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GAS TURBINE ENGINE AND FOIL BEARING SYSTEM

Field of the Invention

The present invention relates to gas turbine engines, and more particularly, to a

gas turbine engine foil bearing system.



Backgr ound Foil bearing systens in gas turbine engines remain an
area of interest. Sone existing systens have various shortcom ngs,
dr awbackswoand/dpHadvant ages rel ative to certain applicacirarsso10heses di ngly,
there remains a need for further contributions in this area of technol ogy.
WO 2011/ 139312PCT/ US2010/ 062376 Sunmmary One enbodi nent of the present
invention is a unique gas turbine engine. Another enbodi nent is a unique
gas turbine engine foil bearing system Oher enbodi nents include
appar at uses, systens, devices, hardware, nethods, and conbi nations for gas
turbi ne engi nes and gas turbine engi ne bearing systens. Further
enbodi nents, forns, features, aSpB%ERgr%ﬁﬁfit& and advant ages of the
present application shall becone romthe description and figures
provi ded herew th.

Foil bearing systems in gas turbine engines remain an area of interest. Some

existing systems have various shortcomings, drawbacks, and disadvantages relative to
certain applications. Accordingly, there remains a need for further contributions in this

area of technology.



WO 2011/ 139312PCT/ US2010/ 062376 Brief Description of the Draw ngs The
description herein nmakes reference to the acconpanyi ng drawi ngs wherein
i ke ref ewenor/musreral s refer to |ike parts throughout trhe/sevensd37vi ews,

and wher ei n: FIG 1 schematically illustrates a gas turbine engine in
accordance wth an enbodi nent of the present invention. FIG 2
schematically illustrates a foil bearing systemin accordance with an

enbodi ment of the present inventi og.
ummary

One embodiment of the present invention is a unique gas turbine engine.
Another embodiment is a unique gas turbine engine foil bearing system. Other
embodiments include apparatuses, systems, devices, hardware, methods, and
combinations for gas turbine engines and gas turbine engine bearing systems. Further
embodiments, forms, features, aspects, benefits, and advantages of the present

application shall become apparent from the description and figures provided herewith.



FIG 3 depicts a skewed relationship between an axis of rotation of a gas
turbine engine rotor and a centerline of a foil bearing. WO

2011/ 139342RaiN/138A010/ 062376 Det ai | ed Descri pti on PCRars2@unpnses of
pronoti ng an understanding of the principles of the invention, reference
will now be made to the enbodinents illustrated in the draw ngs, and
specific language wll be used to descri be the sane. It wll nonethel ess be

understood that no limtatio the invention is intended by
the illustration and des S +drent s of the invention.
In addition, any alterations and/or rmdlflcatlons of the illustrated and/or

described &HOMITRRLES hefdiR n‘%é’ﬂis%‘é?ér@h@@t éd?ﬂnﬁériﬂé}dl;é?/ﬁn r&h the

present invention. Further, any other app |cat|ons ) e pr| es of the

VB DoieFaadd hTRAL FIT DR ol RO G sB el e %B%fﬁe&ﬁl enpl at ed
as being within the scope of the present invention.
FIG. 1 schematically illustrates a gas turbine engine in accordance with an

embodiment of the present invention.

FIG. 2 schematically illustrates a foil bearing system in accordance with an

embodiment of the present invention.

FIG. 3 depicts a skewed relationship between an axis of rotation of a gas turbine

engine rotor and a centerline of a foil bearing.



Referring now to the drawings, and in particular, FIG 1, a non-limting
exanpl e of a gas turbine engine 10 in accordance with an enbodi nent of the
present iwoentiyemizs schematically depicted. In one forrCTg®s010061376€
engine 10 is an axial flow machine, e.g., an air-vehicle power plant. In
ot her enbodi nents, gas turbine engine 10 may be a radial flow machine or a

conbi nation axial-radial flow machine. It will be understood that the
present invention is equally i.capl.e tqQ various gas turbine engine
configurations, for exanple, i e t engi nes, turbofan engines,

turboprop engi nes, and turboshaft engi nes having axial, centrifugal and/or

axi - cent 1 i TrPRurSCUHY SisTBMDIAG Hnlinddtsi2nBRTY of the prinkpId8s the!ikvdriiined

enbodi ment, gas turbine enginé 10 includes™a conpressor 12 having a

pl uralj ﬂgﬁ 14 ' I ur bi ne
20 ha&%‘tn%ergéepwh_ra |P;g)r}g?e{%Fogg]eesergggd@l]aérﬁetgﬁ%:[égergdmé[ﬁg@#’f@i’ éﬁ%é?ﬁlﬁ'gé

To | s angtacs s st 1S-a9SRDR S2BTor bAdbPonSingleas b B1dREsi280 thel b ne. 20
is drivingly coupled to conpressor 12 via shaft 24. Turbine 20 is supported
r adi aI|IWt3%9né?fﬁfdﬁ pcoraapf thg isyention izéntended bydhe dhisjratior iangidessppléon i s
depicted, it will be understood that the present invention is equally

app! i odlekdainoembbtimesyis of thenigiveetion. Tineadditidre ranyf aletralipas afid/bf ades and vanes
14 of conpressor 12, and the nunber of blades and vanes 22 of turbine 20
may Vvahyditdtionshst the RluseatdPand/er Bescribee) @ﬁb@din@ﬁt@taré edhiehfiBiRdsasf a
particular installation of gas turbine engine 10. |In various enbodi nents,
gas t i Nes: ! i ; ; , it essors
and/ ot LAt eahine PRAPiRANSY, FRRRcH MY, ole aphiafons oS
engine 10, .air. s .received he |nl f C essor 12. Bl ades and vanes
1" copmeelds et b iialy 7e lustraferd Andoe fos e ER Bl oS ol B PRlL: 16 | s
posi ti oned downstream of conpressor 12. Diffuser 16 reduces the velocity of
t he prog§yLiq oreiskilled i Seral &thqhdhﬁd%\(ﬁfﬁ@@s(lﬂ”ai@= aKe P@Pt%ﬁ’}ﬁﬂjj #reheing
conpressed and diffused, the air is discharged fromdiffuser 16 into
conbusrithin & sipe pirtbsqueserddnwgntions t hen mi xed with fuel and conbusted in
conmbustor 18. The hot gases exiting conbustor 18 are directed into turbine
20. Turbin Q extracts,ener fromt.he hot ga o, _amgng..ot her things,
generat o mESIAATELIOLIGITE Biatned. G par B EX801 -2 sBTERLRGARomR® B6° one
form shaft 24 is (_:ouH)I ed to conpressor 12 and turbine 20. |In other .
embodigh@ait Birbiggangine 18y ageordgned vithtan empodisrentsf the ripsens lvention igy
turbine 20, and may be integral with the other. In still other enbodi nents,
shaf t sehemayically depielgdal Inwainetfobot gas turpinessngind 20as dntaxiddiflow rpachine, one
form the hot gases exiting turbine 20 are directed into a nozzle (not
shown)e.g.aad ai-ehide powdrplsit. dntothdr drabodiafentsirdasntertsingiengink010 hraydicar
enbodi ments, additional conpressor and/or turbine

radial flow machine or a combination axial-radial flow machine. It will be understood
that the present invention is equally applicable to various gas turbine engine
configurations, for example, including turbojet engines, turbofan engines, turboprop
engines, and turboshaft engines having axial, centrifugal and/or axi-centrifugal

compressors and/or turbines.

