;e3e$"z 6T$Z Method of Assembling A Rotary Machine TECHNI CAL FIELD
DESCRI PTION This invention relates to a method for assenbling ZbubN 003

machi ne suc gion of a gas turbi ne engi ne having a stator assenbly
and a rot orWﬁ mﬂmwﬂlﬂm&e particul aklly) it relates in one enbodinment to a
conpr essor I C| Oot&%§ a fan rotor) which has rotor blades and stator vanes ,
and whi ch has s seal |lands extending clrcunferentially with respect to the
cl earance between the stator assenbly and the rotor assenbly. BACKGROUND OF
| NVENTI ON Rot ary machi nes are Meddodelfssemigingner gy between a fl ow path
for workin f s and rot ats I i nside the machi ne. There
are many eﬂmmﬂmmnmmmﬂﬁch machi ngsmgﬂar\?\ﬁhgéellaghgi sparate fields of endeavor.
io Fig. 1 shows,@gesi de el evation view of the turbofan engine 10 having an
axis of rotation Ar. It is one ex rotary nmachi ne of the gas

turbi ne engine type. The turbof ana[g%élerﬁ{gﬁ’irg)% dely used for powering
comer ci al TeRcHNIEAL AL military aircraft. The turbofan engine 10 has a

conpression section 12, a conbustion t5 section 14 and a turbin ection
16. The conpr esShisAn¥eRliqiei2igs 194 MERGAAPT R EINg r&ﬂﬂé{t%a%er g‘ﬂc rki ng

medi um gasgs 5 Hifoh 'o@}ﬂ@éasglanhﬁﬁg%nb%etﬁ@vh%m@bi 885 &ABIi o #Rflod hence to

the turbine section. In I'tion, "the conpression section has an annul ar
bypass fl oagsarnbiy2 More particiiagynit délalasgasee ampbediment g COMMEEMul us of

flow arOui”%ggﬂfrr\]%?%?aﬁ'rBt‘ﬂPa\kﬁichmg bl ¥idded &) sét\%gtgt <! RfdRMRasAagluct can

be many t I'ow rat'e through e core ypi ca
commer ¢i al searlbofiaexErglimesircaumferémtallyiveillf iaspecip theragarancepetween t he fl ow

t hrough the co secti of t.he engine, The core flow path 18 extends
t hr ough th@‘%ﬁ{ﬁ? eaﬁﬁﬁﬁlwddgefﬂtggﬁﬁﬁ@gnﬂovvpath 22. As the working

medi um gases are flowed through the engine, the 2s gases are conpressed in
t he conpressj ect ressed gases are burned with fuel in
t he ponbustqﬁoﬁ&giﬁébéﬁg#{%\ygﬁﬁcgﬂgrgy to gases and expanded through the
turbine section Honf MaRhRfE4CaeRRMRo 1ARsIdIRePeEEe@edn a fol) pdiiNof0D8 2
fl owed through the t'urbine section, rotating elenments (not shown) receive

ener gy fromarkingioediuny gaees andgatadisg elamentériesigy the machifsr ethas@a® the
Compr ess| O%éﬁé%?&p@’s (?f?g(pr?hgrﬁﬁ{:ﬂﬂeg ﬂ?w&d&?f@gﬁ}g{%@?ﬁﬁjs'& et?\QJtertwe core anti

bypass fl owp por he~ener e turbine section 1 G
drives 16 | arge rfigstshofvsa sideleleaiiontview by frestwirttdfanEargine2 20 hagoglahy

wi t hout addin ner 0 the gases by burning fuel.wth the gases. Thus the
gases prodlﬁ?‘égag'écﬁa'?gq hf-ui‘t'sé?geﬁﬁ‘éﬂ‘%%f’r a{ﬂt@%éﬂﬁich@ea?f m?eg?%téjf 'B% t he

engi ne and eigitdeygecalh@®iurbbRarbamfas isThiiely Iddl fof povedingicdenrBéreiant i on vi ew
of the engine 10 shown.in Fig.1l. The !, 0 engine is partially broken away to
show a por t2 628 @naHBIaY &ickl.of the conpression section 28. Fig. 2 shows

the engine duri nnd ItpBRIMENLIAG 18SRRMPLUMBRHGPUSARA 121RobldloR! | east

one fan blade 44 installed an . ade moving on its path of
i nsertidn. sewdicentfl aed @durking seclinret&ulbercompressier sbtiorphanan aantlagh

pressure rotar e Y, ot shown). .The rotor.t assenbl | es .extend
axially thr@%&@a‘f%%h&ieﬁ@r?'V(S’trk'f‘gg%\esq"é?‘@%ﬁser?&ﬁ _ ‘W%ﬁ]"‘?%& ‘Pdﬁ%i ne section
16 to the ceombesifornsedRetamnihbAce THthe\rkine®eaBeh Uth bb@voRahd 18 extends
Through the rotor assenblies. A stator assenbly 26 bounds the flowpath and

directs the“YBBERSSIN $fdiogdiassanasaulenPyress HaveralhZgder working mesiuse
conpr esor Spe ARSI BRAULEGH 1B 1G8%0 g Lo low R DTRETULT 50
The | owedpr erdetiyoughbhebdypsss Hectdmn loe maswdintas et ftaave tale nieoggh im@oordehe
wor ki ng rredhg@pgl%s,pé. In typical commercial turbofan engines, the flow is five (5) times or
greater the flow through the core section of the engine. '
The core flow path 18 extends through the engine inwardly of the bypass
flowpalh 22. As the working medium gases are flowed through the engine, the
25 gases are compressed in the compression seclion 12. The compressed gases
are burned with fuel in the combustion section 14 to add energy to gases and

expanded through the turbine seclion 16 lo produce power. As lhe gases are



A shaft 32 connects the turbine section to the | ow pressure rotor assenbly
24 in the | ow pressure conpressor. The shaft is typically called the | ow
shaft. A 2s bearing 34 supports the shaft. Energy is t r ansf er £ 8aJUN;i 0% ne
rotatable |l ow shaft 32 to the | ow pressure conpressor. The shaft drives the
| ow pressure conpressor about the axis of rotation Ar at over three

t housand revol utions per mnute to trahsfer energy fromthe | ow pressure
turbine to the | ow pressure conpressor. 30 The conpression section 12 al so

i ncl udes goleaMhRUERIHE QUBHEERSBAT robflingT818mRINGN(rieX eBGMI Erecenpr essor
recei ves working nedi um gases fromthe exit of the | ow rﬁr essure conpressor.

The hi gh enesguiremdbewaskioarmeduGaiest dinepsnei0% Echae e heGId "enal | (not

shown) to a high. : ' - j dsel b droygpyvar dly of
the shat ¢ B S Ph SEF ol KolpResind) R s Bldsct b BLrRRE Ser ST e i o
pressure ggipagsilespamsi sA doiticeroibye aneiagriromiies Bubwetsgcvmas Ioveownst r eam

of the conbustion sectiop 1:1. The | LLChh I UF .are then

di schagedaid® ‘Pﬁ%setso%t% Egg%lﬂ? g\erbyrpra%??lg\#v@agbbaﬂﬁﬂy \W&?ﬁi@é@é pressure
tur bi ne ahgirg} Rer@xdsseafby BtrairigoaeArilh Theegasas. priess Uregasasprredsar  2d i s
often ref erreg to as the fan-|ow con‘gr SSOr . ‘A@ot her exan‘gl e of _a ff an-| ow
conpr essorusefuldhaih 26 eeyBxibiiecsiaine so§e 189505 g RPN LAY \Pedpane!
entitled "Mt vice for Reducing the Noise of Turbo~Machines." In
fZaffy andmgs%%gaggicﬁel_:i g. 2, the fan-low conpressor has a relatively

massi ve fan col big. Aiisk sige elgvplien WemSf toe epginecthshavdl i fias'si Ve fan rotor

bl ades, 44 : [ SR QLRE itgk across the
core f I‘Oompglﬁ'ﬁ%s gﬁ%ﬂggrbt%s&ﬁ%g{%gs%gﬁgﬁat hn'gé. Fi rg. 2A illustrates the
rel ati onshcpmgeassion sedtiverdfl. yFigf 2 shewethg aegioe duniegile Medned subassenbl i es:
a first su I fan- r ' ; installed
and anot he?gggarﬁgrgl%oég%%}%& I?‘%&%@ Iag?; éﬁ)@?%an \sglleatg%nﬁq 'ﬁgﬁggggggﬁrg\ y that
conpri ses thHenexdtiads molingeon)ite pathldfensartion.oTbe dpigadeltasid low pressuee | y

inserted into the fan roto i.sk as one of the |as t eps .o S ling the

engi ne_ Fi 5‘."025\5%96‘6@\% %@iﬂ%\'ﬂ@@ﬁ?ﬁ”ﬁd"ﬁ{@Sﬁswgfd{”&? Sﬁ‘g‘g@nﬁf@’i@m scussed

bel ow Wt hagtemBied eBRdfaRIDItRERgHINE BRGIAk!fediramddemingrenehgy mextthéan bl ade

no~~ing on its path of insertion into the, 20 | totor di sk. Eacglpf ari ~bl ade
c

44~has a t H8PINGSEFYEBLIE 1o IDPEOMATeTsinaagies B2-chht ¥OpHRAMATIUT deWas in the
fan rotor ¢iafk1gakicpiddahio(®Mne roRr baserRbide As@hér HaeRioNed Bdurdie rotor
di sk. The [ow pressure conpressor also includes a drumrotor 50 which is
part of théhe 8awpalbsangd diredls dhe gasemds Yeupsesnasariiieugbiis siages9f 8¢ cal | ed
because of j icke shape. The drumrotor extends rearwardly fromthe
fan rotor ébttgiagiés’rﬂgl?'gm in Fig. 3, the drumrotor has dcwel ail attachnment
menber £052. The Tihendsumpressdigptsechien inslusestafitst dewv\psessure compegasotr 88such as a

plurality . r_hl ade sent. y ot ades 54,
P o5, b g sBRiSR IR TndUAACS Pl ASRINAE I Tridfiahitrplalter o° |
out er case tﬁﬂ)illvmisdhe@et%v&mdssl' [=(a] tﬁcsmbl Ier agmﬁr?alfdoyr;] Bdmoub brkﬁd‘gerfnlediium game_rﬂbl y. I The
outer case jnc s a ow path wall 6~ for the bypass owpat h, e col or
bl ades  oxt dhaPa? SOPPeER B UPERacSa ¢ fie (b RPHERal s FEREBRYA b 113,
Cach rotor iRhRévatesautd @@mé&s@sm\eﬁ@@ﬁﬁdishypiw&&am tRE 1owf 4haf(6a 78, Q2.
~l,n outer air seal D5 has outer air seal |ands whi ch ext end

ci r cunfr erRqasingy3epnortsHbe sheldr Eaesey istransirried viedae rolalatie lomeshiifsposed
radially o f ~~_ar f kBl e | oss of

wor ki ng ne?%ﬁ‘%r'g‘gﬁ%‘g p(%%%rurqe?: ﬁﬁ?%%‘a?ﬁg%ﬁggoﬁgggyﬁgioané)étés‘S;éZOJUN2003 4
general |y "camysiessqrsabat¢he axislaisetafio®Ar @t byert tbrdetouoied reaorishs yperd. A
plurality of.arrays of stator vanes, as represented by the stator vanes 92,
94, 96, 98,mib%e§¥&ﬂa‘i%fﬁf EREGdram felow presvrredr(Ping HeWAigE B ase i nf o
at | east cl RO Mty wili~ the drumrotor. Cach stator vane has a |ip,
as represented 5 by the tip 106. An inner air sea! 108 is disposed between
the stalor vaneslB2camaressin sectignui@ alee mclE®s ahigh Aressare abmpsessior 108 has

a seal I|an 1 i d ircu renlially about the |lips 106 of the
st at or vanggse.l' %ngﬂ‘@e%g‘?'%iég %c?ogﬁﬂs{{egﬁagérgagi\/ﬁs gﬁorlﬁgg&e YHSESpy @ng‘tey to the
drum r ot or . exihef (He law peé uré sompreadaPTRE Hih prekireedopimBESor @S epresented
by the knife edge seal elenents 114, which extend outwardly and cooperate

with the seNNERY Bvarseeand Highhshall (ot skewn) tormbigkifressuselebiseal el ement s
have a gre [ ; Lath [AYS B e knife edge
el enent s cﬁiﬁﬁgn g\ﬁ%{g |éea O}gdgﬁt?utl}%ggj}ﬂggg%gb?@é“?é%@%p{)\gr%gg%r?he knife
edge elenents nove radially outwardly under t s operative conditions. An

exanpl e of such a construction is shown in U S. Patent 4,257,753 issued io
Bradley et al. entitled "Gas Turbine Engi ne Seal



and Method for Making a Gas Turbine Engine Seal." The seal land in Bradley

has a thin filmsurface |layer that is resistant to erosion and provides a

smal | amount of wear io the knife edge element. It may be fornmed GHUN 2003

metallic fibers 20 and a silicone basedyresin. Another type of material for

the seal |@rdhEidnd $gafnel tt\?;;x@gsi i al - ure

vul cani zi ngnﬁﬂbbecr). mghszﬁ?s act 6&?/@%% géslasglr§¥§']r?v€rﬁ8§ ?ﬁ?}@ﬁ ﬁgglggbg%al | and

i's siliconerbinbB8rdowmaietm ef dse DOPBuLBorstedlimone!. r Thbéot vooting e diowy

