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 | ongi t udi 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 three ] ng asserr(w)plri es, one

of which is a thrustiheRPIoRs | ﬁe%@[}t\k& i cer%g'rce Mol 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 darr%?ed ffan and carried
~subst ant i atd 3 tughine. t e ks 2sweEmbly Belydssigen thaphmcrdes RS RLNE%Pt s, and the

Glnor mal B B B e P mar Lonmonents for the
fan rot or rsarppootions fremetine twivdne tor gies¢oremtesses PilothedBnawdi isi BREITES: r engt h f or
the fan s F&Eﬁﬁémﬁ%%%ﬂ‘ a F;')cfl\ll\lgf{@r of bearing assemblies. Additionally, the rotor
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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increasing the strength of the support conponents undesg hghly2003Cr eases an
overall 18 March 2005 wei ght of the engi ne and decreases an overall

ef ficiency of the engine when the engine is operated wi thout substantial
rotor inbal ances. O her known engines include a bearing support that
includes a _nechanically weakened section, or primary fuse, that decouples
the fan r &teight of dhe engine andhdeqseasey an eyereld witigeraynef o ehgiag evhies, thehe fan
shaft seeks_. L. t roxi mates that of its

unbal ancegﬁ%g%ﬁg)&‘e%gég‘g{r%(%P‘)E/&Ea%ﬁl?lgﬁapﬁé@g@ec ifon, in conbination with a
“rotor clearance allowance, is referred to as a |oad reduction device, or
LRD. The LRD r educe®tlidnekiooinatngigesditichide ca |beadise tsoppgolte tfaarindugeeosit system

After the primary fuse fails, the pitching fan rotor often induces a | arge
monent ton%f"]H’é'WHlﬁ Fgakeaed $eUen, QEPIImARY ﬂa@xﬁlabqieag@é@s the B AT fremdhewn as t he

nunber t i bl T L . beari ng
l.nduces h?‘glhéaﬁg(%g&% ﬁegpzjr’]‘hﬂngﬁ P%hsg‘%ln{ggg%r}%%'s%h%g lgsn:Il ?%V% rc‘}?nt oca?fagllgﬂv‘?'o relieve
t he hi gh Hendppgxisiateasthasef its hebaladed|cemad f@i granityn Fhiofige i sectiont iid f ness  of

t he nunber t%ﬁ?beari,n osition are often softened or released. However,

g
in order COMARAHLMitha Bl cleMar ol vamae.daBEBHER AP 25 i IRadieduchen t he engi ne
duri ng t h@edibdTori R 2KES LRD feAlcks e bt linantid) fodds Wi i ng
assenbl i ese must rremai n funct !(onalS a%gétntgl{gﬁt%rfaﬁﬁgg%dgﬁgéﬁ P?n%lgg(ﬂ?o provi de
fan critsw@m.speed margi n above a fly honme windm|ling speed. BRI EF
SUMVARY COF THE | NVENTI ON According to one aspect of the present invention,

there is provided a,_.nethod for. reduci.ng.dynani c ] oadi ng.of a. gas turbine
engi ne, the engine Pty 8?’?’1’6‘&%'&?@0%@%’@&’&%%@%%{%9 ?’HgfhtF&F ﬂbag%erotor
shaft, a BR&dnn ASE eIkt beariBUTHd Akt CRESE bahthe i8 kBMPRSS thefuatber t he
beari ng assenbly including an rnner race, an outer race, and a rolling

el enent, thebssngppsigon.dde mernén didvgeditosthh eninberl twahreariogindutes higlt hod
Compr 51 NS BhSR U WRRTL ol Sy R AL higR oty 3,50 N
' the radial and pitching rotation stiffness of the number two 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 stiffness 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.




frame with the bearing assenbly; coupling the nmounting;gaggcH godshe bearing
assenbly such that a cone shaft extends between the bearing assenbly and
the nounting race; and operating the gas turbine engine. 18 March 2005
Accordi ng to anot her aspect of the present invention, there is provided a
rotor assenbly for a gas turbine engine, the rotor assenbly conprising: a
paired race conpri gicayding toeanatier aspset efithie presanhineenticacthereds peaidedig bet ween
the inner and outer. .races. the bearing confiqured to.couple to a shaft
“cone o sasGr SRy FERGRS boE enih o b sty Spatiie g ek BB o | si ng
an upstr easmplisty a otleMitiek Ad A Shitte rackNd b%aﬁr?obaﬁvb&a!hesmefr@ﬁ@ ok endi ng

t herebet ween, the race configured to reduce dynamc |oads to the gas
turbi ne efR§ehEhedeaing enEgunRd toseoapledo balrrdi opge taosupprst therader, oremghipgort et ai ner
coupled t t. |l east .one of the.mounting race . upstyeam and .downstreamthe
retai ner fal%‘gugi unélﬁgag%‘feafo%?rés}l}go% lﬁpgr‘%aﬁ’es%u%tqo%ége e?‘g?&c r 8 ng to
anot her aspiReital @firfide@x@hdBE thercbBWREN, it Tacd (R BurbS tareMibe d9hhmid 162k OF

assenbly conprising: a rotor shaft; a shaft cone; a support frame; and a

bearing #s8engs engine; Hruchee ehrhSlatie beedingdo sheppdert iond) attetsinest or shaf t
to the su r d fl .ed 1o reduce dynam c | oads o the support
frame, thgﬁ%gégrqonagq%ag%e ?@‘BQ%@%{H? Iraﬁgugs%egﬂaéﬁ $°a 3&%5“ ﬁ}?l ﬁefa}fﬁ’rel enent, a
ret ai ner, iidncing ae@Usltprédbad acthe mohatingakéeed race conprising an outer race
and an inner race, the rolling elenent is positioned between the outer and

i nner races, the nounting race conprising an upstream side, a downstream
side, and a spheri c%@@ﬁg%@o&?{mﬂt@%@?%@%@@ﬁ% there iy pp¥dads
configure QU . ; i c .eam si de and
t he domgtrétgra% SI Agcérgglﬁ:in dgg(?%rgﬁgﬁpa?%?{c}igﬁe% BH%?%I% Eﬂpr e- tad(:)ng to at

| east oneawémblyeoupieditol thgstagendind sapportihg thevotot sHag to deauppot Base

enbodi nent,, a rotor, assenbly for_a _gas _turbine_engine includes_ _a rotor

assenbl y 3MHCAgHEA o SPR AimaHE lqadyircthe FypRari Bamede beasingifssdY al | engi ne
structur ecorgﬁfsg[#oi ﬁﬁre@?a%@,rgaﬂonix@%?m%ﬁe RQEinsy %&mﬂoﬂﬁﬁﬁéqﬁce?tﬂe%ﬁéd shaf t

coupled to
race comprising an outer race and an inner race, the rolling element is positioned

between the outer and inner races, the mounting race comprising an upstream 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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and supported longitudinally with a plurality of beari pgygsseigsi es 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

i mbal ance. A second bearing assenbly aft of the first bearing assenbly and
serially dowmstreamfromthe first bearing assenbly further reduces
dynam c loading to the support frame and thus, facilitates reducing static

shaft bending stresgses induced locally tp . the bearing. = 2a 18 rch 2005
I'n one enbodi nent, 8%8@5?1@"6@&1%?%%%@3% qswb?pgg_gchg%%giqag race, a
roll'ing ekfRapdfolliméleredtDaald MGG race] Mhe PRIréPicE affided Gh HHESa8® | Nner
race and an outer race, each sized to receive the rolling el enent therein.

