casing 22, bushing
24 and washer 26, as well as the unpredictable irregularities and
interferences between these conponents that determine the interrelationship
bet vween the radial clearance and actugtion torque. As represented in Figure
3, the fixture 40 includes a tool body 42 that is nounted to the vane 12
and casi n§RIEF GEMMARYOF R RAVEINTION sl eeve 16 and | ever arm 18 shown in
Figures 1 and 2. An annul ar-shaped portion 46 of the tool bady 42 contacts
t he bushing 24 arid thereforeﬁﬁrovides an annul ar - shaped abut nent surface

50 that substitut esASPrding tathe Pieseap ipantion, there isprovidedea sipthed 14. The
fixture 40 _al.so incl ud nut. 44 that re S.th ut 20 of Fi.qures 1 and
> ona t nraddetuie Gbmbty Purhipisfing it B (ERARERS tfwdenEnd vitfliRG 24 and
washer 26s@i6r RRRedebrmbly b & h?ﬁlﬁbﬁﬁ@eﬂén@.”ﬁ\ gaﬁidmagao onBfk Jraukd be for
the assenbly 10 shown in Figures 1 and 2. According to the invention, the
nut 44 i svhnhghissermtilyoate ndtehed sonthah padt veriahdesi areacarhpensatgd |foadoon t he
bushi ng 24 and washer 26 that ilsqsuffi cient to flatten the bushing 24 and
washer 26mipimizeyradiplesieararics fehily alspepchigyingaacceptahle metyptiorn torgie
accurate asur e can ined for the offs di nensi on requi red of
t he spaceig%’f ’@E@ﬁf%%%ﬁ&%qﬁﬁ %’F@%ﬂ%‘ gr,lgtsﬁgnf? %%PE%%@@W yzﬂfgi ncl udes
a pair of oPﬁﬁgggdAB t hat extend through the wall of the tool body 42 and
into a cavity wthin the body 42. The probes 48, which can be of any
suitable type, such as a linear variable ,displacenent transducer (LVDT),
capaci tance probe, lAaserdingt to, thas envemtion,o thtetraethadhef| duat irvendbnt he

seats 28 within the cavity, For exanple, if the |ocatiaqons of the probes 48
rel ative B80¢ Yaﬁﬂ’fﬁﬁ%ﬁ-‘éﬁ#&?&&% staley ¥epe geseanblyHbiat datlugenp Aatosv@Rnown,

the | ocati . th e & e terq ned reglative.to the
surface 558&1&;%3]%& @g%gelﬁﬁle&%{})s%icﬁgg%% &%ﬁépgﬁ rj eﬂ\&gcy apgq} e 8?%npi ng

| oad. Wt Rfsbeprbacaldudfacel THE sp&al 3o 3PhicRONE. vaArlteisf foxbdIheseagieAag 40 can
be renmpbved and a spacer 14 selected arid installed 2 June 2003 9 havi ng
an of f set fidstnemnd secorld sindacesi dffsgprelitive toreachegtherdhe ditsbuxfaaabeinge f or

t he vane assenblgl 10. The | oad applied tﬁithe bushi ng 24 and Washer 26 by
t he spacerdanteg fo engagedhe seafnf tha yangswhile ghe spcondrsurfacers adapiedddsenbl y

40, yet w chi a i rahl e 4 ni I adi | ear.ance through the

bushi ng Zﬁééaenglevé'g*g?e Eg?ﬁéo Vﬁ'}ﬁ i eevgt?‘% 3 Z‘gﬁ@geeft‘ﬁ g?f\ torﬁjgn{fbﬁ?@ dssenbl y
10. Wi | e chdifgispvpnt h Eshasulin@aneRdes id Badvdeh tll@rc'§§in%farﬁi e @FRDf
enbodiment, iU is apparent that other fornms coul d be adopted by one skilled
i n the ar the Fane cghanpbing it betighbera thaufirsd 4ealings nemmbersarttba sgcanb beafiegt t o
apply the clanping |load through the fixture assenbly 40, it is foreseeable
that the éNgmPEhgandatiecsratoerendefbredgy thy openipgmedisordingntadhig t h

phys: cal - BT & PuRROH RS rydREAd KR 5 7 B he b SBEORR i) 2o

could var Nénﬁ%b‘ébﬂ&%%@liﬁgfﬁ@ﬂﬁe?@héaﬁﬁ?eidnbétmeeﬁi e Peturd Radefher and he
scope of the invention I's to be limted only by the follow ng cl ai ns. 2

