18 March’ 2005 METHOD AND APPARATUS FOR SUPPORTI NG ROTERMASSEMBIS| ES DURI NG
UNBALANCES. ‘BACKGROUND OF THE | NVENTI ON This application relates generally
to gas turbine engine rotor assenblies and, nore particularly, to bearing

~assenblies for gas turbine engine rotor assenblies. Gas turbine engines
typically include a rotor assenbly, a conpressor, and a turbine. The rotor
assenbly includes a fan that includes an array of fan blades extending
radial'ly outward fr QaEPHODLONDARHARA T FORISIFPPEIRAFING r ansf ers power and
rotary notion fromthe turbin h the fan and is
supported |ongitudi RQWWWQ@éEﬁ%ﬁHWbﬁ%gﬂ% assenbl i es.
Additionally, the rotor assenbly has an axis of rotation that passes
through a rotor assenbly center of gravity. Known bearing assenblies

i ncl ude rghlokmREIEDEE SHENNVENTAONed race, wherein the rolling el enents
are supported within the paired race. To maintain rotor critical speed
‘margin, the rotor assenbly is supported al}tthree er%rlgg assenplrl es, one

of which is a thrustioeRPios | PEUHAY B @i ROHe “PBFY e Bear i ng

- assenbli eggeibitestahd Usibre RRATLREY A6 SRiFpYasSuMies fs gab aurbiat engishmidr and
" mnimzes axial and radial novenent of the rotor shaft assenbly. The

r emai ni ngagseinbless. bearing assenblies support radial novement of the rotor
shaft. During operation of the engine, a fragnent of a fan blade nay becone

separated fromthe gamabRdngREs tpRally adide Acowr disagbly, a aompilessognt i al
rotary unbal ance | oad may be created w thin, tP}a danmaged ffan and carried
“subst ant i and atugiine. ¢ Fee ot 2s3embly Belafssaglen thahincdes Hearavf A%t s, and the

3;23“ SUppoLf, Jﬁi%ﬁﬁiall{ Quith 4 Eéo?rpa t&6r ghfrectis for RRAFE thhs®rh YoWanmdi ng
‘abnor mal pn%a ce foads, known engines include support conponents for the
“fan rot or rgarppootions fremethe tutbane tor thes¢oretesses prlothedBnawgi isi BRIt rengt h for
the fan suppotfy Sist " of UeRGCaRkNBANC AddicRAld ok tdg support
conponent gdp“gﬁlbcé%ﬁﬁg'aﬁ'ﬁg’l?kgﬁrl%g egf elljlr? o] e?%Hﬂ iéé; Mar cdri1 200
assembly has an axis of rotation that passes through a rotor assembly center of
gravity. Known bearing assemblies include rolling elements and a paired race,
wherein the rolling elements are supported within the paired race. To maintain rotor
critical speed margin, the rotor assembly is supported on three beaﬁng assemblies,
one of which is a thrust bearing assembly and two which are roller bearing
assemblies. The thrust bearing assembly supports the rotor shaft and minimizes axial
and radial movement of the rotor shaft assembly. The remaining roller bearing

assemblies support radial movement of the rotor shait.

&’j During operation of the engine, a fragment of a fan blade may become
| separated from the remainder of the blade. Accordingly, a substantial rotary
unbalance load may be created within the damaged fan and carried substantially by

the fan shaft bearings, the fan bearirig supports, and the fan support -frgmes.

To minimize the effects of potentially damaging abnormal imbalance
loads, known engines include support components for the fan rotor support system
that are sized to provide additional strength for the fan support system. However,

increasing the strength of the support components undesirably increases an overall
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wei ght of the engine and decreases an overall efficiengynkcH f®sengi ne when
the engine is operated w thout substantial rotor inbalances. O her known
engi nes include a bearing support that includes a nechanically weakened
section, or primary fuse, that decouples the fan rotor fromthe fan
support system During such events, the fan shaft seeks a new center of
rotation VeHSM ohbhs epaimendd earieaseHAn overall hadientyeef herngnefidrenghavity. This

fuse sectl nelsgﬁcf&?on tgﬁbs\.’&nﬁt}lrﬁﬁﬁg&%gﬁ{ arance al | owance, |_s referred

“to as alg evi ce D reduces the rotating
dynam c |loads to the fan support system After the primary fuse fails, the
pitching fan rotor Oklieenkrionduessins Insluge a roenmiy stgpodt dRxtindhdwsest bearing.
The next cl osest bearing is _known as the nunber two bearing position. The
moment i néRgERANCRlY Peekentthisstion, RpPivaaw ity habidreawles Bn fandatey %ﬂ@ thed stress

| oads to esu%:gcﬂ't E])%irot shdh c&ﬁtsr@e'@% ik nun%ﬁe»@%&ﬁér“&rﬁfaﬁﬁses t he

radi al an n sti1ffness er two bearing position
are oft en’thaS(af)plemadttasrthatebéaseldbalmw\cemte:r for gader This figk nkaion, an saf e

shut down and, subsequ wi ndmi | | the engipe during the tine it takes to
land an aFPREpPZpEon g’lﬁ'g 3 L HIFWQHC%QL} Eﬁ‘ﬁe=a"§§€%fflegé% aﬁﬁslf)a“ifé‘?fjéﬁcﬂ‘)"f unct i onal

and mai nt i S i in above a
fly hone ?\Fﬂ(cjémacq @ﬁ% ’g%éeféggs %&P‘%&H&%\&&%@g% %&%IC}JN%WO%% I’rgl ng to one

aspect of system.present invention, there is provided a nethod for reducing
dynam c | oading of a gas turbine engine, the engine including a rotor

shaft assenbly incl ng a.rot ear,l n ssenbly, nmount i ng
race, and a suppor?‘gﬁf”;@ gé‘ff’eg]ﬁsl h&?i@@a 058&%%_%%%14%‘?1& race,
an outer pRGRAt AWndkt clofbst b&gmgl Bt clol&st B%mg'lﬁ‘ﬂmﬁ\@ﬁ 8s {hRGhHBeng a
spherical surface, the nethod “conprising the steps of: supporting the

rotor shatwo bwrmg@ogagn tThebnoreerd mylused tuibp onnberf twarkearing mduees livgar i ng
cone shar PEgiR SR dolR i s B Fos i LEBF LR e R R MR race:  and
oper at i NgtHehggigand pithdforLdistnesd 8f Mérrlﬁﬁlbgp% bearing position are often
softened or released. However, in order to maintain a safe shutdown and subsequent
“windmill of the engine during the time it takes to land an aircraft, the remaining
bearing assemblies must remain functional and maintain radial stiffaess to provide fan

critical speed margin above a fly home windmilling speed.
BRIEF SUMMARY OF THE INVENTION

According to one aspect of the present invention, there is provided a

method for reducing dynamic loading of a gas turbine engine, the engine including a
rotor shaft assembly inchuding a rotor shaft, a bearing assembly, a mounting race, and

a support frame, the bearing assembly including an inner race, an outer race, and a

- rolling element, the mounting race including a spherical surface, the method
comprising the steps of: supporting the rotor shaft on the gas turbine engine support
frame with the bearing assembly; coupling the mounting race to the bearing assembly
such that a cone shaft extends between the bearing assembly and the mounting race;

and operating the gas turbine engine.




According to another aspect of the present invention, §8gff:H $ogsrovided a
rotor assenbly for a gas turbine engine, the rotor assenbly conprising: a
paired race conprising an outer race and an inner race; a bearing between
the inner and outer races, the bearing configured to couple to a shaft
cone to support the rotor on a support frane; a nounting race conprising
an upstream si de, aAdowdsgteamtlsr depectefdhepresgphiventih, darefiapwvided endi ng
therebetmeeq t he ra?e conh%&yred.to reduce géﬁgnic l.oads _to.the gas
turbine eA§PREASSFPRIY Ol AEA MO10E shaine: e faiongss (FROPEFRE2 BHTE 1CF of ai ner
coupl ed t @ompridiasd oRRLrRE ahdQn TR rhddd a NREEHUBSGVEQRIR: 3Rtkr QAIRSEE eam t he
retainer inducing an axial pre-load to the nounting race. According to
anot her a#jses thedfearrgcopfigered o ¢onplerie p shaft @h@t@upsomgigwt@e@ a suppeit or

assenbl y ri.sing..a rotor shaft; a shaft .cone;, a suppor.t. frane; and a
beari ng g%%%h%ﬂ§0§%ﬁ%fgﬁ:f%nlﬁgméﬁéﬁpﬂggﬁémgﬁda§%B%§¥ 8d?h%EH6tor shaf t
to the supgiefitalsid® exRidng Mfcbavices thdrateehnegurdy Rdiikeld9mdsic idads he support
frame, the bearing assenbly conprising a paired race, a rolling elenment, a
t et ai ner, (e gasHBibing engincagiaicturs, ang siape dending do dHngters iandy aaistainerer race
and an in e ol d i 2 t i ositioned . between the outer and
Mnerr ac Pl alforlecon SR B Rle oBoBRR SRR IR B st r eam
si de, andirdusipfen ixidlprslvad acte et age. t her ebet ween, the retai ner
configured to couple to at | east one of the nounting race upstream side and
the downstream side for, inducing a pre-determ ned axial pre-load to at

| east one of the bASFAHEE IAOHST vspariithrartrssnhinyejiopdbere 1 prowded

enmbodi ment, .8 SO M @(ﬁ@@?ﬂl r.hi r ﬁ{flg 3‘%”1. ngludes i@ 1otor
assenbl y aﬁﬁ suppor¥ S teﬁ??h@@”@gggég&gﬁﬁgggg og &% e over al | engi ne
st ruct ur eassdhblyrcotysied tasthesthltycoanshdswuppatihg gigsdterntiafad drkauppdrofrane shaf t
coupled to nd supported | ongitudi nal with a plurality_ of bearing

assenbl | fe%ndg?f-{il e 49 reduce dyapyi¢ foads Fcyt,heéumgfw%éhv REAHEASIARLY ncl udesl a
o a1 an AR APAR B EERRAE: s3ealel i P PSR HRAET D T he

assenbl y sace comprisihg wn coven shaeeanh drr et raee,f the sbllihg atentegt asgwitobhyd furt her
reduces dénam' c. loading to thgqsstggport gdframe and thus, facilitates reducing
oy

| .
static sh3fVegeihaicH: aid wayga EUWOHRE EACE GODPFigiearh RSP Side, a

downstream side, and a spherical surface extending therebetween, the retainer

configured to couple to at least one of the mounting race upstream side and the
downstream side for inducing a pre-determined axial pre-load to at least one of the

bearing assembly and the mounting race.

