TORQUE ‘TUBE BEARI NG ASSEMBLY FIELD 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 st rﬁg? @m@g& nted in axially spaced
rows inside a conpressorqgg%wgf t %Bgngl ne. gghd%?yt he vanes pivots on a

spi ndl e havi nB an axis extending radially with respect to an engine

centerl i ndIEb YHEENYPENEEONf t he vane. Levers on the outboard ends of
vanes in a row. The |evers

t he spindl L.mul t aneousl I vot .each of the,

f orm part l%? pﬁ%@h“&?%?ﬂ(”%ﬁ%ﬁﬁ?ﬁ@& ﬁ:bﬁrgf‘%@“gﬁles‘fwetwa@ Mes ¥ae case.
Sone engi ut NebeI desenblPrMLE mdrb ARr@SISRP! i y. ct. | t he
bel | Crangﬁﬁechani smto g vari abl e st at%&) téaﬁgsg(@tbuegtgéras%égﬁ@?e%% side a
fan duct é@PW%H@%@lgthf@ conpressor case. The torque tube assenbly

i ncludes an el ongate torque tube extending through an access hole in the
fan duct fromthe bell crank nechanismto the actuator. During operation,
t he el ong&8YCKGRQUIENDuUbe rotates in the access hole about a | ongitudinal

.axis of tsfe ,t@be_%t.endi ng generally radially relative to the engine
cent er | i ne FRGHPHAR StployvpRescare srmmenlysed in eempigssoas ofigasdnrbiBemgies. t he

conpresso r a hgnificantly diffe t

t enper at u 1rneles ?git%%é@ ?Bgletéiﬂ %\t/(%a%?lg%?}’ Itﬁ)glg i'S?l&‘ng 3 tv%’fﬁlalﬁﬁ glag?fn‘fﬁngg a5 Py g{éﬁf} and t.he
fan duct wmieantgd inlaxialy spavgimews pesidet 4 eomprdssor @aseesitht engife. Tathepfed end of
t he torque tube L{ilts re [?\g?rd as the engine heats up during engine

oper at i OnYanFﬁggv,os(%atsBma VifigcAtdt exfending gadiglyt with respect totamanging t he
access hotgterlife iRl | ' | O ' ' ssenbly is
positioned between ﬁ%@{)gcrl%qﬁfeﬁ%e l%%é'agﬁve?%ggtgsg{:%@gbﬂﬁl%g& &ﬁgl%bsz’glr%?eﬁg

. assenbly simultepeysly pivot each of the vanes in a row. The levers form part of a bell crank

mechanism 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 exten&ing 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
cenferline from the ]??11 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 ﬁnd .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.




spherical bearing nounted on the torque tube and a housi ng adapted for
receiving the bearing nounted over the access hole on the fan duct. 1 Sone
conventional variable stator vane torque tube assenblies have housi ngs
tilted to match the calculated torque tube tilt angle during engine
operation. Fig. 1l illustrates a cross section of a bearing assenbly used
in one su§h conventi ogﬁl .\/g]ri abl e stator vane t%r_que t ube assenbly. This
bearing aSSBIHIN PHoPEEgable sl ge forrpe bg assembliag havedpusipgg Bltedion  about
four degr egfich ﬂﬂ@‘éﬁhéﬁfated't@rq%@ﬁﬁ)e'tﬂﬁi@f@&ﬁiﬁgoén%% &rpk«!&%%n.t Fld 1ifdnRsd by as
much as thirteen degrees or nore during steady state engine operation. The
resul ti ng CERSy APABIOR o albeardn gvpseblylusgrbih dne sublecivantioml saribidtytorivarieng

engine o i t he. t qrgue tube,js. di sposed at an | e wjth. respect
o the nodgi R e ealh il Bl 18R el FinsluRE: Bt Aol Yacedlast
failure. Assoali atgly fouriRpRed. SHOWeNGEth Ethe tstREAURUABbASHE FkYartd th a
bearing that perforns nore reliably and has inproved |life under such

oper at i ng ¥ Gl dPeshoas thirtggudaarees gz aaerg; dgingosteady | state eagipe opewstionhdhsr esent

i nvention re.l i i.ng . .assepbly for u i.n.a gas. turbine
engi ne tomrsg{ﬁg{1 a Ell}émﬂrr%tﬁ%tggﬁfl r%ﬁ’gfop ibe ﬁlseaﬁgaar%l gegsgemﬁféﬁ during %r?g}nﬁg
through aopamatiduehewthettingue ndieriedisposed at ori guidle inithere§R0BINGAHE Rehsthg IATr i abl e
stator vane bell cran ositioned inside the fan duct tq ap actuator