Cor ni ng Corporation 2200 W Sal zburg Rd, Auburn, M chigan 48611. 2s A

sat i sf act G3pesedrerinan disenaffed Suther oy presade Hdie 26 gndudside ihg)lows

avai |l abl e Nl (S e rnybber avail able from Dow Cor ni ng
djﬁﬁsgﬁrg @ﬁ%ﬁb&%gﬁl 4 %mE ds (6@ilen 1

Cor porat i I gan. "Each~si ne rubber is abradabl e and

accept g rubbi ngTi@Mvapke Wik d comimbs St 28 & WiterrBfapddiRUss BRSlahUSyi on. An
assenbly cl earance and an operative clearance (clearance under 3 operative

condi t i onFPmpr@speovAaetneas exaeune che lenteor compaesariyé ghawd se &tSor assenbl y

26. Exanpl e r e r.Qt or. bl ad i ps 72-84 and the
outer air faéaeﬂl"ahgé; %?%ggﬁéﬁ%?h\g& Iéﬂﬁ’éﬁgwgﬂ%%ﬂ@%% Ad the inner
air seal |Redl.didg loé Ndise sf Tiudo MaokineQ2- 1hHQRaffypadd akadnaeenin®ife?, lcations
in the engine where rubhi contact mgiil |ake place between rolalinc3
parts 283@&@?70‘?:‘3’%‘3"&1?3%8%? Rt [Vehfu’l"gés'Y?‘l famelpadiskries hpbrelm essr : |

and tiwe |reldiveRsmdsSiveltRirBtor blide 255 eRfahy relRAY 30RGadIONE adi al
~l rsl ance hel wegyfl thewcol or elenents rotor (rbl ad%, kniafeﬂéd‘@gg)eqaa{‘\d tl~e

stator ~~J9fdigk eross-thecaradiowpadvdftang acaessalhety-pasmiiewpaih 2he rot or
di sk 42 or dru et - ) 2- ] nds 8G
QA imhstlle s Y€ rOLAGEsHD 9!."?%& 63%%4@@%% gﬁgﬁﬁgépfelb?

112. The assenb. clearancg i S necessar ini i on of
t he assendMp main aubdseeniblasala firg) subbas sesddyrbl hredboddwichenmres sorAritthy hand

or at ver I i I . LS, Lhspection ensures that a
destructi &gﬁiI'.ﬂ%éeiéBgﬁg%@i%é%ggo%@étﬂéﬁ%&ﬁg{@ngg}gﬁrp t@ ??'oﬁ?‘fﬂ@r?%ﬁ’“ﬁor mal io
oper atlisonssuifasiseentin ¢ ateccanpdis egiheesds!. thSeakirent Tié remtsr tiagds 4aG5HEr

bet ween palj: [ r re. c ressor .28, between parts of the | ow
pressure f%{‘%&lﬁé‘sggggr{'gwb@teﬁééﬁoF%é:{'nﬁrﬁo)w eRRPf @a%%lllepﬁé?ﬁﬁét"ET@bI‘%m%nd

ot her purlengihet he engine. In addition, the clearance is helpful in
assenbling the fan rotor blades 44 to the fan rotor disk 42. is During
_assenblé of theigas shwbugaengarF 'Lln$ght1;9meﬂlb@of_faa@mlalyadgafsclﬂéed%mwmhaak Ie¥sﬁ
inserted int r ot or S : es re inserted ope.at a tine. e
rotor gi sR"f %n%’[%‘(laﬁé 1 V”?ﬁfﬁg,‘w%ﬁeﬁﬁi“r@" @ﬁ‘% RAVEIE A P%‘EQ‘W"’H "t”?ngI’:otor

bl ade to etbéralist i on where a worker can insert the fan rotor blade while
standi ng i n fr @dchdanitiaderdimes aroamr aosetail [46swiriph leaddees aHowever ,” i f t he

rotor assenbly binds, the 20 worker, nust cli I o intain
his bal anE@'r\ﬁﬁPP@Q‘ﬁ‘Qn‘éﬁ\/&? Ifhﬁ‘et{ﬁé‘ Qi '%ed%)gem%(ﬁlewéﬁF%s@%é%imﬁgﬁpe\%?ghi ng
in excess gnddRNNE REMEsk. Theowgresafre chmphé giveralsringnties aglroms. As a

result, workers wi|l try to force the rotor to turn or request that engine
be di sassdRifIr&® whighris SagepfghedowinrgssHsp £0ef 83?%‘8‘5.2480%5rﬁ&mé0 Brque in

excess2sof %I%@fﬂ%ﬁ BOHLfIRe ERASE ']?ﬁe A8 Qotior ekfehts irsamwemdiyr ed to

turn the rotor during assenbly of the engine. Such a torque may
bend the dedmdbe an rgtor @izk84 of the rotor bl ades 54 66. Accordingly, a too

tight nominal chearangs, itdak dl BHPIE RIANSCa RN Aenbaaisxause a
rotor blade to ‘contact a r%bs‘trlp and cause bending of the tip of the rotor
bl ade as afttenEmbeanseadexdhe ootootateceiveeratargliementsrsusp Boa phdlity Pbo tight a

bl ades o F8Yo0 ror BiBes Ay ereisy tenay U TETadH: P BAr el ng.

mat eri 3 wWah g BeMEHY staltiasd st 6! RRNAC e @Ak or outer case 88 which
extends circumferentially about the rotor assembly. The outer case includes a
flow path wall 69 for the bypass flowpath. The rotor blades extend radially
outwardly across the working medium flow path 18. Each rolor blade has a tip,
as represented by the lips 72, 74, 76, 78, 82. An outer air seal 85 has outer air
seal lands 86 which extend circumferentially about the outer case. The outer
seal lands are disposed radially outwardly of the arrays of rotor blades to block

the loss of working medium gases from the flowpath  These seal lands,



These assenbly clearances, if too large, may adversely effect the
efficiency of the engine particularly the efficiency of tl-~e cpmwzwr

2t3. If too 2 0 JUN 2003 6 large, tire clearance al operative con i ons
may not close at the cruise condition |eaving a gap The gap of concern is

i ~el ween the rotor elenment and the adjacent surface of the seal |and before
and after the rotor Elenent. A gap cauSed by a rub of tire rotor el enent
s~rrprisi gehgrally dsulastspst] dreeinf @cte proxieitpdy trerborEsséobimateN However, a

gah wily respect .to the a~~jacent structure mi [ at h

bet ween t ABIrWY &f aﬁ?%r‘?ﬁls&?@lvaiﬁa' ?ﬁée‘ygﬁﬁ?@?é’g%egéﬁagﬁ} g%@%ge%eﬁ t he bl ade

tips and bRegpuigt Bhe 12A% ReteRMaIhAWKALY &ofdgesoRér ¢due dicianieattor and t he

adj acent seal land carried by the ti Es of the stator vanes. The%{%gg at
3 n

Crui se proldsgerroximibsyapdnGaiuimn fopr.t BaCSIUPMEED Fedli Gnf Y SRUES d the

r ot or Ia%eghe'% ¢p at cruise is a concern because the engine nay spend a
significant anotint” of |inme at the cruise condition during long flights. The
nonm nal cl ear antreinaler assseabl 98 isdisposad baliweea lh@lslﬂi@rnwetﬁa%18ﬁ@ﬂﬁi tted

variation) that trad off the need f rody, ] f.f inst is
the need f'Bf dé‘ﬁmafeg?iﬁabé%C'hgg‘gﬁﬁﬁrﬁe@m%?ﬁﬁgg;Sg%wg%fjﬁgtj @é‘?lﬂl MAFss

bui | di ng theurabaintiagy apblyiheYipseaiosdofahk &tdler varea! eTHaeealddmad isassenbl y 24
by hand at very | ow speeds during fabrication. Accordi n&l %/_)ito t.he nom nal

cl ear ance dispesashintatyeastchpserrroxigibr @ribe dsamdost dhg dry 78ne of

| ocati gns r r n i b I ge

cl ear a'(r?])ces%g%éggg‘x{ér%ﬂ?g}%gaﬁagg(r)%r;c}r%%@éége@éﬂ)&qﬁ H% eggﬁ r;s%r?‘il %‘gﬁé\/rgﬁ ue of the
cl ear ance tr4jhwhible eatendhaundeedly and coeperaty withahé 522) lanilite fgnuheodnnéf nus

twenty-five mls, that..is, WS t ol erance, ban X ear ance
di rren)s/i on Bf sSﬁ‘: Wﬁ@?'éedeg%lsﬁ%\ré?@eggﬁ\}% g i@%aq?ﬁftﬁés%gpt‘tghgﬁrﬁ”%%ﬁ cl ear ance
di mensi on gfe @yt dTaSUNfe etiye Btments b )ntoilessedlharsd nadéral zone of
rotor | ocations may be applied tg an el enent, rotating,at over, ?s three

t housand (SRR VF EvBRPT RS (Beknis AHgE © m%“‘ﬁé%ﬁvef@&?a"éﬁ ey UM 1 adi al
posi tipn oppbfvk QoRHMRRS. PRl AplaTtalith ¥ dorarLadn BSHRARI i elsear ance)

must take into account not only assenbly and operative aerodynam c

consi der at Palent 42A7.3P3 issurd laRsadigr edichmstiled [ags drrhine Eaging Sedse (e. g.
out er seal : i : i al: i o1 F kg ~o
stacking | thmgelbgg)f?ﬁ@a?g@gér b@%?&@ém??t 'réé g’%gltéanilﬂgcf@églrla&?t'b?r{a@s9used IS
t he axi al hasatthonfilal strfeceoayerthal is ressitanisedrdsion apdpuniites alserallver age

di aneter of the seal |and. (The stacking.line i s the spanw . se.reference
e on wheatouhe! Brar hedalbredin SE; bitfechb Forbie SRS EHett

per pendp culaag & silitdree sheskiggh.l i ne to define the contour of the rotor blade
Tire averarde dianeter for the seal 2 0 JUN ?003 7 land is, determ ned by

first measuringANSE& yeephovalerial der (he seallandeldi2 is aRceiastomesic maledal on and
t hen divi di t i e = Dt i fall
w thin accéﬂ'gtg gtﬁg goﬁwrﬁ%ﬁe?éﬁgggu?énﬁgjé@pgp I@REts)ﬁgs%&!éﬂrrggn’éﬁgﬁ%éeﬁ?{‘gie for
any anonal iimseri air $¢ad land ersiloame rgbbeat availatie 3 CPB2)8 siicate ranpeo ooy

outside s these |jmt.s a resel f. . farther cessing. durin senbl y.
" Sese ar N bfow GPUYF0 SuBelatER 2o B el Bl KR i MDlim S e 1
di amet es) wi s&tidaqept aklaidl fonthe cldsr dinse AVGIRGS ér@b@ﬁm & aldnbleyalg Wit hin
a range of hundredths of an inch. The mallet is further conplicated because

dr um r ot or PBY GasginerLO8GT siepne sbhes avadablg fipm PAW GeInirR S ompralienl

ext endi ng BRI y r ik dn ot 1 [ Jine allows
The two hal o i MiLAEaA! ExRh'shicofle (EneHb byt add ScEaflb ibing

di recti on) domtda wthl fotalirigogiaddiane waitloaut deleudiiann rotor to di spose the outer
seal lands 86 and the inner seal |ands 112 aboqt tile rotor el enents.