The nount prdyar eer ragenedch giged ty resies the millingelement thetein. e masaitingrache bear i ng

o o dot or HehBe® FomstEa et s SERE! s yelnse el BRGSbrattng 1 oaus

These r et pitiiRds fAr Fhdieé&@osafl th &f predbRihiRed hdniat BRE Ll ithsthik® Brmabur i ng
operation of an enbodinent, after the primary fuse fails and a nonent | oad

above a peeeigRAnsrating kagds. dese retginersgrashareinadigr roferrc do asseerndandisdsng

assenbly, the second bearing assenbly retainer fails. After the secondary

fuse failure, the | Lofdres ] Bl heal § 15, rel eased,
al l owi ng further pi tﬂgaﬁgé%t‘?%ttolhon of &ceh}l{égl%ggﬁgﬁ%pon hegeg%ﬂgarulhcs:%l face. As
a result, niohenbéadi shgvaaspirhlelerminad i levd dt esnsmtted ito ghs tsadond Beariag ng | oads
to the rotor and dynam ¢ |oads transmtted to_ the supEor%usfrarre structure.

Radi al supJEmPLyothe perane Bearing §sssebry jetner sails naferribg sroen PrEI%i ng
critical SnBHR flesd 67 thd AL "B] Dcklifld i RREMR. algo%gg'%tﬁgggﬁﬁﬁl PTI N OF

THE DRAW gure I's schematic il ation of ne engi ne;
Fi gure 2 raat@ncefoths -fae chafonalthy setwriodl face. cdon rasdie i peating disiembihe gas

turbi ne engi,he shown in Figure 1; Figure 3 is a cross-sectional view of an
al t er nat i EeUdAEsFETIREE Stadic hepding 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.




rotor bearing assenbly shown in Figure 2; Figure 4 is g ffp3S2g98cti onal

vi ew of another alternative enbodi nent of the rotor bearing assenbly shown
in Figure 2; and Figure 5 is a cross-sectional view of a second alternative
enbodi mrent of the rotor bearing assenbly shown in Figure 2. 3 18 March
2005 BRI EF DESCRI PTION OF THE I NVENTION Figure 1 is a schematic
illustration of a gas turbine engine 10 including a fan assenbly 12, a

hi gh - pr es SiIBF DESORESEION OF THHHINGEN®MNIst or 16. Engine 10 al so includes a
hi gh pressure turbine 18, a | ow pressure turbine 20, and a booster 22. Fan

assenbly 12 incl udeg. an array of .f | ades 24 ext.endi ng .radial.ly outward
froma rotor disc E'@Welilnléiaﬁéhefﬁuﬁgg’sgﬂmpﬁiﬁlgés E‘F)ﬁﬂ%e eﬂ@“%nl& ’%ﬂu%ausp si de
30. I n opefatdsemblRl 2, afth@redstife@dipresan 14558 ARbibldorIBIERANPIEASSd air is
supplied to high pressure conpressor 14. The highly conpréessed air is

del i ver edinchidesdhigh prespure Gurbing rlf) oloW prsssusshiothing 20, Rndabeostyr 22 B conbust or

16 drives_turhines 18 and 20 urhine 20 driwves fan, assenbly 12.

Fraure o PeUbivt3 Tachdies BRror N 22 HEnse SlF Bub AR ARETEy 40 ¢ ha
My be us@ic 2é.[Bagihe J0 Had Al iBiaR€siEOTE AL anSBAuseidENYi ne 10 shown in Figure 1.
In one enbodi ment, the gas turbine engine is a GE90 avail abl e from Gener al
El ectric Conpany, G ncinnati, Onhio. Rotor and bearing assenbly 40 incl udes

rotor disc 26 (shoWrencrtippqiy Boves thepygh fany aspesmbly A3 fapd gompgsssed asdpport s an

array of : ' ' ), t tiend. r adi out war d
fromrot o%]ﬁ’g}lgsﬁc%g@gh éﬁ%s%lffés a egsﬁﬁ E%}'gmerelg%%ly a%ﬁi;’regééegudr}gﬁ (%g{’%%&s?or uct ur al

support f canstbd 16 Aibfldv (@it shuohimial Higurs ppiied daduittg] 6 ddesmibines1#6 and 48
that support rotor shaft 42 on support frame 44. In one enbodinent,

‘bearing a¥¥Eithd BhineL0 dsives &8 2ps§milyldrber two bearing position, aft of

number one bearing 46, and is a fan thrust bearing.
Figure 2 is a cross-sectional view of a rotor and bearing assembly 40

that may be used with a gas turbine engine, such as engine 10 shown in Figure 1. In
one embodiment, the gas turbine engine is a GE90 available from General Electric
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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‘In"an exenpl ary enbodi nent, each bearing assenbly 48 ipghpgas gys paired
‘race 50 and a rolling el ement 52. Paired race 50 includes an outer race 54
‘and. ‘an inner race 56 radially inward fromouter race 54. Rolling el enent
52.is disposed between inner race 56 and outer race 54. Bearing assenbly
48 is enclosed within a sealed annular conpartnment 58 radially bounded by
rotor shaft 42 and support frame 44. Rolling clenment 52 may be a plurality

of el ementySyiing spinBihut 98 tudhQhatlah BldeSurfaRe 72 of BBk rakesy ik Rgjagunt an r ol | er
'bearl ng. Support franme 44 includes a recess, 70 defined within a beari ng

I_ support  imgerapdacsi 76 beasingsersole 2o bt &1 2 reppadive qmbegiment, QUE LA A41E secur ed
W thin begri, @wﬁﬂ%ﬁs‘ﬂg#)ort frfmd RcAR76 %&Oé)%aﬁ@er%t 3. a4 SRAMBETS fdhired 3 such that

an outer sur ace outer race 54 I s adjacent an inner surface 76 of
bearing sheppug 5up752rt TRrendrouigt tase H4tvithin matse d0mInene ebatimenickeagngi s  secured

.W' thin S E%{& ﬁ isyia Ia ??1%)%1%167%HCE?9%1'% PRGE 5@"1‘3t &L?Jélré%l a{nﬁsstlfeﬂ% 78 secures

- ‘bearing s nd’ outer’ race |n recess I n one enbodi nent,
- ‘bearing stypomolling2ldnsent Stinabllapld doatactl e. A face 79 of outer race 54 is
~contoured and sized to receive rolling el enent 52 in rollable contact.

