WO 2012/ 154410PCT/ US2012/ 035002 ADJUSTABLE GAP FOR A FLU D DYNAM C BEARI NG
TECHNI CAL FI ELD 5Enbodi nents of the present invention relate to fluid
dynam c bEaerorgs44iVor e specifically, enbodi nents of thePpraseot/083W0ENt i on
relate to a gap formation for providing resistance to oil evaporation.

BACKGROUND 10Di sc drive nenori ?ﬁ%‘ﬁé@ﬁéﬁ?—% QQ\ prany el ectroni c devices, e.g.,
personal conputers (PC), porta digital caneras, digital video
canmeras, video ganme CONSEER.A FEUID DYNAWHCCBEARINGS, etc. Disc drive
menories store digital information recorded on concentric tracks of a

magneti c di sc medium 15Usually one disc is rotatably nounted on a spindle
and th £ Qi | tored within the disc is accessed using read/wite
heads g}é@#ﬂld‘%&ggg%é The read/wite heads are | ocated on a pivoting arm

thap noves rErdbadimenty ef thehsresent ineentin tetetedo Jicid dyreardicdsemriage. Motat ed at
hi gh speeds durin eration u5|n an electric nmotor |ocated inside a hub
or bel &Wef: iealy, ﬁ&?o Ak of hR RrR er'BVﬁ?rHtOé‘rr&lﬁte\Fﬁ’ fr9ap OfRaHEeN {Y cause

20r ot at grfeeﬁté}’rbte Bedllaé\}a?%rétﬂ) he stator. One conventional disc

drive ut S|n a fluid dynam c bearing (FDB) to
support the hub and discs for rotation. The bearing reduces wear and tear

al ong Cl friction while maintaining the alignnment between the
25spi n%/%ég%@ﬂg' haft. SUMVARY

10 Disc drive memories are used in many electronic devices, e.g., personal
computers (PC), portable computers, digital cameras, digital video cameras, video
game consoles, personal music players, etc. Disc drive memories store digital

information recorded on concentric tracks of a magnetic disc medium.

15 Usually one disc is rotatably mounted on a spindle and the information stored
within the disc is accessed using read/write heads or transducers. The read/write
heads are located on a pivoting arm that moves radially over the surface of the disc.
The discs are rotated at high speeds during operation using an electric motor located
inside a hub or below the discs. Magnets on the hub interact with a stator to cause

20 rotation of the hub relative to the stator.

One conventional disc drive utilizes a spindle motor with a fluid dynamic
bearing (FDB) to support the hub and discs for rotation. The bearing reduces wear
and tear along by reducing friction while maintaining the alignment between the

25 spindle and the shaft.

SUMMARY
A fluid bearing motor. The fluid bearing motor includes a stationary sleeve, a
backiron, a hub coupled to the backiron, and a gap forming component. The hub is
30 operable to rotate with respect to the stationary sleeve. The gap forming component
is attached to the stationary sleeve and forms a gap between the stationary sleeve
and the backiron. The size of the gap dynamically changes in response to changes in

temperature.



A fluid bearing notor. The fluid bearing notor includes a stationary

sl eeve, a backiron, a hub coupled to the backiron, and a gap form ng
conponentwOBhe/13w0i s 30 operable to rotate wi th respectcrasstéie/osioat i onary
sl eeve. The gap form ng conponent is attached to the stationary sl eeve and
forms a gap between the stationary sl eeve and the backiron. The size of the
gap dynam cally changes in response to changes in tenperature. WO

2012/ 1 BRYEFRGESURAPTAORISP OHBRIFAWIRESR PTI ON OF THE DRAW NGS

Enbodi nents of the present invention are illustrated by way of exanple, and
not by way d&mbediments ohthe preseat invamnties ase Iﬂwﬁéraé@@@maypﬁ@xaﬁm ¥ and
i n whi Kk e h;{ée'r ch:
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with omefeeei’ﬁmih@metalefrefeh&) Qmﬁ&eelememerstndqn.wmeﬁl gure 2 shows a sectional
side view of a fluid dynam c bearing spindle notor in accordance with one
enbodi ment of the present invention. Figure 3 shows one secti onal
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enbodi nent of“the present nventi on ows a portron of a
sect i omwath enelembiogment af the piresehtarentionear i ng not or under pressure in
accordance with one enbodi nent of the present invention. Figure 5
shows a portion of a sectional side view of a fluid dynam c bearing 20not or

