TORQUE TUBE BEARI NG ASSEMBLY FI ELD OF THE | NVENTI ON The present invention
rel ates generally to a gas turbine engine variable stator vane torque tube
assenbly and, nore particularly, to a torque tube assenbly having inproved
bearing life. BACKGROUND Variable pitch stator vanes are conmmonly used in
conpressors of gas turbine engines. The variable pitch stator vanes or,

nore sinply, variable stator vanes are pivotably nounted in axially spaced
rows inside a conpressorTGROVBHTUBREBREABING ASSHMBAK t he vanes pivots on a
spindl e having an axis extending radially with respect to an engi ne

centerlin i f the vane. Levers on the outboard ends of
t he spindﬁggﬁjgﬁﬁﬁﬂkgﬁ%ﬁﬁif@ngivop each of the vanes in a row. The levers
form part Taé presefd invertikrelJIRCENIABMN tHOLBAsCRriAnd ShelBe WRRKIOTRERSHRAE Case.
Some engines include a torque tube assenbly operatively connecting the

bel | cr ankorfis hehsi asemblya andyr maks @agiculagy, t¢ anéoraus daheopssembint ddvingt si de a

fan duct i conpressor case. The torque tube assenbly
i ncl udes gﬂﬁ%?%g%a?%ggggque t ube extendi ng through an access hole in the

fan duct fromthe bell crank nechanismto the actuator. During operation,
t he el ongat.e [ ube rotates in the access hole about a | ongitudinal
axi s of t%@*@%ﬁgg%iﬁ\“éndi ng generally radially relative to the engi ne

centerlingyf; [ t e 1 he
compr essor * Aag PO A0k oL AR e TR Y 3P editeRbl R 2t puobiRg el

t enper at uilhs vatiide pittlasiate varesbr, npoeisithplys vadabid stame vanessorpivastsdy and t he
fan duct changg .duri gjg e%]%i ne og_gsr(fti on. As are l{{&% t.he ﬁUt board end of
the tor quEPfsd 1B Exialy spaced e WS [Side A CIpReTRaT Asst enging-i hachedlghfe
operati Onvan-Elﬂfvoté B&a%ﬁfnﬂ%a&ﬁﬁ%f%ﬁi elBndih € Badi Ayl with rAPELtiOLATRginE T he
access hole. To facilitate this notion, a spherical bearing assenbly is
posi t i oneeenteréingierary tee pisehoefethe ivbee. aheverhen decadbodidkrds dftbe ispiadieng

housi ng. adpRaieRs miERIRH fEte REREB PR, "HEstRa et E nelB8afha 2 o
the fan diethanism mounted outside the compressor case. Some engines include a torque

tube assembly operatively connecting the bell crank mechanism to a variable stator

vane actuator mounted outside a fan duct surrounding the compressor case. The

torque tube assembly includes an elongate torque tube extending through an access

hole in the fan duct from the bell crank mechanism to the actuator.

During operation, the elongate torque tube rotates in the access hole about a
longitudinal axis of the tube extending generally radially relative to the engine
centerline from the bell crank mechanism to the actuator. Because the compressor
case and the fan duct operate at significantly different temperatures, the relative axial -
positions of the compressor case and the fan duct change during engine operation. As
a result, the outboard end of the torque tube tilts rearward as the engine heats up
during engine operation. Thus, the torque tube must be free to tilt and rotate in the
access hole. To facilitate this motion, a spherical bearing assembly is positioned
between the torque tube and the access hole. The bearing assembly includes a
spherical bearing mounted on the torque tube and a housing adapted for receiving the

bearing mounted over the access hole on the fan duct.



1 Sonme conventional variable stator vane torque tube assenblies have
housings tilted to match the calculated torque tube tilt angle during
engi ne operation. Fig. 1 illustrates a cross section of a bearing assenbly
used in one such conventional variable stator vane torque tube assenbly.
This bearing assenbly includes a housing tilted at an angle of |ess than
about four degrees. However, in sone instances torque tubes tilt rearward
by as mucRoBg conventiensl vaagble statarrvane tasqerifuba gssembliayhave dousingryfiltrsl to

aoconol y e SRS RS WRITHE iflc SRl MelRiB-RRRE b MiGBERh-Y o

-angl e wit brosesqetion of @ bedrihghBsehblg ubabin e RBEl tRFefi@iidl vathblostRbEvREUr €
beari ng assenb failure. Accordingly, there is a need for a torque tube

|
assenbl y {Hra¥ El%seé?embéy-t Rhie bearingassemblyriaclndes abeysingriétedoa aniangleced 1ife
under suc Es?ﬁ%%ﬂoﬂggﬁgggﬁbgnﬁomn%f% gérs'\lgg@llgrﬁ%\és%{ FJ#\MU?I the