In the illustrated embodiment, gas turbine engine 10 includes a compressor 12
having a plurality of blades and vanes 14, a diffuser 16, a combustor 18, a turbine 20

having a plurality of blades and vanes 22, and a shaft 24 coupling compressor 12 with



WO 2011/ 139312PCT/ US2010/ 062376 stages in one or nore additional rotors
upstream and/ or downstream of conpressor 12 and/or turbine 20 may be
enpl oyed,we.2g11/139312si ngl e or nmulti-spool gas turbine engCmas2010/062376 Foi |
bearing system 26 is operative to react and transmt rotor |oads froma
rotor to another structure. In one form foil bearing system?26 is
operative to react and transmt |oads froma rotor to a static engi ne

structure. ther enbodinents, foil be stem 26 i tiv

Fenor e 2l AAmDySRLE 19 B COMAUTCR ISR FarErer 2Bt

include radial and thrust |oads resulti n% fromrotor_weight and inerti aI

| oadi dgirbiag 2keis|drivingly eadplee 1o kpopressudiZnga éhaft@ﬁnamrblﬂeo%ﬁblsr@pﬂ%teﬁhe
illustrated exanple, foil bearing system 26 reacts radial |oads from

t ur bi madi2aly bwtaefiod deadngtsysient26ar iAlidposigh tomy 8 sigkpepoal is deprobss or willbeand
reacts radial and thrust |oads In other enbodinents, foil bearing system 26

nmay Slifhl@l@?éto@@'ﬂ’ﬂﬁt&ﬁé Preskht inventithtis egually &plicabRl t@Orﬂumfspiddil Bhgmed0.-THen one
or nore o vari ous enbodi nents, foil bearing system 26 may react radi al

and/ o %61: g‘tégéésoff tﬂ%@é én&”i/aﬁgée . 44 c%ﬂ%bréé’éd?ﬁ @éghefgé %n?oe@%? bidddal ne

engl ne SUC erring now t a non-limti ng

S?Z‘g’éﬁeﬂd"\?ﬂvﬂ%‘%ﬁ%ﬂﬁugb@%ﬁ@my To R SPREERER, Hla dnP el R R " "

includes a foil bearing 28, a bearing housing 30, a self-aligning foil

beari rﬁ@qWfﬁfﬁ?”t§23fa?nl€|afi“ﬁb'abfﬂ%@lat'9ﬁL%@@ﬁéu@éﬁe PRIBRE & Jfaroys|  bear i ng
system 26 is operative to transmt |loads froma rotor 36 to a static engi ne
st r uctamkod@ent gasderhime enginael caey include poeordanoretfaes, additenaluppor t
structure. In one form rotor 36 is a turbine rotor. In other enbodinents,

rot or cdtnpreysdre amdésrguiditisel turbimes. | n one form shaft 24 is considered to
be part of rotor 36, and in such enbodi nents, foil bearing system 26 may be

positi oned about shaft 24 to react rotor 36 Ioads via shaft 24. In other WD
2011/ 13931 HHNOUSePRSradyBoEgas turbine engine 10, air is received at the inlet of

compressor 12. Blades and vanes 14 compress the air received at the inlet of
compressor 12. Diffuser 16 is positioned downstream of compressor 12. Diffuser 16
reduces the velocity of the pressurized air discharged from compressor 12. After having
been compressed and diffused, the air is discharged from diffuser 16 into combustor 18.
The pressurized air is then mixed with fuel and combusted in combustor 18. The hot
gases exiting combustor 18 are directed into turbine 20. Turbine 20 extracts energy
from the hot gases to, among other things, generate mechanical shaft power to drive
compressor 12 via shaft 24. In one form, shaft 24 is coupled to compressor 12 and
turbine 20. In other embodiments, shaft 24 may be coupled to only one of compressor
12 and turbine 20, and may be integral with the other. In still other embodiments, shaft
24 may be integral with both compressor 12 and turbine 20. In one form, the hot gases
exiting turbine 20 are directed into a nozzle (not shown), and provide a thrust output for

gas turbine engine 10. In other embodiments, additional compressor and/or turbine



enbodi nents, foil bearing systemmay be positioned to react |oads directly
from conpressor 12 and/or turbine 20 directly. In one form foil bearing
syst em 26wo0pospiiconed adj acent to turbine 20 in order prCo/use@oes13ns bi ne 20
| oads and transmt the |loads to static engine structure 38. In other

enbodi nents, foil bearing system 26 nmay be positioned adjacent to
conpressor 12 or in other locations to react and transmt |oads from

conpressor 12 and/ or ot rota C onen f engi ne n still. other
SRS i o1 Bese pagtiega Bl s g rRRaBT LA Ondam T SeAil PRSI f fom
one rotor to another rotor of a gas turbine engine. Foi |l bearing 28

i s a @as/aduriing20imayhe enaplayed.q-g., iesinolegon®ultisspeal @@pltudine eagines; r
bearing. In one form foil bearing 28 includes a bunp foil 40 and a
plurality rody. I r t

some e nbo d%frbgkl%/e gé&?{grrﬁ |2f6% o%lere{;tﬁlfeetb gg?t éﬁfgﬁéﬁérﬂbg&gmﬁa%% ff' fog

beari n enbodi nts a sin foil 42 ma b errpl oyed.
o ondd edpther Bmchae &1 250 R JpbPs: ﬁe@sa@tsm@ ' Beeratieg {0 st Al ng. o
spri ng (not shown). In other enbodinents, top foils 42 ma not be

prelo @@@mltﬂpaﬁwoneaﬁ@@r@aaeedamg/ewne@é'ueturehéﬂ shwpentrowments, &pl f oi | 42.
O her types of foil bearings may be used in other enbodi nents. Bunp foil 40
and t deafioglsystEin 26ds dpsative do weadtiandntoarssmigy |a2@ls from oneRotarrto 2Botteerns a
journal enployed by foil bearing 28. Rotation of engine rotor 36 generates
a hydregyn®Btér Bkbs i’ﬂléc}nhbﬁl@éﬁﬁﬂla“ ahathrdet RRdstresulfing frof?rotdh@eltint apdynam c

air filmthickness and | oad bearing capacity increase with the rotational

speed il Pbafini0as MUY bRl I89h B8y nfaﬂﬁcid%ldgr]; 42\ gips agai nst

r ot or unti he hydrodynamc air fi ress re I'S su CI ent to overcone

the s roto 6 | oads an RLe oad.. |n eeds,
the nyBRBAERIENEle T bt 826 B B o RS GRS