In one embodiment, a rotor assembly for a gas turbine engine includes
a rotor assembly and support system that reduce dynamic loads to the overall engine
structure. The rotor assembly and support system include a rotor shaft coupled to a fan
and supported longitudinally with a plurality of bearing assemblies and supports.
Specifically, a first bearing housing includes a primary fuse that fails when exposed to
a pre-determined load as a result of a fan imbalance. A second bearing assembly aft of
the first bearing assembly and serially downstream from the first bearing assembly
further reduces dynamic loading to the support frame and thus, facilitates reducing
static shaft bending stresses induced locally to the bearing.
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- 2a 18 March 2005 In one enbodi ment, the second bearigigiassgl y i1 ncl udes
a paired race, arolling elenent, and a nounting race. The paired race
includes an inner race and an outer race, each sized to receive the
rolling element therein. The nounting race includes a spherical face and
is secured to the bearing assenbly with retainers. The retainers fail when
exposed to a pre-determ ned nonent |oad, but wthstand nornal engine

operating | oads. These retainers are hereinafter referr to as secondary
Csea. During. oper afl 57 SPOfFe, He weree baPpk Ao e SofEet ol T's anc
a nonent rdceaslrliaQyderferdd) fritLin@iminaedcd. ahelpairsd fat@feides 86l irdner f8¢ second
bearing assenbly, the second bearing assenbly retainer fails. After the

secondar y afdaeoyterithesy each sizpdtoreerbyr the ralligwlemens therdie Thempamtingwscoeari ng i s

rel eased, . all.owi ng funther pitch r ion of the,fan.shaft on.ihe

Cpher cal TidBYS Rt 8 ol i SRoupllothe Bl Ao R RelneBO ThES i g
stati c bepgiifgs liglodBert &pbkd o Ql e-deRenidyd aivhfent RAE Sout FaMsihd heehat 0 the
support frane structure. Radial support of the bearing position is then

mai nt ai nengR eperabing lpady. iThpseaptainpe e heseingfier pisredtaps sprondai fisasg speeds. .
BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is schematic illustration of a

gas turbine engi ne; pFi: . ] - ! i . assenbl y
used in the gas tUPM%B%%O?ZO%H%{V\I%%?@E?égggﬁ%?ﬁﬁllglgegufragee %ﬂ§ gﬁcgé

Cross- sectioarat loadeabooé aaprealcteaminat i lee:] dghadimned tofthé kecond dbeatingpear i ng
~assenbly shown in Figure 2; Figure 4 is a.cross-sectiopal view of another
al t er nat i EcBRYOE sesrpd Bearing gesepiblypretayicr faiks A B dasgncondanp e falurs gure 2:

of t e rorsnpRef SIRES oI 2K bl WolWaflhe & RN Rk M B e e
DESCRI PTI tshtioh ofHbe [f/ERH GIN the spherical face. As a result, the bearing assembly

facilitates reducing static bending loads to the rotor and dynamic loads transmitted to

the support frame structure. Radial support of the bearing position is then maintained

providing critical speed margin over fan windmilling speeds.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is schematic illustration of a gas turbine engine;

Figure 2 is a cross-sectional view of a rotor assembly used in the gas
turbine engine shown in Figure 1;

Figure 3 is a cross-sectional view of an alternative embodiment of the
rotor bearing assembly shown in Figure 2;

Figure 4 is a cross-sectional view of another alternative embodiment of
the rotor bearing assembly shown in Figure 2; and

Figure 5 is a cross-sectional view of a second alternative embodiment

of the rotor bearing assembly shown in Figure 2.




Figure 1 is a schematic illustration of a gas turbine engiAg 2dsi ncl udi ng

a fan assenbly 12, a high pressure conpressor 14, and a conbustor 16.
Engine 10 also includes a high pressure turbine 18, a | ow pressure turbine
20, and a booster 22. Fan assenbly 12 includes an array of fan bl ades 24
extending radially outward froma rotor disc 26. Engine 10 has an intake
side 28 and an exhaust side 30. In operation, air flows through fan
assenbl y BRIENDESORPIHENEOFAHE INVENTIPY i ed to high pressure conpressor 14.
The highly conpressed air is delivered to conbustor 16. Airflow (not shown
in Figure 1) from cpnbustor 16 dr.i ves turbi.nes ._and. 2Q, .and..t ur bi ne 20
dri'ves fan asserrbly9 © S&&%&”ﬁﬂfgﬁﬁugF%§§?§@% ‘EF%HQiQWﬁh%Pgotor and
bearing agsardieniAd12, ahadh pressuRReothpREsoM i hind ag:@ﬁlbﬁétérbﬂér.‘ﬁn?ﬁ@l@ﬁso such as
engine 10 shown in Figure 1. In one enbodinent, the gas turbine engine is
a GE90 avdicludpt @high presewa &urhine £ ot low pressarsntuinge 200iand aoegtér 220Fio.  Rot or

and bearing ass I O_inclu r.ot oL, di Sc..26 ho in.Figqure 1) and a

r ot or shaf'% e‘ﬂ@‘yﬁﬁ it us&ﬁ%%?)lg%ysoqg%l%?465348¥te?%ﬁgﬁpgﬁggﬁgvﬁrdq%%rﬂ%\mmf n Figure
1) that e¥isens Boghleadb hys ALihiRe ddé 2OMA BleRhadi $de #6. Rotor shaft 42 is
rotatably secured to a structural support frane 44 with |ongitudinally
spaced bearing assenblies 46 and 48 that support rotor shaft 42 on support
frame 44. In one eldSratien:ar fevsy thrnysh dyearsmbly 42 jagd ceapressed i i number
two beari T . ri i t hr ust
beari ng. Pﬁmgﬁfg?%%%ng%ﬁ%g%gﬁgﬁggﬁ%rgggﬁg@gﬁPl 5§§?§§ﬂ§ﬁ§ﬁﬂﬁﬁ§ﬁg|ude5 a
pai red racentntoandl Airflol (o ghebreiefigurd 2) frbiai coatustac o &dvek REbinekes an out er
race 54 and, _an jnner race 56 radi aIIIy inward fromouter race 54. Rolling
‘el enent 531G, ‘i‘ﬁ%’é‘&?oqﬂi@%@@ﬁsﬁeﬁ‘hb’r % ace 56 and outer race 54. Bearing
assenbly 48 is enclosed wthin a sealed annular conpartnent 58 radially
‘bounded by rotor shg : _lég&%@ . i 52 may be
a plurality of el e%&%@?ﬁ%ﬁ%ng, %lt&%‘g{g?ﬁrﬁlé{%gp%é&hﬂga&aa 0eari ng or a
rol | er bethai mgy bSuggdovith 4 ganterbdde énpbicysiel aa engine 36 shi@vrdiaf Figuerd 1Witt hi n a

bearing s ort ..72 and sized to r.ecei ter.race 54, Quter race 54 is
se Cu:’ eg m#;?eﬁgﬂb%lgg?r}t,n egalf)f}g e engine %I a\ll %E%g avallab?e terom General Electr?c !

Company, Cincinnati, Ohio. Rotor and bearing assembly 40 includes rotor disc 26

(shown in Figure 1) and a rotor shaft 42 which supports an array of fan blades 24
{shown in Figure 1) that extend radially outward from rotor disc 26. Rotor shaft 42 is
rotatably secured to a structural support frame 44 with longitudinally spaced bearing
assemblies 46 and 48 that support rotor shaft 42 on support frame 44. In one
embodiment, bearing assembly 48 is located in a number two bearing position, aft of

number one bearing 46, and is a fan thrust bearing.

In an exemplary embodiment, each bearing assembly 48 includes a
paired race 50 and a rolling element 52. Paired race 50 includes an outer race 54 and
an inner race 56 radially inward from outer race 54. Rolling element 52 is disposed
between inner race 56 and outer race 54. Bearing assembly 48 is enclosed within a
sealed annular compartment 58 radially bounded by rotor shaft 42 and support frame
44. Rolling element 52 may be a plurality of elements including, but not limited to, a

ball bearing or a roller bearing.