~ positi oneﬁ‘”%etgﬁ?%ﬁﬂ@t Prgmatiie Pearing essgably Rguress sAgeardingbpphergiing: a
beari ng agadat f AL b : | spherical
external e ngag)g r?etﬁ{qug urf a%ées;&ﬂgﬁ{}vgﬂ %h%e%éﬁﬁ ghﬁ% ;)\%ﬁﬂgﬁééh@%aﬁ%%&gd%fgﬁga d for
mount i ng eproved ifgnindectuch dperetng candétiamscess hole and an annul ar interi or
surface having an inner edge and an outer edge, said interior surface
bei ng sized and shaped for rotatably receiving the spherical external 10
engagenent surface of the bearing so the spherical engagenent surface and
the annufEMMAREY i or surface nmake contact along an annul ar contact area
centered on a

According to a first aspect of the present invention, there is provided a bearing
assembly for use in a gas turbine engine to rotatably mount 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
5 outside the fan duct, said bearing assembly comprising:a  bearing  adapted  for
* mounting on the torque tube having a spherical external engagement surface; and 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, said interior
surface being sized and shaped for rotatably receiving the spherical external
10 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 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.
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contact plane |ying between said i nner edge and said outer edge of the
interior surface, said contact plane being tilted wth respect to the
flange at an angle greater than five degrees. 15 2 According to a second
aspect of the present invention, there is provided a torque tube assenbly
for use in a gas turbine engi ne to connect a variable stator vane bel

crank posit..0f t.he engipe to of ri abl e stator
vane act uzﬂ%égp ' ?égglg%gsgu% nggﬁ?%%t W ﬁgq?,,t Eg‘gll%prpg}d%f}g%?{%g t"gbs‘:"serrbl y
conpri si ngssearble Ifcﬂrngatne a ga@mquetan@merta\aoﬂ@eoaa vaflasle sefst aeabeR Grdrr

connection tg the. va |agle st at r vane bell crank, an outer end adapted
for conne®PFiPAngdins é%‘lcbo tthe sngipsne af auvarsble stater avank casgiatardi nal

axi s ext e@églﬂgn&ﬁ‘édfeﬁ@é&h%%ﬁ% dANG1d BRfeHKL a%%ﬂbli%ﬁ nﬁﬂg aft beeﬁ{' A

~nounted on the torque tube having a Spheric ter ngagerren surface
and a ho@sﬂnghibahhrigganﬁnmngml adigpidefor é@rneanimrtbltlmvartablduatbﬁmr&uﬁll and an

annul ar |n i or { %qe ggvfr goan i. nner ed z%nd an outer edge, said
interior § ate® 158‘??1‘51& apteq 19T, EPnnSpionte the @’t & Stalor yane aepatphgnd fe
spher i cal gngliadmal aeroaarmaionk bl BPindlr didendBERGLAN 38 (AL YleRot he

spherical engagenent surface and the annular I nterior surface cont act
al ong an @owitedron: Bist targue dplec having er spiierienl @xteom @ogageivent secticendidig

par al | el inte urface of .the hausin t he

t or que tuEl %eh%eé{l ({) H}}ﬁﬁgrognﬁg%&u@gjaq Bthapfh @0 @png ﬁ@%l%&qress t han
85 degr eesurfita lﬁrﬂngranflﬁﬁérlbﬂgé afd ah B6teP 6@SE Rhid IMEABE SiRfc¥ibkingRe ciinpar t
apparent and in par{ﬂtagor nted out hereinafter. BRI EF DESCRI BTI ON OF THE