present invention in a bearing’asse a gas i ne
engi ne tobyasahadh 35 thirieeh degtees quendrehbiring seadgceats sngiat eperatiendiThg t hr ough

a fan duct f the engi.ne. The torgue,tube connects a variahle stator vane
bel I cr anReSBE’é?gt ?‘%HEH&“P @Pé@g_t‘ﬁf‘é'eﬁ’gﬁd dBcthet eaéi‘l’i'gaﬁsxsﬁ‘ﬁp rdb'é%g tEEWEd
out si de t Bgerb@sh GHER the IBRUE &1 15 Bispasea SR xngq@m'éggﬁﬁo%@ﬁéﬂ&al pted for

nmounting on the torque tube having a spherical ext al engagerrent
surface. Femetirees reshigcdaigispighlaiure brming esscmblyofadlurey  Ahenrilinglya thdrange adapt ed

for mountin n the fan, duct | acent, t he ess. hol e and annul ar
interior gﬁ&f %’&? tﬁﬁq}ﬁeﬁﬂbeaﬂssfa??ﬁg)rwgggﬂebegﬂﬂg zlﬁa%é)ﬁff@fm%ﬂlé’é? re*"ﬁa‘glyiq?[& or
surface ifipwveelfeandesiirRofetafihg tidiaR| y recei ving the spherical external
engagenent surface of the bearing so the spherical engagenent surface and

the annular interior surface nake contact along an annul ar contact area
centered on a contact plane lying between the inner edge and the outer

edge of tRENMEY OfF PHETRSAENTIOR contact plane is tilted with respect to
the flange at an angle greater than five degrees. In another aspect, the

invention includes a torque tube assenbly for use in a gas turbine engine
t o connecBrigflyathegitsent inveotion awdudes lal baariag lesgodily ifonest innsigde habian duct

engine to rotatably mount a torque tube in an access hole extending through a fan duct
of the engine. The torque tube connects a variable stator vane bell crank positioned
inside the fan duct to an actuator positioned outside the fan duct. The bearing
assembly comprises a bearing adapted for mounting on the torque tube having a
spherical external engagement surface. Further, the assembly comprises a housing
having a flange adapted for mounting on the fan duct adjacent the access hole and an
annular interior surface having an inner edge and an outer edge. The interior surface
is sized and shaped for rotatably receiving the spherical external engagement surface
of the bearing so the spherical engagement surface and the annular interior surface
make contact along an annular contact area centered on a contact plane lying between
the inner edge and the outer edge of the interior surface. The contact plane is tilted

with respect to the flange at an angle greater than five degrees.

In another aspect, the invention includes a torque tube assembly for use in a gas
turbine engine to connect a variable stator vane bell crank positioned inside a fan duct
of the engine to a variable stator vane actuator positioned outside the fan duct. The

torque tube assembly comprises an elongate torque tube having an inner end adapted
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of the engine to a variable stator vane actuator positioned outside the fan
duct. The torque tube assenbly conprises an el ongate torque tube having an
i nner end adapted 2 for connection to the variable stator vane bell crank,
an outer end adapted for connection to the variable stator vane actuator,
and a |l ongitudinal axis extending between the inner end and the outer end.
Further, the assenbly conprises a bearing nounted on the torque tube

havi ng a $@heennealiorete dhe yhrighieataton vanes bell sawankarah autehocudi mipptedviorg a

fl ange adapt ed..f or unt . to. the fan duct amd an annul.ar .interi.or
surface hSUPIRGIAR 19 APy adiile SEH YaRe Ao, 4d 2 %ﬁ‘gg}lﬁflﬁlr?’ﬂ? EEPfiRge s

si zed andbpeshepdt mar &l Aldahe Yule efd.V FilhdrNthe SREDABIF 2bmPib&Ar NBéar@Bgagenent
surface of the bearing so that when the spherl cal engagenent surface and

t he annul &ountedeen gie ottueduke baving acenherieal exteng engagementsufoemard e area

centered . I . I t I . of the
interior gﬁ?ﬁna%gﬂéﬁi%ﬁ%hgﬁﬁ%aﬁ%i%?h&ap%u? L@h g%réﬁlg%agﬁ ag)%%g%lagggfmén angl e
of | ess t bafacgShavimgnard hmef bdgegand & loafter fedgd.uIThs ifferibheurficeSie Rizeld HndNt i on

will be in part_ apparent and . in part pointed out hereinafter. BRI EF
DESCRI PT| &fbest fPHE’OBF%ieW mnﬂn@tﬁ@ sphergeal ieyteanal cengagemet surfses i et

bearing a%é%%:mﬁiv&eg%hé @h@ﬁéegggl%%@ho ; ésﬁme%mﬂm%&r{ovmf& _engi ne

showing at ue tube beari'ng e present 1T nvention; Fig. 3 1is
a cross seuike@onptt slobganiangulas semtbttyared ceiteredr@s e vontant/ plane ertendind Fig. 4

is a top plan .of the bearin ssenhly of th resent invention :