Support frame 44 includes a recess 70 defined within a bearing support

72 and sized to receive outer race 54. Outer race 54 is secured within bearing support
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18 March 2005 72 with a spanner nut 73 such that an oujgfs4fJmee 74 of
-out.er race 54 is adjacent an inner surface 76 of bearing support 72. In an
al ternative enmbodi nent, outer race 54 is secured within support frane
recess 70 with a spanner nut 73. A fastener 78 secures bearing support 72
and outer race 54 within recess 70. In one enbodi nent, bearing support 72
i's radially flexible. A face 79 of outer race 54 is contoured and sized to

receive rglLing s&lnﬁ@fermt 7% 2udhNhdt @h baR} SurGRAYAGE outbB&Y 547 isagjabdut amcl udes a
~face 80 and an inner surface 82. Inner race face 80 is contoured and si zed

I_ to recei viangrohifias ol SPASHE STEPOFiT 2y A Phplfeantiyn ERBQIIMEHQter TRCEE 186 | s
secur ed Vge{:tme&] wgtgf Egcg-t BmiMecBis o Qvﬁloﬁﬁpaﬁﬁ@fnht B RUYshenbhdd sdcheer race

i nner surface acent an outer surface 88 of recess 84. In one
enbodi rrerttearmg1ﬂe1portr73wd5)6ter gace pit iwithirareeessd0i Ay cahembesiimegbaariagent 52 is a

ball b ,
and ror iR CiROalS et 2 HIED or BHE PR 38 Ot e R iR, 2l

- ‘out war d frreamd‘x@ﬂirfg(ﬂ@ﬂiensﬁafntrommmdtactncI udes an outer portion 90, an‘inner
“portion 92, and a body 94 extending t her ebet ween. Recess 84 extends within

cone shaft outer r%%cggcg r@@ﬂ?@ﬁﬁ f%éezﬁ?laﬁ@%n ?reéuygicé g@efnﬂrﬁgﬁge%. A

bearing spanner er race In coneé recess 84.
Body 94 pﬂa@a/isoies:oamm&ﬁ ahdh it to asvdive aclliag elsmpqttcﬁﬂtm tcdlablea;pntng dwsenbly 48.

Cone shaft inner porfion 92 inc s an in e .98. 1nn [ surface 98
is contdafedf i isée?‘ir ‘}YVHQEP BV 4‘5@?1?3(?9“%3’&&@ B S5C S hpunt i ng
race 102.gMasgd RdadjReh aH0chtdrQOHERIESdfabtdds Bmadm dn@ elfrﬁbbdﬂineassmebl y 40 and

%namc | oads. to support frame 44. l\/buntl ge %)02 IS ecured to fan
t or shamee 5a3s wplitvage puting atd Fobling ﬁ'é?’é“tl lsa?l al} Gearing, %“Oel}%odl nent ,

- retainers, 10k rﬁ%lﬂ & ; rRE 4519%31}91:&1% R folePaoMides1ax albapr el 0ad to

shaft inner ccor Ingly, nounting race 102 rotates
Si nultanehmashg/ vvlth rotor shaft 42. Fan rotor shaft 42 includes. a recess
110 sized to receive nounting race 102 and retainers 104 and 105 such that

a gap (not shown) %n%tsﬁa@%%ge%gadian g)ruw&e@%wan%t&%@ﬁ agrand04 and an

i nner face 116 of retainer race face 100 is a spherical
~surface. includes an outer portion 90, an inner portion 92, and a body 94 extending

therebetween. Recess 84 extends within cone shaft outer portion 90 and is sized to
receive inner race 56. A bearing spanner nut 96 secures inner race 56 within cone
shafi recess 84. Body 94 provides axial thrust and radial support to bearing assembly
48, Cone shaft inner portion 92 includes an inner surface 98 Inner surface 98 is

contoured to fit in slidable contact against a face 100 of a mounting race 102.

(;) | Mounting race 102 reduces stati_c loads to rotor assembly 40 and
dynamic loads to support frame 44. Mounting race 102 is secured to fan rotor shaft
42 with a pair of retainers 104 and 105. In one embodiment, retainers 104 and 105
are spring. clamps and can provide axial preload to shaft inmer portion 92.
Accordingly, mounting race 102 rotates simultaneously with rotor shaft 42. Fan rotor
shaft 42 includes a recess 110 sized to receive mounting race 102 and retainers 104
and 105 such that a gap (not shown) exists between an inner face 114 of retainer 104
and an inner face 116 of retainer 105. Mounting race face 100 is a spherical surface.
In one embodiment, mounting race face 100 is radially thin and is ovalized elastically
30 to assemble to mounting race 102. '
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I.n one enbodi nent, mounting race face 100 is radially i9Mr@ghosi s ovali zed
elastically 30 to assenble to nounting race 102. -5 18 March 2005 O

. Mounting race 102 includes a width 120 that. is substantially equal to a
wi dth 122 of cone shaft inner portion 92 such that when assenbl ed, an

f upstrean1snde 124 of cone shaft inner portion 92 is substantlally
co-planar ‘with retainer inner face 114, and a downstream side 126 of cone

shaft inner porti O'Mcgﬁuh ra@@b@t@aua@lalMdﬂpl-ZOphalmaaubmttthllveqlmlﬁeqr i nner face
: 116 An axi al preloa

exits to linmt rotation of er portion
92 with r\eﬁlﬁetzz dfeonpthaftiipngr perdign 2%2“011\&):\%@86&?6%‘&@?13“ “?PE@‘%“ %g‘?t. on 92 is
S?t m)unt r?g’?'%allf’gt 1%{1) o238 Slibsintist] ?lenﬁlﬁhdil@v@ae&u&ﬁmnemm ng assenbly

r ot or rlng assenbl d .moupting race 102 may be
- pre- asserrbllz;edn@g doamstreatnogides h2ff of appe Sﬁ?fellwé"s%?'i‘ g Hg’éﬁaf%@ YaSsenbiy 48

and nounting race 102 to retor,shaft ZE5 BnSesthiion ofdma@mge and
beari ng cRIATAH! Eefab‘??rfﬂﬁ]ref%@ %@nggﬁéfgﬁg%%ge& ly. Furtherm)re as

mount i Ny GaGEInA&2ndriior 9T Wigdretect anmootting whaflf2,4ohe eavereldiifi s 104 and

105, the gap between res tive retajners.,l §¢2.and nounting race
102 is eIpmlﬂla%lf.mm@“ntﬁg%‘%?t%m?p%8%[1’ aBCrve[Fhmlg gg}]‘: %ers 104 and 105 to

provide a controlled anobunt of axi al preI oad to nmount i n% race I n
addi tion, retainerspdfig Qsladnﬂl95ofrmitdrtasanlutm#{tlb¢gﬂn& aesembly2 4% tantl ally

‘square with relation t6 shaft 42 duyring asse )l NefRL.miRer ati on.
Duri ng opewantingnragt 18 gnayeber pre- aé??“ﬁ’#ﬁ’a?‘éﬁ%‘ewt éeﬁrﬁ%glmr?e fl)% rrai/mcagse hi gh
radial forg S a@se?rﬁ)lﬁ%'ah@%ohﬁuﬁgaﬁc@seemdaquxorlﬂlaftsuammmnewaganb y1) and a
f orward engl ne bearing. The hjgh radial forc

primary
(pyse por t dmagij:SIdt parifp PontaRinaipnHGIE d03{R FBERe fﬁfgmﬁlgarl ng %%b:rlgt%on The

rimary fuse fail ur 855 1%l 42 \ﬂl&lﬁeﬁamefﬁmtlandbﬁiltth%lg%’ew axis of
rotati on, MOHRE! %ﬁg%ngﬁgg%ﬂ%gr%?g?ro gravity {-ﬁ) haft%cflzg and i nduci ng

bendi-ng | QaEkee® Fespatios resdait 10#2andHAS, 4@(59@@“33 ﬁ%?f"ré Bt eari ng

assenbly égp ?st séetc]ieto T)lélrnnHte Fetaits EOYOL 1 REB Pr NG PP SdrdtdoREd arRBiirion @xial
preload to mounting race 102. In addition, retainers 104 and 105 maintain mournting

race 102 substantially square with relation to shaft 42 durmg assembly and normal

operation.

During operation of engine 10, an unbalance of engine 10 may cause

high radial forces to be applied to fan assembly 12 (shown in Figure 1) and a forward

most engine bearing. The high radial forces may cause a primary fuse portion 128 to

fail at an engine number one bearing position. The primary fuse failure allows fan
ﬂ\) ' assembly 12 to rotate about a new axis of rotation, thus changing a center of gravity |
" of rotor shaft 42 and inducing bending loads on rotor shaft 42 that induce a moment

load on bearing assembly 48 at the number two engine bearing position. Retainers

104 and 105 are fabricated from a material that fails at a pre- -determined moment load

apphed to rotor shaft 42. After retainer 104 and 105 fails, mounting race spherical

face 100 allows shaft 42 to pitch such that a shaft center of rotation {not shown)

approaches that of the new rotor center of gravity.