I nner. race 56 incl des ace 8 a race face
80 is contoured an qrfféccﬁ n?l‘é(%élacfgcer g? P%%‘{ e ?ﬁg@%%?l H!nr@lg “abl e
contact. hengyis comotredand sizaias vscetic wltihg alememté@es solBdlewoeth¢tn lenecone shaft

86 such that _jnner ce, i nner urface 82 i,s j.a out urface 88
of recessrgyd0 ’Isﬁe‘"dﬁ?éja H@B&lrﬁ;@?ﬁ ViR A copg,haft gs}wgl ?}lﬂerf%ggmrrgtl ng and
rol ling efuplEN2 ladjfcert DddukerReTIJeES. ofl e 8. helh onerdabdilinent, inut er race 54
i-.s split race rratlng and rollln%l elemrent 52 is algall ba“o@% Cone shaft
”Bé ext endgce afliiasPlt Ber WAt PROF lingnelewenr O% 5ot balk bearing: &s an outer

“portion 99, o%ﬂn%ﬂ”%e PJCE'sQn;s%ght aRd Ratk@tndOblagt @adiis2 shemahet ween.

Recess 84 exten I'n cone shaft outer portion 90 and is sized to
bearing.

Cone shaft 86 extends radially outward from fan rotor shaft 42 and

“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. Tnner 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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recei ve inner race 56. A bearing spanner nut 96 securegg \MIR& 2godce 56
within cone shaft recess 84. Body 94 provides axial thrust and radial
_ support to bearing assenbly 48. Cone shaft inner portion 92 includes an
inner surface 98. Inner surface 98 is contoured to fit in slidable contact
.agai nst ‘a-face 100 of a nounting race 102. Munting race 102 reduces static
| oads to rotor assenbly 40 and dynamc |oads. to support frane 44.

Mounting race 102 g, S@6sFa861620méladesra0bidth 20aldt is stBstentialy aqysalad of
- retainers 104 and 105. In one enbodi r.etai ne 104 are spring
cl anps andiddat22efeenaghatinngr pertian %él‘gc‘t%‘dﬁ%tﬁﬁ\‘e? SR é‘sﬁd’por p?@%négée
Accordin unt| r;eklsestish zalmwﬁllmtamermneofaov shaft 42.
ook TR gl oy casgmatyd

Fan roto recess 110 sized gg recel ve nDuntlng race
102 and r pi4@iaie b Slod@dreamndide]l 05 afieoime shaft mé‘%ﬁ‘ﬂ“% aélk'l Sts between

an inner face 114 of retai 4 ARGlis foaiﬁﬁt}étﬁt;(ﬁfoﬂ(&mal ner 105.
Mount i ng Plaras witlpwtaisg Ungr C%é&%rﬁ%%ﬁgi g&dgce I'n one enbodl ment, nounting

race facegl@0inh& pgbabL Withhiespeanth miogntingatace d62,eVeest X041 Pt 3 o assenbl e
to nounting race 102. -5 18 Marc §0402 includes a wdth
120 t hat . p¢r§03%§t®h¥1p‘&1t?$5“€§fﬁ‘ﬁiaﬁ¥8°'Bémer v%tﬂhm%ﬁqg?ﬁ gone shaft inner
portion 92 such that when assenbl ed, an upstreamside 124 of C?lne shaft
inner portion 92 isp Sﬁgaé}ﬁlblgﬂdfyrow @sandy 44, theariea assewply AR Sdf ace 114,

~and a downstream si de I26 of cone h a nner i /N dsSensiipst antial |y
co- pl anamowititg rase 40%aRay; piBle- aIS%FE% e%1%“ o FASi %I I:tp@el gged 5% tsgt o linit

rotation oS ahd RRun@Y fatON0D 20 mttbmshaﬁs@emmlmacmmlblﬁg race 102,
when conegeé rl(%lgnagsennerﬁg alortl on. 92 i s not. nmounted sglb %rg £0- pl aner
Wiyt h nnunﬂam@ereani@em@ C@Eﬁfﬂlﬁ@(’&s@é‘ﬁ‘ﬁlrﬁ}a‘l’)f@“%lﬁ 8% ‘beari ng

Ssembly 48 ,20d t 66 12h Q3o BAtioR \ﬁﬁemm&wmmadas ftagarot or - shaf t
42. Pre- ag?élﬁﬁ?g R elzgig‘%ﬁéaaassaenboy and nount i ng.race 102 4, rotor
shaft 42 giwiesh ZRpectiss mmdiheys 104 and 105, and mounting race 10Z'1s eliminate c

gap is sized to permit retainers 104 and 105 to provide a controlled amount of axial

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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- dammge and bearing contamination during main engine assepbld:2dodrt her nore,
~as nounting race 102 is secured to fan rotor shaft 42 with retainers 104
~and 105, the gap '~ between respective retainers 104 and 105, and nounting

race 102 is elimnated. The gap is sized to permt retainers 104 and 105
- to.provide a control |l ed anount of axial preload to nmounting race 102. In
addition, retainers 104 and 105 maintain nounting race 102 substantially

square with relation.to sh 2 i RsaRADIAY aaBaiitDmonEing ragger at i on.
Duri ng oppeFasss Gh “Btfal%ﬁegfaﬁlea?%é? %éﬁqﬁwgggr ¥ |

al ance of engi 1 use high
radi al fgpr}‘g;géalt @cgpeo(n@@simdoacdxateamda@e@en@pgsermtzlwfg??ﬁﬁ %-“ﬁ @?‘éﬁ‘rg@ 1) and a
~forward st engi ne bearin T i b alnif0rRes siigly 4Z aumeesa pri mary
fuse por tilugh appigst Bea“f‘&iqsseg&yaﬁ&g%%ie%éleﬁﬁﬁ%er 'one bearjn positjon. The
primary f@ﬁﬁ@%u&ﬁicabglﬁm foads trasssenddl Yo totor essewbhit 80 OIS hew axi s of
us

_rotation, changi ng a center, of gravit af; hers 184 tindt20220nd i nduci ng
- bendi ng |teeglse on manest 10gH AF t“dﬂ%edttﬁ’%ﬂ‘gﬁ’ ﬁ%‘@ 5512 arﬁtt"):'{nepérté1 “Toad on beari ng

assenbly 4 u t ghiNBadRakired tirosght swhicesr? a@dns - 104 and
105 are f%ﬁ“r ?Iggﬁgﬁogfg?n&gsenﬁﬁgr@iﬁal that fai {jﬁ at a pre-determn ned noment

| oad  appbdaafl isernioly 8B resing radigbandggiabjoad g3PaPHEY 104 and 105 fails, nounting
race spherical face 100 allows shaft 42 to pitch such that a shaft center
of rotation (not showk, » ARRIARENSANIiNRIcad, tdhar aemblpt®is REBALEY of

gravity. The pitch'rotation occurs once hecayse,an.un gemkagi al | oad
has no  relappioden thetaior aenict of Eaalytand dynams [ogfs BHIGEY vﬁgl%bgﬁrmi ns in a

si ngul ar bent positign -6 : Resaose 10hendimblingeleaentadi al | oad
isina s?rﬁdiﬂ“&f"ﬁl%%g}e%%?’%%gadgg%_sglgg%muﬁggi ng race spherical face 100
iddes not esgidd Rk hal 4bqasitiogdassatiybiijh fespest torPRAY TBES Edi n £ 1 ush

agai nst bearing assenbly rolli e ih& sh@bons sibabntiall r ot at es.
Accor di ng_blyii»hl@W@“ﬁ@’f‘?ﬂf‘ﬁﬁ@nﬁ’%gggn{llggﬁ%%‘latéfgrg%@t(o ot OI? assenmbly 40 are

reduced no nmonment |l oad is induced through bearing 52 after
retainersgﬁgﬁggﬁd 105

Figure 3 is a cross-sectional view of a rotor assembly 200 that may be_

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 support frame 44 w1th“r
longitudinallj spaced bearing assemblics 46 and 48 (cach shown in Figure 2) that

support rotor shaft 42 on support frame 44. In one embodiment, bearing assembly 46

9 or bearing assembly 48 (shown in Figure 2) is in 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.