Corres pong?ﬁ?gelrtgfté‘? 8HEE® &a@?é?tg“?%ﬂ'lr%&f’ é’?élg“r Emﬁ%@r%@ge ¥ oughout
the sevepglondd £ afflelohRssAWISIYEFomIET AbkgD DESCRI PTI ON OF THE PREFERRED
EMBODI MENT Referring now to the drawings and in particular to Fig. 2, a

torque tube assenbly for wuse in a gas turbine engine is designated inits
entirety Byhareatviss ef tepsesguniarentiopovill betie pag sppaseyt and iepew paiitedewugh an
access hobe p24qin a fan duct 26 of the gas turbine

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a cross section of a prior art bearing assembly;

Fig. 2 is a section of a portion of a gas turbine engine showing a torque tube bearing

assembly of the present invention;
Fig. 3 is a cross section of a bearing assembly of the present invention; and
Fig. 4 is a top plan of the bearing assembly of the present invention.

Corresponding reference characters indicate corresponding parts throughout the

several views of the drawings.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring now to the drawings and in particular to Fig. 2, a torque tube assembly for

use in a gas turbine engine is designated in its entirety by the reference numeral 20.

The assembly 20 extends through an access hole 24 in a fan duct 26 of the gas turbine
3



3 engine (generally designated by 28) and connects a variable stator vane
bell crank (generally designated by 30) positioned inside the fan duct to
an actuator (generally designated by 32) positioned outside the fan duct.
The torque tube assenbly 20 transmts torque fromthe actuator 32 to the
bell crank 30 to vary the pitch of stator vanes 34 connected to the bel
crank. The vanes, generally designated by 34, are nounted inside a

conpr essorEngine é2gwrally dasignaiedi ye2®)sandTemnngetn @svaiablii stator vane belpasmkng

t hrough a,f| t f .t engi.ne 28 inside the conpressor case.36. Each
o tha’ okt dheitha®a ol ") BRSHETeT ReioB I Fant e P BB RERRSE CERRE S

nount ed odedififated BITBR gRRIticEES Buidhilc thel fan Qluctt4 Therwiqie WBE sRbiyeobel |
crank 30 is nounted on an outboard end 46 of each spindle 40. The |evers

44 provi d&apgyiss togeue o, the actugfer ke the el empeky B0 tomapyy the pifel of watarpi ndl es

40 to var ' | at .t ect - t i flow ng
t hr ough tﬁgﬁ%ﬁoﬁﬁ%sggqéfﬂ?%éﬁgg%kh;%I.éf%.’ E%r[eﬁeglsr :‘\%Sf tg Pa@ga&l’i %eFi g. 2,

t he tolr ﬂueémmtad m;smerﬂgbmg%@ssr?orqasa Sé&f_athe&ngméi&;galhg @Itnes;g];atcﬁrdcoaﬁl;gct _ugﬁ,
general |y desi gnhate : vi.ng an_ inner en adapted for co [

to the yaPP%?H}geL%E‘{”& _H 38 of e chinesty maide dig ERAMIRRFOL 8238 PRptRAghf or
connect i OQf kiR Jalls y@fﬂ&i@%@ﬁ#ﬁ&f&@o@%aﬁ%ﬂ% 2h 2 bshiff 92 Ao BEY

| ongi tudi nal axis 56 extendi ng between the I nner and outer ends. The

f eat ures oémpieesarornspudd.t Ableveardt formingepert ofithe tetcbradk 30 'rsa'gmlnﬁedi 'ﬁmanssed in
detail. A heari.ng, ,generall esighated by  60,..is nounted on . the torque
tube 50, SREoBEEn 4 Rer € I eTRe Bremiv ariine FuBHG kNSt LerRise. 02 and
an i nt er ngh abeitahdfreapcpive dpihales 1 &Ll Mekit RRhlGaAUR drhsck wih rddbtdiough the
bearing 60 nmay be nounted on the to;gye tube 50 in other ways w thout
depar t i ngtd thepinfinvigg dpeugs the llewppdsSrmf thewngind Ph, in one enbodi nent the
internal bore 64 is sized for a close clearance fit with the torqueltube SO
t he beari . : | ol aue y 20
al's0 1 nel (AuRBE HRGANE h438 SRKEOeRE bem o0 Qifbificl Y EnARBER, ¥

i nterior slongatedordide adeppadrdliyrdesighaidlbly\50, hedeg un et bed SP Ia&aﬁtechgoreXL er nal
engagenent surface 62 of ,the bearing 60Q. i llustrated in Fig., 3, the
annul ar i fPRIeelen Qu?lfeaff@l ﬁtﬁ?ravﬁng rh‘iﬁrcréébébﬁﬂ“ SHT £Ad otk adapted for

connection to the variable stator vane actuator 32, and an imaginary longitudinal axis