The pitch rotation occurs once because an unbalance radial load has no
relative rotation to shaft 42. Rotor shaft 42 remains in a singular bent position
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104 and 105 are fabricated froma material that fails @ \ggfspdet ernm ned
~nmonent |load applied to rotor shaft 42. After retainer 104 and 105 fails,
“mounti'ng race spherical face 100 allows shaft 42 to pitch such that a

shaft center of rotation (not shown) approaches that of the new rotor
- center of gravity. The pitch rotation occurs once because an unbal ance
~radial load has no relative rotation to shaft 42.. Rotor shaft 42 remains

in.a singular bent, position -6:1 ALGo2RRa. hecausd, mhentinglyadeance r adi al
load is i ﬁcaéls%ﬁhﬁﬁﬁwaiarm? Baghap%og(g}S%% Slf}lli%?e_sul t, pounti &g ra(@ Shherical face
100 does (pqicaSGid 180 osandt bedttmgndabssng pspembly dacer o~ AN BdVemain 1 ush

‘agai nst bearing assenbly rolling,.ele Yhid eothob@ft ghabtated2 rot at es.
Accor di ndluph agpiBgt Ecaggﬁ(ﬁsﬁ?&lbbifoé‘ggné reg‘r%{s’&rﬁt ?’?ed to rotor assenply 40 are

reduced : pERtnel Radh transmided e rator aesgMbe AR i8Ry TEPCHY t er
ret ai ner s}&%% gnl}d ”éfathD F

_ 05 fail, Furthernpre,. tndoad is carried
through suechmees r@@n@h@paqlomndu%‘égf%h éggggb%?%ﬁgr%?ﬁgﬂr adi al and axi al

| oad Capaz?j | iﬁﬁ BSRAUSE,E JPRBRENI 188 Tsahnted ittrongl safeds, 9% BKoiVassendl y 40
s permt g‘d 4 }8 appr’oacH the rotor center gﬁflpgr avity and dynam c | oads

i nduced tieasppoehbly A8 neainsradigh andraging load 2P Pher nore, because spheri cal
nmounting face 100 and rolling elenent 52 keep rotor shaft 42 positioned

axially with res peﬁ‘itec%u%e SURRRRE rekti s fdeasddyrdsommsentindhismgrm¥ttheen rot or
assenbly 40 and a s

-ator assenbly (not sho 1s subs j Ya4€elimnated.
Fi gure 3 jospproatints ftﬁ@foiehtorl@t]grwi‘éf\ﬁnéfiy%?m‘%{‘\’gas ‘3@‘503#{%7 é;&%ﬂbﬁiﬁg%n may be
used with a gas tugbine engi ASnARghd eicd Q06 brduolling ¢4 e 1. Rotor
assenbly 3190 ‘i"%‘i's %}egﬂ?rf’g%erf]%sglﬁ gr_ to rogt]orC assegtﬂg}’ %Pr?rgf?ﬁém in
Filgure. 2 angcgPrmanaat 42 ipositioretdonialyseith Fjpeb e FURRET ARG Hent cal to
conponents of rotor assenbly, 4Q.ar j L dtBhdgus subStaniillyg t he sane
r ef er enceclaghieg batyeqpdeyr Fﬁﬁellx—?légpgng? Seﬁ%fg%skrhggg%ﬁbl y I€2’00 i ncl udes rotor

shaft 42 '@@%ﬁ%ﬁg] y secured to support frame 44 with longitudinally spaced
beari ng asse Ies 46 and 48 (each shown in Figure 2) that support rotor

shaft 42 on support Fifgxrlr% s g%i’osls-gec%ggal RO SRR asdRRBly 1D tassrayitiey 46

E .uéed'with a gas turbine éngine, such as engine 10 shown in Figure I. Rotor assembl:y'
200 is substantially similar to rotor assembly 40 shown in Figure 2 and components 11
fotor assembly 200 that are identical to components of roter assembly 40 are
identified in Figure 3 using the same reference numerals used in Figure 2. Rot.or

assembly 200 includes rotor shaft 42 rotatably secured to suppott frajme 44 w1th“r

longitudinally spaced bearing assemblics 46 and 48 (cach shown in Figure 2) that

support rotor shaft 42 on support frame 44. In one embodiment, bearing as.sc.ambly 46
\) or bearing aésembly 48 (shown in Figure 2) isin a number one bearing position and a

bearing assenibly 202 is in a number two bearing position, aft of number one bearnng
position.

Bearing assembly 202 includes a paired race 204 and 2 rolling element
206. Paired race 204 includes an outer race 208 and an inner race 2 _1_0 radlally mwar@ _

from: outer race 208. Rolling element 206 is disposed between inner race 210 and

outer race 208. In one embodiment bearing 206 is a roller bearing.




. or bearing assenbly 48 (shown in Figure 2) is in a nunbgiRaedsari ng
position and a bearing assenbly 202 is in a nunber two bearing position,
aft- of nunmber one bearing position. Bearing assenbly 202 includes a paired
race 204 and a rolling elenent 206. Paired race 204 includes an outer race
208 and an inner race 21.0 radially-inward fromouter race 208.. Rolling

- elenment 206 is disposed between inner race 210 and outer race 208. In one

enbodi ment bear i ng 2Pfort Fade Abislconncored o mgrimary fus: Mtiashl 228 WBIBport franme

44 s connected to_a pri.mar tus 0 i 2) and a
- beari ng hB@¥ng o 3V\E?‘3Pﬂnga hﬁ‘t‘ ?%2? “&}f m”fag%eo?gﬁ %}fw%}f %ﬁﬁ ®housi ng 222
ext ends rgdisaolop2 leﬁeeﬁdsdadlalmwmmm sdplpaxnrﬁ'amé 4t4®cvmd|$faﬁ aotorrshaﬁb #2shaft 42

and incl udes an i nner portion_230. |nner ion 230 recess 232
to receivend Beltfesig 1ares pAmeY 230t @Perrpgété"“i)g@ .-l r?%?és 2’8 re|scgl%gecur ed

wi thin beg&frﬂg DU Guter’ ﬁ@@ﬁﬁs ?él?tex\/\ﬂawz@s lsaedipbaivihilbestighhdubiap an out er

surface 2 outer race : adj acent an insi de surfae@ 236 of recess |
232. | n arecedstB2naitl aéoczkpb@d'?mh thas gpequier gedacestid Plow rgeeP®ift hi n

bearing ho %?J‘&?}g@r x%\’l S St éf?ec@s nﬂf" n Mdnatisd Shbimé®, ouscPeqaer nut 73

(shown in N1 hner ace outer race 208 receives rolling
el ement 2068 luﬂsdfcefelda\bitlandmmu@:housimgnecess ééé Witl) 2 spenngH &8t #0240 and an
inner surface 242, c i NGl dide %gﬁg%&@szed to

receive rélPai“P‘?fgm%I?é g'cglﬁeﬁi ?mbfﬂe?ercfg%t act(§f unting race 250 reduces

static be?&lﬁ@eléxﬁéfdaoémzbnimc@%enbl y 200 after the primary fuse fails,
allowi ng i nner race inner surface 242 to rotate. Fan rotor shaft 42

includes-a recess éSZerfrééﬁéggE%g@gg\? anr&ta'nr?& zgp MRl Ng race

290 is secured wit al ners 255 that are
secured i pRhag thchdbda RcRAMNEhed TrecBﬁvG r@lhh@dlamdntﬂ@é nroatoﬂabls pratact.42.

Accordingly, -nounting race 250, rot rrult neousl ik shaft 42.
Ret ai nersmmtlamda‘"«ZS@% ?é@??ﬁétaﬁ’ﬁuﬁ?fl&lﬁésl? 1078 rvﬁsfeﬁ? \rﬁte)ézte}sspg%Z such t hat
a gap (no nﬁ%@y‘ﬁl}eﬁﬁé %h&wm@%n‘é@ﬁ@e ﬁﬂeﬂs’ﬂff@é’ef@@@r&ﬁ8 of retainer 254 and an
i nner fac ret’ai ner ~255.

, Fan rotor shaft 47 includes a recess 252 sized to réceive mounting race
250. Mounting racé 250 is secured within recess 252 with retainers 254 and 255 that
are secured in place with a spannér nut 256 attached to rotor shaft 42. Accordingly,
mounting race 250 rotates sifnultaneously with rotor shaft 42. Retainers 254 and 255
secure mounting race 250 within recess 252 such that a gap (not shown) exists
between an inner face 258 of retainer 254 and an inner face 260 of retainer 255. The
gap allows retainers 254 and 255 to act as spring clamps. When spanner nut 256 1s
: U torqued and seated, a portion of retainer 254 and 255 clamps inner race 210 and the
remaining retainer portions clamp mounting race 250 to provide anti-rotation during
no‘rtﬁal operation. In addition, retainefs 254 and 255 maintain inner race 210

substantially square with refation to shaft 42 during assembly and normal operation.