2011/ 139312PCT/ U82010/ 062376 42, thereby preventing cont act bet ween rotor
36 an@”P@ﬂ? fRGaring sygtam r@gSlﬂﬂﬂqrrEﬂ C%ﬂ@reﬁéobgeﬁﬁfj|r8ﬁCtSTﬁ€'3h§G¢ Hﬁyﬁhﬁﬁésal r
filmsupports engine rotor 36. Rotor 36 |loads are transmtted through the
hydr ody wérgreerabodifrients, tfoil bearifigsystam 26 o yf fippotcarsprasppoi 2 dtadgitipot® f oi |
40, which transmts the |oads to housing 30, and al so provi des additi onal
conpl iorive pladce dfautbide20] hyoR8 or ierel ddadsioas entboriimantst ésll bearmgepssemn@e30 to
static structure 38 via self-aligning foil bearing nount 32. In one
form 88 feath 'r&ﬂh%d?@fier@ﬁ |5R4 For ) drspa??‘t of &\ydrﬁérr st &f al dghPiusine

enbodi nents, self-aligning bearing nount 32 nmay be configured to achieve a
desir ﬁRnB / accomodat e varyi ng degrees of thernmal expansion.
For eeeq]tgp érﬁgsggﬂgmgnﬁ%di ments, self-aligning bearing nount 32 may have a
cross-sectional shape configured to function as a spring, and/or may

i ncor por at RefeRing naW ke FEBI 2,ngAohMinftitke examprcdi foll ®ehhrg dgstefreds aonpl i ance
and/ or accommobdat e anti ci pated thermal expansion. Self-aligning bearing

mount a%%ofd%'c@%ﬁw 8n ‘éhﬂyaa.rﬂénf Bnheeﬁféeémnvaﬂiow |§3écﬁélﬁ1‘é%£’||3f d&siaartdug

houfm ng 30. Crown 44 includes a crown surface . I'n one form crown
I
oer afRoiafm 23p 685 a%%%ﬁffgiasiab%? PR E S

mon- s REANaATOGHand five PRER: SHSBRTHaA 41 OB W Jall PREE"A BYRED RIS be

spherical, but may be any shape havi ng spherical and/or non-spherical

porti mratw&ttOér@%mt loedstfont Baopur3a oA alatigmmoineastreaniura 38.ciuehfasray  cr own
44 is integral with housing 30. In other enbodi ments, crown 44 may be

f or mecngeEacadecstyuciack af dtheebtoosippost sigu@are. In one form, rotor 36 is a turbine

rotor. In other embodiments, rotor 36 may be a compressor rotor. In one form, shaft 24
is considered to be part of rotor 36, and in such embodiments, foil bearing system 26

may be positioned about shaft 24 to react rotor 36 loads via shaft 24. In other



Self-aligning foil bearing mount 32 also includes a receiver 48 coupled to
foil bearing 28 via crown 44 and housing 30. Self-aligning foil bearing
nmount 32 we 20owisesi2\WO 2011/ 139312PCT/ US2010/ 062376 of betch/useawns246 and
receiver 48. Receiver 48 is disposed in static structure 38. In one form
receiver 48 is split to as to allow assenbly with crown 44. In one form
receiver 48 is installed into static structure 38. In a particular form

receiver, 48 is secyred.in static structure 38 b t hreaded, nut 38A. O her
enbodiSRhRAMERS. SHbP ey N RECTIRAY berPaianethg TEaedPags HBCU FIOR i 11 ot her
enbodi nents, receiver 48 may be partially or fully integral with static

st r ucto@Pressor 12 argrer Birbbgi 2Rairectlyr dodangdermafaldieasiegasystern@bdsed by neans
not shown. Recei ver 48 includes a receiver surface 50 in sliding

cont aglositionkd@ufacent imtebiper20 mnerdef taraach tiehiniea2®lo4ds dnad toaresnhibthg
receiver surface 50 is a |load bearing surface. In one form receiver

sur f a¢gaddto Stafi® BRgiINeAruchite B elh RAGOSMBBAINSentS Sof IbeaFing WyEree 260nagy not
be spherical, but nay be any shape havi ng spherical and/or non-spheri cal

Por ti @syddiinedf %tégégﬁtefgrcg)mﬁrggsgaﬁ BFiH'??lﬁeralBgéii&r?é io%acﬁﬁﬁ&itr‘éﬁértrgur face 50

may be an interru su e. own surface and recelver surface 50 are
operable . to slide relatiye to each other. In the.formof s rical

ot 1 adedts BofoorEarERail 4 8nthy SRETPlrtFousarat e 85 Ebdine Rl Jpi<ilaviste i »
the formof rotation of crowm 44 and housi ng 30 about an axjs that is

per persdiRefizents foihReariihsYBaMt6 Fl?tydﬁa%a.”dqrﬁé”$f6ttét)i% USSP LNE BRTC r own
surface 46 sliding against receiver surface 50. In sone enbodi nents, crown
44 and¢ @nothesrotog ofi e gsisiyridoe eaginencl ude anti-rotation features (not

shown), e.g., such as one or nore pins or slots that engage respective

mating slots.qr pin not shown). in recekver 48 or .static structure.38 to
revent "t nd AideaGet R haft Prgnd "I EEE L alp8iuRd PhiSe KR! fio, 56
Crown 44 is_a novabl e conmponent of pount 32, whereas receiver 48 is a
st at i @ICRRAHIgenth Be ivpuntoildearing Zhincluses,a bemRtiot 40janda BiHaIty 4l beari ng.
Self-aligning foil WO 2011/139312PCT/ US2010/ 062376

hydrodynamic foils, referred to herein as a top foils 42. In some embodiments, a

plurality of bump foils 40 may be employed in foil bearing 28. In some embodiments,

only a single top foil 42 may be employed. In one form, top foils 42 are preloaded

against rotor 36, e.g., using a spring (not shown). In other embodiments, top foils 42

may not be preloaded, or may be preloaded by virtue of the shape of each top foil 42.

Other types of foil bearings may be used in other embodiments. Bump foil 40 and top

foils 42 are disposed within housing 30.

Rotor 36 forms a journal employed by foil bearing 28. Rotation of engine rotor 36
generates a hydrodynamic air film between rotor 36 and top foil 42. The hydrodynamic
air film thickness and load bearing capacity increase with the rotational speed of rotor
36. During startup of engine 10, top foil 42 rubs against rotor 36 until the hydrodynamic
air film pressure is sufficient to overcome the supported rotor 36 loads and any preload.