Accordingly, theVhiesepRYHIearanes 208 arpasalie ¢ari@nce (HBAENICEd e di scussed
t s aboye ( m EAQT, kA ’ léth trip

i nst al Fl\gd. %Zﬁ?%@d&@ﬁg{%g&g%%dr gg%%? l@ g?&r%gg%isng tl éngsgdr*lﬂze

di amet er Daassemiih@tstxakiptes bienthe dbamecesbbmdenube ngtoa btate K nzR-84

measur enent hi ne, The neasurepent. machjn asures the dianmeter at nmany
| ocati ons ﬁrgﬁﬁ@ qtﬁgr aif ped Ba%ﬁgzb%lwegnah?ﬁr\@g?ie? 8&9”&‘?”‘?662@ theThese
nmeasur ementifngf @ir%@@lnaﬁ@Mzaﬁfﬁl‘i&eﬂat&ﬂ%r@é@tmf%ﬁd! ﬁ%tn 9 SREY Ioealibns 1S

several feet in dianeter and | be as thin as one d and fifty (150)
m|s and fopriedespingrwvigremihbimoaiontgctsnigh! lake pcediieeevatiatinglparts
Specification (ANi S) 4312. \Wen the case is



reassenbled fromits conponent parts sone additional circunferent% I ﬁz 3
anonmal i es may be introduced in the installed condition by the fla gé@ W
the case. As a result, gas turbine engines are not built with too tight

cl ear ances because the rotor, such as a drumrotor 50, cannot be rotated at
assenbly. As the prototype engines are built, the rotor is rotated and
often the tol erances are ~o increased.5A p05|t|ve m ni mum cl ear ance

o mens oneh s AIULR, PEY 18 07 L0RSE Rt Dl Aoy 318l PEBEl (hat oron

radi al ly e rubstrip e attenpting to set the
nom nal (®vieinecde) clearance dinension to arrive at a line on line
cl earance (zerg clearance) al the crujse con 2a03 s The

arrays of rotoFr‘BIaééé?b@deégincecﬁovﬁjeﬂ&@dﬁgé’l‘dl%‘f‘cec'Pfé‘w&‘fp 'Fﬁf%@éor

adj acent @léﬁ@ht@'r%to@?ﬂ\‘éaégkmﬂa bWy Rt headiBHikE@mBRALIo 1hke Ivds abesmiobser ved
that one or nore of ti-~ese arrays of rotor blades do not ienc~ to rub al

Ilie cfui sadispeleences eonts (olohdiskridser drofbroip Hidse bre 4! p¥si®4.ve noni nal
cl ear ancegﬂh{{ﬁ@%{g?@gﬂd%@ﬁ%%n' ngﬂ%e%lg@%%rgﬁcr@@ﬂeggsé.é}?'lo gérrﬁﬁ”o as

neasur ed line: W th maxi mum cl ear an I mensi on that
is great ermmblans;bétitrdnyof(tﬂé))assedns)ly oy anenr@p(pmtama@) lba as§ambhosimoutibiheade 66 may

have a tip 70 Xt ends rearward rd at ab ut t

angl e as & P‘V\/&ﬁaf‘a O ghXEDEF!OW, qpqe@% Vﬁfﬂ E’a’ Ptglf) ?llé’rﬁtms)pe] %F&Pg}rﬁ n the
spanwi se qhiesdedifSciive iRlEPidréfcddeaPabt becdr e s@mﬂbcﬂforﬁdmrtr@ ndxmiaib) whi ch
m ght occur at an .extrene Sea Level Take O f operative condition, would

cause 1Phe apgseliens of theianaing abhighamedpn SUsB InlepEiaNcs gt OFUt aper ed

oo vt SNy USSPl T bk R e oB Ul s e

reasons. are on'o tor ade is 66 at
t he mi ni mprezeur tudbiee aﬂcmncdbetwwndherim\grshaﬁﬁdhahcwmte@ta‘ ieeneed oirter of

ccommodatatis SRRy, haodoe Meenge ishrabf s 2 2rEkSaRaR ) i n°

t he circunfotsEsibdas 4dits @ed fonraasr diska@gul t  of asserrbly t ol er ances at the
base of the rot or bl ade V\/nere he dove tail g@; he rotor /50. Thus, as
the rotfor is 2uPHIPAESSERLHARANEGRS tHf‘%\ﬂ%eﬂE'I”F it aé\'?iﬁ e$Ad & ebsirip ai

the aver ag@xnﬂll@%ﬁeﬂéd%ﬁ \BE rbRe didkdss ' TResd BR: kBEAEd BFB R 28Rhe. PTAEECE i ONS
or elements 11 ~| are a third category. These are provided with a m ni num

cl ear ance &@ar @Shtﬁﬁ%a‘?d by dwngnbengingatihe slod #8Ireegivinadie reler PRARAPE r ot or

bl ades 54, lo%%oév\%epé"a WHF %ﬁn%‘tﬁetrt lth@%h%to? bﬁgﬁe\ﬁhi?esst%HBing iﬂrfr%%YSf under
oper ative condrti ons an roove

condi tion mge éhgins @alonl aasmaumép mmhr kHbfaﬁvedgfahgmgmgesse:’lnhlysmnm,rme (Eer e
is tensjon between the ne e the nam ¢ .cl earance i n the
br ut Sot owarke s § TS el e T B e e e g

assenbl e apk (agRREvytfaE blaie RoATIME WEIGH rﬂ\frﬁ%xcé@éjof NEMP pBLRSSURD
turbine assenbly. The matter 1s further co icated in that the outer case,

havi ng an amea@féhemmréwem%d Rlots. Nt a u%sL&h werkerawilhiny \afaree theeder on but
oo (SRR IR e SETBACRRY e e
cl earance blearanceaSome!ities animqmarrm ekmsaﬂmedhnesmcbﬂmobpommm foooe nal
cher eage FLORIREN L BaFBHTETOr rB LAY P M AR "Y St
in aer Odyn@ﬁgi‘nee.f$uc§h gMéMue may bend the delicate tips 72-84 of the rotor blades 54-
B66. Accordingly, a loo tight nominal clearance or tight minimum clearance
dimension might cause a rotor blade to contact a rubslrip and cause bending of
the tip of the rotor blade as attempls are made to rotale the compressor by
30 hand. Too tight a clearance might also decrease engine performance by
causing the rotor blades to rip out a rub strip under operative conditions,
liberating material which might impact downstream components.
These assembly clearances, if too large, may adversely effect the

efficiency of the engine particularly the efficiency of the compressor 28. If too



The above art notw t hstandi ng, scientists and engi neers worki ng under the
direction of Applicants f~ssignee are seeping to address the tw n rie@dgN of03
s being able to rotate the | ow pressure conpressor-|low turbine rotor
assenbly during buildup while maintaining clearances that are acceptable
for aerodynam c performance. Summary This invention is in part predicated
on the recognition that applying a | ubbi cati ng substance at assenbly to the

surface ofarge sipalcldradce edugestiv®eonailibns atayonalcidar sleheesukei ng from
rotational contact between the rotor assenbl

dt { at npl f
the | ow pFERIIPR 1R3¥PR BHSEr IF 931y CLSYWRHT | %%%gﬁ@ﬁngﬁgg?tegw&ﬁsﬁg‘td t%eol ow

pressure maﬁééﬁ{&mﬁe@ (headhl unbwenad Hy diardhever WMdmem. 2egep m ni mum
clearance in the rear stages of the conpressor and does not degrade the

per f or nenceuséd biya tomydhendlor alenteisuetizm@y Napra eaal ellsclcires in cont act .

According to the pres Lnyention, . L 0g; ot ary machi ne
i ncl udeés é‘ﬁﬁ?%% 'S Heﬁ@?‘?‘éaﬁ ilg?«{?eﬁgﬁsu %‘gg’ghg%b@ééﬁg?hér?glragﬁm ally

ext endi ng syeRlurkanighf ofeatda e 4k pathasaweabh yhandosaatanbligsSeatd et o reduce
friction al assenbly between the seeﬁ | and and t he t stru&%ure as

I dj
the 20 rotOMRI§§EPMPYCH 85 beiwesn Hif Plage Hies &rpithe rFtﬁgﬁba@%\% WEEHi TS the
present i nygdald s difife Hﬁﬂrhqgtdr%bqflé%d]‘a%m 86k 3asd Ras e hewpsadi i ncl udes

the | ow conpressor rotor assenbly; fornng a case asseanY for the !ow
conpr essorthecttator x8gesbTye gapdt 8pHFe PrRYides aibeFeaRt PEb 18f theaWetkinthe seal

| and i or . I Qr enbly. In
accor 8@ncem&n8f@§§§ggéeh%@}d ﬂ@ﬁﬁ 8@? bf‘i’:t’geggﬁ e%ée%% %ﬂgréﬂ% Ign gé':nh%%?ret hoé

i ncl udes dbegmsienpetdmgineanay speadmbignicarit anhatntalf tingnst themsuiset or el enent
has an interf &enﬁe.fi vvif.h t he seal |and over a portion of the

ci rcunfer eﬁ@éé' ¢" £HENG Mghl§: and, rotating the rotor assenbly la axially

insert 30 one faRehinallliedlanaé beasadipbibes séanittintooldraade bhnto the rotor
assenbly. In accordance with on nbodi nent_ o resent .i nvention, the

f th
Tt hod | nc{RRTEYUEA @aliony InallESiesCHINeATFeSHor ARKASVEBRIC PUISEEHEORINRY | n~ an
10 2 0,/ Ul\llr?eforqg’ed P &frf ﬂcﬁg%lé 'a%s?r%pet?%brtaﬁ.@e;' JHEMha? %ililé\?@%\.ﬁﬂﬁ'\gﬁﬁ@

adj acent knitfe edge over a portion o e circunference of the seal |and
whi ch is graat essambly tyilfaiegablelt®)rotate $he rqlonessamikiNdd Y bandakv&sitbodi ment

of the pregent. | { i he.st e ' ' . ;t'q]% in the
r ot or asseﬁn’gYtﬁp’?%ﬁeﬁ‘é@?&tﬁ'?ﬁ}'% 5"%@%@73@ Bﬁ@ﬁ%t%%}gégée%{)?% 0 ?tl ril
t he rotor agthetdblojerencdbamd stizea fadialldondef sdaztionstfor heportalenesisrikieni ent
for insel-ting the f bl ade, with a torgue that is less than fol - f oot
pounds o E4Rsg0s HsfbeTiodiéiae taianees: Peetameive T Eant DRRG S 168 1 o t he
step ohodi sR@shaIvalué BPiheCddrafBe tigBthe bAdthuntiePBRd @@Mgm@wmhe seal
land is elastoneric. Another feature is to allowing the lubricant to remain

on the sealMilsaplysosMigupbyery-ive rpilsighatiatwidya delgeanceand ramyas.  Anot her
feature is i ; t r : o4 pough at
| east one r@%w g’&%réoﬁr&we 'gﬁggﬁnhgs&daénmfﬁn({?%crj ftf) Q?gﬁ\%%§% :EtUB é\ﬂ%?ﬂ%ﬁt !rsbeal

| and. A priaminimadyeetepeedimeheiopraf et hurmiredendrioitg sthen 149 dnitsnd
efficiency wi.th which a_gas turbine engi ne may, be assenbl ed and which
Fesul to 11 diit e Biher 156 hacalons my # AEBUECLE Ao B FHTE TPABR 21 O¥EhDI
and thesst ah@le MOESHRY geooewémén&%thrﬁ%né 8t 4 Wurfib&xdibBhieidry 1 n assenbling
the engine which results frominstalling the outer case after disposing

| ubri cant on t helheotaghal paaitioarnd thenkalensere dandiat assemblyaypominal assembly
clearance) must take into account nol only assembly and operative

aerodynamic consideralions, bul also the average diameter Dav of the ouler
case (e.g. ouler seal land 86) at a parlicular axial location. Typically, the