June 2003 urGlewsaprddetaringined doad, whichAcamelhée ddteconiped skperiteatalyeps thef
providing _ a variable stator vane (12) for gas turbine engine, the vane
(12) havi 182@ earirsde tq Jttesn dhe sealing (12851‘%815% fod imperiertions, ipatheiy 30)

t he vane (1 ei cenfigur I ' avi ng
first and(sél'g%%%% rsﬁ?‘% g‘&‘@é (Bg&e’;?%’)‘y%@?@?g%e@%‘se@ 2@2@%& %‘i“f{ma? he first
surface (3&hped éd}?ac%pé’&?ésg&ﬁn &bNgheastRBhEUsiiPa@NBAYRe tdpRAcECand 28) Of
t he vane (125), the second surface (36) of the spacer (14) "being adapted to
face the snofiatee {Bthe ohnt ke thandt géddratasnidieaddsiregl clampingdoad)n ¥he hin an
opening (38) in a casing (22) so_, . )

vane and sealing members. Finally, the position of the seat of the vane is

detected and a spaéer is selected having an offset dimension between its first

and second surfaces based on the position of the seat.



that a first sealing neans (26) is between the casing (22) arfa 48203 f ace
(30) of the vane (12), the casing (22) is between the first sealing neans
(26) and a second sealing nmeans (24), and the seat (28) extends through the
opening (38); nounting a fixture (40) to the vane (12) so that the casing
(22) and the first and second seal i nggneans (24, 26)) are clanped between a
surface (50) of the fixture (40) and the surface (30) of the vane (12)

under a cl anpi ng |lnadewdsftthetaboge 4t pas beiseen diattdreapp@priat@ypadertine vane
(12); and then selecting a spacer d('1'4) havi ng an of fset dinmension between
the firselestefl fcthedvangriiased oryamditions comespandingda what wall gsist in on of t he

t (28). . 2. A nethod ited.i | qi wherein th it f th
seat (28T ofinthaSEY i BoetEt dottefieda Nurd Barseilathys 488 Se8b) of the.
oot | \ . \ L hor el
he. of { <Spetpbly compURey 6 e Sehlihg MelRicifs ombEEkbd b dbe @ Rl dhae Iher € 1
di st ancdlditdnsetie sbdirgeahernB8)s and inlgors vifface ifrfePulapitidshehdti would (40). 4.

A method as recited in claim1l, wherein the offset dinension of the spacer
(14) i s dherwishsreatpalrapfergue(vihyn thpspaser is inpaated to Hee vanst Imathds second

7l xt ur & SoRay ot thi GFEh BHRaasiPn o e Baeq RO g SHRcr DR RO (e St (12)
casi ng. (SO R My IR SRR PRI o, 0 SRR Ay G 1
wher ei n déterrairadivigh the result that repeated assembly and disassembly of the
vane assembly is unnecessary. Accordingly, a significant advéntage of this
invention is that an improved assembly method is provided that significantly
reduces the time to assemble a variable stator vane assembly, and
simultaneously more accurately and consistently achieves a vane assembly

whose radial clearance is minimized for an acceptable actuation torque level.

Other objects and advantages of this invention will be better

appreciated from the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an exploded perspective view of a variable stator

vane assembly for a gas turbine engine;

Figure 2 is a cross-sectional view of the vane assembly of Figure
1; and

Figure 3 is a cross-sectional view of a fixtured vane assembly in

accordance with this invention.
DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a method and fixturing for

assembling a variable stator vane assembly for use in a gas turbine engine. As
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load is applied by a fastener threaded onto the trunnion (34)2Jgne200%t hod
as recited in claiml, further conprising the step of assenbling the spacer
(14) to the vane (12) so that the first surface (32) of the spacer (14) is

engaged with the seat (28) of the vane (12) and the second surface (36) of

t he ‘'spacer (14) is engaged with the seéond sealing neans (24). 7. A nethod
as recited in claim6, wherein the vane (12) further has a trunnion (34)

t hat ext erapsesdnted g Figure Gptid mgtH@Bntails tpheassamibligg(a2@ananissamibig of ane (12)
is installed in the opening (38). 8. A method as recited in.claim?7,

wher ei n t B gengspli tigelsbawn ia Eigbrasdoand 2 vith s fixtare 40 ayhicheaabled thait o t he
trunnion (34). 9. nmethod as recited in,claim7, further c rising the
step of t%?‘é%ﬁ?sﬁﬁlbjy ﬁ%i’e F agﬁ%t@lp{eqvﬁchﬁfn?r&ﬂ]r?ge@aﬁy als:f.pén@lgnﬁéw ‘?? so as
t o engage rk f 4 ' d