At normal operating speeds, the hydrodynamic air film separates rotor 36 and top foil



bearing nmount 32 is operative to align foil bearing 28 with the axis of
rotor 36. In particular, self-aligning foil bearing nmount 32 is operable to
sel f - al i gwohw1idisspabaci ng crown 44 rel ative to recei ver #8T/Us2016/062376
particularly, crown 44 is operable to rotate in a direction perpendi cul ar
to the axis of rotation of rotor 36 to self-align bearing 28. In one form
the rotation of the novabl e conponent (which, in the present non-limting

exanmple is crowmn 44) is rotation of the entirety . t he nmovabl e canponent,
e 43, esghe Bl eitino oblEdl betHedhio e g arerieh foik2 HhERE BT BCe L a
rotation of part of the flexible nmount structure. Hence, the self-alignnment
of seldpesatiafhi hee hpdnodyeamiggir fitnstpRerts enaive rataii 3 e R 36 oadsearef nount
32 or any of its conponents. The operation of foil bearing 28 is
dependemis mithed thraugh #ehydrodipeamycaio fm&ortap filrdZ. | Top féit4isrsuppoded3y and
top foil 42 to prevent contact between rotor 36 and top foil 42 during

nor nelpueRgfdiletdl vHise frahs@ilts thé Icdodead HousBRGT, airel 4186 ghd\dd@sim@iﬂbﬁaﬁ! r film
it is preferable that the axis of rotation of rotor 36 be aligned with the

GeOMECLioIBREL B 10NSedingP8! TE (s Srerancifiubitiorh R, OErRAnamye | 0ad ng

on top ness are genera niformal ong the
operating, | ength_of bearin e.g.. theleft toright direction in the
depi ctsltrb'?lt"g? & SE'.f'a(ﬁg”'”ggfﬂ'igS?PP&g‘%%?o FIG 3 in conjunction with

FIGS. 1 and 2, an axis of rotation 52 of rotor 36 and a geonetric
centerl i ne |3éneffoReagdINgligin@beafied htdued 32ss baidid selienes. W biher espect to

each other at an angle O The skewed axes result in a non-uniform ]l oading
on to i A [RANU i i i 1 ng the
oper e B g e i KA S KRB o g b B b e e,
It is refl.erable ?Pgat t he sch< w angl e glé be%f?[ | | L ZELD SQ-as to pronote
a uni (OPTRADER GagIAkHoco R IPSdaF ¥ dipteed o Stmal SpaRstrn T égiPer
bearing 28 to maximze the WD 2011/ 139312PCT/ US2010/ 062376 | oad beari ng
capaciit $oB¥e ¢mbedimants.Reigigning Pearng BOUSE 3283y have A<LEPss-ge¢tiral t he

angul ar rel ati onship between receiver surface 50 and centerline 52. For
exanplsbapagionéigu@ddorfpocitan as elspriag card/mamnayaneorpoeateicie drgnaensprivegsieen
the radial positions of bearing B and foil bearing 28, resulting in a

non- zerderstiveaehing Be@esired comiienes sddésrawtommbaate atbicipateethoridatd to
slide agai nst receiver surface 50, self-aligning foil bearing nount 32 has
only axbhAsibRd Sﬁeki‘l'-éllgtrb(rgj Be& MRS MJITPIBRLNEI08EY BGrodha4abbt £xten@s ra@amp 32 to

react a nonent is based on the anpbunt of friction between surfaces 44 and

50. T .Gl 1 QF Lol [ Siy A i ng
contr &%I@%@J?%rgoéqagﬁlgﬁids%ﬂq (o] ?E 8‘&@ rsh 54 'ﬁk ||ut8 %3 %?‘/?rp%e%%g %e@ r | a(%:r{(;ég*oﬂ]’ and
50, as well %s by .sel ﬁctign aof th& mat rial? and/ or co in%% .used on crown
44 an@OWR SPUEFE 28 1S ArOBH RERBPGSUITRES-a ffbARE M. PR iSHHAFS FRdREPBETIER], by
design, to allow the non-uniformloading on top foils 42 that results from
skew éEFTQM@ syifacetd$ mayde an ftemupted aceord-1JHChfas empedinentsadhesaid i npart
rotation of crown 44 relative to receiver 48 to reduce skew angle O In one
form thééparowwn df is edlircdricahooénastkemnangpbededl)shapebdis ethgrémipodiments)

crown surface 46 may not be spherical, but may be any shape having spherical and/or
non-spherical portions that are suited to the particular application. In one form, crown
44 is integral with housing 30. In other embodiments, crown 44 may be formed

separately and affixed to housing 30.

Self-aligning foil bearing mount 32 also includes a receiver 48 coupled to foil

bearing 28 via crown 44 and housing 30. Self-aligning foil bearing mount 32 is formed



the conpliance of foil bearing 28 and the friction between surfaces 44 and
50, and may vary with the application. In sone enbodi nents, | oads

transm t two 2briomv3iet or 36 to snubbers 34 due to skew angle/usi)loneas’be
enployed to inpart rotation of crown 44 relative to receiver 48 to reduce
skew angle O In various enbodi ments, self-aligning foil bearing nount 32,
e.g., crown 44 and receiver 48, may be di mensioned so as to provide a

desire erati n arance n_s odi ren CO nt springs nay be
ol oy Lot an] ThoaVe: 48" REEONer I8 Sh e RERsShih SR STEAE s Tapehe
enpl oy ed e.g., on cromn surface 46 and/or receiver surface 50, e.g., to

r educéorrrm,| recear 48 ds aRlino agdp@llanmpsembly withesawn 4. t IRconsaforme (ecgiver 48
application. One exanple of a WD 2011/ 139312PCT/ US2010/ 062376 sui tabl e

mat er iiginstalledus® siatic stuctuselB8ade a4 ricudaoiorme catanear AlisfsecardmDin stasone
enbodi nents is G aphall oy0, available fromthe G aphite Metallizing

Cor pOfsf%bﬂﬂe@B %ﬂﬂémdeﬁkﬁm ¥ank, OtHSﬁembodlmeﬁ@llﬁWempMy ofrer pRsdrt dbfve to
transmt rotor 36 |loads to static structure 38. In one form snubbers 34

are C%@g H%?é’c '48“ P%ﬁ{@é’r‘cérﬁ%a R, r%HEF/g gBlmé)Qbe aghallytd}gﬁgﬁve”t or

reduc dur ng ynam ¢ I'ng events. In form

snubbers 3 C nin r slots t sho m t coo air to
pass. Shieglr Mt e ﬁ%ﬁ@f@ &Re Euﬁsmreo%mga@m%fns dehieh 8L AB i 0L BRIy g
air may be provided to snubbers 34 and/or bunp foil 40 via one or nore

ot her BYJReABS NPHSkRMIti on to or in place of openings or slots in snubbers
34. In still other enbodinents, cooling air may not be provided. In one

form snubbels,ii4 A iﬁF&BEE%tﬂeEglv%f Elrf%gbtll’éﬁ%lﬁ% oohe al;:‘?@xﬁ‘tﬁ g St @bt

structure I'n para earing sharing the rotor

| oads with f bear i n f or t he rotor, radi al. | gads.
ot e S rRRR AR o, o rony el SOEBLR Y 1§ Amefielif DitapBads
in addition to or in place of radjial |oads. In sone enbodi nents, snubbers
34 rra;}” RHE B@neﬁ%%@ééu"fﬁ?ﬁ afd apherifad. imameéﬁm%ﬂ'@ﬁﬂﬁbé@%e"fﬁf sustagBd s 34
share the rotor 36 loads with foil bearing 28 under transient operating
condi taypot Ifesplsrigal eyt My hefaniyl shapartiavin@sphikriiah antlioadonsapheggakeded,
snubbers 34 rub against rotor 36 to react rotor 36 | oads. Snubbers 34 may
be f orpoetibraf therebad $uitecatoctherpaticpasapsticatider RelceiveAstifacgBOtimay bowpber s 34
are depicted in FIG 2, it will be understood that in other enbodi nents,

any mmt@%gﬂaf @%Ht%er@ro%ﬁ §@r¥aé@4€'§ﬂb%8&veﬂ%rﬁﬁ@s@ﬁmgb&%‘éto iy 2
si ngl e snubber 34 may be enpl oyed, e.g., at one end of bunp foil 40 and/or

top f %Ilatlégt ngégﬁ Btﬁe{?t ek Porﬁpé)f épf%?lggl[)% e\%ocﬁ)w Slridee J?é laIﬁdtr88e|{/<9|J I 42.