30 stacking line S for the rotor blades in the assembled condition is used is the
axial location at the outer air seal used for measuring the average diameter of
the seal land. (The stacking line S is the spanwise reference line on which the
chordwise extending airfoil sections are disposed perpendicular o the stacking

line to define the conlour of the rotor blade The average diameter for the seal



assenbling the fan bl ades for at |east several days because the | ubricant
on the el astomeric seal materials does not |ose the ability to reduce
friction during the delay. 20 Still another advantage is the strugDulUdig
integrity of the gas ttubine engine which results fromthe benign

i nteraction between the |ubricant and the surface of the seal |and. The
foregoing features and advantages of t e pr esent |nvent| on will becone nore

gﬁga{ ﬁgt ?%‘C%ﬂé::fger‘rﬁ%w@eﬁgjyd{‘o | owi n%B &al | ed escr nﬁ%%l %%,eﬂ\ﬁl n'lt:: gn .
Is a sidg,ehahaldPhet EdH g gfb ard ahiekd o BPHQD)éVrEagmﬁen@@vélggrmnt ed 30

by the high bypass ratio of an gas turbine engine JO. Fig. 2 is a side
el evat i ofalviithirodcddpeaiadirbits. bi bThereeusglmf@cmowﬁm AvEiage mamenef far poyti on of

t he fan case and ot her engine cture%{)| 5 n _awa ﬁs ortion of
the comprE@SIRIFSBLDF ! Harii Sley’ ég g?”(@‘%ﬁ%atyl%ﬂfl“{/of' cP'?ull Fig. 2A
Is a gi d?h@é@\’ﬁﬁl‘s% é('r@é’\[nlpe{]ﬂ@ﬂé?'ﬂ%éﬁsﬁr% &J’l’ﬁ\_ivbéfé/t\!rﬁb@wlfhe%@ar@ g. 2 3s

illustrating t Tel at 1011Shlp dtlrll1 g assenb fan | ow conpressor
subassenblerated Pecdusesbe’ aapelis I@Qef (alten @Nad@wréﬁ@l in ameltt) wilbassenbl y
that conpri t,h S f th U 3.1 3 is an

enl ar ged %Cgﬂ?%qle?mé%c@f@?e §¥ g?) &%er [ﬁg\f M] %@gﬁ%?ﬁ?@gg he conpr essi on
section sliMretthshbfdan #ichf =ig. ~1 is a side elevation expl oded vrevr of a
portion of tliu conpression section of a gas turbine %I ne showing tl~e
rel ationshi p ofheRalteios funbeiscyprliiGaied ?‘36@‘9%‘? dB&EéO‘éPrﬁ%l pﬁéqg'f%f%"heéssenbl y

to thg ro r%r e8si %%hqﬂgupgstaﬂ Qlé\rbbﬁl?é@ﬂﬁgﬁéﬂfngtﬂ% BP It u‘"?‘ﬁ'?eeg\ﬂey Fig. 5

is asid eva ron view o aro a< cClrr_u erentl

ext endi ngcml Them@rtﬂmgpﬁma atlovethdliwddaivesl (or mo‘rerpaftsndnpbcmtnnrtnatiﬁn Bhe
rotor assenbly pressure conpressor vi ew t ak

al ong t he'OF‘QHHd@%dtSPC‘F‘P@ toshe polied *Pgeéhesfcﬁ%’él‘%% dF‘grBrr@%Oéﬁ? aﬁp{?ﬁeé‘?et he
rotor assgifelbcalRifis!dl Bhg ind iribr 2BPRARAMAIAN (8 Ao bierdlst ! on 1 1

full and 1n the operative %dhnamc con |t|on i n phantom runni ng at over
t hree thoAsemwlm@y,oﬂhetaa\cmegpehamemntoé themsgal 18ndl $s mesisdeckebedicuosedi ew i n

henat hi f t t 5 blad d outer. ai I
(rUbstT i pSPPvespRne G R BELR e st i Ednp fdeSie el ca
Descri pti pRepd aﬁ@mdnwﬂﬂbr Qﬁ?r‘?ﬁacﬁagw nBabiend itk averdd drh@ete? FaviRt
el evation views of the turbofan gas turbine engine, the fan portion of the

| ow pr esstheest@shinodinger These indudayesiop aneacsdinglm meeserament maehingn case

aa. “Duri nd BRI g he ger &%l b ef oL B e o bl or i ng

t he engi nthetirsusfaaded aabgyatichiar bki@orocaTb@ Teegbimedsrbmepngaenhapove the
floor at the top, of the enrgine can be as nmuch as ten (10) to twelve (12)
feet . 2¢ gavgr@%{m a portion of a stator assenbly and rotor assenbly, as 2s

represented by 1t{eol@VCBEESS Hﬁy%ﬁfcaﬁéﬁ?@béé(/e?ﬁ @BPW’dlb@eFérga mifgny

ot her types of stator and rotor "as Ies mght be ftorne eac haV| ng at
| east twobeasthielbsee lsun@mdmmkfuﬂ;o(momxhlacmm forchddnoffan eldgesumnalidgavi ng

seal lands f r t he rotor ap rotor disk 42 and the
beari ng 3&“9 O,I\]@r%aapﬁ '&Ha[;ogﬁ‘?c'g?%www% gb% ngqﬁc%qedlsi ty) Tire

core f 1 ovpabdselfibleariamni mnﬁ&%mrw&sgﬁng%%dﬁ.orﬁ%ﬁe.réur%rbhm Min the |ow
pressure conpressor 2fl nmean fl l'tne is apnroxinmalely m dway

bet wedh t Beomaliasroepbesolraddcet i Ih&lesiadiedcasell@@wthteHéar@eglmrelh(aconnDnl y
referred tgsgs

As a result, gas turbine engines are not built with too tight clearances
because the rotor, such as a drum rotor 50, cannot be rotated at assembly. As
the prololype engines are built, the rotor is rolaled and often the tolerances are

30 increased. A posilive minimum clearance dimension is always provided for
those rotor blades 54, 56, 58 that grow radially outwardly and rub against the
rubstrip while altempling to set the nominal (average) clearance dimension lo

arrive al a line on line clearance (zero clearance) al the cruise condition.



Z 0 JUN z003 12 the outer case). The flow path converges radially inwardly
in the axial direction with a negative slope with respect to the_ axial
direction. The absolute value of the negative slope is greater ih0tJbN Jemt
region of tire conpressor than in the md region of the conpressor. The
rubstrips aG adj acent the rearnost rotor blades 5 62, 64, 66 are angl ed
innwardly at an angle greater than 15 tdward the axis of rotation Ar and in
the spanwi se di ﬁ&éh@ps oﬂlﬂo”:'l@é& b5PS6d, Bethané Féb%td?fiﬁé‘téh@\t)re%lébf ace whi ch
extends circurn erenl y about the axis rotation Ar of the engine. For
exanpl e t hadjacdrdia igpididjcecrancing bevepeth araglifreot. A Nesdse) OPiS%/eaé@@‘ee (25)
sl ope angl e C t ial ~o

pl ane cont%n‘?(“uoﬁa'\q%% fgq% ¢ ggflgwb%fargroé% l‘&rtg[)a?ér:mp me%ml?gm mately a
thirty degeperasiverentiringl €lmss 30y btmidsﬂxfaeemfasﬁumuqonmlnmheeamcanst st age

adj acent bl ade 66 has approximately a forty degree sl ope 40
e < Hineren oD <BHEmMT Blear A smEnYoBgrtIS ZHoTn eASH R Aes 1 3.
The drum rmé)&aégn@?l%%ngﬁdWﬁré/"ﬁfaglirﬂurﬁﬁ:@ﬂréﬂ& fife TsfrPihatlissdredter ifdre drum

~s rotor has a firsSt which is attached to the fan rotor disk to
support t h&hidy (30) ertl%)rn @m@ﬁpplﬂféﬂllpan rotor disk. The drumrotor has a second

otor di ok 128 WHPCR s B8 el d B 78I B RS RO AR 0758 (e

bore is sp@dmidwmhl;a)lét;abrolubmet $ame angleyastthe rmbﬁrlpTHﬂMewenél grangledbtor is

fixed ne .2 t i esponse
Lo rot 301 onerfFMacaiin e ShefusS B No iRk Aandl Rt 0Bl M 4 2500
radi al novegenta fup, Wich edghitascudalsdn exTnhaeneiSumUMbTalkm@fftdperalweays of

rot or bl ades 54 66. Tp arrays ext egg. g ene al}_‘ r adi al
direction. SREG|OBgWRMIGEFHSS D RPSFE 'BgP‘a:Iu 3 r%*icbé%ﬂ?egwbs it éﬁl@s t he
direction ig m'dqlaamsrdﬂye@nmbré@s#@%pﬂxwm m/aefc.@ prévigedidrection that is

substanti al | y radial . The stator assenbly has the rubstrips 86 which are
di sposed r AEraHYRETBIGIRAEONS; Aﬁ@rfﬁé‘dbhh%fOFWﬁéd aoshpartion of dharoter blade. As
ment i oned, E t e an
aver agedi ST FUPEEINAR 28 10RIIRS Bhe HBALRERL HFVH i ArreBl AP

| ocati on clettout onadodes mils hO@‘neJGZrmemeﬁecfrhmsl@hlimerferleacklflhlg i nes of the
rotor bl ade I ubst rips
86 extend rearm%@é&%egt%%@%%ﬁal etkgg?rtgpglna%%g b%sAqlﬁblgqggé g%ﬂ”ﬁffg 13 tips
70- a2 of tI“cBrdmeerermlaadeect’Elrras airpsylt casassenmblmmiaaeesl atdhe basglof te be

tapered sli IItI vvardl in the s di c~n t t a tapered

| Tocien oo s SRS YR ot i RaBE SR LhRE s Be Fior for “Cace aa
‘flee uiger t@m bﬁh%ﬁﬂnmé Ba@EwiEQideiidnd (HEBubSPID, al GRS avéiadeldiafblenr, G 3f)
of circ~inferentially 5 continuous structure. Each sectionis split

| on~i | udi naPRY of Keorubstrieasl two axially and circunferentially extending

portions. As shoy kﬂufé:'eag?%ea fe%lﬂbﬁé rsgl%Fr}e‘?\né1?? %{%Qll}t\l?@cél%gg er

axially and circunferenti oln t hal ves o e outer The
fl anges on Thesseamst prmmecbum ednwmthmtct&araMmam@elr;onmaalgéemaneum lsand