DRAW NGS @Gd 1fof gotatablp secersdug ithw spherigabextanal renghgemént puslserdfl the Fig. 2
is a sectoRingfsofnf Wnkh Ak s?)inex'filcag @ﬁg&g%ﬁl%hps%rﬁgg Aifthe anvﬂlggn%ntoxo LRe! ube

beari ng
make contact along an annular contact area centered on a contact plane extending

parallel to the outer 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.
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assenbly of the present invention; Fig. 3 is a cross section of a bearing
assenbly of the present invention; and Fig. 4 is a top plan of the bearing
assenbly of the present invention. Correspondi ng reference characters

i ndi cate corresponding parts throughout the several views of the draw ngs.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT Referring now to the

dr awi ngs arti Iar t torque tube as enbl for, use in a
gas turbi ﬁj;‘geen%?tﬁfeesf’é gt gtl“?P thgbee’ﬁ'tﬁ doiedoHuner al
20. The asthifley 20 extends t hrough an access hole 24 |n a fan duct 26 of
the gas turbine 3 engine (generally designated by 28) and connects a

vari abl e 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 from
the act uamEﬁa)EgcftmI@ﬁId)qu_pgtbm RA@ry the pitch of stator vanes 34
connected to the bell crank. The vanes, generally designated by 34, are
nount ed i nside a conpressor case 36 of the engine 28. The vanes 34 direct
air passiig ltibhp etpghsestibh ofpatibr 88bedfringhiesearhdy;ne 28 i nsi de the conpressor
case 36. Each of the vanes 34 i ncludes a spindle 40 extending through a

bushi 42. 36. 44 f f
the botl Saae a0t o\ a8 ERA Ly BRRTpaR shouect bt SEEb BB 4o, e

| evers 44amﬁ@&bdﬂ&h@m@magQn&ﬂn@nyot t he vanes 34 about their respective
spindles 40 to vary their pitch or angle of attack with respect to the air

fl ow ng tE g%h the fl qwpath, 38 of the engine 28. As further illustrated in
Fig. 2, 695t $RsHOn 82 hearingaescapiy p digPresenigavationoms el ongat e

t orque tube, generally desi gnated by 50, having an inner end 52 adapted for

connect i ORigl 9 i§ P GHAhE bSdrHessHS oPBle! pr&eiivafliondn Outer end 54

adapted for connection to the vari ablf e stator vane actuator 32, and an
i magi nary | ongi tudi nal axis
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




56 extendi ng between the inner and outer ends. The features of the torque
tube are conventional and will not be discussed in detail. A bearing,

general I'y designated by 60, is nounted on the torque tube 50. The bearing
60.has a spherical external engagenent surface 62 and an internal bore 64
adapted for receiving the torque tube 50. Although the bearing 60 nmay be

nount ed on the torque tube 50 in other mays w t hout departing fromthe
i ment. the internal bore 64 is

o obe for AEMRIEERIY RLSOAEN by ) BNF BRRGH FEBtiaHE Stayor Kaenbell fagk _and
t or que tul?(geﬂmmllgr &sighated By 30)Sositindd Sndiddtheaas AP 16 £Pa@hai0 g'éﬁé

housi ng, eneral |y deS|gnate by 70, having an annul ar |nter su face 72
adapt ed f 6%3186%"8@ a1 32) pesitéaned mytside ﬂtﬁpf&elr dect] Ehe ¢orgaé ml:mga&gembljt 26ur f ace

; | n,E e an inferior
Sﬁr?;ctehs asitgg)rlg‘gener e Igecbl%%é?é rt‘h&lf?fe?"a“gdﬁ) o7YAry B‘F‘ﬂ’eﬁ’ftﬁwfbeari ng
60 and houanesngwaommcmdatobmarbengcraaéertinteyuaneergehalatt deSigh t@&\% eth by, 80, for |

b ¥l
nounting the torque tube 50 in the access hole 24 t he uc e

beari ng aé%‘emﬂdyn%@ep%rcﬁilméesﬁﬁecaﬁ@rﬁu‘ef thebenghe 28 r"ﬂtfat/meab%ﬂtretttsalr

h h
nccass nofa yiE hfoui d flokpdtiss drind BAR: 2 susi 8 sorBfesticpes ShoBech -
t her mal grofiitetvanes weﬁmudee a spmﬂlvﬂsé)ﬂén ﬂn&fghamshshﬁ@ %bu&@d O hd'g

engi ne 280erat|on strated in F| the housing 70 has a flange
829adapt e8° BYESSRE A% A A% Ve%‘&fh@rﬁ@ng parf ﬁ@ﬂfeabﬁlhﬁénk 38 is mouhtedaomran ar