. fail. Furthernore, because no nonent. load is carried thgugl, sibsf aces 98
and 100, bearing assenbly 48 retains radial and axial |oad capability.
Because a nonent restraint is released, rotor assenbly 40 is permtted to
approach the rotor center of gravity and dynam ¢ | oads i nduced to support
frame 44 are reduced. Furthernore, because spherical mounting face 100 and

~rolling element 52 keep rotor shaft 42 positioned axially with respect to
support frame 44, tsﬁppa;rn&amehrashbmg:ctadtmgnmamfme pesteanizB yshepnamd a st at or

assenbly (not shown) s .substant t

- cr oss- sectigBifal) ?f‘i‘de\ﬁ/ Repring hgysyje g@s@%{ﬁgll %ngqﬁhoa?gfaﬁngﬂ&%ﬁﬂ 3%&3? %l th a gas
turbi ne epgisng.228YsndSa@Mg lﬁaarh&rcsﬂmmpomnaﬁegunmﬂrds ﬂaomrcor shaft 42l y 200 is
substantially simlar to rotor asseanr% %PShfg in Flgﬁ eC?ng conponent s
in rot or ankienttsEnimmr paGion 4% rgerRorien 2304n %85&%? 810 FSEoT assenbl y
40 are | f UShtBOrab 205 Recured eithindRamignieruaing used in .
Fi gure 2. Q%ﬁl{ng agS%gleQOLF+rg[HEeEZO%| ncl udes rotor snaft 42 rot at azboéy secured to

support freaps ZB& witlt b lodkph@ Tustichahat ancqwias e iaead i L d s'%46 and 48
(each s hOV\%Eﬁ Hﬁ?ﬂ ﬂs%ee Ftact P of 18 lé%pﬁzt 1f Q‘fﬁ%ﬂﬁiﬁ@é tmBiRéht SoeRpedck frame 44.

In one enB rlng Ha 561 earing assenbly 48 (shown in
Fi gure 2) 208 id secareduwiien Hmmgahcaxsmlggep&ss|2t320wﬂaﬁoﬁpannebéla%|SH@1 lagd8enbl y 202

is in a nunber t ar| 03| St NG LBR! febGvesPOSI ti ON.

Beari ng aéléaé‘ﬁﬁl%}‘mgéz(e}f %urg jai reg;‘e];rrafggee otl arolling el enent 206.
Pai r ed ra?&l18é)élem&ﬁlzusiﬁﬁroa£b1@¢ﬁn&vrctrace 208 and an inner race 21.0 radially
inmard fromouter race 208. Rolling el errent 206 is di sposed between inner

race 210 -and -‘outer_race roll er
bearing. -7 18 Mar Hn¥ES %gﬁb‘ﬁhl%f’s?ﬁ‘ %mgq}élggggrgdtcggﬂtzgﬁraérg??nary fuse

portion 128080 ¢iMudeda robéd g4£siZdd tari\d:eﬂzebaang clgmbit 296 irgrofi@isle wintasta plural ity
of fasteners 224. Bearin :
Mounting race 250 re %uces static bending loads to rotor assembly 200 after the

primary fuse fails, allowing inner race inner surface 242 to rofate.

, 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‘rrnal 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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- housing 222 extends radially inward from support frame44.5008s¢ks fan rotor
~shaft 42 and includes an inner portion 230. |nner portion 230 Includes a
~recess 232 to receive bearing assenmhly outer race 208. Quter race 208 is
‘secured wi thin bearing housing recess 232 with a |lockplate 72 such that an
outer surface 234 of outer race 208. i adjacent an inside surface 236 of
recess 232. In an alternative enbodlnent outer race 208 is secured within
beari ng higwséamgipseens sn@avnairtadm admi?éﬁraed Zﬁﬂatfespgqt'r’r‘ﬂb’a?ffﬂ@mﬁ%éﬂ?ﬁer nut 73
(shown in |gure 2). An inner face 238 of outer race 208 receives rolling
el enent “in rollable contact. Inner race 210 includes a face 240 and an
i nner surface 242. Inner race face 240 includes a recess 244 sized to
receive rolling el abmity Gefutibmof eigibl e at enbadasice Ofl%@ﬁjm 1hgay £8e€250 reduces

tat b | ds t t fail
.ZI ?o:/\ncnge 1ﬁ+ﬁégd1 X écsfisrfae{ﬁo?gp?aag g%bxﬁsglggl Ztlgslho an" r oérr%sﬁraé t'il Séelz At

- includes ﬁ)r@%%&t?&@m&b@@xﬁhgt OTliceli@h\tedmthmm«es IRy GROES thzaﬂlmﬂ\?blﬁmel ng race
250 is secured within recess

25
secured i PrpPmERs (Rhewn i BEyR ﬁ)e‘r"%?mn?t a§§8ge1t§?f“2fg b4 earnog ngé F te s

Accor di nglrag . rgguSE%&loﬁiQs ﬁﬁu@és%m&in@ﬁﬂlbﬁh@ﬂb@hygMSE:lnbkyo‘ZOGr shaft 42.
Ret ai ners %4 a secure nmounting race 250 gggﬁr nfre.cets 252 such that
a gap (noat thmmml)eréwb srgine hratingRasiten. RalaHersZaéan Bf arbelf;%F §PMo54 and an

| nner facg ma%%lafftha"tg AYOR Z8%t a6 de@iAnal Idnt ehah%;ﬂrea 1@%éarigd 255 o

act as spring spanner nut 256 is _tor and seat d, a
portion oﬁssexablglﬁmé‘.r ABer atadxe%@‘icﬂlrdn%ﬁsﬁ faﬂn@rﬂumﬁkgefa@lﬂ’ sHer! (348 28%emmai ni ng

et al ner pOTL] 9P ofLATTAOHN Ayl 8RB0 b 5 hin Lakation dur i ng

for mal retainers mai ntain inner race
210 s Ubsi‘cﬁéﬁdn&bbl}ba&wd alfa coticdriof pealvidg bbshaftd2s FfafStple rtmtranrgcaé 88§l y and
nor mal operation. urfac

of mounti ng rac [ G&Nik, bear i ng
assenbly P?ﬂ%ﬁe any H@é‘ lﬁé ﬁ‘?"ﬁa&?@ nﬁlffﬁg‘ﬁd ﬁas“f’é%e‘% rz)sﬁ%frt |4 gaaﬂsﬁr ace I n one
embodi men Heaea fagUrab aloes ddibstifiate add akdringtassembiyn hoes23val i zed
el asti cal y to asse le to inner race 210 er ?Or%e hp {Orslll'larftf ace 242 is
cont our edaad240 temiain Hyshepaping beyizastem araﬁ*gs eﬁ"'ﬁﬁﬂ’i jroer
42 rotates. Accordingly, static bending loads transmitted 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_tron_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
speciﬁcally, 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