56 extending between the inner and outer ends. The features of the torque tube are
conventional and will not be discussed in detail. A bearing, generally designated by
60, is mounted on the torque tube 50. The bearing 60 has a spherical external
engagement surface 62 and an internal bore 64 adapted for receiving the forque tube
50. Although the bearing 60 may be mounted on the torque tube 50 in other ways
without departing from the scope of the present invention, in one embodiment the
internal bore 64 is sized for a close clearance fit with the torque tube so the bearing
and torque tube move as a unit. The torque tube assembly 20 also includes a housing,
generally designated by 70, having an annular interior surface 72 adapted for rotatably
receiving the spherical external engagement surface 62 of the bearing 60. As
illustrated in Fig. 3, the annular interior surface 72 has an inner edge 74 and an outer
edge 76. Together the bearing 60 and housing 70 form a bearing assembly, generally
designated by 80, for mounting the torque tube 50 in the access hole 24 of the fan duct
26. The bearing assembly 80 permits the torque tube 50 to rotate about its

longitudinal axis 56 to pivot the vanes 34, as well as tilt within the access hole 24 of
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edge 76. Together the bearing 60 and housing 70 form a bearing assenbly,
generally designated by 80, for nounting the torque tube 50 in the access
hol e 24 of the fan duct 26. The bearing assenbly 80 permts the torque
tube 50 to rotate about its longitudinal axis 56 to pivot the vanes 34, as
well as tilt within the access hole 24 of 4 the fan duct 26 to conpensate
for differences in thernmal growth between the conpressor case 36 and fan
duct 26 dths fap eingli 26 ®8coppemsieofor differdnices tim ghenhal nerBivth b8{wachethieousi ng

70 has a flange 82 adgpt fQqQr unt.i ng t.he,.housj.ng to the fan duct 26 so
t he annul ﬁPmP%f%qucﬁedJ:ﬁ?ﬁlﬁiﬂ%gﬁggfﬂFﬁggﬂ@ﬁg?%QP?@“ ‘igned with the access
hole 24 in the fan duct. In one enbodinent, the flange 82 is constructed

i nt egr al | Wswillubtrdté® it ®145 13) Ghe/ Boushisg 70 1HaS ' Aluget 82 alfhyfled for Mbentfdgamge 82
includes a plurality of holes 84 for attaching the housing 70 to the fan

duct 26 whepsingi the Tandict Iheanhe ymular feterip per3 of the howsing is pligned. 3, the

housi ng 7Q.:al a : [ sur face . e ' €. .access
hol e 22 Whg‘gt?i1 tﬁﬁegl?%ﬁ%snfg}%b%m%%né%ﬁ?gé" ozﬁtcﬁlg ?‘nglgo u%:lilt’ Q%ea?fgﬂ%r r(t)ggelrsl y

posi ti on thestinediinggeadlsewinh yh&ﬁ?]usﬁnhgt he fmngﬂuﬂécli njél Figng tha}md'gérgmt , the
annul ar interjor surface.72 o e housing 70 includes a relieve ortion
90 for | o&’&!’?‘ﬁ]ﬁs taffa,"“'ﬁléﬁ’r ?H@‘ﬁ%g‘} %qf&t@ﬁ@nﬁélg&bﬁal%7q ﬁf’n%erfélll idactetp WHBIrOt i on 90
faces inwgpg Ma@eh&}aﬁg& ARG Tainel. ADSHAVANE! i $Omk hollBHE 6 Aok i fan

I
duct 26 so theée bear 60 | oads outward agal an uninterrupted portion 92
of the i anmiarorabbelr Suatace B2 fok enpaging usd acresbolsi 24 vhenapprflopatd@disby t hose

skilled in the . art, the.s rical external engagenent rface 62 of the
bearing 68°NREd Mty ?fbfi'é&rz%ntf’é?r?%‘?r ysmsﬂép@et%?g)eg@ng ﬁséerﬁﬁﬁsé(ﬁﬁn s fELFnake
contact aleag I2bndBibbdmes MeAGinuRk SRelidiBrfaed B o2ME hbBiSE 70 aiendRs hes of
whi ch are designated by dashed |ines 100) centered on a contact plane 102

| yi ng bet #digred Rertionn®{e forelpgéing 4he lhganitgs 68 unier thedwpwsing Bk The rekevedi or
f 7 ; ' i lted, W | 82
ot o angprbiPoCALkRlaf 0, AdTaght 83 or WML ICRAREIL Lo} B 2"PE The

torque tuldacted so ife eating dOrigadt oawaringdatnsi @ vnlmt@rupted pokiaswesk heom t he
flange of .1 ess than 85 degrees when the tube 50 is tilted so the tube

intertor surface 72 of the housing.