In varrous e one or nore snu

2011/ 139 12P us201.0/ 062376 34 t ed t { 6. behi nd
Cont Shitaas BUBEIT GRRPCBYeNt rbdim cb T alias O Suer Bf angl rolrfiéﬁéhpﬁk ed

throughtopfml 42 and then fromtop foil 42 to snubber(s I n one
form asrambial ispemendialry tortaeretatian @éﬁot@a%d Tigtreation resy fher@“ GouEl . | n
ot her enbodi nents, a carbon-fiber conposite may be enpl oyed. The materi al
for srsubbee slG:Midinglagainyt neceivet herfac=86. & sbime apbbdicentargroandi4 and/ar i ous
enbodi mrents nay be, for exanple, any suitable netallic, internetallic

and/ o e@fifg MRILEMGB0 ATdyahclutld apETStRIDPSRITRES SnotAMROWH), &I &suehald digsor €. J. ,
such as alcrona (AlCrN) and/or other

more pins or slots that engage respective mating slots or pins (not shown) in receiver 48

or static structure 38 to prevent the rotation of housing 30 about the axis of rotation of

rotor 36.

Crown 44 is a movable component of mount 32, whereas receiver 48 is a static

component of mount 32. In one form, mount 32 is a spherical bearing. Self-aligning foil
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coatings may be enployed on snubbers 34, e.g., to reduce friction and wear,
dependi ng on the needs of the particular application. In sone enbodi nents,
snubber s 86 20ay130312] ude a portion nmade from |ayered w PhTasdéloncBrOer wi se
treated with a low friction material, an exanple of which is Gaphalloya In
ot her enbodi nents, other materials that nmeet the requirenents of the

parti cul ar appl ication may be enployed. Design considerations include

opera ures, fricti racterr s,, oxi.datian si stance,

neat - HEAER SO A Stiepaiiecty SN beeriaa 2Bauis eshin PLERORAR. (her rmm

| oadi ng par arret ers. Oher suitable materials include, for exanple,

st ai nipesicularesplf-gligningroll BaakiagMoumBaris gpsratie to selbalias bY|d|9ep|aCIt1$Bte
portions of rotor 36 that are rubbed by snubbers 34, nay include, for
exanpleeowady relativeld eecadver 48.cMoee garticularke crdvars dd isbperablatafadatei in@n- based
alloys), intermetallic and/or conposite material. In sone enbodi nents, one

Or NDIggreehdn bBESondislar toXHE BixRSofrotdtRimcof(rotdrIE) toasti fligrotbdin t iM@se My
be enpl oyed on rotor 36, e.g., to reduce friction and wear, depending on

the ”381‘?1? R rbPfioR Yt e& &’ab@%ﬁ%@ﬁ%@&w@'dﬁ Pife ﬁr’é*%BPlL ﬁrltlr{goé%mén@ 8

i nclude a portron ma rom an ayered wt /or ot her

treated wt ]l ow fricti | e of |ch|sGr | loya In
sone. ShBLATAR 5 Toialenis B0 Dl i FP SR TRrtrstiont it PRPRSRLP 2
snubbers 34 and rotor 36 may be se ected to have a simlar coefficient of

t her mdiexblg EI4ING FOMPRNERELE gﬂ?ﬁfeq Wea'l%\éadt)taé'ﬁ[]l%@?ét & 4he Jexiplg Boubt or 36

| oads with foil bearing 28 allows foil bearing 28 to be sized for a | ower
desi gistiuctute. \Wence, thet sglihalignroert of gedialigning fod beanidpeneird? iguait i on

transi ent peak | oads. By being sized for a | ower design | oad than that

whi ch asbigvedis fleeauée béchains SRtortany ofsis cimsengmter s 34, foil bearing 28 may
be smaller and |lighter than otherw se. Enbodi nents of the present

i nvention i_nclude a gas_turbi ne engine, ri sing: a, conpressor;

turbi ne; a deRRRraien gtiqirkearingss is (B%P(%”idﬁgp upeR BiRigiNRg iheeh YQJ'OQY'%H@M t

rotor |loads fromat |east one of the conpressor and the turbine to the

st at i @irsfilmueetween ralos 38 and top fodid2 tbaueven) coytact hetwesn deter 36 fapidl topdait i ng
and a self-aligning foil bearing nmount coupled to the foil bearing, wherein
t he sef2f duringomongal feigindot@bpegtiopunh dréerapejeridrate the hgdratyriaheic biriflmbiar i ng
with an axis of rotation of the at |east one of the conpressor and the

t ur bi Repretdhbie &{Htlﬂp@éxi@%rrétta'trﬁﬁ df Potbf @Bgd@ Aligrebatitd #rdgedmetficilent&fing one

of the corrpressor and the turbine to the static structure in parallel wth

the foithelfatioade o sothat Ik AdiBhy nsﬁr@tﬁgr@b@e@ ol 43 e B rpear i ng

rmunt I NC I ¢ conpohent’and a onpon wherein the

The. mVEBResCars ey Enih oy Fr BPEtdeendkmsana 2. 2o e doner

refinement, the novabl e conmponent is operabl e to rotate relative to the
st at i érg@bﬁﬁgﬁ@nm the depiction of FIG. 2.

Referring now to FIG. 3 in conjunction with FIGS. 1 and 2, an axis of rotation 52
of rotor 36 and a geometric centerline 54 of bearing 28 are depicted as being skewed
with respect to each other at an angle ®. The skewed axes result in a non-uniform
loading on top foil 42 and a non-uniform hydrodynamic air film thickness along the
operating length of bearing 28, which reduces foil bearing 28 performance. Itis
preferable that the skew angle ® be small or zero so as to promote a uniform

hydrodynamic air film pressure along the operating length of bearing 28 to maximize the

11



In yet another refinenent, rotation of the novable conmponent is rotation of
the entire novabl e conponent. WD 2011/ 139312PCT/ US2010/ 062376 I n
still anovbeniwebiipenent, the static conponent incl udesPaTilises/ 062376 ace;
wherein the novabl e conponent includes a second surface in sliding contact
with the first surface; and wherein displacenent of the novabl e conponent
relative to the static conponent i ncI udes the second surface sliding

again e first sur till another r ene

2ot "Thad Piend fedsh iR boaingg8r Matie Torors B AR TURIRG 1081 | beari ng
mount. In a further refinenent, the self-aligning foil bear| ng nount is a
spher iasgulassalatingship between m@lwtsme@amrgﬁemi@ﬁm& t her exgnake i ncl udes
a shaft coupled to at | east one of the conpressor and the turbine, wherein
r ot or dngads1@cempoaestridi¢radcés orayt genesataf misaligomght basvdan thebradial ng, and
fromthe foil bearing to the static structure via the self-aligning foil

bear i HasimMBtof bearing B and foil bearing 28, resulting in a non-zero skew angle ®.