9-




race surface 264. Surface 264 extends over a w dth 2661 R4 dsng race 250
-8 18 March 2005 between upstream and downstream si des gé/é and 252 '

respectively, of mounting race 250. During operation of engine 10, an -
unbal ance of engine 10 may cause high radial -forces to be applied to a fan
assenbly 12 (shown in Figure 1) and a forward nost engi ne bearing. The
hi gh radial forces may cause the primary fuse portion 128_é‘sh wn in Figure
2) to faidy ak iacuEegiimBigumiesingiise base fefRiense e USPAD HEW? dre of
primary fuse portion 128 induce } i agsgmbl y 202  at
the nunbeRotpuRssERRyY AY ‘B‘Eéiléffl?sr{amb%?ﬁtﬁgg%ﬁaﬂgtsg%geeﬁg ® 4Haf$_1%ﬂ 255 are
fabri cat e[@géihﬂmall? spaRkE beating! Aedmbdlend6 iaod 4B (cdchi shewn tin Figwe 2H8¥er mi ned

a

monment |o applied to bearin ssenpl y 202. . Af t.al 4 and 255
fail, nouswpbery retac ehafiepi é‘éﬂp%fta@é““zg )éP%“Eé%a&’ %ﬁé“g“%l ] 3%8? 42 to
piht ch. - Sh%f;p ox?szshgft% hesrGusknithpton 15hat tmbediiment, blaring etsamblyritbappr oaches
that cent

_ of gravity of shaft” 42. This pitch rotation nce
because "amrdiiebbdasng end iadh enumbman%?@n%w%r%twée%‘ﬁa%ﬁﬁegﬁ?%c%ﬂzéﬁgft 42. As a

_result, pounti tace ef | G0l nSiORsh, RRL Aaabdrloat Beasing bear i ng
assenbl y %é@rgsb@%@rm aﬁgﬁg%iégl%fh%l Sshg?ggai nst bearing assembly bearing
el ement 2f&itwnl | € rotor shaft 42 rotates. Accordingly, static bending

| oads transmitted to rotor assenbly 200 are reduced because no nonent | oad

Is transmitted thrquah bear| 6 cBIEES pdifllRdaes04 Ahdia rdlhigd deaerd shaft 42
pitches. The dynamp%&f%%gsgg*@ggggpgrt fr%rlre 44 are al aga. duced ,because t he

shaft centgs ®firel @dcaBooimchylpy omites sace 368 sthant 1pE FISA 1 HURYS9 The
primary fuse is co iped in,the thr | 09518 radeBatRgaRioN@egmai nt ai ni ng
fotor axi ﬁpﬁbﬁ%“rrtr?‘i?%g\/\ﬂ‘b eefrf?gglﬁﬁn?rg{rf%; B%gdgflgi?s,mr ot or%shaft 42 is then
free to tLanshAbes aXidbbiedSheteennt aenuarberl0 andoolerriasg3i®s dnrdie er

bearing, and roller bearings dq nﬁ%u transmt axial |loads. As a result,

axi al excembpdmenigoiing elsment 1007h? Pl Y™ el ease rotational energy through

Support frame 44 includes a recess 332 sized to receive bearing
assembly outer race 308. Outer race 308 is secured within bearing housing recess 3:32
~with a spanner nut 333 such that an inner surface 334 of recess 332 is adjacent an
outer surface 336 of outer race 308. In an alternative embodiment, outer race 308 is
éecured 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
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

-10-




friction. Figure 4 is a cross-sectional view of a rot Olig%ﬁé&%og 300 ‘t hat
may be used with a gas turbine engine, such as engine 10 shown in Figure
1.  More specifically, figure 4 is shown with rotor assenbly 300 in a
“failed position. Rotor assenbly 300 is substantially simlar to rotor.
assenbly 40 shown in Figure 2 and conponents in rotor assenbly 300 that
are identical to conponents of rotor assenbly -9 18 March 2005 40 are
identified in Figure, 4.usin 6 Qp @it QhawtyRixiksSbatserd ann Fi gure 2.
" Rot or “as3$eysige S"g@g?%gftuﬁerg&ﬁ%gl%rﬁ%ﬁ?ﬁt%gﬁ?ot_at ably secured to support
frame 44 ;Wi Ruce b omef totaitienstidl and sp amenifabeXiliol getasdenbl i es 46 and 48 (each
shown in Figure 2) that support rotor shaft 42 on support frane 44.

Specifically, a bearin S | y. : 1. Senb Bédring 42seindbly omer assenbl y
300. In one enbodi ge%?ggﬁgi%fﬁg‘gxg ggcﬁb%qgg&i%? a.r olg-l er beari ng and is in
a number gne.heanime 3o ahd lsenspaaitabeaficn gingss embpdimgab MOYNEPE By ¢ hr ust
bearing and is in a nunher two bear| | §d t cpsdeerioone bearing
posi ti on.faBe3fd gradighv HiR )?n‘%wo'fﬁé’f‘tggss&g@pgﬁ %gﬂn?gé%q%n04 and a_ rolling

el ement 1%%9'365’%&&595 ?@e@ea 304 1366 lofdandng cict S50 rhetrecc80PsEsHN &k i nner race
310 radi aﬁy I nwar romouter race 3Q8. .In g)%f%%gdi ment, outer race 308
is split deastremi sidey.35Rend Pafyrespacielhiol 5B S U1 ¥posed bet ween inner race
310 and outer race 308. In one enbodinent rolling elenent 306 is a ball

bearing. Support frfﬁlg;ﬁ 4éscinB) SEISfor AsseRbEB003arctunest3 02udetei ¥ beari ng
assenbly outer race Q%. Quter race 308 is sec#.lrvgget%&jgiﬁ b&ag4sng housi ng
recess 33fghtetiet o secsisarnes Facadi0.3BRePRAVEAZFPEAF hier sur?acg 334 of recess
332 is adj acent an r; [Aea. 38R @b iPUEEN torpranit 30Binels 35404l t er nat i ve
enbodi ment” lBﬁlt‘rglrngrr%cggsgo%%F@ secu_rec?a-%vi thin beari ng Sthslia aecess 332
With a | oghpbabeide doatrell@3gnavht efipxist prelpad to mepnting rack Ao dif & “and receives
rolling elre?arirr?e?é 3%? 6.d 954 9130\ §uSPM28k0 substantiaily square with relation to

shaft 42 during assembly and normal operation.