As will be appreciated by those skilled in the art, the spherical external engagement
surface 62 of the bearing 60 and the annular interior surface 72 of the housing 70
make contact along an annular contact area (the outer and inner boundaries of which
are designated by dashed lines 100) centered on a contact plane 102 lying between the
inner edge 74 and the outer edge 76 of the interior surface 72. The contact plane 102
is tilted with respect to the flange 82 at an angle 104 greater than five degrees. This
arrangement results in the torque tube axis 56 extending at an angle 106 (Fig. 2)
measured from the flange of less than 85 degrees when the tube 50 is tilted so the tube
is centered with respect to the inner and outer edges 74, 76 of the interior surface 72
of the housing 70. In one embodiment, the angle 104 at which the contact plane 102
tilts is greater than about ten degrees resulting in an angle 106 of less than about
eighty degrees. In another embodiment, the angle 104 at which the contact plane 102
tilts is about thirteen degrees resulting in an angle 106 of about 77 degrees. In still
another embodiment, the angle 104 is about 13.08 degrees. As will be appreciated by
those skilled in the art, the angle 106 is optimally the angle at which the torque tube
50 passes through the access hole 24 during a steady state power setting of the engine.
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Is centered with respect to the inner and outer edges 74, 76 of the
interior surface 72 of the housing 70. In one enbodi nent, the angle 104 at
whi ch the contact plane 102 tilts is greater than about ten degrees
resulting in an angle 106 of |ess than about eighty degrees. In another
enbodi nent, the angle 104 at which the contact plane 102 tilts is about
thirteen degrees resulting in an angle 106 of about 77 degrees. In stil
anot her effopeamyie, if theenging 28 id aul airgrafilsogine, tBe 6%zld d6 ecthe adyde wt whiche

i at ed th killed,in 1 art h e.106 is optimally the
PP eCLe" it Bty BRECS Haseet dntolieh e Sbess e, 2RFing et S2koPRISE dori ng
a steady spa@hBoroiMie digidel rlglrﬂfer,tiﬁ%né%ﬁibﬁﬁhnen@ﬂFé)dSl.llt&Xé}{Hf’gﬁpf tte thRfic€Ngi ne

28 is an aircraft engine, the angle 106 is the angle at ich the torque

t ube 50 piesd is pevtiepedibishind dbeipnenrided220f thikitorqiy tobedensstha steady statee

operation . &g, Eurk , . di. ment .the out end,54 of the
t or que tgg\%eégalnsé] %£ﬁei o ré%éqgghi IrIfg at%aﬁloﬁmer t%rﬂﬁe gﬂbeoﬁx{shgé trg?yqll?g t ube
during t heutstansidlly sddidlevhapothe rengidk tignig cofd tohenhang agi@BassbbBddThdsen, the
torque tube axis 56 may be substantially radial when the engine 28 is cold
to enhanc&ilegihbeaswhbagpreciaip dhe mk@l‘?sluédl%fﬁtsﬁﬁ inthe tprque tabpaEiedat e t he

angl es 10 r st : ' > | e di cul ar
to the ou?étf‘é@ﬁ%ﬁ%glcg%ttﬁgh%ﬁ{ugés%o%%z ??cfzﬂ'ggmf)e %%'gl% %83%‘#8@0 during
at | east bowing Eadyring attleaspavesteasigtstatepovedr settiag @f thensngd® A8e(eq., dudingi ng
steady state,cruise.operation of an aircraft_engine). This arrangenent al so
resul ts i %te%dy §tgg%§%ogqrq}@nlq@n§p0{q%ge i ﬁ&%%ﬁ%@n@ "‘E@ir ?tﬁé% Pti oned
out boar d fdzeRatiNedeot(est the HBBsidS NRhge §18bdiRE ﬁééiﬁgnea%mra?d ﬁ%npﬁleto*&?eéhous' ng

70 when the flange is mounted on the fan duct 26 and a forward side 112 of
t he housi fdgef 16efdhe inséring spdadet T200fdle hovsowy T wherothe dlangemanowntqsoort then of t he

interior sur of .t he housi. e he flange is, .nount.ed on fhe.fan
duct . Eac%mo{lu%ft'E %g aﬁlrd evi BUst s1§gs}@?logé%e E‘i’)ﬁ%gﬁ?gf being 8851{(3%‘?33‘1}8%?‘156e
assenbly BOmvayldast a GRASIN BE Hed idtérin fifats iofl the HOMBR tWiRMAIHeYflatBedst O
construct torque tube assenblies. Although the housing 70 may be nade of

ot her mat Biopated opithqyBrdugleparting from the scope of the present invention,
i n one enbodi nent the housing is nade from stainl ess