unggr pr eSSLFr@uHéSQ B90\38 adlictishaiGe RV 564 F‘Ibiagdyi‘\%‘fﬂn(%%e'aﬂn GpdIE Rictom th
one enbodi ne of the present 1nvention. Figure 6 ows a second

secti oh@acs@rdenoeemthaﬁneaemlbodmnwrﬁrthe phesent inyemboor i n accordance with one
enbodi ment of the present invention.
Figure 3 shows one sectional side view of a fluid dynamic bearing motor in
accordance with one embodiment of the present invention.
15
Figure 4 shows a portion of a sectional side view of a fluid dynamic bearing

motor under pressure in accordance with one embodiment of the present invention.

Figure 5 shows a portion of a sectional side view of a fluid dynamic bearing
20 motor under pressure using an adjustable gap setting device in accordance with one

embodiment of the present invention.

Figure 6 shows a second sectional side view of a fluid dynamic bearing motor
in accordance with one embodiment of the present invention.
25
DETAILED DESCRIPTION
A fluid bearing motor. The fluid bearing motor includes a stationary sleeve, a
backiron, a hub coupled to the backiron, and a gap forming component. The hub is
operable to rotate with respect to the stationary sleeve. The gap forming component
30 is attached to the stationary sleeve and forms a gap between the stationary sleeve
and the backiron. The size of the gap dynamically changes in response to changes in

temperature.



25 DETAI LED DESCRI PTI ON A fluid bearing notor. The fluid bearing
notor includes a stationary sl eeve, a backiron, a hub coupled to the

backi r on,wandi2zai5gap f ormi ng conponent. The hub i s operalpCa/useoosOE Wit h
respect to the stationary sleeve. The gap form ng conponent 30 is attached

to the statipnary. slteeve anﬁ Cfl.orm% a, 0. bet ween, t he sta}i nary.sl eeve and
the backi r oG9 Ongretpbadifient. & AdAthearing ToRior Jaay kB statiangly
changesiddvel amRkabH! & hub\8BupRb201hE HLeREdH, (&3 §a836@RIAg componkggor ding to

one enbodi ment, a fluid bearing notor may include a stationary sleeve, a
backi r diie Rulhistorasableda rotate méthygereetda the atatigngapsleeyer e gepfAtng. The

hub is I 1 r tQ L I e gap
for m neoRBar R 56 bt EERREark UgeE Skl SR b e FES 200
bet geermstationabg blelevemmythe lbeekieomnd t he backi ron. The gap size changes

in response to changes in tenperature. It is appreciated that the hub lifts
up axially when the hub rotates, thereby increasing the size of the gap.

The axial | ife g855EANLRSTFRAQIIRUO AONES [PRATA B kMR at ure. 10The

size of the gap”is re I'n response to an incredse 1 n tenperature. The
fluid l=eprecigteddhat theel Iiftd wolexally Mdied tberreibl ratates, thatebyf iocreasingetheeen t he
backiron and the stati 0nz1r.¥t | eeve and renoves air from.a 'ourna%l beari ng

f or med SBF PHEe SR iTORAA! ] éﬁ%?é‘?a%‘%% B eSS A hNCrea3e 'aat%mm&pa HE-1 ess

thap SOrHE SrOBRIRY §ap KYEBCEd i PBASE B9 aRTHGEa8B Y fefbdlaturbNPhe dgia seal
operable to contaih a fluid wwthin the fluid circulation path. It is

appr ecibgagdgtrhetor may igaludewy/flid cireulaian paittafarined betweenhe backinpvandent , a

an' adj J08 g, Sea T antREmtas Audtdiia 1BOMBE RERn DBGRORLIEOTRR0E ML e
Wi th ressset Inené @ﬁltﬂfdcﬁrﬁbnﬁ,%@g@?mﬁay e tedsthag S0omremerdredi nent, t he
adj ust abl e gap conponent is coupled to the first conponent. The adjustable

gap conponent fornms a gap with the second conponent. It is appreciated that

t
thesgap changgsnip i Ror IRPRMRrhS: ARARAES bl LSIBBIAL R ain A" di N0
t o Oone enbodi ment "the gdp Size decreadses responsive 1o an

within the fluid circulation path. It is appreciated that the gap may be formed axially.