A surface 264 of mounting race 250 is adjacent bearing assembly inner |
race inner surface 242 and is a spherical surface. In one embodiment, mounting race
surface 264 is rad1ally thin and is ovalized elastically to assemble to inner race 210.
Inner race inner surface 242 is contoured to fit in slidable contact. against mounting

- race surface 264. Surface 264 extends over a width 266 of mounting race 250 |
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~gap allows retainers 254 and 255 to act as spring clanpgpmalagsogpanner nut
- 256" is torqued and seated, a portion of retainer 254 and 255 cl anps inner
~race 210 .and the remuining retainer portions clanp nounting race 250 to
‘pravide anti-rotation during nornal. operation. In addition, retainers 254
and 255 maintain inner race 210 substantially square with relation to
shaft 42 during assenbly and nornal operation. A surface 264 of nounting
race 250 betweddjipseeim hebdivwmgiresssads| 298 ianh 260, respecsi Ve el MeUMING ES€ 242 and i s
a spheri Cﬁ% surface. In one enbodi nent, nounting race surface 264 is

radi ally 'n and is ovalized elastically to assenble to inner race 210.

| nner race inner surface 242 is contoured to fit in slidable contact.

agai nst nounting riangsapefasoe oR6gineSl); fap cabaBwe of eegiels 1GW8Y caUsii dt h 266 of

mounting ra 50.-8 18 Marc )05 che u downgtd gam si des
- .258 and Z%Sh I §1pfé’6°cqs\f8ll§‘7 apgtic tf?nnéég?rgc Pé%g@& quu o\ggr ation of
~engi ne 10f,r@frdunbal ApGe Héﬁru%ng'lmfhigﬁ radiyl ﬁamesenaymagke thadirmiaty desges to be
applied to a fan assenbl oTost engi ne

beari ng. wr@om.l%(shfawwﬁgw 8&@%@‘ aB&B%‘BgPWEbeﬁPP?Tﬁ?an Bss(?{l%ar ion 128
(shown in 'ﬁh& r%@uste%hloﬁtlzgrhcﬁﬂﬁldWQoﬁBxﬂtﬁeid @naeahagmsagbpomtu on. The
failure o pr| ortion 128 induces a { ?F% on Fearlng
assenbl y 20B@e maanrhweo nmeavw%@pngeﬁg@ﬁ%%a gg? 1o FOnEged A8y s 254 and
255 are fabrl gﬁi Atk %[a?{i@allg R R b-dbleghin®] Adkief@lokd aﬁf)[ﬂieﬂ S0 &karihg

pre- det er fri Het apledto beari ng  assenb ag Aﬁr%
retai ner Sasz&ﬁblgrm)2255ftéxaxetamerm2ﬁ4t andg2 5aked, gnpmjmgcrgpe FPJPEEC d2e 4%t at es and

gg)l gfoﬁhgo&%?sgz c%glé gl{zl], cenﬁ’ eélt(:ﬁz Slrche ?ltéﬂf'ég Qﬁéhhﬁi%t 3 shitekéntGestt er of

ravit . This pitch rotation
occurs ongRaticdeSptéached fhatl Bémdra)lﬁgfavn}adf @hftlﬁa&hhastChmwfmﬂalCPWéOF@t ation to

shaft 42. As a resul noun ace her| 2 t oscill ate
and beari h@aé%wva@ﬁ%é%d‘aig%qg[ﬁﬁﬁoﬁéﬁw F%a 1011 %ﬁggalﬁgﬁ Sggrl ng
assenbl y Beandioret SiRAEaIZRE 24hidoes ﬁ&tdaéﬂlSthaﬁdi beaflrﬁlgrasﬂembéjs fawec%ﬁr di ngl y,

static bending oads transmtted to r o asse ed because
no noment ahdd jemain AusbhrAgeing PeAHIEASHH {f%@x’éfq VVhl egf)tglr Re lfQF254

42 rotates. Accordingly, static bending loads transmltted to rotor assembly 200 are

reduced because no moment load is transmitted through bearing 206 after retainer 254

fails and shaft 42 pitches.

The dynamic loads to support frame 44 are also reduced because the
‘shaft center of rotation approaches the shaft center of gravity. The primary fuse is
contained in the thrust bearing or the béarihg maintaining rotor axial pesition. When
{) the primary fuse fails, rotor shaft 42 is then free to translate axially since the number- |
two bearing 1s a roller bearing, and roller bearings do not transmit axial loads. Asa

result, axial excursions will cause turbine 20 to release rotational energy through .

friction.

Figure 4 is a cross—sec_tion_al view of a rotor assembly 300 that may be
used with a gas turbine engine, such as engine 10 shown in Figure 1. More
épeciﬁcally, figure 4 is shown with rotor assembly 300 in a failed position. Rotor
assembly 300 is substantially similar to rotor assembly 40 shown in Figure 2 and
components in rotor assembly 300 that are identical to components of rotor assembly
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fails and shaft 42 pitches. The dynami c |oads to suppoqgﬂi g4 are also
" reduced because the shaft center of rotation approaches the shaft center
of gravity. The primary fuse is contained in the thrust bearing or the
bearing maintaining rotor axial position. When the primary fuse fails,
rotor shaft 42 is then free to translate axially since the nunber two
bearing is a roller bearing, and roller bearings do not transmt axi al

| oads.  Asq@arelig@sidifitd uaEi@ke &xsing shosmneniefdrensa myEmeraliy Bied dn JBWD 2r el ease
rotational ener gy .t hrou fri,c Ipgse S6gkH onal  vi ew
of a rot drotgrasesrrrly 3 @b’@%ﬂ":ﬁ %g}lagt ﬁ%taggg%&ﬁéd tl()%u@mft ur bi ne_engi ne, such

as engi negl m%l wgsbdteclflbwn@ asentliee 46 speé dBf(Eashl qhywnfm@swa thet'shown wi th
rotor asse 30

In a failed position I

Cubst ant | wipbyct sotat Hutl £o0f SUBPHAETH By SROLANE Dot R L D 20
conpanent g '{l}é{ %éf&rzt @ggﬁé@s% mfPP3ddhah oﬂéemb@tﬁmbmtpbdarmgaﬁscmbbri’énm of rotor
assenbl y 21gP % 05 40 are identified |ng ure4%§ gge sane
r ef er encea rikRebakisg eskid i m mnm@y pae bearingpesionzud F%l“ﬁ BB PhcUdes rot or
. shaft 42 .secu itdksh, mbhnud]mgnébmmgl |y spaced

beari ng ag?é‘éﬁ%‘a%g r and zeapﬁ%%\eg&n&g?& Figure 2) that support rotor
shaft 42 pasitggwpport frame 44. Specifically, a bearing assenbly 302
supports shaft 42 in rotor assenbly 300. In one enbodinent, bearing
assenbl y 46 i s l 9&5]&@?2 ﬁﬁﬂxdbssa Pzﬂre@ rM@@hn@ﬂeolbwlemgltpo& tion
and bearing assenbl hrust bearing and is.i nber two
beari ng p@@éthﬁ@drﬁEBoofncmdmoumeaCbéﬁﬁ pReban lp@eglr%qeéﬁo f?ééf’éyulwé gssenbl y 302

|ncI udes a paired r 04 an r ediiimace 304
i ncl udes ﬁﬁg’dﬂ{t‘érmcreg@g B er?g) g lﬁr?lé{rggrragécgd%i%pl}tg%%ar?#ggl nwarng from

outer racg3Q8: 306 i9uRpeEROLETEAL innautee YiAced3oser gacsphE JBc¥Cmat i ng.

Rol | i ng eﬂ enent 306 |s di sposed ? en inner race 310 and outer race 308.
In one ermbadimenirolise Elearneiffish a{ﬁfé”?% a ball bearing. Support frame 44
-|ncludes a recess 332 sized to receive bearing

Support frame 44 includes a recess 332 sized to receive bearing

assembly outer race 308. Outer race 308 is secured within bearing housing recess 332
~with a spanner nut 333 such that an inner surface 334 of recess 332 is adgacent an
outer surface 336 of outer race 308. In an alternative embodiment, outer race 308 is
secured within bearing housing recess 332 with a lockplate. A face 338 of outer race

" 308 is contoured and receives rolling element 306 in rollable contact.

Inner race 310 includes a face 340 and an inner surface 342. Inner race
o face 340 is contoured to receive rofling element 306 in rollable contact. Inner race
) - 310 is held in slidable contact with a mounting race 350. Mounting race 350 reduces

static bending loads to rotor assembly 300 and dynamic loads to supp'ort frame 44.

Fan rotor shaft 42 includes a recess 352 sized to reccivg mounting race

.. 350 and retainers 354 and 355. Mounting race 350 is secured within recess 352 with
retainers 354 and 355. Retainers 3.54 and 355 are held in contact with mounting race

| 350 with a spanner nut 356 attached to rotor shaft 42. Accordingly, mounting race

350 rotates simultaneously with rotor shaft 42. Retainers 354 and 355 secure
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assenbly outer race 308. Quter race 308 is secured_mﬁtpgﬂ%ggpﬂj g housing
recess 332 wth a spanner nut 333 such that an inner surface 334 of recess
332 i's adjacent an outer surface 336 of outer race 308. In an alternative
~.enmhodi ment, outer race 308 is secured within bearing housing recess 332
with a |ockplate.” A face 338 of outer race 308 is contoured and receives
rolling element 306 in rollable contact. Inner race 310 includes a face 340

and an inner .surfacg, 342. | g hSwiDBRistLbesdechanr ecei ve
"rolling &l%lﬁ‘é‘ﬂﬁfaﬁ%g?? Wﬁg‘SlrF%gfés%gﬁﬁéhc{‘. C%g?nﬁdej(?sr acﬁ 310 is held in
sl i dabl e ;cRntREB5YbiBtamentidnint ny innaccaHE. of SUAISRY: race 350 reduces

static bending loads to rotor assenbly 300 and dynam c | oads to support

frame 44. Fan rgt5 gkaﬁgea{’ ée4t g@mg&qnggg&éﬁgrigg -§§en{35é’ar§1igm§4:rrtbdy ineerei ve

nmounting race i ners Mounting race 350 is secured
Wi thin regasandaariet’a2 anisai speericaBEufaan din3ms emedigicRle FYUSRHE AR, 355 are
held in contact with nmounti race 50. W REindtytracdFoat t ached to
rotor shafate 464 lSA@é’éuﬁFm’blaﬁ?%Yﬁﬁ‘lz?q‘lgaqg%ﬁé} n:'3 Sé?gtgat es s mil t aneous| y With
rotor shaft 42, Retai prkS axth 306 o8aoustew ree 350 EBVWRNPRIZODE fount | ng

race 350 VdTHAIN recess 352 such that a_ga n S ). exists between an
i nner f acdovaEBeant sidest34B argd 3W5EspaTH Vel qf?ﬁﬁéf*e(r? g%"ea“g%@bf retainer 355. A

face 364 of nounting race 350 is adjacent bearing assenbly inner race

i nner surface 342 gl S5 @nBBNGToRR sseblyR00, ad miaisses arbeid $EAE mount i ng
race face 364 is radi