Each of the previously described components of the torque tube assembly 20 may be

constructed from materials conventionally used to construct torque tube assemblies.
Although the housing 70 may be made of other materials without departing from the
scope of the present invention, in one embodiment the housing is made from stainless
steel. A portion of the interior surface 72 of the housing 70 (e.g., the spherical portion
90 of the interior surface) may be coated with a protective coating and/or a friction
reducing coating to reduce wear. Although the bearing 60 may be made of other
materials without departing from the scope of the present invention, in one

embodiment the bearing is made from stainless steel.

As will be appreciated by those skilled in the art, the torque tube assembly 20 operates
conventionally. As the actuator 32 extends and retracts, the torque tube 50 rotates
about its longitudinal axis 56 within the access hole 24 of the fan duct 26 to drive the
bell crank 30 and thereby vary the pitch of the stator vanes 34 inside the compressor
case 36. [Further, the bearing assembly 80 permits the torque tube to tilt to
compensate for differences in thermal growth between the fan duct 26 and the
compressor case 36. The torque tube assembly 20 of the present invention has
8



steel. A portion of the interior surface 72 of the housing 70 (e.g., the
spherical portion 90 of the interior surface) may be coated with a
protective coating and/or a friction reducing coating to reduce wear.

Al t hough the bearing 60 may be made of other materials w thout departing
fromthe scope of the present invention, in one enbodinent the bearing is
made from stainless steel. As will be appreciated by those skilled in the
art, the impmuyed loaldistisizgivnlon tAO begrmpgailemd lvosing T0idoniak leygindsptatomct uat or

32 extends,and retracts torque tube 50 rotat bout its | ongitudinal
axi o 56 b i GoRed 1 and FgrovER geramace of st BRI e |
crank 30 @&ﬂse&lﬁ@xﬂg%pifcﬁﬁﬂ/gnﬂl@%f@hﬁ& er¥rnlali6e 6f @r&%{e B EserdBly 2 gLk he
conpressor case 36. Further, the bearing assenbly 80 perm’'ts the torque
tube to tgesturhine engipensate for differences in thermal growth between the
fan duct 26 and the conpressor case 36. The torque tube assenbly 20 of the
present i tl Ljr -di stribytion the beari 60 and
housi ng 78‘)’ %&rlhﬁgd%% %lgm(%%% rogﬁﬁ%#.eggﬁlﬁﬁ{s’e%trugélﬂ?%e F ﬁe(%?nn%i r %IF/Q%F F%gs)and

i nproved peidod) theailesi"al,fen'hediel agd assdrdé iht&lied ¢o AR Uemtieye @naVvi Nng t he
life and perfor rragge&([)f torque tube assenbly 20 and the as turbine

engi ne. \WREMQTH A Ja6 SlSREEY endist 1§118S " EPIEPIHRE e ninGlydingt kpvingieargr ef er r ed

embodi Menfdidided 4§16 ﬁﬁfusﬁ%f&ﬁdﬁ{efah%a‘%ﬁl&éﬁna b84d itiB{x]Jl%'iﬁn‘?éﬁ?s (6@ tan ALC
intended to nean that there are one or ré of the el enents., e terns
"conpri si hgtd elemeotsudi ng" and "having" are intended to be inclusive and

nmean that there may be additional elenents other than the |I|isted el enents.
As various changes coul d made in.the above constructions w t hout

depar ti ng“frigh? ?jj@'“%%socﬁé‘?@?e ’Enﬁge b ﬁg?‘()en‘fonisftm‘g?nﬁ W%H@%ﬁ%@% mat t er
cont ai nedtliensdope FDBY EinvElEDA! itPlsi Rfer@ed SHAMI ifatieh GofRERAPANMHeNEboEAW NGS

shall be interpreted as illustrative and not in a limting sense.
CLAI MB:  description or shown in the accompanying drawings shall be interpreted as illustrative

and not in a limiting sense.