In one embodiment, a fluid bearing motor may include a first component, a
second component, and an adjustable gap component. The second component is
20 operable to rotate with respect to the first component. According to one embodiment,
the adjustable gap component is coupled to the first component. The adjustable gap
component forms a gap with the second component. It is appreciated that the gap

changes in size responsive to changes in temperature.

25 According to one embodiment the gap size decreases responsive to an
increase in temperature. In one embodiment, the gap may be less than 50
micrometers. The second component lifts up axially responsive to a thrust bearing
during rotation. The amount of axial lift changes responsive to changes in
temperature, e.g., the amount of the lift decreases responsive to an increase in

30 temperature.

In one particular embodiment, a motor includes a stationary sleeve, a shaft, a

hub, a backiron, and an adjustable gap forming component. The shaft is operable to
3



increase in tenperature. In one enbodi nent, the gap may be | ess than 50
m cronmeters. The second conponent |ifts up axially responsive to a thrust
beari ng dwoizn/1setiati on. The anmount of axial |ift chang@sTrss@en3iove to
changes in tenperature, e.g., the amount of the |lift decreases responsive

to an increase in 3Q.,t erature, | n, ane particul ar, enbodi nent,, a
ot or AEHEARE eSaed HIBSlRbNGR, deeve ' ARrbE AT ERheet,
adj ust apliee griiohafydlesve pieepense tolthe s fotathgR PRcaRlifg t®ondO

2012/ 154410PCT/ US2012/ 035002 rotate with respect to the stationary sl eeve.

The hulTiodipentBine beskien i alfined ko inespeuend Gurites afiéad vapyshefiodle i n
P R bk e o e N e o

f or 51 ngjapdgiaeentthé statiohaphsidet® ahtiehs batkirorarMhesg@esicednanfesirs a 5 gap

bet ween the stationary sl eeve and the backiron. The gap size changes in
r esponSBSRANSEHE thahuPgPitrn MAiBp v Hie 9ameizgHhasnse r%ﬁ%%@éée o198t ve to

changesy, idmb&Hpgkat ur e. According to one enbodinment, the hub lifts
up axi arl]ly en the hub rotates. 10Thus, the axial lift of the hub
increases the gap size. The axial lift of the hub decreases responsive to

an increase |n te rature. . Accaordi ng t.o one enpodi nent, the gap
o126 decr eadh Py NBde GOR bR ment e CEa T eKBLY A anS PHOGRIE Ekerp! af y
empgdi Mejifs, tHSxigARt & the Hud ihecaskE e 88p 8. TheB§A "% of the hubAccor di ngly,
t he established gap according to the eirbodi nents nmay be reduced.

Fur t herdesregsestiiespapsive tadj ingredseain teomssatwrer e changes, thereby
conpensating for any increase in oil evaporation rate with increased
tenperature. 20Moreover, the gap adjusts as the hub lifts off. As a result,

the gap accoxeliongingQoiohe enbesihiennttheQfaptdige BeERRBES iMMsplonss toay furt her
reduce oil evaporation rate. Reference wll now be nmade in detail to
enbodi ARGiEasSE BXtamperatuse. IRreraexgrapiary gstogireant, the gep szedaras/thag o0

dr aui ngs: j t he enbodi nents will be described 25 in conjunction with
thﬁelgndr gﬁﬁnﬁo\éﬂ,&eﬁ' wi |l be understood that they are not intended to limt the
enbodi nents. On the contrary, the enbodinents are intended to cover
alternatives, nodifications and equivalents, Furthernore, in the follow ng

detai | ed dedtGPHINGl; thenesighlishes gap ecaridilg d0athe SAILAUMERLS MY kG to
provid r S P To I | 1 e jzed e of
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compensating for any increase in oil evaporation rate with increased temperature.
20 Moreover, the gap adjusts as the hub lifts off. As a result, the gap according to the

embodiments of the present invention may further reduce oil evaporation rate.