I'Ty thin and is ovalized el i sassenble to
i Nnner raceghddid to feauns iG61 rasg Sehdae W&emﬁeewrgpﬁcqggéé%&fgng%tﬁfgg Slace 350
bet ween upstream an - Si TR Srap 3BsiddidtoIebnit regpestid¢eny, of
{?rg‘ét ai ner SE@SIHO nggf.ﬂwgﬁgﬁ%%enbll ??égé {o(r)lta&rglﬁggga%gphé I‘g’%)dig&s retainers
54 and 3% @peovidd Dloneoldal apusexE: P “Uthe ‘gap bet' ween _
respective retainers 4 and.35 oLt R gre3®h irdathnitm nat ed. The
gap is si Eeé?t!n‘f’(f%3fféfi'f‘ﬂ ??Sr BEL) ﬁ%?s%?%ggrlld 355 toyrgmfovi de a controlled

amount of axi Al quphgkRadblyandbomtal ogeratwoe 350. I n addition, retainers 354
and 355 maintain inner race 310 substantially square with relation to

shaft 42 .dur 'ng as SSIT?J@Y opaepa o gr?glineoﬂfritaﬁ EQRer of gravity of rotor shaft 42
shifté, pitching motion of rotor shaft 42 causes the primary fuse portion to fail at

"engine number one bearing support. The failure of the primary fusg portion indu.c?s a

moment load on bearing assembly 302 at the number two engine _bearing position.

‘Retainers 3.54 and 355 are fabricated from material that fails 'zit_ a pre-determined

moment load applied to rotor shaft 42, After retainers 354 and 355 fail, mounting

race spherical face 364 allows shaft 42 to pitch such that the shaft center of rotation

) - approaches that of the new rotor shaft center of gravity. The pitch ro_tation_ occurs
. once because an unbalance radial load has no relative rotation to.shaft 42. As aresult,
mounting race spherical face 364 does not oscillate and bearing aé.’scmbly faces 338

and 340 remain flush against bearing assembly rolling element 306 while rotor shaft

42 rotates. Accordingly, dynamic loads transmitted to rotor assembly 300 are reduced

because no moment load is induced through rolling element 306 after retainer 354

fails.

Figure 5 is a cross-sectional view of a bearing assembly 402 that may

be used with rotor assembly 40 (shown in Figure 2) and a gas -furbine.engine, such as
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During operation of engine 10, if a center of gravity of \ploigoshaft 42
shifts, pitching notion of rotor shaft 42 causes the prinmary fuse portion
to fai'll at engine nunber one bearing support. The failure of the prinmary
fuse portion induces a nonment |oad on bearing assenbly 302 at the nunber
“two engine bearing position. - Retainers 354 and 355 are fabricated from
material that fails at a pre-determned nonent |oad applied to rotor shaft
42. Afteredogteal ehSvm ift Fibeh 1. 358eatiag lassembln i guppoats ahafpU@ringeatorf ace 364

al l ows shaft 42 to pitch such thgt the SE@I” ent er ofb rotea%éaonq appr oaches
that of t#ecmily40otlsrong seppdigieni BFar9e g %yé.:‘ST‘Hél_%“E Eh¥orat''en occurs
once becaﬁo%ﬁio%dd' Mi@%‘ﬁﬁerﬁ@@'@b it QafEly MRestiRafi@l add MeinroOmahtepnwdo. shaft

42. As a result, nounting race spherical face 364 does not oscillate and

beari ng abseinppysiticrs af ofBanbenarf a0ng RIHION- f | ush agai nst bearing assenbly
rolling element 306 while rotor shaft 42 rotates. Accordingly, dynamc

loads transmtted té’eafiﬁ'%se 5T ¢1a00s iR AIULEEnd DesiRusdementmoment | oad
is induced through rollTng elenment 3.06 after retainer 354 fails. Figure 5

i s a crosd$o6 eRdiiconat 404 imludés am dyteardca 0B ardkanipyer 4 4l A sdialynWHE used with

i rotor assenbly 40 (s ' LAr ; wlrdbh Qh8 r&RYj10&ndsuch as -11
18 Mar ch B%X%%&aéeewgﬂgegefgﬁwﬁ ?grlgm%pg%egg%i ng asserlﬁ:)_l y 402 supports
shaft 42 biter fico08.a98 ambleynbddimehnroding eementi 4065 2 brdlabdarinz.ad8@hbly 46 is

in a nunber one bearin pasi tion angd. beari - ' fan thrust

bearing aRfFRIVEf Qﬂﬁ%ﬁbf‘%ﬁ%egwgﬁ%‘spﬁogﬁgf g%?ﬁg?bxéégﬁﬁén%e@oone beari ng
posi ti on. jBRAL NEbcaSERNBhE AOZhowe) udes a paired race 404 and a rolling

el ement 406. Paired race 404 includes an outer race 408 and an inner race

s@o radially inward, fromouter race 8. .Rolli | 4061, di sposed
bet ween inner race S@B"%?ﬁm8ufsé:|°n9‘°‘§5°§9916§9“5fnr$ @%éﬁaémsfraeg%nrlgl ling
el ement 4@f.ipsrtAnbabladfaesk higberofle Bearing! lbeutioat Primasnfasdporson 42¢ Bl | i ng
el ement 406 is a roller bearing and innel:l%égge 4%)([? (ii?rcl ude@ %X{Secessed
surface (FroricatRdimipil if a GRS O ErayitaRBroly S Frisalasad FSCRBYS g 419 t hat
- incl udes goRhd Hl%rré(sulting pitching motion of rotor shaft 42 produces a pre-determined load
. on housing 419. A

Support frame 44 includes a recess 432 sized to receive bearing
assembly outer race 408 and a mounting race 434. Mounting race 434 reduces
dynamic loads to support frame 44 and static bending loads fo rotor shaft 42. Quter
race 408 is secured within bearing housing recess 432 with a lockplate 72 such that an
outer surface 438 of outer race 408 is adjacent a face 440 of mounting race 434. In

one embodimcnf, lockplate 72 is flexible. In another embodiment, lockplate 72
i :) includes frangible tabs. Outer surface 438 of outer race 408 is contoured to conform

_to a contour of mounting race face 440.

‘Mounting race face 440 is contoured to receive rolling element 406 in
slidable contact and is a spherical surface. In one embodiment, mounting race face
440 is radially thin and is ovalized elastically to assemble to outer race 408. Face 440
extends over a width 442 of mounting race 434 between upstream and downstream

sides 444 and 446, respectively of mounting race 434. Mounting race 434 is secured
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“fuse portion 420 adj acent nunber one bearing | ocation. 1£Ma8 Yoluse portion
420 is fabricated to fail if a center of .gravity of rotor shaft 42 is
~displaced fromcentral axis 60 and the resulting pitching notion of rotor
shaft 42 produces a pre-determ ned | oad on housing 419. Support frame 44
includes a recess 432 sized to receive bearing assenbly outer race 408 and
a nounting race 434. Mounting race 434 reduces dynamc |oads to support

. frame 44 eittinstedss d3bevintli logplata@®  tocordingly, sioaiftingdace €34 srstatiopa® 408 i s

secured within bearin r S 32 with a | ock-plate 72 such that an
out er sur?lﬁ%wﬁggmﬁf gﬁ{fWanFlgg@ ﬁg‘énfs‘ﬁadj acent a face 440 of mpunting race
434. In one enbodinent, |ockplate 72 is flexible. In another enbodi nent,

| ockpl ate 72 incl uﬁlé&teﬁeraﬂi@mbﬂemdstth@sgh lookatc 3 aidaseurag@tetracsd08r race 408

is contoured to confor cont our .of | n e Mount i ng
race faceMUPOrHNgJALS {R ‘ﬁ%PB I$°&Te ‘ﬁée [F°8Fﬁr’ﬂﬁg el'e &e%% rﬁ%gﬁ%ﬁaﬂdﬂgh dabl e -
contact ap@ribfied@toSRNIEN4 Scter 98 gfaditeof dofor @Rt él’dmﬁhpllmé’d fromongntrdl agisr ace f ace

440 is radially thin and js. ovalized_el asti t o, asse e to.,outer race
408. Faceb®apd thsrespitias opéshing wpteth Oﬁﬁ%"ro?haﬁ‘oyn%’fct‘?ﬁdsr %Qéen%éemfimeen

upstream gig JoNas! ieame erﬁlbdﬁ?rﬁerﬂ“iﬂcl?ﬂ@e 44 Gacludes ReedonieY ¥hafldeignoit i ng race
434. Mounting race 434 is secured 18 March 2005 withjn recess 432 with

" I'ockpl at eshpmm) sstecodiag fygivgrd e tackplgter Boand peamitingsquigrieisH0F o 208Ky with
out er 1 aCg A0ReAPIRNLRbod Al A4 wifle b hRNRng iRl BRSO AT OUG

| ockpl at e secur €s Buter race nmounting race 434 wthin
recess 432. Lockplate 72 includes a ret ai ner tab 452 'fabricat ed to fail if
a.center of gravi tonseCmﬁltI@tﬁme';hmbt“AZS sebstantplvageilart ogsfalehtdbf>2axi s 60

and the r %Ii\d"eé(éen%gm %B{) é£¥8§ hp Qﬂ&&n{%&%&ns&@zﬁﬁ tidé 3?(@5&%&‘1§ 48, In

‘- pre-deter nment late 72 includes a
secondar yas hteingéve embodimsitowetdingxtabndhidng Wtihlwaauupﬁrt cfmneo@R?ﬂSa"@é 72 and

permttln out er _ f tisye to support frane
44, while %tf"ie?r} reﬁ?sééf"ﬂf’sgrﬁalﬁrslldg%igr&ia%ué% 5% Jo%‘ﬁ%g@%oc%dd }éet ainer tab 454 is
substantlally simlar to retainer tab 452 -

Inner race 410 includes a face 460 and an inner surface 462. Inner race

face 460 is contoured to receive rolling element 406 in rollable contact and inner race
410 1s held in rollablc contact against rolling element 406 with fan shaft rotor 42. Fan
rotor shaft 42 mcludes a recess 470 sized to receive inner race 410. Inner race 410 is
secured within recess 470 with a spanner nut 472. In one embodiment, inner race 410

is split race mating.