concont ri ci TPRsneHI g iR Rar BRes ARG 5Byl BsrBE A IRRRRYE otk

posi tiors the a givoverirpierioperalive canditiyng Bat rthen Mebgrbbidin Beltolisa per fect
circle at the first aél al locati OB] %’he rotor blades are is formed of AMS
4928 ti tam%‘?ﬁ'rél"}’%§°” Han nURessebieng inateaghdwiie SOBENSROAS mat eri al  havi ng

the same conposi fy QimARr A28 tension between the need to minimize the
aerodynamic clearance in the cruise operative condition of the engine and the
need to be able to assemble and inspect the low pressure compressor and low
30 pressure lurbine assembly. The maller is further complicated in that the outer
case, having an average diameter, is not a true circle al any axial location but
has anomalies that extend inwardly at some locations. In short, if it is difficull 1o
rotate the rotor by hand, the solution is to open the clearance by increasing the

minimum clearance dimension or the nominal clearance dimension o increase



is titaniumalloy but the drumrotor has been heat treated to have a
slightly different material structure. The outer case material Ps/UNGaged of
AMS 4312 al um num al l oy. The coefficient of thermal expansion for the outer
case material is greater that the coefficient of thermal expansion for the
rotor disk and rotor blades and for sone material may be as nuch as two to
three tines 20 greater than the therma? coefficient of expansion for the
drum rotor, and rotor in ing the nethod
of asserrblul‘?tﬁ'etah@cgea%'?L{glﬂ%Nmeé:}eogcé{ lﬁé”@h@‘a e“ﬂé;'é\r% ”DQMI‘EQ,QI;S\EQHQZ A first

engi ne sula@ag.e\rﬁbhtedtsyé@eamias‘ahmebrocs/nadmpemdtehoyr ecei ve the outer case and
wi |l include the out er case, af séﬁﬂ“é@ uter case is |nsEaI | ed. The first

engi ne subassen182PYeHbRREIN tSG'et‘ 8‘&%1 EHENREFOTRRGE N e 1 r st

engi ne subpgsfERlivn bﬂﬁbblmﬁﬁw@ﬂbygﬁ@é breofediiey (OB GreEpIassAn neets obn of the
| ow pressure rotor assenbly (e.g. tan rotor disk, beari ngr 8dr um rotor, and

rotor Bl adwing apte \oetatadhe QW PLRSEUIEHEOTARS SERrAQwS LUEHAS (PIET 853&D¥ase. At
this point tro3U exists or will
exist t hatdurL&Qf or rregrl%”é ﬁ%wgﬂ”@aas pg%sggﬁ?éffg?é%mé%grf?r?al |y broken
away), hi gherptigasmicepertompraessor , conbustl on section 1 ~t and turbine
section 16. These are installed later. (The second subassenbly is shown in
Fir3. 2 with respect to the first engi ne subassenbly with It~e outer case
instal |l ed goghrhBgy fan bl ades bei ng installed.) Ret ur ni nc3 to Fig. 4, the

fan rotor bl ades are shown 2 0 JUN 2003 14 ex(E) % ¥ fromfan rotor
di sk and axr ~~I Tisgeentiosrain ranerIe3!ed ondhers ”iﬁ’h'l BY9rdoses of
illustrati kS BRS&, fackWird saHifarre@0Be9ihd he seal

| ands, suc nc @Q?ﬁgﬁéfgeé%%gll%ﬁor gn t he surafarce ~? one of t)~c
outer &r &mbnahf@drse mutungrfcmswhapgr)almbntafébsbww@gsretce aseemblsanst 2t 3.
In one enb t t he

i nner air Qﬂe tgfga} s %g{?(lr)kpé’n&‘?ﬂéw %Jéé@ﬁ@?ge%%rtdﬂﬂnéégf?%@g qgosﬁ’tcér air
seal Iandsahtmttemnbaetupamemir%wrembmpréﬁsadersayﬂze regfilily Tlreed dgl hdreinds are
formed of siliconpne rubber. One satlsfac ory %lcagls 5|I|cone§I
accept abl e €¥FD WD ?(Fe@4mtrt5m§m clegrrncen (NR Sl 3179859 s FRIGPEHSR' P

Conpany LTBo&e ki dedaianhb deirfoemahds 6emeadonicrenbBawima iR e, luBKeam) Ohi o
~I ~i 305. This oil was found conpatible with the titaniumalloy of the drum
rotor, £ he cPMesHNsoNEAY! oy of the blades, the alunminumalloy of the outer
case and with t%cétdth@ﬂﬂﬁ’t JM’@E@:H[ tﬁf/eﬁlﬁb‘h aWhahodiot a8&&thblind '8 rilapgosi ty of
the oi! is about two hundre 200% centipoise at is roomtenperature and
pressure. ThechiRginclwdas applying gdy rn@mm!hwrf?&wé@ gfcunterestiely case 6Q
about the | hal ves
Foget her wiTic g SoARafi RAARETO! oBHEmE rk htor Bt b Al e e Do at
t he associ dtielghr alraftsemhlyabelwnmt tiherseat lankearsttthe leidiagent steu@ureTag theot or

el enent._ha ce 20 band. havi n m ni mum and nmaxi num cl ear ance
di mensi*8n 28@68%?%@%3’0%1H%8d ”eg’igaé?ﬁ,sggmmenm on as neasured with respect to
the average di anptagtofdvice Wiirsihdefres@a idveion] mki MeihbadhalddPfiriirgna of each
seal land with res ect to.the ro@ﬁ‘r assenbly. Even with a zero m ni num

cl earance GURERSFHRNVOVMNIGH iFludesy et'PWeomﬁﬁﬁﬁﬂhreréélsé%E'Ydqu 8n, there
will be rutziasageseemwtor@w&rovator%ﬁréseaﬁFozer PYAN Hd éétﬁ%ﬁbra%%é‘érﬁ”“ al

travel of a rotor el enent 5~ because of deviations in roundness or
concent ri citeytispst Reesesl lahdrnmor @amﬂre@hr@flhm@berﬁgsemhtyaletlhmrght occur
with ong of dhe n|fe edge elenents 114 or with one of the rotor bl ades
such as the rear rotor bl ade 66 because of anomalies in the

ci rcunf erence oflntdmot:rMme vdth &mmﬂbbdﬁnemxoflﬂ%prézehmmehtmt fihe st engi ne

subassenbl y i read‘é diﬂOi n, thﬁ second gl ne subassenbly and then to
recei ve t hd"FRRGINFIGEG? dPasie” %?‘Oéﬁé?&ﬂ‘ ly stRB Bl AAHRAT ORBITPIB9 ni ght be
part of theelémreﬁt hegghnmeﬁet@rﬁe%emwneh )3 steaﬁahu%%et B?o‘ﬂ?ﬁrﬁéft gse 6t3a-f is
di sposed about the rotor assenbly or ii I sposing the

two hal ves aifcumferanceunl dne sasldaad;arnd, Irthateng ttteonotor assembly 1o axially insert
30 one fan rotor blade after another fan rotor blade into the rotor assembly.

In accordance with one embodiment of the present invenlion, the

method includes disposing a lubricant on an inner seal fand and having an



2 0 JUN 2003 Is assenuly. Joining the two subassenblies to~ethecaclies the
c,ngine as shown in Fig.2 to receive thhe fan rotor hl ades Joi ni ng the two
s~~bassenbl i es toget her does not formpart of lhis invention. ? %@@
done prier to the fan blades being installed or after the fan bla e

instal | ed.in@sferaied fiaBetihibh WRSHKFer @@s)lla‘?ﬁ%%d‘me aﬁﬁdc@nttléﬂﬁ'é%dég bVET 8 poARAr at i ons
are perforned on the engine or as the engine awaits the necessary parts or

connect i orfd tl@Q)CltﬁUmfﬁreﬁ%Qﬁ the SeaA&?@dr"dﬂﬁng)gle% thaanfifieen ) stilsk he present
invention is t |l r from bei ng
able to accept 5 aa!:cfi%‘lbr&’e dl?r%%{;}% pro’Eﬁn@{tg?ﬁx???&é%tg%rﬁQn tﬁﬁy&}% g% r ot or

bl ades t 0 chmsfnanhq: fannotoo bladesin. th¢ totwlsass@hlzly etludes amnéymg gtagque ip thé t he

| ubric I [ ands. The
step of i né\{ba F‘s&e&eo?fﬁo t&qﬁ the li’tﬁo{ gs%&%blg S bt 111%“1%?% @19 ot 1[.'1% 1o &0 5tI1,o(1)1t ating the
| ow pr ESSLQOBVﬂ:lDClﬁIfO]amS@'ﬂbg yheXan hlade;thtlhaatomleshajﬁs kemst than fmtytfootmaungs t he sl ot
of the farfo{c%t(% ftbllb de to a convenient |ocation. This occurs by applying a
torque is of I'ess an one hundred fool pounds force (100 ft-I1bf) to the
rotor assenbly. A]Shumamj/ mttaaoéﬁne@miemnmmltmmss theistehef dislwmigeﬂubzhcmhe seal

| ands gave_nmde difficul t Q_ro Q. assenb ages an
unl ubr i cat®df %egghnfiah}joneﬁf%o “Ee’é‘s‘gg ?aell??l 1%%a?t?mfrh %?{helra#g?} § to have
an anawal allowitgtherlahi@niarembinam thesdal taads&&sa period gﬁtunaamauakcaeﬂear ance. On

sonme occasions, .tor 0 on thous ounds.force (1 QO
P R e T P A R g i P S

| ess t han thagghuinelseend 06 bFDaQidfwEleflﬁhﬂl@ts(aﬂ;@x&elff&relhd%fﬁt Wlﬂl thobsgtmant trials
wth Iubricant E’lled othe fﬂrfaces of the.s ‘? The fan,rotor

bl ades 4~1 are +®& BREeeg o1 e eREnIRYSHGN 1S eéﬂeé apf eBicienck ¥t i ng t he

fan rotor Jwhigdegat turbine eﬁ%ih@magl?o&@éﬁéin‘bledﬂlﬂ wiRitheshifs fimd@sedsigat i ng t he
t ow pressur.e roaﬁ r assenb 24 about the i s of rot%o&lﬁ%Fby applying a

t or quéof FEHQNA! foRsehd Féﬂoki‘fﬁ?n’wﬁﬁﬁ eIt rEasyet 5 to the rotor

assenbly. a’ﬁhmstagéxsawﬁéﬁemy Bphsgetnmngftn@eﬂgﬁﬁmwmm ety oo iiisaliih@theot at e an
unl ubri cated asse is r&Feat d after tlneg‘yntll all fan

30 rotor tﬂ“éﬂégs"a@ é%“é’@ﬁﬂgz‘ﬂ’l gniioRehg Zotor @id:)‘;r‘l%gh"éﬁ?*@.gzabl"r: ) s an

enl ar ged vdsesthisifngone fof blhdig 5104t GdasiienelabdaB Be@lsmt ﬁi’bn%@@t'on'tﬁé‘d at the
aver age di aneter ,Dav, of the

eal | and. ear ances asur.e n the true
o o1 B A SRt Bl R hog 1R aRs SIS G on BicriBp ATT A RESP- { o
engi nex F@txlemmxedwﬁutag@es flie%ltxdcﬂ\deﬂlinteg'hty of Ok gbd RAdbne 6lear RRiGRS ;rre
nmeasur ed UN 2003.1G b rlson For a rotogr  bla e t he

] }/ gctt coH'p é

Ol esrare (TETHRAAR; nigngRYg actin betyeR 1§ ¥irirantand tresiaeh ot seAl at ed

| hrour Ji ~ 1@ anr ~l e of the stackl ng line to the true value alone a line (~
in lhc ra~fial 'be%:{g)tlo ner, ~ I|~'~r%§5 to the ideal % is of rotation
A~. The line f L1 Btﬁbeﬁ apd advyantages b fhePrsFent FVaniemw Q¢ ne S and
the tip. Afsosh@parennindighadf the aggeg aéeided &stippidnionitiehavaasisgahd yhecondi ti on,
t he bl ade ti&gl ocatl& has a tolerance applied to the rotor blade which has

a nonifal FFEUPHRYEE Gi2ReHSi on Cn, a positive nini num cl earance di mension
Cl, and a maxi num cl earance di rrensi on Ch. The m ni mum cl ear ance di mensi on

rocC is s a clearance space or gap at
the m ni Wk%@’gﬁTmQﬂm%&&&ﬁ € bl ade ti p and the average
di anmeter Dav of the outer air seal |and 86. During operation, the rotor

bl ade wilt cut groove or trench in.the, %t er air seal |land. The, groove
does not decr eaSié- Lésr‘b?:l ‘h elgyation view of an axial flow rotary machine as represented

30 by the high bypass ratio turbofan gas turbine engine 10.