Because crown surface 46 is permitted to slide against receiver surface 50, self-
aligning foil bearing mount 32 has only a limited ability to react moment loading. The
ability of mount 32 to react a moment is based on the amount of friction between
surfaces 44 and 50. The amount of friction may be controlled by various means,
including controlling the tightness or looseness of the fit between surfaces 44 and 50, as
well as by selection of the materials and/or coatings used on crown 44 and receiver 48.
In one form, the amount of friction is controlled, by design, to allow the non-uniform
loading on top foils 42 that results from skew angle ©® to be sufficient to overcome the
frictional load and impart rotation of crown 44 relative to receiver 48 to reduce skew
angle ®©. In one form, the amount of reduction of skew angle @ is based primarily on
the compliance of foil bearing 28 and the friction between surfaces 44 and 50, and may
vary with the application. In some embodiments, loads transmitted from rotor 36 to
snubbers 34 due to skew angle ® may be employed to impart rotation of crown 44
relative to receiver 48 to reduce skew angle ®. In various embodiments, self-aligning
foil bearing mount 32, e.g., crown 44 and receiver 48, may be dimensioned so as to
provide a desired operating clearance. In some embodiments, compliant springs may
be employed to provide a positive fit. In some embodiments, coatings may be
employed, e.g., on crown surface 46 and/or receiver surface 50, e.g., to reduce friction

and wear, depending on the needs of the particular application. One example of a

12



In a still further refinenment, the shaft couples the conpressor to the

t ur bi ne. In a yet still further refinenment, the engine includes a
rotati ng wounnaizvand a housi ng di sposed opposite to theprrotmskonwgei3oar nal ,
wherein the snubber is operative to limt the proximty of the housing
relative to the journal. Enbodi nents of the present invention

I ncl ude a gas turbine engine, conprising: arotor; a static structure; a

foil bearjng syst operative to transmt rotor .| oads_fr the rotor to the
stat | SULpPEIPaleEal (ATeE 35 EraumSirTach il pReOL jRIalAT WG IS | bear i ng:
and a self-aligning foil bearing nount operative to align the foil bearing
wi t h @&mkodigests isderaphahoys®. availapls: ise tha&srephite Metalizingt orgaratiprt @i |

beari ng nount has a static conponent and a novabl e conponent; and wherein

t he sefdnkels,dNewdorloiUSAeari ng nmount i s operable WO
2011/ 139312PCT/ US2010/ 062376 to self-align with the axis of rotation of the

St o ComSUMREr P 25 PBPIAAGANaTSREL GO S0 0RGR th g et Tr GLELH Rount i s

a spherical bearing.
one form, snubbers 34 are configured to limit the deflection of bump foil 40, e.g., to
prevent or reduce damage to bump foil 40 during dynamic loading events. In one form,
snubbers 34 include openings or slots (not shown) to permit cooling air to pass through
snubbers 34 and bump foil 40. In other embodiments, cooling air may be provided to
snubbers 34 and/or bump foil 40 via one or more other schemes in addition to or in
place of openings or slots in snubbers 34. In still other embodiments, cooling air may
not be provided. In one form, snubbers 34 are operative to transmit rotor 36 loads to
static structure 38 in parallel with foil bearing 28, thereby sharing the rotor loads with foil
bearing 28. In one form, the rotor loads are radial loads. In other embodiments,
snubbers 34 may be structured transmit thrust loads in addition to or in place of radial
loads. In some embodiments, snubbers 34 may not be employed. In embodiments that
employ snubbers 34, snubbers 34 share the rotor 36 loads with foil bearing 28 under
transient operating conditions. For example, when foil bearing 28 design loads are
exceeded, snubbers 34 rub against rotor 36 to react rotor 36 loads. Snubbers 34 may
be formed of metallic and/or composite materials. Although two snubbers 34 are
depicted in FIG. 2, it will be understood that in other embodiments, any number of
snubbers 34 may be employed. In some embodiments, only a single snubber 34 may

be employed, e.g., at one end of bump foil 40 and/or top foil 42; or in between a split

bump foil 40 and/or a split top foil 42. In various embodiments, one or more snubbers
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In anot her refinenent, the engine further includes a snubber operative to
transmt rotor loads fromthe rotor to the static structure in parallel

wi t h t he woi2b1ibsasizng. I n yet another refinenment pcrhis2@ngs13es al so
i ncl udes a bearing housing for housing the foil bearing, wherein the
snubber is positioned within the bearing housing. In still another

refinement, the snubber is positioned adjacent to the bearing housing. In
Lot o e LR SR o ok LIS, Phef SO b o
radi al air bearing. Enbodi ments of the present invention include a
foi | BSdPpay agg/ﬁtsgﬁﬁaﬂgmitéeq;%owqh feil d2g e then frem ipdgil 42 tp@nubbeks) ng
operative to transmt rotor loads froma rotor of the gas turbine engine to
a st atddc $t onefame soiubbbes grhare madierfeoraregcarbpn dadedwaaieribhsuealh agrster. t he
foil bearing with an axis of rotation of the rotor.

In other embodiments, a carbon-fiber composite may be employed. The material for

snubbers 34 may vary with the needs of the application, and in various embodiments

may be, for example, any suitable metallic, intermetallic and/or composite material. In

some embodiments, one or more coatings, e.g., such as alcrona (AICrN) and/or other

coatings may be employed on snubbers 34, e.g., to reduce friction and wear, depending

on the needs of the particular application. In some embodiments, snubbers 34 may

include a portion made from, layered with and/or otherwise treated with a low friction

material, an example of which is Graphalloy®. In other embodiments, other materials

that meet the requirements of the particular application may be employed. Design

considerations include operating temperatures, friction characteristics, oxidation

resistance, heat transfer and dissipation capabilities, and mechanical and thermal

loading parameters. Other suitable materials include, for example, stainless steel or

iron. Suitable materials for rotor 36, i.e., the portions of rotor 36 that are rubbed by

snubbers 34, may include, for example, any suitable metallic (e.g., nickel based alloys

and/or iron-based alloys), intermetallic and/or composite material. In some

embodiments, one or more coatings, e.g., such as alcrona (AICrN) and/or other

coatings may be employed on rotor 36, e.g., to reduce friction and wear, depending on

the needs of the particular application. In some embodiments, rotor 36 may include a