During operation of engine 10, if a center 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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I nner race 310 includes a face 340 and an inner sur f aceg Rikdeh JgoBer race
face 340 is contoured to receive rolling el enent 306 in rollable contact.

| nner ‘race 310 is held in slidable contact with a nounting race 350.
Mounting race 350 reduces static bending |oads to rotor assembly 300 and
“dynamic | oads to support frame 44. Fan rotor shaft 42 includes a recess 352
sized to receive nounting race 350 and retainers 354 and 355. Nbuntlng

race 350 ér%nﬁ:ewrsﬁ@vﬂ/\ﬂiﬁ IFighird €C EBrid 2sstinibly 402 tsappoets shﬁb'42 ando®55.
Ret ai ner s 4 and. 355 are held jn contag{%l éh rmuntl ﬁam 50 with a
spanner nicBBE 48; 118 ORe gmbedipghto peating @EseBly 2 BoRd Hut Ht™hg race 350

rotates s &ﬁlo&@é}ﬁ%ﬁh ‘é‘ésErﬁblS/QiOers shad thrdd- beEﬁﬁgahﬁuersSmPaBﬂurmw t865 secure
-10 18 Ma 2005 m)un race 350 within recess 352 such that a gap (not

shown) .. elsmasmgpbﬁe'tlﬁweeﬂiOﬁwmﬁenﬁ@ﬂrbeﬂﬁ%mg!i@ﬂof retai ner 354 and an inner face
360 of retainer 355. A face 364 of nounting race 350 is adjacent bearing

cassenbly inner raggahRiBkedtly Uos Rl #Pdheited RRRL L Ellinpuehiane. |n one
enbodi ment, nounting ra ace is radially thin and_ is ovalized

el asti cal 4196 ti‘c‘auaéwﬂﬂ%mtctudwﬂm@uter mse 408 and arpipes raps 4 1@ Adllyd8YEr a wi dth

366 of mountin race Pt dlown 31desd358 and
360, resp &t ?}g‘f ace? %%%1%%@4&}&3%’%@&?1&:“ ngsgrgcggé%l y of rotor

assenbl y 3@6r raas 4Det dh nﬁe &nﬂﬁémnﬁmﬁﬁ& elementt40§his ankadl pegrisgcdR @i nner race

350 i s ol MavsvedmorAEeghsoles S 1 oo i Pafing s mEERIMO 153 e

provi de ajeRiatd Plkadeddipasy (néfshawamyl pr el oad to mounting race 350. In
addition, retainers 354 and 355 maintain inner race 310 substantially

ssauare with relatio sha 42 duri,n ssenb ration.

Buring operation of§1 Ej‘i‘ﬁémi ‘Slcfm%FCE:e ﬁ‘?%ﬁ(’lgfnggtlrlé\}%{e R@E@%mﬂ haft 42

shifts, phischbARBnMbIA cé?i nﬁxﬁb@rons lﬂéefringélacwamseﬁniai‘}eﬁlm paframyﬂ(u&e portion
to fail at engine nu one earltng su ‘12 (? 31 ure t}e primary
fuse port fabricitad irclad iba center of gravity of rotor s ft 42 1s dlSp aced from ceén ral axl

60 and the resulting pitching motion of rotor shaft 42 produces a pre-determined load

on housing 419.

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
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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“nmonment | oad on bearing assenbly 302 at the nunber two engfiné ARBri ng
position. Retainers 354 and 355 are fabricated frommaterial that fails at
“a pre-determined nonent |oad applied to rotor shaft 42. After retainers
354. and. 355 fail, nounting 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 rotation occurs once because an
" unbal ancewithigi ratest 432l whthSockplatee¥2it iAveordioglyt monnting, ragth4¥4 issfatiopsya resul t,

nmounti ng race s herica es not oscillate and bearing assenbly
faces 3383l0GHg! &6tef@ﬁ%4§1@%“ﬁ&%$?°gggﬁ“§°s "bearing assenbly rolling el ement

306 while rotor shaft 42 rotates. Accordingly, dynamc |oads transmtted
to rotor assenbl y %Ghsmner%édmmthmwglalms!@latto72{@Ilrr:’eﬂ¢curb3)@lder|rscc|4ﬁ§uced
t hrough rol

6 after, retal 4 ils is a
cr oss- sectt ‘ﬁ‘ﬁ nt U’ige‘\‘i\?e 434 W'glﬂﬁrr?cﬁif ggséﬁ?@atﬁgg IP‘H%%S ¢ fetambg%gesg with rotor
assenbl y Pa@néa?t&PW‘fallnffb&t&@féﬂav@,ﬂdf@tc@&ﬁaﬁ4[1hldiﬁplaeergfrnm cestmdlaxias - 11 18
Mar ch- 2005 engi ne 10 shown in Fi Egure B%P S gequZ su ports shaft
42 in rot 6 anddbemmsiiingopighngRe 1o Bh &t 8’?937% L8 ‘TIV”E isin a
nunber Onﬁghﬁﬁ{ !oQ&J Irpeﬁé Lhaiade, 1088141692 dERRRD b Yedbdarl Shéuldedindthr ust

bearing and I1s In nber two bearing positjon, aft of nunber one bearing

- posi tion. siRea |ent3n@93éqma5d e lgckpletsdisand RSENIEE QUi saf0P8AdCECr of | | ng
el ement = 408, g £ %{e? v? QppAf b ACh 4051 %Wvﬁl‘ingr RACRchBMcab@pan i nner race
F'I e d mp B 88 E

410 radi a uter racde 4 l'1ng el ement 406 is disposed
bet ween |nner race 410 and outer race 408. In one enbodlnent rolling
element 406 is a baIAI seperulr efaiier fah 454 is anbstantelly Y@ilentostaentad 4961 1 i ng

ellerrent 4064 I Zehn%s ROl &F gQ‘F e {'gé]} chgcehp{'&(;wr{sﬁgﬁn §ih0 456 belebidessa mecessed

~surface (?1% me 44 1s connected to a housing 419 that
i ncl udes an pltenﬂiam;e e:fnhsdammr rétainerd@0 46dj mceithinnupbat fome weesi4dd | ocati on.

Primry f getwe norrcE:tlasg rc.lowns?ream side 456 and outer race downstream side 446.

Inner race 410 includes a face 460 and an innef 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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fabricated to fail if a center of gravity of rotor shaigphécH F008i spl aced
fromcentral axis 60 and the resulting pitching notion of rotor shaft 42
- produces a pre-determned | oad on housing 419. Support frane 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 franme 44 and
- static bending loads to rotor shaft 42. Quter race 408 is secured within
bearing housing reggss i | [l it hat tanradpiit er surface
438 of outer race jﬁg (}Séiﬁgmj azrg%%nglpfﬁggg 48n%af2 mounting race_434. In one
- enbodi meninbalaekpycht et #ori speed exishy Beat |generithbat SEAHNEh NG kpl ate 72
i ncludes frangi ble tabs.. Quter face 4 of skife cont our ed
~to conforﬁ’ﬁessfl% %Cr?:sﬁn?lfi‘ﬂﬂmgfm%lsjpﬂ}%ﬁ%ag t?‘éecg&}‘ac\gﬁﬁg{e {\I/lgéj%tc f}%&: race face 440
i S CoNt OUfeREhek @ pFee@diritiner olalucagd &l gemartthatiGR applicdshprdens|leads sfeEEd and is a

spherical surface. |In one enbodi t, unt i. f i.s radiall

' tﬁi n and fasessi38iang &40 isfeslork @éF‘gﬁ’f{T{a@eggg@ Iwéﬂt% 8&%3 %rrlﬁﬁ)ggiéa‘i’%sﬂ% Face 440y

ext ends OY&L| i @t (A2 sped TOAMRr fags 1438 @nd 340 hevaveeeriaghsd, Meaatlind

- downstream sides 444 and 446, respecti vgﬁ/ of gmunti n% {t%?ﬁri‘h%ﬁl' Mount i ng
race 434 insmemicestednt withim beagpg srheporgacq #47 #dE0LE8S 435U T OCkpl ate 72.