L A T R TR |

the fan duct. In one e the ange
@ith the BéabouighciOrespective spintlleati@do Vﬂyﬁh@r pHch dhigld enaRcBRithirBglebdes a

lural it ol .84 for attachin the housi_ng 70tothefan duct 26 with
Bolts (ngf &‘ﬁ&tﬁf Pgﬁtfﬂté%h‘&lszlp %h%ﬁame% Fig. 3, the housing 70
al so has an annul ar rabbet surface 86 for engagi ng the access hol e 24 when

L he fl angm&%ﬁe& 1181%9@1\&%(1?% g 2, 4, e foRfuethbd assbmbly 25 Offipdisks RABhbdrtnine
ng asse on the
earing elongate }tlorque tube, generaﬂy demgnatcd by 50, having an inner end 52 adapted for

connection to the variable stator vane bell crank 30, an outer end 54 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 torque 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 b.earing 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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duct. In one enbodiment, the annular interior surface 72 of the housing 70
includes a relieved portion 90 for loading the bearing 60 into the housing
70.- The -relieved portion 90 faces inward when the flange 82 of the housing
70.is nounted on the fan duct 26 so the bearing 60 |oads outward agai nst
an uninterrupted portion 92 of the interior surface 72 of the housing. As
wi |l be appreciated by those skilled in the art, the spherical external
engagenent , surface 92 of the bearing 60 and the annular interior surface
72 of the %uépngu"fo 6 rakeonrsnsaie t fon| diffgrenpesaim thexmat growttt batvesn (thee out er

-and i nner &ﬁ%} ' al | gnat ed, by dashed |ines 100) centered
on a cont act plg%%iésa%ggla}é@E%h%ug?émggﬁﬁ%gﬂglﬁzse?%éﬁ&@‘ 74 and the outer edge
76 of the interior surface 72. The contact plane 102 is tilted with

respect toAs filluskiatedgie B2, 3f therhousiee7d Gds qrih%ngeg% tddi § ﬂ&ﬂ{tﬁgng T%g

' ' t an a
(i o, %) HousBE do e b5 etas 19 e ganiler inestorsenoast? o densing Grulighed t ube 50
is tilted ywigh the abe€ hole 28Rt Gk Sfln W rgfeﬁﬁgtgn{?g@g%' %?h@%gﬁg% er

edges 74, 76 of the interior surface _ _
enbodi nentconsthisteahpitegrdy with thaihobsing70c oAk dlttstkanm B2 4, tid fangeSgPr eat er

' [ |l e 106 of | th bout eighty
deqr cos. - PGS EHURG B HERE? Toh B iAEcne Geusioe dAitenbe s i 2EHp! ane
102 tilt $olts (RRAQHbWAbY &ﬁéi“fa%ﬂé_r?.e%srsﬁtéﬁétjg %,g?@%&ggﬁ%@?ﬁ%%bom 77

degrees. In still another enbodi nent, _ _
degrees. Asnylpr rabbet synfrce c8tafardengaginghthe excedsis Hobsl 24 nwhéte i flandegp angl e 106

[ pti I t ich the torque tube 50 passes through the
'@;222' mor st P fen Buetdh 5 ety Biclion b ring boemvey 8hgnitbé s For

xanpl e, idfictt He 088 ginbedigtnt, ShéihmildrGhfibr ﬁﬂﬂbﬂ% ob bR lﬁ)@lﬁilg gbgﬁclggqsltahhg angl e

at which the torque tube 50 passes through the access |
steady st &lisved pogion 8 demicadmgothe theariem@niato Fier hinging 7O Ofte efibwgd nent

the outer end ] rgue. . t be%@i sitioped behind the inner end
52 of thePtorg ?g) ﬁé%ste]ggﬁ'}ré)‘ﬁggq the f!‘ﬂt“&s %ftg‘g)gousmg 76 is mounted on the fan
duct 26 so the bearing 60 loads outward against an uninterrupted portion 92 of the

interior 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
(T ; 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 intetior 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
cighty 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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power setting of the engine 28. In addition, the torque tube axis 56 may be
substantially radial when the engine 28 is cold to enhance engine assenbly.
Those  skilled in the art will appreciate the angles 104, 106 result in the
torque tube axis 56 extending perpendicular to the outside edge 76 of the
interior surface 72 of the housing 70 during at |east one steady state

power setting of the engine 28 (e.g., during steady state cruise operation
This_arrangenent also results in a C rearward side