1. A bearing assenbly for use in a gas turbine engine to rotatably nount a
torque tube in an access hole extending through a fan duct of the engine,
said torque tube connecting a variable stator vane bell crank positioned
inside the fan duct to an actuator positioned outside the fan duct, said
beari ng assenbly conprising: a bearing adapted for nounting on the torque
tube having a spherical external engagenent surface; and a housi ng having
a fl ange &gdﬂﬂﬂg for nounting on the fan duct adjacent the access hole and
an annul ar interior surface having an inner edge and an outer edge, said

an ant surf; i nd an outer edge
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engagenentutsinf Acsccasicholé beteading ltiouplh befan ductseff tha eagiiBksiid eitf@e tubel ong an
annul ar contact, area centered on a _contact El ane_lyrng between said inner
1

edge and SEBARFCHUE & V&N sator nane el ¢rapk pesitipradeinsids; e danidict tlagne being
fiited W bBuafePBGtiord dulifud he RAGIRY, A LR LaBlRBl Gompkigal. 1 Ve dedr ees.
e erern e dn

2. A bearing as y as set forth 'n claim gl e at which
the contact pladeering hdaptadsfopgmeahing diére talyma ttulicchmvitega esrrica. exferhedar i ng
assenbly as set fortIh in claim2, wherein the angle at which the contact
pl ane ti| FR84EEMePpLYIathiaeen degrees. 4. A bearing assenbly as set forth

in claim2 or %yhomﬁé%ﬁnggeﬂﬁ{éma%a&%d% HBukthg orpfﬂfetfﬁﬁhued Afpfeehi {h%Sfi S

about 13.08 degrees. 5. A'bearing assenbly as set forth in any one o
clai ms 1 wBeceas holeendian annwlar anenidrasurface baviog as imfenedgohnd he ohtu gy

i ncl udes a_.rel | eved rtion for .l oadi.n earing i.nto the housing. 6. A
beari ng aé?gﬁﬁtey"&ss‘l@g © #’%IPE i4ed %r}adafkf?ggé q&%é&%ﬁahfyt %é“el? 4§ Ee I}‘SBF i on
faces i nerfechaepgagtment duafge opthet HeariR@ WS itdspherica nptknRMt bllgackamgduct . 8
7. A bearing assenbly as set forth in any one of clarns | to 6, wherein the

housi ng i He ek inteiienswrfaes make eontent alongAy angulan eontaetesen ¢rptesedipef t he

flange isopiact plane lying between said inner edge and said outer edge of the interior

surface, said contact plane being tilted with respect to the flange at an angle greater

than five degrees.

2. A bearing assembly as set forth in claim 1 wherein the angle at which the

contact plane tilts is greater than about ten degrees.

3. A bearing assembly as set forth in claim 2, wherein the angle at which the

contact plane tilts is about thirteen degrees.

4, A bearing assembly as set forth in claim 2 or 3, wherein the angle at which the

contact plane tilts is about 13.08 degrees.

5. A bearing assembly as set forth in any one of claims 1 to 4, wherein the
annular interior surface of the housing includes a relieved portion for loading the

bearing into the housing.

6. A bearing assembly as set forth in claim 5, wherein the relieved portion faces

inward when the flange of the housing is mounted on the fan duct.



nounted on the fan duct. 8. A bearing assenbly as set forth in any one of
clains 1 to 7, wherein a portion of the housing flange is positioned
outside the interior surface of the housing when the flange is nounted on
the fan duct and a portion of the housing flange is positioned inside the
interior surface of the housing when the flange is nounted on the fan duct.
9. A bearlng assenbly as set forth in claim8, wherein the portion of the
housi ng ft angé PERTNS aviemblyassFddorthdn ayeneop! slarmnddoo. Wherehotsi ng

nel udes. aoh&AL WR1GeS L RbA sl e BAUSBink] AIYER0 Dol ERBPIJ Al ! he

housi ng flange p05|t|one I nsi rior surface o S|ng
i ncl udes amduatedamdhe fagheduof. t he hou5|ng flange. 10. A torque tube assenbly
for use in a gas turbine engine to connect a variable stator vane bel

crank positioned inside a.fan t of the en of, a,variabl e stator
vane act udtor Z\Jgﬁﬂpflgﬁ@%fn@& rﬁb“’f%‘ﬂ'ﬁ ca'é’g?gt'?gr&’&%ref‘h%g"%@genbl y

conpri si ngfRMoaking Gahe: f%?bﬁﬁ@nédmﬁslﬁ@ﬂlb ReteAdY SuRRES ofthE hastaR ®Hed BE
connection to the variable stator vane bell crank, an outer end adapted

f or conneélengmistmortied vaﬁheﬁnedu%taad erpoviigreofithe wusing ﬂmge i p@mtgmeddl nal
axi s extendi nn end .out er
nount ed onq% %g‘hé)gltrtégﬁogg flél\l/ff n(busglgsvf)lﬁerl cgfm%axlf 8}091‘8 élé%@ﬁf{ surface;

and a housi ng having a fIange adapted for nounting to the fan duct and an
annul ar  ©nter lpobeamugfammbﬂmus seg faxth innodeim & dgieereindheporduh of trdgRsingai d