During operation of engine 10, if a center of gravity of rotor shaft 42 is

\) displaced from central axis 60, pitching motion of rotor shaft 42 causes primary fuse
' portion 420 to fail at engine number one bearing position. The failure of primary fuse
portion 420 induces a moment load on bearing assembly 402 at the number two

engine bearing positioﬁ. Retainer tabs 452 and 454 are fabricated from a material that

plastically fails at a pre-determined moment load applied to bearing assembly 402.

After retainers 452 .aﬁd 454 fail, mounting race spherical face 440 oscillates as shaft

42 pitches and a radial load rotates with respect to spherical surface 440. The

increase in shaft pitching facilitates reduces shaft bending stresses and the dynamic

stresses transmitted to support structure 44.
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~of gravi tBFeHF 878F B

and extends from support frane 44 adjacent a downstreafR fi6&, #pg of recess
432.- In an alternative enbodi ment, retainer tab 454 is w thin support

- frame recess 432 betweeh recess downstream side 456 and outer race
downstream si de 446. Inner race 410 includes a face 460 and an i nner
~surface 462. Inner race face 460 is contoured to receive rolling el enent

- 406 in rollable contact and inner race 410 is held in rollable contact

agai nst rolling el i kL dichan o6 BRf fpheRéablinddaccamd tieotadial shaft 42
includes a recess i%rgssf@%gm\t/\’g%heec%\% [ nnpe[ race 410. |nner gﬁ%ce 410 is
secur ed wirdbhiance eplssst &IQ spict caussp hentegengigfionqthat iNCEagised Kt frent , i nner
race 410 is split race mating. ' ORgs atyypdh efe GiRGRe suref a center
%ngﬁ?gf%hgdéélggTeaggi from ceent ral aﬁ% .60, pitching
mot i on of reh@ie®h pEh@fidrmizdcalis esd praremeryhanrsepplivsrmpmentJodl, sphefigall at engi ne

‘nunber one bearin ositjon. The failur f . primacy f ti.on 420

" i nduces afaﬁ?frféﬁtangﬁg%méfﬁfoﬁlég’ﬁ?‘ﬁg' ﬁ@é‘ﬁ%‘?‘iﬁﬁg 0%&? ﬁeer rﬁ%ﬁ%%a?%zv%g engi ne

bearing pgghfetAd to?@ffcﬁsié’f'% el absfd $2cea a8 4nd 440 dafabmerbmket] the orlya mat eri al
a

 that pl astically ils at a. pre-determne oad a?@rliéu%g to bearing
ace spheri cal

f S ! . _ d rT‘%)r(‘Sent I 3
assenbl y moment mftraint wiimbesans sehspical fepen 428 #0140 TRahALCTHY
~face 440 pscijl 2t Bf ERh6s iaRHe@ndeafi flessuegdnd eiditles with
r espect tglag%hie?[%ngg?lﬁgﬁgjgggggﬁﬁ4ot. Tﬁe _i_nlcr_egsg in g{ha%£ﬁ00{;i ng

‘facilitatkadr Stocesnahidad tboveicoge $his &ddieg isFuegevhsh stt&sses
transmtte 0, support, str ur BRI 80 200kt Thersesskd.l ation
frequency’ etrfof: eéiﬂssg'}%érﬂll%apﬂﬁ gggl;é(ﬂ?e“gén.gmt&ﬁse radi al unbalra ce cycle at
rotor spepadeddiuglgsdaaiic gedetraisingredtth aupportctraeisestdane irpfussd BFBUSCpr essur e

across mountjng race.spherical face 44 Lorlifbeiftace pressure
reaches athsrBatiesntst §f 1100 APRIGS ﬁ%‘%Fé‘e”gF"é%%& {:%a% Oa% aptgl i ed moment | oad,
spherical faces 438 and 440 interlock together. The interlock wll occur

after rotor shaft 4sirihasnordaft anmbedwd beaingdwebalkpragag, thgnbe fces 438 -and
440 have interlocked,. the onl moment restr ai it bid@oSpheri cal
faces 4381Sahﬂd4?-4@11)f§f%"sp%fhrpé§%/ﬁr¥ ag(?%?c,opgq 5%5% {[ah%tr}é‘ ilgtge ? Eﬁctri on of the
coef fi ci eqLyf if h i&llck BBarinkNihes tHRBRE & ifok helnemtynficr fasdfailactizaf the

turbine will release energy through friction.

The above-described rotor assembly is cost-effective and highly
reliable. The rotor assembly includes a bearing assembly that includes a paired race
and a mounting race. The mounting race is within the rotor assembly with a retainer
that plastically fails when a pre-determined moment load is applied to the bearing
assembly. During operation, when the retainer fails, static bending loads transmitted
' :} | . to the rotor assembly are reduced because no rﬂome_nt load is transmitted through the
bearing assembly after the retainer fails. As a result, the rotor assembly does not
transmit potentially damaging dynamic loads to the structural frame supporting the
rotor shaft because the center of rotation approaches the rotor shaft center of gravity.
Furthermore, because the bearing supporting the unbalanced rotor assembly is

maintained, the rotor assembly maintains: rotational frequency above a fan

~ windmilling frequency.
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~ then the rotor is not hel

| oad. - The nonent | oad to overcome this friction is red whegysf aces 440
have interlocked, such that rolling el ement 406 -and sﬁ§§§K42 a?e not
overstressed. Accordingly, dynamc |oads transmtted to support structure
44 _are reduced because the shaft center of rotation approaches the new
rotor shaft center of gravity. Furthernore, if the nunber two bearing is a
ball bearing, then the rotor is held axially after both primry and
secondary fuse fai i b finddiforl HitDSen tdeScrite@ ad kddis 1o variowl dpecifibear i ng,

' d axially after fuse failure and the  turbine wll
rel ease emtiogiments, cthote $killat inofhe athevilbrpectiess Hal oy VSRR 58RIy i s
cost-effective, and highl 1-able. . : ol 'y includes a bearing
assenblyIyﬁﬁFe?ﬁ@gﬁﬁggﬂgx%hﬁgghﬁgé gnggﬁgkgéﬁg%§?§ﬁgprace. The nounti ng
race is within the rotor assenbly with a retainer that plastically fails
when a pre-determ ned .nonent |oad. is applied to the bearing assenbly.
‘Buring operation, when the retainer fails, static bending |oads transmtted
to the rotor assenbly are reduced because no nonent load is transnmitted
t hrough the bearing assenbly after the retainer fails. As a result, the
rotor assenbly does not transmt potentially damagi ng dynam c | oads to the
structural frame supporting the rotor shaft because the center of rotation
approaches the rotor shaft center of gravity. Furthernore, because the
beari ng supporting the unbal anced rotor assenbly is naintained, the rotor
assenbly maintains rotational frequency above a fan w ndmlling frequency.
-14 18 March 2005 While the invention has been described in terns of
various specific enbodinents, those skilled in the art will recognize that
{ﬁb-invention can be practiced with nodification within the spirit and
scope of the clains. 18 March 2005 CLAIMS: 1. A nethod for reducing dynamc
| oadi ng of a gas turbine engine, the engine including a rotor shaft
assenbly including a rotor shaft, a bearing assenbly, a
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nmounting race, and a support frame, the bearing assenbly\ifg]dfjsng an inner
race, an outer race, and a rolling elenent, the nounting race Including a
spherical surface, said nethod conprising t he steps of: supporting the
rotor shaft on the gas turbine engine support frane with the bearing
assenbly; coupling the nounting race to the bearing assenbly such that a
cone shaft extends between the bearing assenbly and the nounting race; and
operatinggﬁ%ﬁgggs turbine engine. 2. A nethod in accordance with claim 1,
wherein s ép of coupling the nmounting race to the bearing assenbly
further conprises the steps of: nounting the nmounting race to the rotor
shaft such that the nounting race is between the bearing assenbly and the
rotor shaft; and seduﬁmm@KﬁHbrpﬁsﬁmg@mmnﬁckm@ngoﬁmgwﬁgbhaﬁagmathhe rot or
shaft with a re lner th fal|%) edetergégégjnnnent | oad. 3. A

met hod ine%%%f‘o ly Jediding e wier BIgBIFIPHR t he

nount i ng I alf"?g 16 QAR ERs

nmounti ng t e nt?%g@?%@%ﬁ& éﬁgJ%p &$§é%§ suéﬁﬁgﬁhpﬂﬁﬁ%;bearlng
assenbl y bﬁtemtmﬁ@atrmngmuﬁénme frid0atigNdcd MEludiaf alsplidnahitsurfardssdcuri ng the
position of the nmounting race to the support frane with a retainer that
fails at mepodgamprisingd siwphefht Ioad 4. A method in accordance with any
one of clains 1, 2 ste f su grting the raotor shaft
further conprises tﬁ%ﬁéﬁm%%ll%brgj ' %g ne %'d”ﬁW? gas
turbi ne eagivegifpH@Hly;f rame with a thrust bearlng assenbly that includes
an outer split race mat_i ng | ocated radial I%eo_ut ward fromthe inner race.
-16 18 March 2005 5eoynlingfhermemntiagisiop to dhe beagag assgmblyrack gt Asondt or,  sai d
rotor ass el o G Sl bAriRE hds il AP WRkiRd Ade;3Mq OUt er race and an

i nner race;

operating the gas turbine engine.