seal i %ggrr%gﬂgv?lg4§ . llrgdq %@%ﬁ%@féﬁ&gg&%@?@%ﬁ%ﬁ%} g?rml%fle‘\%\ﬂg'r g'iefri\ﬂ he vane
(12) has thd nventiopenilt He28dsceibedeivith fafeidnee 20T thaceare3@3sentilo ®Pbf t he

seat s (28%. extends through the opening (38? in the casing (22) , when the
vane (12)Figurpndtand ddthose skilleglivetimoans will appreciate thatofheninvgntias)is and t he

position of each of the seats. égg |.s. det ect.e uring the detecting step.
11. A net ?\Baﬁ%ag’rlfp&? g?lﬁegastsﬁ@tbilf*é tdjfl.?febgﬁ’m h}agaﬂgwpari abl e stator vane (12)
for a gas turbine engine, the vane having an axis, a flange at a radi al

imeter th f, | ddapli o8l eV e 1
perineter thereof, mulddspliBeds gﬁlo(%gwdlm pleb e t6 mgaye% 1 ?&ahz? tht ange

and an axi al |l y-extendi ng trunni Installing the vane(12) wthin an
openi ng i nardablesstagor 22hesassehdily a1l i iheludegatliengtatepnvar(e24R rstabdilypeen t he
casing and the flange of the vane, the casi % is between the first sealing

means  ( 24manded witlioribe spening3imthe (@i 240f atges turbinei engingayitland at

| ost Loyl e pheae Xt and iouch e, gpenlng TRV 0.2 4g Kby e (40
through the opening 38. The vane 12, spacer 14, sleeve 16 and lever arm 18
are all secured to the trunnion 34 with the nut 20. The seal assembly that
reduces leakage through the vane/spacer interface includes the bushing 24
and washer 26, which may be formed of a variety of materials, preferably
composites such as polyimide resin with glass and TEFLON® fibers. While a
two-piece seal assembly is shown, different seal assembly configurations and

designs can be used with this invention.

The radial clearance between the casing 22, the flange 30 of the
vane 12, and the annular surface 36 of the spacer 14 is determined by the axial
offset dimension “D” between the annular surface 36 and the shoulders 32 on
the spacer 14. Therefore, the determination of an optimal offset dimension D
is critical to minimizing air leakage through the assembly 10 while
maintaining an acceptable torque level required to rotate the vane 12.
However, due to tolerance stacks and by design intent, the bushirllg 24 and
washer 26 can have interferences with the vane 12, spacer 14 and casing 22,
making a predicticl)n of the radial clearance through the assembly 10

impossible.



seal i ng nmeans (24,26) are clanped between the fixture (40) andJume290&nge
of the vane under a clanping | oad applied through the trunnion (34);
detecting relative to the second sealing neans positions (26) of the two
seats extending through the opening of the casing (22); renmpving the
fixture (40); based on the positions 8f the two seats selecting a spacer
(14) having an offset dinension between first and second surfaces thereof

(32) 36) ; and thercassdngltordid revenfianethd fixture 40asearves té lirteridiaef i r st
surface of the spacer is engaged with at | east one of the seats of the vane

and the g@;@p pffa@tedlmertsm Bpm,ctara.ss)eé @sﬂgémmgn qatdefogébgﬁga@em i ng
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trunnion 34 as would the nut 20. The bushing 24 and washer 26 are
assembled with the vane 12 and casing 22 as they would be for the assembly
10 shown in Figures 1 and 2. According to the invention, the nut 44 is
tightened onto the trunnion 34 to attain a clamping load on the bushing 24
and washer 26 that is sufficient to flatten the bushing 24 and washer 26 and
any imperfections in their surfaces, such that a more accurate measurement

can be obtained for the offset dimension D required of the spacer 14.

As represented in Figure 3, the fixture assembly 40 includes a

pair of probes 48 that extend through the wall of the tool body 42 and into a

cavity within the body 42. The probes 48, which can be of any suitable type,

such as a linear variable displacement transducer (LVDT), capacitance probe,

' laser, etc., are used to detect the location of the seats 28 within the cavity. For
example, if the locations of the probes 48 relative to the annular-shaped

surface 50 of the tool body 42 are known, the location of the seats 28 can be
accurately determined relative to the surface 50 or relative tol the bushing 24

while subjected to the clamping load. With the location of the seats 28 known,

the fixture assembly 40 can be removed and a spacer 14 selected and installed
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by the spacer 14 will be less than that applied through the fixture assembly 40,
yet will achieve a desirable minimal radial clearance through the bushing 24

and washer 26 to minimize air Jeakage through the vane assembly 10.