Fig. 2 is a side elevation view of the gas turbine engine shown in Fig. 1 with a
portion of the fan case and other engine structure broken away to show a portion of
the compression section partially sectioned and partially in full.

Fig. 2A is a side elevation view corresponding to the view shown in Fig. 2

35 illustrating the relationship during assembly of the fan low compressor subassembly
during inseition of fan blades and a second subassembly that comprises the rest of the

engine.



performance at the cruise condition to the extent that a positive clearance
rs decreases aerodynam c performance. As shown in Fig. 6, a Iooej'g%nh

cl earance CI or an anomaly in dianmeter may catch the rotor bl ad < 2003
Catching the rotor blade may cause the rotor blade fo create a ridge of
material 138 in the outer sea! |and 86 which acts as a barrier to
rotational movement in the rotor bladél 1n one experinmental Irial, a 20
rotor bl ade haviipg & dreeniairded neerd énenmer sge(iQy 2n0. A0 Baednelly feti th t he
rear nost rotor stagﬁs 66 exper,i enced’_.be?_di ng of the tip 8~1 of the rotor

bl ade at t'Ae CQBIAFESTRN SREHIN HPWHEE 'S ¥n anot her experinental trial,
silicone oil wasgapm i afiet Aelors@&d)iodandedoianomenwdbliadesmpaesiog the ten
ml interference™fit blades were installed. The bl ades did t Ot§2 nd and
the drum regadiontairen@as WEpae iersing Bwing Ureptanshipsydbe "ﬂ%“@[’(@s 3?9 | and.
Fig. 7 is a sch ' I ' s50 shown
R S e R A
operative fophiok totonasseEmeblgt ati ¢ position is shown in Bill. The defl ected
position during_rotation at cruise is sh i reatl]y ated fashion
by phantom 3U I f % .'s?ﬁédedFWHFbj%'f ?S'FWSgS%g%re@?gggﬁ?\ﬁaér«?ﬁ%ﬂg%g@%h he severe
rot ati onal gfi@naRg ddmiandeserhta fol@mladé at inegotvwar drpatrion af theverort hr ee

t housand revol utions per mnute. This outward novenent or growti~ causes

axi al (| at BFERMOYHA QM ATERSYEIMRIEP I part to axial stresses the Poi sson

Contragfion Effed &iEd vie@Nared alhyMe lidbe-€ bf sig. end 121 of the drum rotor
is fixed to the rotor dish and nobves as does the 2 0 JUN 2003_17 nmssive

fan rotor disk F.vhis@shemalig repregeptation o iheplor asse@bly W & fihavy
dovetail at - qr. ; idynror bl ades.
The dovet aiﬁrl‘i agpﬁéﬁﬁgﬁ{e {Tglg%{)‘grcg REE‘BM’RO\{/@ ouI ﬁv\}atbgﬁegﬁgeggéﬁé}@l%vel ai |l

at t aci ~mentcongitibaris phentent ommingl Bloves taraedbetsanst revpludionsipgl mimuier act i on.

Tt~e a relatively thin nmaterial. of .1]~e oL Qf.: ridi b en the
cl~ wetail attaﬁ?feé:'tssa g‘gﬁleé%‘faélof}df%rlrh?&ei{% q%ftéagré’r?g?sgf%}ﬁghﬁggr@&ﬁ r ot or

di sk 1353 npsdd ahdsuldnaiseeodbenid) dgahnisé aftahdadf teeitavapekssorement . As a
result, the second end of the drumrotor noves axially forv~ardfy nore than
it noves r &FHEYSYut wardly, opening the cl earance of the rearnost arrays
of rotor blade to tips with the rubstrip. Fig. 8 is a schematic
representation of the relationship of, the tip of the rearnost rotor bl ade
to the rubdR¢tajedBrsasinttpn of Prq VERYAMN in full and the noved position is
shown by the phagd emah Nethedtial PanliFih. M Bide! 58V ARASiEH BN Kdfan The noved
position of the rubstrip) which moves outwardly, Is t s not shown. A

m ni mum cl egaselvelingienging, dre @n partion af thenewqraskiragompiessaastalarge a

m ni mum cl e I i Cd Ui i | j L d I ] wor ki ng
medi um gase@éﬁ‘%?%sfggggggr@gh?r}eh%HtC%gé egﬁqﬁgeébﬁag? gfé %)%S\aéﬁél%‘? Oggﬁ@t ':gﬁg t he

m ni mumoc| eatardisk d2 medgaonotal badeks Ade rdantrenioadupt thef edgine ndlis (Cl =. - 010

inches) or greater. at_the stacking line and |ubricating the rearnost
oberr) o v SRPSLELiTS ROl G PraPoRdNs FRONS Y S EP e PR HETR8E by hand

during asseyié neryhfl o Ble é@pind1BbEVE MM HREDBPUR thé Iaﬂgmerﬂa_rwe g earance
dimension Clc at the cruise operative condition mght be still negative. If
positive atMupl asien §t0)denyrtvedd2heethown, the ni ni num cl earance di mensi on
Ccis still smagl.e iBh Y AW i i , dJ the
initial assenbl yhhi %ism%gziagrluggwefmce tg)}' %ﬁ%ﬁgﬁ aqm;grs%{zbe?ra((}ggﬁg% Elt?y t he

dof f ed 15 nerdpnesdrdedby e [mve ptassareorotoressseminy 84 shotvniih FigeP e Marmposther ve

Thi's i || QAR ST AL Plphes s Se RO B IGTRiE chPPeg NEMNBGL S ed. and

the operati anet elehfeintd, 20eh 28froldPdISRELERSRATe eddBY ArfithhaNAg 58S 1bAAE oral
seal lands will further reduce frictional forces at 3u asSenbly. This

saving in fecelgmiemesisednifdg: hehedamrater diskyHRandibaibearinaddenbl v

cl earances i i | i r t r ot or

50. 101 owev iR We RAHITTHL b trol SRR b Se b T Rt Pl  car most

seal |amd dfeesvarkingdeédiom gdeesrindsoa meandeovdling Vinaks esblpyessupgcordingly, it

may be possible to rsguc}% t he c}earance at the rearnost seal |ar~r~ wthout
compressor 28, e mean flowpalh line is approximaltely midway hetween the

drum rotor 50 and the inlerior case 68 of the engine (commonly referred to as



2 0J UN 2003 1R lubricating that particular seal |and. Another way to
decrease the friction of the inner air seal |ands would be to run the
engine with relatively short blades al the rearnost stage, and mqm”zmﬂ:he
kni fe edge elenents to the inner air seal |ands. Thereafter, the engire
woul d be di sassenbl ed and reassenbled with s |onger rotor blades in the
rearnost di sk. Accordingly, the use ot the silicone oil can perm t

cl earances that provide for a mninmumclearance di nension that is negative

during agseatbley cagefuThe Abwepaentortvieeded taelialigtiowabdipdetHeasxial difeativom
negati ve cl earance across the entire tig of the rotor bl%tge in. the

chor dwi s¥/é 2 6eRbYe sloperxitaFesREM A9 e pPLdifREToNy (11& BPHIENGWSLE t he
conpat i biyl i - Y i I | {(R&-mior
xanpl . i Dégalve, SRS cFRaR: B Ind 81 [oR Ol N LomoResdon el e e i g
the silicegencfltheconeeseal. Thadutfdrpadpiddmcdndthofedsmagesotanbedesor mal |y

woul d caygse difficulty in.rotating the engin hapd testing the
engi né  E8 ﬁgﬁ\?ﬁ?%&‘?d f%ﬁ@i:yt AN aRB‘et%é@efg%aﬁgr é%ﬁ%bdg\fweoaﬁfs E\3\{/!;5 f ound
on any of ' SETRRI elibnr suptRpeYoanpeiQdcasitaml . O |
resi due é?gﬂﬁgﬁgpt&g@g})mit fi‘rslgrurjrubge? ggsti cl e?gggner at ed (Czluri ng the

initial rausfane wbich extends circunferastialtyaahaiddine axis rotalion Am{dheleagine: i ps

nont ubr | deerami e Boflia adiEcitpiade bR HRRE VB PLBeb °]
evapor at qgsaj slb?é a%&bl@#&‘éai@ﬁ dopamet dladecsa ohehhBldrbomepaya didiaing t he

operative conditions of testing. The silicone rubber was checked through a
f | ui doexpPsoecondainingtheraxihotitatatien &f. FbadihgsinacaprREMaAlY 3 Bty

ol cone afbren sEe K& Qe st BORNES sife M MBS e adiedile i1 and
the resi dyadeass Ragbidlifalbiy s foh ddcreeisispeiehale @f= Arg. | ow pressur e

conpressor and of th i gh pressuré conpressor. Although the invention has

been shown andFiestisidreexmibtiad sebpeatictvievdef Hid edgisaisbommentldgunesreds) it

houl d b der st ood t killed jn t t th i h i
Form and GBEATITEIOnE) pulkRs Banye Dol PRgEh ol sk B SRR NG scope
of theg cl gdiBpHab RVRRE ERA 124 viidNEBRBCHE Meihe! fahrbtok-didk IBSUbrofhe

assenbling a rotary maci ~i ne having an axis of rotation Ar and a flow path
for wor ki dgmeatanfiajadies fam rolondiskt ditesdnum mighhesé segeRdeend t24e nachi ne

having in { L i.ch.r in the

ci rcunf erg% ?%(?ﬁez&%é@ggﬁoqﬁgg%tﬁ??h%déﬁ @é i?éoéﬁdrrlph% h\ggsae{%lr@bgﬁl?%#nder

oEer at i vedkskctﬁﬁiwmﬂmmﬁmm mﬁm 182,28 wbg_tmtl,aﬁ\siea*rbdr)]r}e vmflﬁ.cﬂiheibmeniﬂsc_ri besf
the rotor asse ', ,each asse extending thro at least a portion o
the engt nEPRESBARTAN RO MM HaessEn J608nbIEHEV ST & PES U eal 11 of | s
ext engl ng ehAdirdd lsrée @%vﬁg .tlfexé% .a@atrecmdﬁfh r%"s.%ﬁsé’fd)iﬂlgiriéf)/al%rtc@stﬁfﬂe ot her

assenbly, one of sal d[asse i aving a first elenen t he ot her

havi ng a the sthereaécorxhdndswuds aivedirainel adaindt oadial stovehembby thai ch ext ends
circunferenliaily,about the axis Ar and circunferentially with respect to
the first r%@@%ﬂtd'ﬁ dinat least in close proximty to other assenbly with

a tol erance banthe aRTPABHHRY 1AE ifhy@df fbtdy BRRIJSOM-BE! T HLHPAR elignlhe
average di aneter Dav of the seal |and in the non-operative condition, for

bl ocki ng OhéwelBWwirnd gesekalhradialiditacer.e A sfuses here!rt theWwpemliradidler i s
oper abi Ve ARk ARRcRAABIdAdgn iARRIcH M BakHBL 530Ls bR 8G® ©f
direction lhat is substantially radial.
The stator assembly 26 has the rubstrips 86 which are disposed radially
outwardly from each of the arrays of rotor blades. As mentioned, the rubstrips
are formed of elastomeric material and have an average diameter Dav in the
30  non-operative condition al the axial localion that coincides with the intersection
of the slacking lines of the rotor blade with the rubstrip in the non-operative

condition. The rubstrips 86 extend rearwardly al about the same angle as the



circunferenlially about the engine; disposing the first seal land relative
to the first elenment which includes 20 . radially orienti ngggt_]gNgmgl | and
with respect to the first elenment such that a tol erance band having a

m ni nrum cl earance di nensi on and a maxi mum cl earance di mensi on defines the
relative radial position of the first seal land and the first elenent al an
axial location, with respect to the av]érage di aneter Dav of the seal |and

at 2s that location in the non- g’peratl ve condition; radial hg %ge?agi ng the
seal |and IWSSW -82 ¢ldherolgr piadei JhedfPs: RE MEnioned|aanish MK RS ¢