2. A method in accordance with claim 1, wherein said step of coupling
“ the mounting race to the bearing assembly further comprises the steps of’:

mounting the mounting race to the rotor shaft such that the mounting
race is between the bearing assembly and the rotor shaft; and

securing the position of the mounting race to the rotor shaft with a

retainer that fails at a predetermined moment load.

3. A method in accordance with claim 1, wherein said step of coupling
the mounting race to the bearing assembly further comprises the steps of:

mounting the mounting race to the support frame such that the bearing
assembly is between the mounting race and the rotor shaft; and

securing the position of the mounting race to the support frame with a

retainer that fails at a predetermined moment load.

4. A method in accordance with any one of claims 1, 2 or 3, wherein
said step of supporting the rotor shaft further comprises the step of supporting the rotor
shaft on the gas turbine engine support frame with a thrust bearing assembly that

_ includes an outer split race mating located radially outward from the inner race.
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a rolling el ement between said inner and outer races, sapgGPIdgsng el enent
being configured to couple to a shaft cone to support the rotor on a
support frane; a nounting race conprising an upstream side, a downstream
side, and a spherical surface extending therebetween, said race configured
to reduce dynamc |oads to the gas turbine engine structure and static
bending to the rotor; and a retainer coupled to at | east one of said
nounting race upstream and downstream sides, said retainer inducing an
axial pre-load to said nounting race. 6. A rotor assenbly in accordance
with claimb5, wher eB.”A%&bﬁasE&ﬁlﬁ%:Wa &Q&Biﬂg%ﬁﬁe}&o id}Ab hsS@iyly Mount 1 ng
race within said bearing assenbly. 7g A'rotor-assenbly 1 n accordance with
clai m5 oromprisiigerein said retainer further configured to maintain
position of said nount.i race ta the rotor uring normal operation. 8. A
rotor assenbly in agggfegggcgé:omppﬁn%ﬁ@ogﬁrem%q Iaﬁi"f'fgr@?e@ or 7, wherein

sai d mounting race jSolliagH@eknD HeWReN R thnkN Akl oﬁ@P@a&E‘,dsafiJ‘?ol-aﬁé turbine
engine rotor. 9. A rotor assenbly in accordance with any one of Tlains 5 to
8, wher eflsmagnt heingseonfgaedio enipld tormehafircane teaswgparhite rotor en arsupport s | ocat ed
bet ween sgi de, nmounting race and said support franme. 10. A rotor assenbly in
accor dance Wt h any one of clains 5 to 9, wherein said retainer is

configured to fail gmoeniigade @MPrRRg ARFERan 984 o dowhstdBmMidS Bn@005 11. A
rotor assenbly in accordance with any one of clains 5 to 10, "wherein said

i nner r ac@ sphshipdli syefaceaexdgnding therelectyrean, sngjd race. configwedto rduendynamin
| d i f.clainms 5 to 11, where i d, out
conpr | sosattb il uihRe Glaife B ihre it dshd pend i BiefoBBAM i ng: e v ot o

shaft; a retainer coupled to at least one of said mounting race upstream and

downstream sides, said retainer inducing an axial pre-load to said mounting race.

6. A rotor assembly in accordance with claim 5, wherein said retainer

configured to maintain said mounting race within said bearing assembly.

7. A rotor assembly in accordance with claim 5 or 6, wherein said
retainer further configured to maintain position of said mounting race to the rotor

during normal operation.

8. A rotor assembly in accordance with any one of claims 3, 6 or 7,
wherein said mounting race is located between said inner race and the gas turbine

engine rotor.
9. A rotor assembly in accordance with any one of claims 5 to 8§,
wherein at least one of said inner race and said outer race is located between said

mounting race and said support frame.

10. A rotor assembly in accordance with any one of claims 5 to 9,

wherein said retainer is configured to fail at a predetermined moment load.
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a shaft cone; a support frame; and a bearing assenbly ¢onpl&bdo@ sai d shaft
cone and supporting said rotor shaft to said support franme and confi gured
to reduce dynam c | oads to said support frame, said bearing assenbly
conprising a paired race, a rolling elenent, a retainer, and a nounting
race, said paired race conprising an outer race and an inner race, said
rolling elenment is positioned between said outer and i nner races, said
nounting race conprjsjng an upstream side, a downstream side and a
spherical surface e té&&%ﬁbw“?ﬁ dp @esadance athqny angiof caigpaitpdlr ed to
coupl e t oyBbreln@aditindRR 1o ggsgggﬁhkggmﬁﬁ%e upstream si de and said
downstream side for inducing a pre-determned axial pre-load to at |east
one of said bearing assenbly and said nounting race. 14. A rotor assenbly
in accordance with ﬁin113, wherein said bearing as§eggg¥ retiiner IS
configured to maint & r* SIPHASTEURY iR GOTOLLARCHMIH; Y L8P @1 ¢ Prig ldssenbl y.
- 15. Arot %e@ﬁ%ﬁiﬂWutértd&e@&ﬁﬂ*is‘é@ﬂ&ﬁitﬂc%%aﬁhg' m 13 or 14, wherein said

bearing assenbly retainer is configured to fail at a predeterm ned nonent
| oad. 16. A rotor assenbly in accordance with any one of clains 13 to 15,
wherein said bearin zﬁﬁ?nb%%ﬁgfuntin race i s between said bearing
assenbly inner race angoré YOrOPUsSH&ft . 18 18 March 2005 17. A rotor
assenbly in accor dapgforshif any one of clainms 13 to 16, wherein at |east
one of said bearing assenbly inner race and said bearing assenbly outer
race are | ocated betsha8rosai d bearing assenbly nmounting race and said rotor
shaft. 18. A rotor assenbly in gccordance with any one of clainms 13 to 17,
wherein said bearin@m?B iﬁpﬁzgﬁd said rotor assenbly nmounting race are
bet ween sai d bearifigkaffis SBhNIyQBESEd A6 sBiTflcondiafld %&% saill 3ter  19. A
rotor assenbly in accordance with any one of clains to 18,

shaft to said support frame and configured to reduce dynamic loads to said support

frame, said bearing assembly comprising a paired race, a rolling element, a retainer,
and a mounting race, said paired race comprising an outer race and an inner race, said
rolling element is positioned between said outer and inner races, said mounting race
comprising an upstream side, a downstream side and a spherical surface extending
therebetween, said retainer configured to couple to at least one of said mounting race
upstream side and said downstream side for inducing a pre-determined axial pre-load

to at least one of said bearing assembly and said mounting race.

14. A rotor assembly in accordance with claim 13, wherein said
bearing assembly retainer is configured to maintain said mounting race within said

bearing assembly.

15. A rotor assembly in accordance with claim 13 or 14, wherein said

bearing assembly retainer is configured to fail at a predetermined moment load.
16. A rotor assembly in accordance with any one of claims 13 to 15,

wherein said bearing assembly mounting race is between said bearing assembly inner

race and said rotor shaft. _
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wherein said bearing assenbly is configured to maintaig (L 2qessenbly
frequency above a wndm Il frequency. METHOD AND APPARATUS FOR REDUCI NG
ROTOR ASSEMBLY DYNAM C LOADS ABSTRACT OF THE DI SCLOSURE A rotor assenbly
(40) for a gas turbine engine (10) includes a bearing assenbly (46) that
reduces dynam c |loads to a support frane (44) and static bending to the
rotor assenbly during periods of rotor inbalance. The rotor assenbly

i ncludes a rotor shaf 42) ¢ l.Led to.a fa 12) and supporte

ongi tudi nal 1y vi t o7 BGE SRS of codsaisfes SR Saghaf PECSIR S bfport 11 ane.
A nunber iiereRRarIERE 0RS LM Yedrig | NABDHIRInnBRILEdnd 368 bRk as@nfR@r i Ng (48),
and a nounting race (102). The nounting race includes a spherical face and

i s secur eduteprach ereplogatpt getwsere pid Pearingressemtdy aaweting 204 pnd siidtrotor ast i cal |y
fails at R e-determ ned nonent | oad. Figure 2

18. A rotor assembly in accordance with any one of claims 13 to 17,
wherein said bearing assembly and said rotor assembly mounting race are between

said bearing assembly outer race and said support frame.

19. A rotor assembly in accordance with any one of claims 13 to 18,

wherein said bearing assembly is configured to maintain rotor assembly frequency

above a windmill frequency.
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