portion made from, and/or may be layered with and/or otherwise treated with a low

friction material, an example of which is Graphalloy®. In some embodiments, the
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In a refinement, the foil bearing systemfurther includes nmeans for sharing
the rotor loads with the foil bearing. In another refinenent, the neans for
al i gni ng wochudessia spherical bearing. Wi | e t hepPrcmausadiooneshas been
described in connection with what is presently considered to be the nost
practical and preferred enbodinent, it is to be understood that the
invention is not to be limted to the disclosed enbodi nent(s), but on the
WO 2011/,139 PCT/ US2010/ 062376 ntrary, is intended to .cover _various

o 1 TEAET B0 RRURETS ook At ko S0 Giavas seleRialadieve a iR e isiant o and
scope of the appended clains, which scope is to be accorded the broadest

i nt er pheinaliexpansions [ @nedeshphiedisel of shubherodd 19 shanegntoraifuloads it feit
structures as permtted under the law. Furthernore it should be understood
t hat \eeiariagtdBealloses il belaeing@Satorecsized iibrea |qwearfdersidr padowhpe eétainieglithen t he
description above indicates that feature so described nmay be nore

desi r ababilityt to'teiRé Shes Yur@iomMPandientReRsIsady. 8yh sieBh gt ARswed acki ng
the sane may be contenplated as within the scope of the invention, that

. g _ . ¢ . . o
i ondog PReRE AT AP IR oL B8 rddlffad Moefine Iof BTCRTRRAIA T et ' 2
portiqn used therqeprisatsnéﬂoint%nti?ntolin‘it the claimto only one

item r%aé@é prgglyijolec%{w ég(@t?rot fRe %%W'?%ry in the claim Further, when

the | anguage "at |east a portion"” and/or "a portion” is used the item may

inclt ude a [EHbbGMMSLPthel fresentihiantidrefcidlees§as REBink eridihe, sondbiding:o t he
contrary.

a compressor; a turbine; a static structure; a foil bearing system operative to transmit

rotor loads from at least one of the compressor and the turbine to the static structure,
wherein the foil bearing system includes a foil bearing and a self-aligning foil bearing
mount coupled to the foil bearing, wherein the self-aligning foil bearing mount is
operative to align the foil bearing with an axis of rotation of the at least one of the
compressor and the turbine; and a snubber operative to transmit rotor loads from at
least one of the compressor and the turbine to the static structure in parallel with the foil

bearing.

In a refinement, the self-aligning foil bearing mount includes a static component
and a movable component, and wherein the self-aligning foil bearing mount is operable

to self-align by displacing the movable component relative to the static component.

In another refinement, the movable component is operable to rotate relative to

the static component.

In yet another refinement, rotation of the movable component is rotation of the

entire movable component.
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WO 2011/ 139312PCT/ US2010/ 062376 Cl ains What is clained is: 1. A gas
tur bi ne engi ne, conprising: a conpressor; a turbine;
WO 2011/139312 PCT/US2010/062376

In still another refinement, the static component includes a first surface; wherein
the movable component includes a second surface in sliding contact with the first
surface; and wherein displacement of the movable component relative to the static

component includes the second surface sliding against the first surface.

In yet still another refinement, self-alignment is not achieved by flexure of the

self-aligning foil bearing mount.
In a further refinement, the self-aligning foil bearing mount is a spherical bearing.

In a yet further refinement, the engine includes a shaft coupled to at least one of
the compressor and the turbine, wherein rotor loads are transmitted from the shaft
through the foil bearing, and from the foil bearing to the static structure via the self-

aligning foil bearing mount.
In a still further refinement, the shaft couples the compressor to the turbine.

In a yet still further refinement, the engine includes a rotating journal and a
housing disposed opposite to the rotating journal, wherein the snubber is operative to

limit the proximity of the housing relative to the journal.

Embodiments of the present invention include a gas turbine engine, comprising:
a rotor; a static structure; a foil bearing system operative to transmit rotor loads from the
rotor to the static structure, wherein the foil bearing system includes: a foil bearing; and
a self-aligning foil bearing mount operative to align the foil bearing with an axis of
rotation of the rotor, wherein the self-aligning foil bearing mount has a static component

and a movable component; and wherein the self-aligning foil bearing mount is operable
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a static structure; a foil bearing systemoperative to transmt
rotor |oads fromat | east one of the conpressor and the turbine to the
static stwocbure9smeherein the foil bearing systemincl u#es/us2610iob23bear i ng
and a self-aligning foil bearing nmount coupled to the foil bearing, wherein
the self-aligning foil bearing nount is operative to align the foil bearing
with an axis of rotation of the at |east one of the corrpressor and the

turbin a snupber.. ope t ive to transmt rotor ds from at
oot 1656l on it b ae bR i ot e dias S fisblarainent of fismbebs
parallel with the foil bearing. 2. The gas turbine engine of claim

1, wh&osmenentrelalive tg thgritaldc e@mpopeal i ng mount i ncl udes a static conponent
and a novabl e conponent, and wherein the self-aligning foil bearing nount

i s operabl QR trelative to
t he statlcefr(]: rrgﬁ %%eﬁ tﬁ@s@f a@bﬁﬁﬁﬁ%il Bga 'Fr(? ne egng Sﬁ’ ?é]é%aalnhgz, wherein
t he novabl e conponent is operable to rotate reI ative to the static
conmponent . |n another refinement, the engine further includes a snubber operative to transmit

rotor loads from the rotor to the static structure in parallel with the foil bearing.

In yet another refinement, the engine also includes a bearing housing for housing

the foil bearing, wherein the snubber is positioned within the bearing housing.

In still another refinement, the snubber is positioned adjacent to the bearing

housing.
In yet still another refinement, the snubber is formed of a composite material.
In a further refinement, the foil bearing is a compliant foil radial air bearing.

Embodiments of the present invention include a foil bearing system for a gas
turbine engine, comprising: a foil bearing operative to transmit rotor loads from a rotor of
the gas turbine engine to a static structure of the gas turbine engine; and means for

aligning the foil bearing with an axis of rotation of the rotor.

In a refinement, the foil bearing system further includes means for sharing the

rotor loads with the foil bearing.
In another refinement, the means for aligning includes a spherical bearing.