ﬂoagf ait Lgﬁqa{%%@%g I= %F%%a&glecz%éﬁ Haipssaft ?ilgiﬂ%dhﬂ)%rtg&)b(ﬂ@isfthc)rnglhet whichr tedge
he ihatigf h ing /0 n the flange is. nbunte
o the i ANE {Brue! by 0GRl ulibult] S QURET Bt 2 Bt ep T A ctBisP ng

i ti onedperdtioaraf thé enginat F iropoembedinRht thdutdiedli 3 ofSthe fiage Of the
posi ti onedp i l]ﬂmrﬁed on the fan duct. Each of the previously

i fl iS. u [
descri bed B b fasdoBr behind e querens 5246 oo brhyinghe it cd
| ' d to ruct. torq t ube se | es.
A T hough e o O R yehe 2 S B HRA, R kI B, R o0 P8k ¢1 ng
from the ssbspially radiel phes éiret eriginee?8 ii0ooldits eaice AL REmBIPE TSI Ny s
made from stainl ess steel. A portion of the interior surface 72 of the
housi ng 75@%‘1@“ %%@ﬂ@?ﬁeﬁ'ﬁ& %8@%1818%1%01%&%@& thﬁg@ﬂqm tuheraxic 89 {my be
d w ¥ t g el O . at.i 0
Feduce vest AL phaEHAALE TG HetaRRRe Nas? T bE W Rued UFbA EOBF AR
wi t hout ddpusing AQ davingyatlhast ouegteadyf stath @pp;:eemumgt oﬂ‘t}ie Bﬁpigsiﬁm? l(@ ,gag%bgr el at e
di I . I s made, fram st ai nl ess_st eel . W
by those. Sier SAR e aPdnfOi Ghan il Eniioe Hisemepment Bperestién a
Convent | orairked shde 1 {TPoRdbURhihg Hingx B2 B HOGDALI BithSand o YR Ghig: t ube SO
otates about its |longitudinal axi S 56 W ERI R the access ho e t he
fan duct & ¢ ofrthe interinr sutfacd 720tk haGsing1@0 when tieyflange §s mbentpd baheof t he

st at or vaggs i-nsJd ress ase 36. Further, the bearin
assenbl y g%' %%?%6[@%%5&%%%@&3%&{%3?ﬁo}“fmg glan%"o & Posiionert inky Pider ences
in t her mafrogr adastetpoetoh bhiehd afterdbiClurkRe aTtkht Mousing when the flange is

mounted on the fan duct.

Each of the previously described components of the torque tube assembly 20 may be
constructed from materials conventionally used to construct torque tube assembilies.
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
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conpressor case 36. The torque tube assenbly 20 of the present invention
has 6.1inproved |oad distribution on the bearing 60 and housing 70 during
engi ne operation. This results in inproved life and inproved performance
of .t he bearing assenbly 80 consequently i.nproving the life and performance
of torque tube assenbly 20 and the gas turbine engine. Wen introducing
el ements of the present invention or the preferred enbodi nent(s) thereof,
the articles "a", "an", "the" and "said" are intended to nmean that there
are one dJFPEBYed lead digsibutienen the bepnag 68 and hteimg 79 durigg enginiopatahiong” and
"havi ng" i I hc] usi ve and.nmean th t.here may be

addi t i onalangf ééﬁeﬂﬁfgpgg%régecfﬁgn %@Prpygfg%fogngﬂ%?ﬁ&e&e%g iaﬁ‘iﬁgl%bh%ges
coul d be radsequentiyhimmboing el didoidrHRGaMet | rjhlq? scope
of the inventipn, }Pii.mrlas iﬁtended tﬁﬁat al ?ﬂuga??%iﬁugmﬁggbl&n t g&gﬁove

descri pti &S BFPRRENEEN t he acconpanyi ng drawi ngs shall be interpreted as
illustrative and not in alimting sense. C7 CLAIMS.: 1. A bearing