While the invention has been described in terms of a preferred
embodiment, it is apparent that other forms could be adopted by one skilled
in the art. For example, though a nut 44 is shown as being employed to apply
the clamping load through the fixture assembly 40, it is foreseeable that the
clamping load could be generated by other means, such as with hydraulic,
pneumatic and other mechanical equipment. Furthermore, the physical
configuration of the vane assembly 10 and fixture assembly 40 could vary
considerably from that shown in the Figures. Therefore, the scope of the

invention is to be limited only by the following claims.
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the vane (12) having a surface (30) and a seat (28) offset from the surface (30),

'()- ss 10%& ()-" 109& ()-=+>222222: A~_@ 939

the vane (12) being configured to be assembled with a spacer (14) having first
and second surfaces (32, 36) offset relative to each other, the first surface (32)
of the spacer (14) being adapted to engage the seat (28) of the vane (12), the
second surface .(36) of the spacer (14) being adapted to face the surface (30) of
the vane (12); \

installing the vane (12) within an opening (38) in a casing (22) so
that a first sealing means (26) is between the casing (22) and the surface (30) of
the vane (12), the casing (22) is between the first sealing means (26) and a
second sealing means (24), and the seat (28) extends through the opening (38);

mounting a fixture (40) to the vane (12) so that the casing (22)
and the first and second sealing means (24, 26)) are clamped between a

surface (50) of the fixture (40) and the surface (30) of the vane (12) under a

clamping load;
detecting a position of the seat (28) of the vane (12); and then

selecting a spacer (14) having an offset dimension between the

first and second surfaces (32, 36) thereof based on the position of the seat (28).

2. A method as recited in claim 1, wherein the position of the
seat (28) of the vane (12) is detected relative to the surface (50) of the fixture
(40).
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4. A method as recited in claim 1, wherein the offset dimension
of the spacer (14) is such that the spacer (14) applies a load to the first and

second sealing means (24, 26) that is less than the clamping load applied by
the fixture (40).

5. A method as recited in claim 1, wherein the vane (12) further
has a trunnion (34) that extends through the opening (38) in the casing (22)
when the vane (12) is installed in the opening (38), and wherein the clamping

load is applied by a fastener threaded onto the trunnion (34).

6. A method as recited in claim 1, further comprising the step of
assembling the spacer (14) to the vane (12) so that the first surface (32) of the
spacer (14) is engaged with the seat (28) of the vane (12) and the second

surface (36) of the spacer (14) is engaged with the second sealing means (24).

7. A method as recited in clai;n 6, wherein the vane (12) further
has a trunnion (34) that extends through the opening (38) in the casing (22)
when the vane (12) is installed in the opening (38).

8. A method as recited in claim 7, wherein the clamping load is

applied by a fastener (44) threaded onto the trunnion (34).

, 9. A method as recited in claim 7, further comprising the step of
threading a nut (20) onto the trunnion (34) of the vane (12) so as to engage the

second surface (36) of the spacer (14) with the second sealing means (24).

10. A'method as recited in claim 1, wherein the vane (12) has
multiple seats (28) offset from the surface (30), each of the seats (28) extends
through the opening (38) in the casing (22). when the vane (12) is installed
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11. A method comprising the steps of:

providing a variable stator vane (12) for a gas turbine engine, the vane having an
axis, a flange at a radial perimeter thereof, muiltiple seats axially offset relative to the flange,
and an axially-extending trunnion (34);

installing the vane(12) within an opening in a casing (22) so that a first sealing
means (24) is between the casing and the flange of the vane, the casing is between the first
sealing means (24) and a second sealing means (26), and the trunnion (34) and at least
two of the seats extend through the opening;

mounting a fixture (40) to the vane so that the casing (22) and the first and second
sealing means (24,26) are clamped between the fixture (40) and the flange of the vane
under a clamping load applied through the trunnion (34);

detecting relative to the second sealing means positions (26) of the two seats
extending through the opening of the casing (22);

removing the fixture (40);

based on the positions of the two seats selecting a spacer (14) having an offset
dimension between first and second surfaces thereof (32, 36) ; and then

assembling the spacer to the vane so that the first surface of the spacer is engaged
with at least one of the seats of the vane and the second surface of the spacer is engaged
with the second sealing means, the offset dimension of the spacer being such that the
spacer applies a load to the first and second sealing means that is less than the clamping
load applied by the fixture.