'”terfere%}@ g a?<§|§\J?ﬁtéha?éhvtté(}feﬁﬁgtmtart@ttartsipéfeéu@ntﬁt,psh%rmﬁt during

assenbly ov a portion circunferential travel of the rotor
el ement ; 2 0 Tha sta*rd\rrt&szﬁtmw%mcm%ﬁgl\Bkbellafdta@ﬁ (s sEpPyiedeaseny assenbl y

W th respect tg the stator b nt to the

r ot or assefﬁbmﬁgmrﬁﬁefléor?n@ Iae ]ér‘f g%@%ﬂﬁﬁﬁﬂg&%%ﬂwg@%geed to rotate
a rotors asg&iusulaviuagrso Elaldhrsbcﬁmtls plil fﬁhgattrmtthlo,dnnfatasszﬁn\bbmngslla rotary
machi ne of claim 1 wherejn the stat r aszﬁnsgy}‘/v c,: ttf rotorlas enbl y
extend axi a'f‘qj)?‘rﬁ‘lﬁm{ﬁjﬁﬂ“@'Wee’%?@q”ﬁ%pa 608 €18 9ot 41T 8@ ?fh °Qher ei n
the first g}epBdd ichelriaxiiytdh dRlffe@asarhb)oiAnde indivas fof nisé ouror

el ement extending in a generally radial direction with respect to the axis

of s rotat case.amteWaBges Antihe seglipnsreonpleswillythea€!alinglyrlpiogtdiamaler | and. 3.
The met hod ﬁhdﬁlﬁﬁgg@lﬂ Ml @ﬁt%ﬂ'a'?\?rr%fhegllﬁh'@ BuhlieERi @ the rotary

machi ne |nc €s an out er case havin Irst seal |land and further
i ncl udes anoamtnexthMeMryaM| AR am@hludb@ case SHPROTGT afthposiRsr assenbl y

a fan rotor, di kWhIChI & ot or

b1 ades, _wndre i efesd? et A ERELIE HEETRIE PO BB Sty BERTLE" o e
first eI enmesxialilcedtiodes di sp05| ng the outer case about the engine
subassenbl y and after the outer e ahout , t he engi ne
subassenbly, fur h?efp?f?f[h?%%éfed?z éas ‘\#@o‘ﬂ@?' %g)é{ bﬁ' 98T an rot or
di sk and thetbrmttatatdwfotﬂaedro@ta%at@ﬁéﬂﬁmlndg mérsame 268p6biliyn v AMS4SqBCt O
stator assenbly by applying turning nonent to the rot or to assenbly and

t hen di lépoéﬂﬁ@f“ﬁh@ﬂ%é?“’fl%@l db‘t“ﬁd@‘of Ras ﬁée'f‘ fgaat sedleddp Srve 2 sighy net hod of

assenbl i ng &ﬂé@ﬁ@h?été%@tr@@t&é §haioller a8 eAiBrishe fc%hf‘e@ &fAMthlaétb.' y
engagi ng the seal | east a portion of the first el enent

i ncl udes erRjaginmyn eHey.s&he coaligientehtherael %Zﬂpalﬂﬁtoé\rfpéﬁwe'f%tseeX| sts at the
m ni mum s S@r%ﬁ‘&?%h?f"tﬁétQﬁe%Emtcfe%?BPt‘ﬁterrbéﬁ é)!b‘aang AliBefedbireig Dav at

said axial locatio Crui se opera t Ion has a reduced
cl ear ance aand:mtptabledes andlier smnelmatenmimnayctbe as nmuhcdrs tnastodhadedimesice whi ch

203 onzobrs YRtk e el eBRELFSerhaenil g oat R R SR A0 BT R 2

wi ~erein thsladeep of rotating the rotor assenbly during assenbly by
[ i ncl udes applying a turni nge noment of | ess than

|
gﬁg thgrgdt?ggrf'ﬁogohgge b s uaderstaneing hempathed oh eagemBlRgieda§ui red to
rotate the y u?&lﬂé R ﬁgnloar?d asselnézﬁ%t ér%ur%r &%&Ee%ﬁﬁ?s%r’g}é@ndr ed

foot pounds force. "6. The net hod 't ng rotary mac claimb
wher ei n t hewhighris agapieddatreteive isoulranasoang wilbioclugednelsuteocese affer The

net hod pf e laiml V\:h n the
step of apgﬁ‘%%bge%ﬁf‘ i'@%ﬁ{l&% pﬁt%%gts%@ %Le&%)%ﬁgﬂ{eb lsffé ?tOWQe%{feq éaﬁf

per f or med blyacap/rel ty\eruy:ter dasel i Traefirsi mgnheusdbéssremttlpnrtchejeswmap@rt Oflhbhe first
seal | and. a rotary machine of claimy7 wherein

the stator 'é’é‘é‘é%?ﬂﬁsﬁa(/?ﬂr(é)'of‘a sen‘&w e ﬁﬂ“’esmf%ar?é@méfy &rB- dpUMAUESS | oy,
wher ei n t hepgarigy, drlérfﬁetﬁmr%/ah@ ré16F PREeSf 1Rdbdd r%‘l' iHELAL :nﬁeyfdﬁrtst?a{se A4 n the

rotor bl ades are forned a titaniumalloy and wher ei Icant is an
oi | conpat i Bleeouler pageneAt tmsamlutnﬂsdcwlsnmtmm a8 secendisibasseablyapat 9. The

met hod a c ajned,in clai n the seal
| and i 594 or ?T%tgt%#ﬁ\gﬂ eé&g?ﬁ%ﬁgqu eﬁa‘%@? %n carg | %Slg‘t%ﬂ%?p%ﬁ"é%émh fa
away), high pressure compressor, combuslion section 14 and turbine section
16. These are inslalled later. (The second subassembly is shown in Fig. 2 wilh
respect to the firsl engine subassembly with the outer case installed and the

fan blades being installed.) Returning ta Fig. 4, the fan rotor blades are shown



| ubricant is disposing a silicone oil on the seal land. 10. The nmet hod of
assenbling a rotary machine as clained in claim9 wherein the step rotating
the rotor assenbly by applying a turning nonent includes applying 4 4 Juh M06%
monent (torque) which is less than forty toot pounds force. 11. The nethod
of assenbling a rotary machine of claim2 wherein the rotor element is a

bl ade and wherein the step of dlsp05|d§ the first seal land relative to the

first el I t

b: ;Ze et ﬁg}?;? Bga ﬁ%bgyb@?ﬁef%f‘d¥ lgissg«?ésﬁacpngxn %ﬁgsc'll Bhé)d QI'S'%\Y@III% I}én%lglr'orﬁurl\lozgg?)

22 12. Th@sﬁﬁﬁ“bhﬁdrplfse&&ﬁf&ﬁttﬁlnamgna rotary machi ne of cI aim 2 wherein the

rotor el enent |s a knife edge el enent and wherein f disposing the

seal land rel atin@NeH SRS OrdEPe%s B MPECaRERR O 4 ?ef B??Ig%‘%y 58?%889 ng an

innerair yseqldrand) I@nthé fﬁﬁ@ﬁ&ﬁ IHelsl RR ek Sdge O%I@@ﬂéeaMItIrQ:I% gBonpr i ses

an elastoneric material s and wherein the step of ap a lubricant to

t he f| sst (sawltripam the |penressusel Cbmpmﬁoyﬁﬁg lm@@emm@%&wm taolubA@tnner air
I d. 13.. Th I f 2

wnor el n ¢ WA 1150 e SEBRE Biafe 2 P e S N AR PR L2

| and r eceigfithg (Wb eebtmtsicanteriay stémalalndeehataare e&&axterilamdatdl sladee@4adj acent
the knife edge el enent and mhereln the r ot machi ne further includes an
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formed of é‘;%eac?a & i é‘E‘nﬁrHa?Jg F@?haee%h%o%alwbﬁfw@aﬂae@ahemd cant is

di sposing a silicone 0| on the and € gas turbine engine of
cl ai m 20 whimataiausebe tighhlaclumhdleiasarsid. | @osemeuddtmisions, torques of over a
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encounlered and have been decreased to less than one hundred foot pounds

force (100 ft-Ibf) in subsequent trials with lubricant applied to the surfaces of the
seal [ands.
The fan rolor blades 44 are inserted one at a time during the st'ep of
25 assembling the fan rotor blades to the rotor assembly. The method includes
rotating the low pressure rotor assembly 24 about the axis of rolation Ar by
applying a torque of less than one hundred foot pounds force (100 ft-1bf) to the
rolor assembly. This is a marked reduction from the torque required to rotate
an unlubricated assembly. The step is repeated time after time until all fan
30 rolor blades are assembled to the fan rotor disk 42,
Fig.5 is an enlarged view of one of the rotor blades and an outer seal
land at the average diameler Dav of the seal land. Clearances are measured in
the true radial direction perpendicular to the ideal axis of rolation Ar of the

engine. For example in the field with a rotor blade, clearances «are measured
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3, ?é%@Sf‘) (3& %f,j (@L Qf%?q atic repl'esen_latlon c}for%overggnt of the drum ralor 50
shown in Fig. 3 in the stalic non-operative condition and the dynamic cruise
operative condition. The static position is shown in full. The deflected position
during rotation at cruise is shown in greally exaggeraled fashion by phantom

30 lines. The drum rotor 50 deflects outwardly under the severe rolational forces
that resull from rolating the rotor at over three thousand revolutions per minute.
This outward movement or growth causes axial (laleral) contraction related in
part o axial stresses the Poisson Conlraction Effect (Poisson's Ratio). The first

end 124 of the drum rotor is fixed to the rotor disk and moves as does the



BB& ()-'F' "109%f& ()-: F' "109%& ()-:$ ~\=!S 109%& ()-!

109638 () - $S10% ()- 10B 10B 10Bs<z 109B& ()-!6, f/#109%BOB& ()r & \(in 1103
@"Z## [ <-\=!, 109& ()-!f,"109% H H& ()- 'l,"109& ()- !# "10% é@)‘

31 109& ()- 10%& ()- #HCSb$SSSLUIE-\=!) 10%& ()-(z 109%& ()-1 y&T109%& ()-f$3
109& () -f#109%& ()-! 109 () - L99RME&} &&E&AE-\ =! 93Y109%& () -

1T109& () - 0109& ()- Y. 109%& () - 17

Y, 1 10%&' (Mhadshldik (Qlod@sk 1& M\l(ﬂ\}a( rs(f(rmp O A&t D Y8&: (glativily hOawOf ; 10%&' ()-9y

109&' 6 0%& 41 10%&' # BnbCl s 10(%8&' L4" B&' (
1o () 6 dschievee! 1he Sirpimer Enosag he base e upity palEsont) (1|

1098& () TH@%@%(E)\ ‘aYa@Ql%@igﬂ ﬁ%lﬂl@@@%rﬁo@o(awalin 109®& o 1lov@iall 00;
11a7mbCl 1 XE 3T T0ORLRI & () - TN 31 1008B& () -90 10%& () -y 100B& ()-SL. -

1098& () - ammr(t)mmpgmmmgkmd@a@ 1994 Q) berfesig Sook a|ion) -The 100& () -
100, 100 1OBATBAA AT QiR AN (8 109 ()
10%& () - 938 &R 1s -delI@3R! AQWING) @) t1d endD 9B jearmost rotor disk 128
: %?rg&( ) &i@l‘;ﬁgﬂi S>e%5%é%ﬁ9 @’au%%}gg‘ﬁ&%@)wgﬁi‘ﬁ;&@%@% 432 A Moee () -9
18@%1(() Qm'& &%JGH% (e)wti c!f tﬁ&%%'ré«o@}noi&‘yml(y)fon&&%mne}e (@2PB1 BRREESH!

radially outwardly, openmg the clearance of the rearmost arrays of rotor blade
10 tips wilth the rubstrip.