assenbl y Oherdfftrodfci T [ .rotatabl y.nmoynt .a . torque tube
in an access hgﬁgﬂgilﬁ%%m%%%g%&ﬁg%wgl#% O%?wtﬂ%fegﬁéie%’,(’d%%‘i St or que
tube contkaedfnthearticies ‘wb) ndt shedranddegid bedelintehddiiktoRASH tha Brel 22 bile the
fan duct to an 9 uaejor%liosi i oned outside the fan duct, said bearing
assenbly SOMPYFT n%'? CIREN nhhe RIps e Gomprising intinelydiog” tand 'theving' ateube
havi ng a sfbB&ledGabe MelRivadin I ioe a_housi,ng.havi ng a
f|1 ange adapted for rmutﬁltii ngdéﬁé@}?g&@%%a% tgegagjg%tlggaﬁel?ﬂ'éntsgt}’@gg@“ e and
“an annul alistedelements. sur f ace havi ng an i nner edge and an outer edge,

C As various changes could be made in the above constructions without departing from
the scope of the invention, it is intended that all matter contained in the above

description or shown in the accompanying drawings shall be interpreted as illustrative
and not in a limiting sense.




said interior surface being sized and shaped for rotatably receiving the
spherical external engagenent surface of the bearing so the spherical
engagenent surface and the annular interior surface make contact al ong an
annul ar contact area centered on a contact plane |lying between said inner
edge and said outer edge of the interior surface, said contact plane being
tilted wid) {jgrpect to the flange at an angle greater than five degrees.
.2. A bearing assenbly as set forth in claim1l wherein the angle at which
the contact plane tilts is greater than about ten degrees. 3. A bearing
assenbly as set bearinh assemblyforuge WegAi tirtimeerditd 6 rafatably fbudthSoruent act
plane tilts i s about thirteen degrees. 4. A bearing assénbly as set forth
in clai m 9088 A8 Frcessdols griending firrpesh ¢ ifan dueinefatbe epginpesaid targue wibabout

13. 08 deg : i I J.orth.in claiam 1l rein the
annul ar i rrzl(f‘?rglr%|Cté)l?l€g a%#%g{%ﬁ%ﬁ‘?%g&%ﬁﬁ%&??éﬁlu éismgﬁ et:hle«g{é]édlu\é\gf Bn for

| oadi ng t hatuddenapasitipnied botsidedhe finuisicn) gaid bearndoadrhbly campasingy as set forth
inclaim5 wherein.the rel.ieved portion faces _inward when the flange of
the housing i s2REMHERABIEdiRemEuRng Rn thegorgue fuhschavinggp whedend eytesmal s et
forth in g\dabfmdntWiEL&: Bnd he housing includes a rabbet surface for

engagi ng the access hole when the flange is nounted on the fan duct. 8. A
beari ng assenb# jrousing baviigatflange adémaedrfdr minertizmigronathp dar doet adfackitethbousi ng
fl ange isa£8§3iﬁi oned outside.the interior . surface of the housi ng when the

flange i sP“ROUNEATD AR ARRUIAL iRtGRr sutface Baving an frep edgeandhaevisy Sd8eange i s

posi ti oneshid stetler blidacei BYiRY ised B\ daFed forl RRatINYSicBLyi etﬂe?%ﬁer{iéa?nge I's
mounted on the fan duct. 9, A bearing assenbly as set forth in claim8
wher ei n tﬁ@erg@lr ¢ngagerpint sHeagroefstha dearing so the spherical engagement surface and

the annular interior surface make contact along an annular contact area centered on a

contact 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 3 wherein the angle at which the

contact plane tilts is about 13.08 degrees.

‘5. A bearing assembly as set forth in claim 1 wherein the annular interior
surface of t_he 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.



fl ange positioned outside the interior surface of the housing includes a
rearward side of the housing flange and the portion of the housing flange
positioned inside the interior surface of the housing includes a forward
side of the housing flange. 10. A torque tube assenbly for use in a gas
turbi ne engine to connect a variable stator vane bell crank positioned

i nside a tan dyct._of the ine t f.a yariable statjo vane act uator

posi ti oneg' out é h%aqnﬁeas?%ﬁbqg&&s?t g)zﬁ%dmt Sra&ﬁ‘}ela t‘ﬁ@féelééé%i}ﬁﬁli}n%_ C§i%ng: an

el ongat e tahbatieurtieh donaiviagthgafic 20085 RN wASRREHalR is GRRESTE bPhd fnt he