interior rface, bei and shaped rotatably. receiving the

spheri cal %&%P%&ronsa@ér&é?éﬁ? I@E‘F?rzfé’étgﬁ‘? 0% &?élob‘é‘&gll udes a sagvaRh sidet he
spheri cal ,pREARGTETY %%ef Q&?t}ﬁ:ngoﬁlgﬁ' r&ﬂb"ﬁ%ﬁmhﬁt FQ osifidh{AGRidIRKE contact
al ong an annul ar conta area centered on a cofntac r?ane ext endi ng

par al | el imendresudatesoidbe balgmgoncinfies 4 foreandsidesafithabaisofg fldnge.housi ng, t he
torque tube axi s extends at an angle neasured fromthe flange of |ess than
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degrees. Stator vane bell crank positioned inside a fan duct of the engine to of a variable stator
vane actuator positioned outside the fan duct, said torque tube assembly comprising:
an elongate torque tube having an inner end adapted for connection to the
variable stator vane bell crank, an outer end adapted for connection to the variable
stator vane actuator, and a longitudinal axis extending between said inner end and said
outer end;
a bearing mounted on the torque tube having a spherical external engagement
surface; and
a housing having a flange adapted for mounting to the fan duct and an annular
interior surface having an inner edge and an outer edge, said interior surface being
sized and shaped for rotatably receiving the spherical external engagement surface of
the bearing so that when the spherical engagement surface and the annular interior
surface make contact along an annular contact area centered on a contact plane
extending parallel to the outside edge of the interior surface of the housing, the torque

tube axis extends at an angle measured from the flange of less than 85 degrees.

11. A torque tube assembly as set forth in claim 10, wherein the angle at which the

torque tube axis extends is less than about eighty degrees.



12. A torque tube assenbly as set forth in claim1l, wherein the angle at
which the torque tube axis extends is about 77 degrees. 13. A torque tube
assenbly as set forth in any one of clains 10 to 12, wherein the torque
tube axi s extends perpendicular to the outside edge of the interior surface
of the housing during at | east one steady state power setting of the
engine. 14, A torque tube assenbly as set forth in claim 13, wherein the

outer endléf t Hetorqusybeassemblyias spiderth imelaim pbrivhraeinike anglhoat véeh B t he

torque tubg duriRg Sk ower setting of the engine. 15. A
t or que tubeqassenbgf(y afséngge?%%lrntﬁtfe ae%y one of clainms 10 to 14, wherein

the torque tube assenbly is adapted for use in an aircraft engine and the
t or que t uldd. axifstorguet tebelasspmblyeasdieCivithrin oy bheobelhmisdi) edie whkreimthei nt eri or

surface of the housing durin t eady state .crui,se pper.ati,on of the engine.
T6. A tor U8 tHhe SHCENEId mbendtoufapfe Fhs s cfcobiechisrin sugeetis,
wher ei n timeeh@@mgld@ﬁn%amast%e%ﬁdﬁﬁﬁe?t)wm%un%@tﬁaeﬂgﬁ%.Udes a relieved
portion for loading the bearing into the housing. 17.7 A torque tube

assenbly as set forth in claim16, wherein the relieved portion faces

i nward whédfl- t heéd fargurglabe pssemblhasuser forth in elpiomi dawkereinrbe puter gudtof thes. A
torque tu Y t i Q aj Q to L7 erein
t he hous?ﬁaﬂ? ncl u%égggﬂﬁegn%% éirﬁllf3 éﬁ%eg{@ﬂ g u"?ﬁg‘gc)f‘e‘“%? guc%g unpﬁé;ailjdl %?f'gg for
posi ti oni s@td fueverasisiegbl the@nginbe fan duct. 19. A torque tube assenbly as
set forth in any one of claims 10 to 18 in conbination with the gas
turbine qu.l ne.A t%)(l?que tube assembly as set forth in any one of claims 10 to 14, wherein the
torque tube assembly is adapted for use in an aircraft engine and the torque tube axis
extends perpendicular to the outside edge of the interior surface of the housing during

steady state cruise operation of the engine.

16. A torque tube assembly as set forth in any one of claims 10 to 15, wherein the
annular interior surface of the housing includes a relieved portion for loading the

bearing into the housing.

17. A torque tube assembly as set forth in claim 16, wherein the relieved portion

faces inward when the flange of the housing is mounted on the fan duct.

18. A torque tube assembly as set forth in any one of claims 10 to 17, wherein the
housing includes an annular rabbet surface adjacent the flange for positioning the

assembly on the fan duct.

19. A torque tube assembly as set forth in any one of claims 10 to 18 in

combination with the gas turbine engine.
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