Fig. 8 is a schemalic representation of the relationship of the tip of the
rearmost rotor blade to the rubstrip. The blade tip is shown in full and the
moved position is shown by the phantom lines at the minimum clearance
dimension Cl. The moved position of the rubstrip, which moves outwardly, is

15 not shown. A minimum clearance dimension of zero al the stacking line results
in a minimum clearance dimension at cruises which is posilive, allowing
working medium gases to escape around the tips of the rotor blades. Setling
the minimum clearance dimension at an interference fit of ten mils (Cl =.- 010
inches) or greater at the stacking line and lubricating the rearmost rubstrip with

20  silicone oil, allows the rotor blade to be turned by hand during assembly and
yel as the clearance opens up, the minimum clearance dimension Clc at the
cruise operative condition might be still negative. If positive at the cruise
condition as shown, the minimum clearance dimension Clc is still smalter than
the minimum clearance dimension Cic' if the inilial assembly minimum

25 clearance dimension was zero shown by the dotled line in the moved posilion
or, even worse, if it were a positive minimum clearance dimension nol having
an interference fil at assembly. This will greatly increase the efficiency of the
array of rolor blades and the operational efficiency of the compressor.

Lubricating the inner air seal lands will further reduce frictional forces at

30 assembly. This saving in frictional force may be used to tighten nominal
assembly clearances further without making it impossible 1o rotate the drum
rolor 50. However, care mus! be taken thal the friclional force al the rearmost
seal land does not deform the rolor blade during assembly . Accordingly, it

may be possible to reduce the clearance al the rearmost seal land without
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such an extent that the rotor blade has a minimum negalive clearance across

the entire tip of the rotor blade in the chordwise direction.

10 Experimental trials were run to demonstrate the compatibility of the
silicone ail to the structure of the engine. For example, the engine was found to
rotate freely after assembly by applying the silicone oil to the seal land for a
pilot lot of blades which normally would cause difficully in rotating the engine by
hand. After testing the engine was torn down for inspeclion. No trace of

15 residual oil was found on any of the applied surfaces and all rub surfaces
appeared normal. Oil residue did tend to collect fine rubber particles generated
during the initial rub on some stages, such as the inner air seals. The blade
tips collected trace amounts of fine silica (which are also typical after non-
lubricated initial rub events. These were left over after the oil evaporated at the

20 elevated temperatures of the flow path during the operative conditions of
lesting.

The silicone rubber was checked through a fluid exposure test in which
durometer readings were taken and found unchanged after periods which
demonstrated the compatibility of the silicone oil with the silicone rubber. In

25 addilion, the silicone oil and the residue was compatible with the titanium alloy
of the low pressure compressor and of the high pressure compressor.

Although the invention has been shown and described with respect to
detailed embodiments thereof, it should be understood by those skilled in the
art that various changes in form and detail may be made without departing from

30 the spirit and scope of the cJaimed invention.
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1. A method of assembling a rotary machine having an axis of rotation Ar and

XA

a flow path for working medium gases which extends through the machine, the
machine having in the assembled condition a rotor assembly which rotates in the
circumferential direction about the axis Ar during assembly and under operalive
5 conditions, and having a stator assembly which circumscribes the rolor assembly,
each assembly extending through at least a portion of the engine to bound the
flow path, each assembly having arrays of airfoils extending radially across the
flow path into close proximity with the other assembly, one of said assembilies
having a first element and the other having a first seal land associated with the
10 first element which extends circumferentially about the axis Ar and
circumferentially with respect to the first element and in at least in close proximity
to other assembly with a tolerance band, as measured at an axial location with
respect {o the average diameter Dav of the seal land in the non-operative
condition, for blocking the flow of working medium gases from the flowpath under
15 operalive conditions, comprising:
applying a lubricant to the surface of the first seal land which extends
circumferentially about the engine;
disposing the first seal land relative to the first element which
includes
20 . radially orienting the seal land with respect to the first element
such that a tolerance band having a minimum clearance dimension
and a maximum clearance dimension defines the relative radial
position of the first seal land and the first element at an axial
location, with respect to the average diameler Dav of the seal land at
25 that location in the non-operative condition;
radially engaging the seal land with at least a portion of the
first element such that an interference fit exists between the seal
land and the first element during assembly over al least a portion of

the circumferential travel of the rotor element:
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rotor element extending in a generally radial direction with respect to the axis of

s rotation and wherein the stator assembly has the first seal land.

3. The method of assembling the rotary machine of claim 2 wherein the rotlary
machine includes an outer case having the first seal land and further includes an
engine subassembly which includes as part of {he rotor assembly a fan rotor disk
which is adapted to receive a pluralily of fan rotor blades, wherein the step of

5 disposing the first seal land relative to the first element includes disposing the
outer case about the engine subassembly and wherein after the ouler case is
disposed about the engine subassembly, further includes disposing a fan rotor
blade in the fan rotor disk and then rotating the rotor assembly during assembly
with respect to stator assembly by applying the turning moment to the rotor

10 assembly and then disposing another fan blade in the fan rotor disk.

4. The melhod of assembling a rolary machine of claim 2 wherein the step of
radially engaging the seal land with at least a portion of the first element includes
engaging the seal land such that an interference fit exists at the minimum

5  clearance dimension with respect o the average diameler Dav at said axial
location and in the cruise operalive condition has a reduced clearance as
compared to the same construction which has a clearance which is greater than

an interference fit at the minimum clearance dimension.
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includes applying a turning mement of less than one hundred fool pounds force
and wherein the turning moment required to rotate the rotor assembly with no

5  lubricant is greater than six hundred fool pounds force.

6. The method of assembling a rotary machine of claim 5 wherein the turning

momenit is less than forly-foot pounds force.

7. The method of assembling a rotary machine as claimed in claim 1 wherein
the step of applying a lubricant to the surface of the first seal land is performed by
applying a lubricant in fluid form to the surface of the first seal l1and.

8. The method of assembling a rotary machine of claim 7 wherein the slator
assembly having the seal land is formed of an aluminum alloy, wherein the rotor
assembly is formed of a titanium alloy and wherein the rotor blades are formed of
a titanium alloy and wherein the lubricant is an oil compalible with the titanium

5 alloys and the aluminum alloy.

9. The method of assembling rotary machine as claimed in claim 8 wherein
the seal land is formed of an elastomeric material and the step of disposing a
lubricant is disposing a silicone cil on the seal land.

10.  The method of assembling a rotary machine as claimed in claim 9 wherein
the step rotaling the rotor assembly by applying a turning moment includes

applying a turning moment (torque) which is less than forty foot pounds force.

11, The method of assembling a rotary machine of claim 2 wherein the rotor
element is a blade and wherein the step of disposing the first seal land relative to

the first element is performed by disposing a rubslrip outwardly of the rotor blade,
the rubstrip being formed of an elastomeric material.
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12.  The method of assembling a rotary machine of claim 2 wherein the rotor

element is a knife edge element and wherein the step of disposing the seal land

relative to the first rotor element is performed by disposing an inner air seal land

with respect to the knife edge element which comprises an elastomeric malerial

5 and wherein the step of applying a lubricant to the first seal land is performed by

applying the lubricant to the inner air seal land.

13. The melhod of assembling the rotary machine of claim 2 wherein the first
rotor element is a knife edge element, the first seal land receiving the lubricant is
the inner air seal land disposed adjacent the knife edge element and wherein the
rotary machine further includes an array of second rotor elements which are an

5 array of rotor blades, wherein the rotary machine further includes an outer seal
land having an associated average diameler Dav which is disposed outwardly of
the array of rotor blades and the rotor blades have a minimum clearance
dimension which has an interference fit at the associated axial location.

14.  The method of assembling a rotary machine of claim 13 wherein the

method includes applying a lubricant to the surface of the outer air seal land which
extends circumferentially about the array of rotor blades.

156.  The method of assembling a rotary machine as claimed in claim 14 wherein
the array of rotor blades is the rearmost array of rotor blades and wherein each of
the rotor blades has a tip having a chordwise length and wherein the step of
radially engaging the seal land further includes radially engaging the seal land with

5 the array of rotor blades such that the minimum clearance dimension of the rotor
blades is an interference fit along the length of the tip of the rotor blades as
measured in the chordwise direction.
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assembly takes place durlng the additional step of inserting the fan rotor blade.

17. A method of assembling a gas turbine engine having a stator assembly and
a rotor assembly, the rotor assembly extending axially through the engine about
an axis of rotation Ar, the gas {urbine engine having a stator assembly which
circumscribes the rotor assembly, the stator assembly further including an outer

s case formed from a circumferentially continuous structure which is split
longitudinally into at least two axially and circumferentially extending portions, the
circumferentially extending portions being joined together in the assembled
condition and supporting and positioning al ‘least one inner seal land and at least
one outer air seal land such that each seal land is nol a perfect circle at a first

10  axial location on each seal land and has an average diameter Dav at that location
in the non-operative condition, each outer seal land extending circumferentially
with respect to an array of rolor blades, each inner seal land extending
circumferentially with respect to a knife edge element for blocking the flow of
working medium gases from the flowpath under operative conditions, comprising:

15 orienting a gas lurbine engine subassembly to receive an outer case
assembly, the subassembly including at least par of he {ow pressure compressor
rotor assembly of the low pressure compressor which includes the fan rotor disk
but does not include the fan rotor blades;

disposing a silicane oil lubricant on the surface of each of the inner air seal

20 lands and on the surfaces of at least two of the rear most outer air seal lands of

the low pressure compressor;
disposing the outer case assembly about the engine subassembly, each

seal land having al the associaled first axial location an associated tolerance band
having a minimum clearance dimension and a maximum clearance dimension as

25 measured with respect to the average diameter Dav thal defines the relative radial
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30 engages the associated seal land with an interference fit over at least a portion of

the circumferential travel the rotor element;
rotating the low pressure rotor assembly about the axis of rotation by
applying a torque of less than one hundred fool pounds force 1o the rotor
assembly;
35 assembling a fan rotor blade to the rotor assembly;
repealing at least one time the steps of rotating the low pressure rotor
assembly and assembling a fan rotor blade;
wherein the step of applying the silicone oil to the inner seal and the outer seal is
performed prior 1o the step of rotating the low pressure rotor assembly about the
40 axis of rotation and assembling a fan rolor blade to the rotor assembly.

18. The method of assembling a gas turbine engine of claim 17 wherein the

step of disposing the ouler case assembly further includes having at one of said

seal lands a positive clearance at the minimum clearance and an interference fit of

at least ten mils (.010 inches) and having at the rearmost associated array of rotor
s blades has a minimum clearance of zero at the associated first axial clearance.

19.  The method of assembling a gas lurbine engine as claimed in claim 18
wherein the rotor blades has a slacking line and wherein the associated first axial
location of the rotor blade is at the stacking line of the rotor blade.

20.  The method of assembling rotary machine as claimed in claim 17 wherein
the seal land is formed of an elastomeric material and the step of disposing a
lubricant is disposing a silicone oil on the seal land.

21, The gas turbine engine of claim 20 wherein the seal land is silicone rubber.