vari abl e stator vane bell crank, an outer end adapted for connection to the

vari abl e 94¢tat or vane actuator, and a longitudinal axis extendi ng between
said inner end and said outer end; a bearing nounted on the torque tube

having a gpherixCcgl &%ty 3 r weand a.housing having a

fl ange adapt ed fof’ngu%%?ﬁgygﬁg%ﬂgﬂgg%‘%%g%fgﬁﬁrg%qﬁ%ﬁﬂ?%P§hFﬁgg?Flr

surface hfengeyisapositiomed oathide thedingmion susfaceedfithe Ihaisthgl whet ke fisntef gce bei ng

si zed and_shaped f fg_fr oéat abl t he spherical external engagenent
i

surface of"OUMF€ 9 %a{’@létpr‘\%i(’;l‘g‘%g ﬁ’%@ﬁﬁéﬂif@ﬁge srRpsiionsd dnsidy hgce and
the annul afeddHs8Fh& of (RSRRGR \H?éﬁ%h@ﬂﬁﬁ%ﬁ% nﬁluﬂféﬂ o%rlhﬁ%‘ﬂu%{ contact area
arallel tot

centered on a contact plane “extendi ng e outer edge of the
interior surface of the housing, the torque tube axis extends at an angle
measur ed P+ om Brkearing agpembly aseset farinin d8imi8 grhessn thelportion of thedousing

assenbl y r L claim 10 wherein.the angle at, which the  torque
t ube axi sﬁgnge gé?é&%lné&] P{étssgd%ttﬁ%hm%o&ftu%éfegﬂg @‘G%B?g%g?&@ei?.mﬂ%‘fﬁﬁﬁ t ube
assenbl y eftieehovsiigt Hage aldaihen doktivk &F @hé hblien@Mahge ?bsiﬁ@ﬁ&ihiﬂsﬂl% thbor que
tube axis, extends is about 77 degrees. 13. A torque tube assenbly as set

forth in Wieiogsudackod ths housing inchvdpsa formad sideof thehousing flasgpendi cul ar to
the outer edge of the interior surface of the housing during at

10. 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 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
interjor 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 outer 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.
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| east one steady state power setting of the engine. 14. A torque tube
assenbly as set forth in claim13 wherein the torque tube assenbly is
adapted for use in an aircraft engine and the torque tube axis extends
per pendi cular to the outer edge of the interior surface of the housing
during steady state cruise operation of the engine. 15. A torque tube

assenbly set thin clajm13 ein the oyter. end of the. torque tube
is positi g%’ed e{??%ug% TR Ilyaéﬁat\'%?tﬁ%gla%ﬁ& FGH ec?tﬁ‘IgIerf’é "‘g‘é‘?lﬂt?@t eady
state powssrqsetube Bgs ektehdeis @BGILITT deffees. A tOr que tube assenbly as set forth
in claim10 wherein the annular interior surface of the housing includes a

relieved |Rgrti n for |oading the bearing into the housing. 17. A torque
tube asserbly AstOEBE thbg assemblyassptdonth rdpiar HO twkereialthe esguedobe ks f aces

i nwar d whegeeh RAARE6120 0 R U YS! LS munt N duct . 18. A
t or que tubeeads}gpee l'y as soet fgrt%aééngfc*gllm S\ﬁﬂ‘ggﬁ?ﬁtﬁgﬁé%&%{ﬁ@#ncl udes
an annul aleaptaivosteadyisthmpevad patenof thhengihange for positioni ng housing
assenbly on the fan duct. 19. A torque tube assenbly as set forth in claim

10 in cor‘rti)h_nat ho{})rc\ﬁnlet btehaessgna'g[y gsuge?lfgrethenqgclﬂaqgi l%owherein the torque tube
assembly is adapted for use in an aircraft engine and the torque tube axis extends
perpendicular to the outer edge of the interior surface of the housing during steady

state cruise operation of the engine.

15. A torque tube assembly as set forth in claim 13 wherein the outer end of the
torque tube is positioned behind the inner end of the torque tube during said steady

state power setting of the engine.

16. A torque tube assembly as set forth in claim 10 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 10 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 claim 10 wherein the housing includes
- - an annular rabbet surface adjacent the flange for positioning housing assembly on the

fan duct,

19. A torque tube assembly as set forth in claim 10 in combination with the gas

turbine engine,
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