While the invention has been described in connection with what is presently
considered to be the most practical and preferred embodiment, it is to be understood

that the invention is not to be limited to the disclosed embodiment(s), but on the

17



WO 2011/ 139312PCT/ US2010/ 062376 4. The gas turbine engine of claim
3, wherein rotation of the novable conponent is rotation of the entirety of
t he novabwe 20nmmpesient . 5. The gas turbi ne engi nepaofi/usb@onsB76 wher ei n
the static conponent includes a first surface; wherein the novable
conponent includes a second surface in sliding contact with the first
surface; and wherein displacenment of the novabl e conponent relative to the

e OB Rl ] e U BRSBTSl O

self-alignment is not achieved by flexure of the sel f-al | gni n f0| | bearing
nmount .included within Wﬁé%ﬁ@ﬁdﬁ%ﬂ@eﬂféhgla@@eﬁﬂe@ ctaims 1whighescopa is

self-aligning foil bearing nount is a spherical bearing. 8 The gas
t ur bi reecertgidibediroadestimterprietationeso epipensompass shafich omdifications aatl | east
one of the conpressor and the turbine, wherein rotor |oads are transmtted

from teRgiveiigditstiuaireg Bstgeemittid ul@sTthe Saw aFdrtheafibidie shelld eanddigtdod t he
static structure via the self-aligning foil bearing nount.

that while the use of the word preferable, preferably, or preferred in the description

above indicates that feature so described may be more desirable, it nonetheless may

not be necessary and any embodiment lacking the same may be contemplated as

within the scope of the invention, that scope being defined by the claims that follow. In

reading the claims it is intended that when words such as "a," "an,”" "at least one" and

"at least a portion” are used, there is no intention to limit the claim to only one item

unless specifically stated to the contrary in the claim. Further, when the language "at

least a portion" and/or "a portion” is used the item may include a portion and/or the

entire item unless specifically stated to the contrary.
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9. The gas turbine engine of claim8, wherein the shaft couples the
conpressor to the turbine. WD 2011/139312PCT/ US2010/ 062376 10. The
gas turbiwe 2engisps20f claim 1, further conprising a rot@Cirng2900623a and a
housi ng di sposed opposite to the rotating journal, and wherein the snubber
Is operative to limt the proximty of the housing relative to the journal.
11. A gas turbine engine, conprising: a rotor;

Claims

What is claimed is:

1. A gas turbine engine, comprising:

a compressor;

a turbine;

a static structure;

a foil bearing system operative to transmit rotor loads from at least one of the
compressor and the turbine to the static structure, wherein the foil bearing system
includes a foil bearing and a self-aligning foil bearing mount coupled to the foil bearing,
wherein the self-aligning foil bearing mount is operative to align the foil bearing with an
axis of rotation of the at least one of the compressor and the turbine; and

a snubber operative to transmit rotor loads from at least one of the compressor

and the turbine to the static structure in parallel with the foil bearing.

2. The gas turbine engine of claim 1, wherein the self-aligning foil bearing mount
includes a static component and a movable component, and wherein the self-aligning
foil bearing mount is operable to self-align by displacing the movable component

relative to the static component.

3. The gas turbine engine of claim 2, wherein the movable component is

operable to rotate relative to the static component.

19



a static structure; a foil bearing systemoperative to transmt
rotor |oads fromthe rotor to the static structure, wherein the foil

beari ng swetemwispsibudes: a foil bearing; and a selfrAmbko1gns3ge f oi |
beari ng nount operative to align the foil bearing with an axis of rotation
of the rotor, wherein the self-aligning foil bearing nmount has a static
conponent and a novabl e conponent; and wherein the self-aligning foil

bearing nmount_is operable tq self-align with the axi s, of rotation of the
Potor by ot a5 o8s GiPhecerains G CiE TP roBToBRITRS M Atk 6T ponRel
static conFonent. _ 12. The ?as turbi ne engine of claim1l, wherein
t he sd$ fotaliogyaf e ediretyddhe mpvablmeomporespheri cal beari ng. 13. The
gas turbine engine of claim1l1l, further conprising a snubber operative to
transmt rotor loads fromthe rotor to the static structure in parallel
with the foil bearing.
5. The gas turbine engine of claim 2, wherein the static component includes a

first surface; wherein the movable component includes a second surface in sliding

contact with the first surface; and wherein displacement of the movable component

relative to the static component includes the second surface sliding against the first

surface.

6. The gas turbine engine of claim 2, wherein self-alignment is not achieved by

flexure of the self-aligning foil bearing mount.

7. The gas turbine engine of claim 1, wherein the self-aligning foil bearing mount

is a spherical bearing.

8. The gas turbine engine of claim 1, further comprising a shaft coupled to at
least one of the compressor and the turbine, wherein rotor loads are transmitted from
the shaft through the foil bearing, and from the foil bearing to the static structure via the

self-aligning foil bearing mount.

9. The gas turbine engine of claim 8, wherein the shaft couples the compressor

to the turbine.
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WO 2011/ 139312PCT/ US2010/ 062376 14. The gas turbine engine of claim
13, further conprising a bearing housing for housing the foil bearing,
wherei n twe 2nuishEe i s positioned within the bearing hoeerng$2010/062376 15.
The gas turbine engine of claim 14, wherein the snubber is positioned

adj acent to the bearing housing. 16. The gas turbine engine of claim
14, wherein the snubber is forrred of a conposite materi al. 17. The
gas turbi n ne o} erel n_the foil beari ng rT‘P C?nt

foil radiall® ebgg§ glne englne 0 Ia|m1 further comprising ar tatlng Journa a

housing disposed opposite to the rotating journal, and wherein the snubber is operative

to limit the proximity of the housing relative to the journal.

11. A gas turbine engine, comprising:

a rotor;

a static structure;

a foil bearing system operative to transmit rotor loads from the rotor to the static
structure, wherein the foil bearing system includes:

a foil bearing; and

a self-aligning foil bearing mount operative to align the foil bearing with an axis of
rotation of the rotor, wherein the self-aligning foil bearing mount has a static component
and a movable component; and wherein the self-aligning foil bearing mount is operable
to self-align with the axis of rotation of the rotor by sliding displacement of the movable

component relative to the static component.

12. The gas turbine engine of claim 11, wherein the self-aligning foil bearing

mount is a spherical bearing.

13. The gas turbine engine of claim 11, further comprising a snubber operative

to transmit rotor loads from the rotor to the static structure in parallel with the foil

bearing.
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18. A foil bearing systemfor a gas turbine engine, conprising: a
foil bearing operative to transmt rotor |oads froma rotor of the gas
turbi ne ewginm/m3@312 static structure of the gas turbi nepremgisp@p/oeasds means
for aligning the foil bearing with an axis of rotation of the rotor.

19. The foil bearing systemof claim18, further conprising neans for

sharing the rotor loads with the foil bearing. 20. The foil bearing
t f claim 18, in th f | i gni ng. i ncl ydes heri cal
syt om of e Gas WHBIHE' dndin of BN 12°Furfher Bt b $35ng RS 167

beari ng.

housing the foil bearing, wherein the snubber is positioned within the bearing housing.

15. The gas turbine engine of claim 14, wherein the snubber is positioned

adjacent to the bearing housing.

16. The gas turbine engine of claim 14, wherein the snubber is formed of a

composite material.

17. The gas turbine engine of claim 11, wherein the foil bearing is a compliant

foil radial air bearing.

18. A foil bearing system for a gas turbine engine, comprising:
a foil bearing operative to transmit rotor loads from a rotor of the gas turbine
engine to a static structure of the gas turbine engine; and

means for aligning the foil bearing with an axis of rotation of the rotor.

19. The foil bearing system of claim 18, further comprising means for sharing the

rotor loads with the foil bearing.

20. The foil bearing system of claim 18, wherein the means for aligning includes

a spherical bearing.
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