" Accordingly, is@g{}fc{;&&?of A6 od88ichf oS hrtibR NAkMereddcOfigprebsdube, and exdialace 408 and

support frane 44. astener 450 extends through | ockpl.ate and secures
‘outer rackad0Theananend loadi ta pvememe A58 fHGtoR i “’rdé“éeé’s%‘ﬁ%g %‘.Ceﬁ_?)%(ﬁmvgt e 72

includes a retainer tab 452 fahricausd 4@ fakl 43 fard menGeistedsedr avi ty of
r ot or sh-ai‘“tterﬁ’ﬁ%ids S&F%Sﬁﬁcg’ﬁ‘% gﬁﬁ?@ﬁ%ral axis 60 and the resulting

pi )te ching pwetdrainglyf dymtniv loadmatransehitted e semportstpetaredid He wesed b§FBRENt | oad. In
one enbodi ment, | ockplate 72 inel udes r (not shown
ext endi ngtheSPYs A obrmistge RPRTEe° %e ne»@mg&%ﬂM@érXer%@%ﬁ'vﬂﬁ ( )

and permtting odter ' race 408 to rotate
nore freely relative to support frame 44, while still providing an
exceedance stop. Furthermore, if the number two bearing is a ball bearing, then the rotor

is held axially after both primary and secondary fuse failure. If the number two
bearing is a roller bearing, then the rotor is not heid axially after fuse failure and 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 moment 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.

-14-




A second retainer tab 454 is substantially simlar to' tab 452
and extends from support franme 44 adjacent a domnstreanlslde 4§E recess
432. I'n- an alternative enbodi ment, retainer tab 454 is within support
frame recess 432 between recess domnstrean1side 456 and outer race
downstream si de 446. Inner race 410 includes a face 460 and an inner
surface 462. Inner race face 460 is contoured to receive rolling el enent

406 in rol labl e corppgt th@riﬁjveh{‘&?ﬁasrl%%ﬂ dedcked $n kg of variodsl spbtific cont act

'"_agalnst rolling element 406 wth fan shaft rotqor 42. Fan. rotor shaft 42

i ncl udes @nbogesss, Aiosesslkilad o theeareiwill Tespmtizer flk e dAVeptitfeFat B8e 410 s
secured within, recess 7 one enbodi nent, inner
race 410 P wﬁ%ﬁWﬁ‘?%ﬂf%a Ir%ﬁQFﬁB§PERgﬁ%%%yg?ﬁﬁﬁcg?ﬂ2nglne 10, if a center
of gravity of rotor shaft 42. is displaced fromcentral axis 60, pitching
notion of rotor shaft .42 causes prinary fuse portion 420 to fail at engine
‘nunber one bearing position. The failure of primary fuse portion 420
induces a nonent |oad on.bearing assenbly 402 at the nunber two engine
beari ng position. Retainer tabs 452 and 454 are fabricated froma materi al
that plastically fails at a. pre-determ ned nonent | oad applied to bearing
assenbly 402. After retainers 452 and 454 fail, nounting race spheri cal
face 440 oscillates as shaft 42 pitches and a radial |oad rotates with
respect to spherical surface 440. The increase in shaft pitching
facilitates reduces shaft bending stresses and the dynam c stresses
transmtted to support structure 44. -13 18 March 2005 The oscillation
frequency at the spherical interface and the radial unbal ance cycle at
¥6ﬁor speed causes heat generation that increases an interface pressure
across nmounting race spherical face 440. Wien the interface pressure
reaches a pre-determ ned value and is greater than an applied nonent | oad,
spherical faces 438 and 440 interlock together. The interlock will occur
after rotor shaft 42 has
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decelerated to a | ower speed. After faces 438 and 440 Q%}é&r&?(?l ocked, the
only nonent restraint within bearing spherical faces an 20 is as a
result of friction that is a function of the coefficient of friction,
interference fit pressure, and radial |oad. The nonent |oad to overcone
this friction is reduced when faces 440 have interlocked, such that
rolling el ement 406 and shaft 42 are not overstressed. Accordingly,

dynam c I%i_%ﬁ%g_ansmtted to support structure 44 are reduced because the
shaft cent ‘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 primary and secondary fuse failure. If the
nunber two beari ngli 4 nethagl foeredicing dymgmic loeding hta gattabitiesngioe, thel d axi al | y

after fuse fail .and the turbine wl] releas nergy through friction.
The abovep’E%%echFu%‘g’di‘gracfPE’F shaficasspn yi“g ggﬁqresggﬁ\ﬁebe%@g FSgRPY> 2 rel i abl e.
The rotor ;asseml y. i | - hat o . : ired race
and a nounti ng g%%.aﬂg'hggﬁﬁﬁ%%mreg%e E&Q%’%‘F%@ﬁéﬂ%%g&z%%é% y with a
retainer otesiacqlafd birclihd dlethait] the whanting Mtenmdatiap AispReicAlBuEe, sBd. S

applied to the bearing assenbly. During operation, when the retainer
fails, stamethodsemprisipg thoaigpsefi ansnitted to the rotor assenbly are reduced
because no nonent | i iti.ed thro .the . bearing assenbly after
Che retainer fail s, Spolie BT UarEsh b bR Ebuld eip? SairoR iR P vy

pot enti al e bdaimgisigntlyynam ¢ | oads to the structural frame supporting the
rotor shaft because the center of rotati on approaches the rotor shaft
center of gravity. cmplinggicrpeuntingsacgie ¢he braribg assemblyswgh diet 2 egng he

unbal ance&aﬁ%&%ﬁd@g&g Ityeée%ﬁ?g%gs%mﬁkgﬁ?mehhogmﬁot or asgerrbl y maintai ns

rotationa requency above a ?‘%rcjlﬁ%r?gy. -14 18 March 2005
Wiil e the inventi ono{@@ngemg;@e_ﬁsimb,@éﬁiﬂé_n terns of various specific

enbodi ments, those skilled in the art will recognize that the invention can
be

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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practiced with nodification within the spirit and scopggghﬁah%xglains. 18
March 2005 CLAIMS: 1. A nethod for reducing dynam c | oadi ng of a gas
turbine engine, the engine including a rotor shaft assenbly including a
rotor shaft, a bearing assenbly, a nounting race, and a support frame, the
beari ng assenbly including an inner race, an outer race, and a rolling

el enrent, the nounting race including a spherical surface, said nethod
conprising the steps of: supporting the rotor shaft on the gas turbine
engi ne support frame with the bearing assenbly; coupling the nounting race
to the bearing assesbl YosrsRerillford SRMGbins Rakihe FXGCRAS rRGIAGSHI) e bearing
assenbly and the nmounting race;” and operating the gas turbine engine. 2. A
met hod i ncemppdingance with claim 1, wherein said step of coupling the
mounting race to the_hearing assenbly further conprises the steps of:

|
nounting the nounti A ng%B“Pﬂﬂng6¥8Vw%ﬁﬁﬁqu§8 %FRS% the nounting race

i's between the bear jniglliag ScfRny RRfkeh N@id Bnef asddlder el SKLWELAY the
position of the nounting race to the rotor shaft with a retainer that

fails at eleperideing epnfigtedrinenuplel tosdshaf.cone teesuppett ihe ratoc ondiaswpportvi t h ¢l ai m
1, mhereig said step of coupling the nounting race to the bearing assenbly
further c ﬁ‘BF’i ses the steps of nounting the nounting race to the support

frame such that thes hReRtiMidtaca@aRRIng dnSupRraEsde, b igwiRKAL] g, hace and the
rotor shaft; and securing the position o? the nounting race to the support

franme w t & seheriegltsrfacer exidngdingftherehbetaecna spid eahst eonfiguredi tonreducst dyremic 4. A
.method in cQr iLth any. one of ,c| ai 1, 2.or 3. wherein said step

of suppor {Olggr‘\lsgtgt gég g‘}r%wlflé SW%SHPE%{W S@ﬁﬁﬁ?‘]‘%&" thedo®B @89 of supporting the
rotor 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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shaft on the gas turbine engine support frame with a t{g NstcHoR@EI NO
assenbly that includes an outer split race mating located radially outward
fromthe inner race. -16 18 March 2005 5. A rotor assenbly for a gas
turbine engine rotor, said rotor assenbly conprising: a paired race
conprising an outer race and an inner race; a rolling elenent between said
inner and outer races, said rolling elenent being configured to couple to

a shaft cone to suppprt the rotor on a suppor, frame;. a.nmounting race
conpri sing an upstrggrﬁ‘ﬁt%?ssgn VIR SErasdancs Witd any e of clRgPitedl: sur f ace

ext endi NguhBERRHNRE oo SahfHi{3E SR ORELERET Lo reduce dynanic 1 oads to
|

the gas turbine engine structure and st at bending to the rotor; and a
retainer coupled to at |east one of said nounting race upstream and
downstream si des, sajd, retainer..inducing an axial pre-load to said nounting
race. 6. A rotor as ﬁfpyoﬁﬁm98@8ﬂﬂéﬁﬁﬁgﬁf?ﬁn FQV&WSPfﬁE@F%%ﬁOQEid retai ner

- confi gureq,hgrginrggjd%&irfhcg@@,quﬁggyggl%mgac@%gn%ﬁ thin said bearing assermbly. 7.
A rotor assenbly in accordance with claimb or 6, wherein said retainer

further configured to nmaintain position of said nounting race to the rotor
during nor nal opera&%zp. 8. A Ptor assenbly in accordance with any one of
claims 5, 6 or 7, 0% a?&fné ITOUROPHRE race is | ocated between said inner
race and the gas tugRkd@hafBNgi ne rotor. 9. A rotor assenbly in accordance
with any one of claims 5 to 8 wherein at |east one of said inner race and
sai d outer race is dde8icene;bet ween said nounting race and said support
frame. 10. A rotor asse lﬁX in gecor dance with any one of clains 5 to 9,
a Suppo €; an
a bearing assembly coupled to said shaft cone and supporting said rotor
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 retainer is configured to fail at a predejgimheshggonent | oad.
-17 18 March 2005 11. A rotor assenbly in accordance wth any one of clains
5 to 10, wherein said inner race conprises a split race mating. 12. A
rotor assenbly in accordance with any one of clains 5 to 11, wherein said
outer race conprises a split race mating. 13. A rotor assenbly conprising:

a rotor shaft; a shaft cone; a support franme; and a bearing assenbly

coupled to said sha one and supporti sai,d rotor haft . to said support
frafre and confi gur eﬁi%'t“gr&%ﬁﬁé‘ém ﬁﬁﬁ%@f&gaﬂg’ltﬁ&n‘éapﬁiO’é%ﬁW ©tloane, sg{)d

bearing asmemt i 16RBhAd 6f S BeRRb28nWAF Binefrab®hhd 84d BL&IRssendbly €t @i ner,
and a nounting race, said paired race conprising an outer race and an inner
race, sai guter gice iareglosatedrbetvetns said bearingrassenidy weentinmiade aod eaid aotdr | nner
races, sai dﬂrmunti ng race conprising an upstream side, a downstream si de
and a sph%l?al tal surface extending therebetween, said retainer configured
to couple to at | east one of said nounting race upstreamside and said
downstream si de for inducing a pre-determ ned axial pre-load to at |east
one of said bearingl&sseoipt sssembly d@perordaner Willy anyore ofidaims 13dpdf7, assenbl y

in accord - W | ai 3. . Wher ej. aid aring.assenbly,retainer is
“configur eg’ﬂﬁgm#jaa?&n}?%gs ﬁjeﬂib%ﬁ'hc{ T r‘i rc%sswtﬂﬁﬁirﬂo apg racﬁeaégpﬁa’e%senbl y.
15. A rot siid basiagidsymbly cuee elcd aft@idMupPort frang) 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 clainms 13 to 15,

wherein sal d_ beari ng 3R REHPAYerRY T hArd:ARS IS P bEF iR 43R5 38! 1O
wherein said bearing assembly is configured to maintain rotor assembly frequency

above a windmill frequency.
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race and. said rotor'shaft. 18 18 March 2005 17. A roj9MAa&sgmBly in
accordance Wi th any one. of clainms 13 to 16, wherein at |east one of said

‘bearing assenbly inner race and said bearing assenbly outer race are

| ocat ed between sai d bearing assenbly nounting race and said rotor shaft.
18. A rotor assenbly in accordance with any one of clainms 13 to 17,
wherein said bearing assenbly and said rotor assenbly nounting race are

‘between said bearing assenbly outer race and said support frane. 19. A

rotor assenbly i'n aqgETH@IEAND ARPARATRISEFOR RERUGENG3 to 18, wherein said
bearing assenbly is configured to | I r senbly frequency above
a windmll frequency. RQE%WWBBP&%@@ I 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 dynamc

| oads t.0,R<HRRAREF brffIDISAHOSERE static bending to the rotor assenbly

during peritods of rotor inbalance. The rotor assenbly includes a rotor

shaft (42) coupled to a fan (12) and supported ] ongi.t.udi nall ith .a

pIUrﬁL:ty_of bearﬁngkmsgﬁg?gﬁ@')gg§i¥§@ﬂ§6?ﬁ?g?ﬁ«$g; gﬁﬁzﬁg%zﬁaétpearing

assenbly inc A, a e and &Bghic defdigt i ng race
TrsRBeTh ot BRLSREARS battho sRupiRaL fofie

(102). ace es a spheric face and is secured to the

bearing gsmerstbyassbhblyalurieg aemeis of 16:4) imbatece. pThe ratersaspgmlgly jpcdudes 5

pre- det eg rrrtl)tgre s%afr{%%e)nc}oullﬂ%g (tjd a Ealn%%)eana supported longitudinally with a plurality of

bearing assemblies on a support frame. A number two bearing assembly includes a
{ ) paired race (50), a bearing (48), and a mounting race (_102). The mounting race
includes a spherical face and is secured to the bearing assembly with a retainer (104)

that plastically fails at a pre-determined moment load.

Figure 2
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