Reference will now be made in detail to embodiments, examples of which are
illustrated in the accompanying drawings. While the embodiments will be described
25 in conjunction with the drawings, it will be understood that they are not intended to
limit the embodiments. On the contrary, the embodiments are intended to cover
alternatives, modifications and equivalents. Furthermore, in the following detailed
description, numerous specific details are set forth in order to provide a thorough
understanding. However, it will be recognized by one of ordinary skill in the art that
30 the embodiments may be practiced without these specific details. In other instances,
well-known methods, procedures, components, and circuits have not been described

in detail as not to unnecessarily obscure aspects of the embodiments.



30 the enbodi nents may be practiced without these specific details. In

ot her instances, well-known nethods, procedures, conponents, and circuits
have not weenixissani bed in detail as not to unnecessari PgTaisg@R085085pect s
of the enbodi nents. WD 2012/ 154410PCT/ US2012/ 035002 General ly, the

ternms "axial xi,al dlrec |pn refers ion al.ong
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of orienta ng parti ar operation orien dtlo S are
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enbodi fates thamin any seppe of paishiioNAHrHIgPaiticulas PRgfrtiqhayf hese e i@atiiessi ve
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control usi rint separating the orl

out si dethisordpeoepﬁm amtosrmum not dree mmmlederas Imengyamaregcapedmxﬁethme
anount of 05 tPat escapes an oil channel or an 150il reservoir. The

ef fect i¥ NEHS-t he gap may vary depending on various factors, e.g., gap
pogptioning, gap |length, and gap area. In one enbodi nent, the gap may be
dynam cal ly reduced. Enbodi nents enable the gap to be adjusted to a desired
and accur at iagezporatiomaodeildediagensay leaht guessvetbenrngtweadndligpor at i on

Cempor sPEe RE i ARG SR Rboralita PR, B8 BB R oG Tl B8 £8 ) oo

r educ eda@frinth Har&PeBiLie® dlsiBeeiioreints. exx@meﬁig @oridat occurs at
hi gher terrperatures It is appreciated that the gap, e.g., |abyrinth,

accor diefgPedmens Baigse; mente ucgibearopuntaf g dhat ¢$ﬁ$p§ﬁzﬁn Qlbeharnessrvne
o381 | iBEoh A, MiRCARN o Sor B AR DBy HBEeAThY BB 8300BRY
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evaporati on |n accordance with enbodi nents may be used in various devices,

e.g., dysamiegliygeduced.

Embodiments enable the gap to be adjusted to a desired and accurate area.
20 In one embodiment, the gap controls fluid evaporation of a fluid dynamic bearing
motor. In one embodiment the gap size adjusts as temperature changes. For
example, the size of the gap may automatically be reduced at higher temperatures to
prevent oil evaporation that occurs at higher temperatures. It is appreciated that the
gap, e.g., labyrinth, according to one embodiment reduces oil evaporation that occurs
25 more readily for low viscosity oils. Furthermore, the adjustable gap may increase the
performance of low profile motors with limited area available for axial gap.

It is appreciated that the adjustable gap for reducing oil evaporation in
accordance with embodiments may be used in various devices, e.g., disc drive
30 memory systems, low profile disc drive memory systems, spindle motors, brushless
DC motors, ball bearing assembilies, fluid dynamic bearings, hydrodynamic bearings,
hydrostatic bearings, stationary and rotatable components such as motors with



30 nenory systens, |low profile disc drive nmenory systens, spindle notors,
brushl ess DC notors, ball bearing assenblies, fluid dynam c beari ngs,
hydr odynawDcot»euiings, hydrostati c bearings, stationarypramdScaasibt e
conponents such as notors with WO 2012/ 154410PCT/ US2012/ 035002 coni cal

bearings,.etg, Lt is. further, appreciat.e h t he gap accardi .0

embod JERIE Figies i bR B o 5B thrthe P 42BeBEE R Thdients

Ref er rimgly be dmfloyéed Witha e shavoo4 retatlhgehdfti ve data storage system 110
in 5 accordance wth one enbodi nrent of the present invention is shown. The

disc drive 110 includes a housing base 112 that forns a seal ed environnent
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dri e KbtQofdanicbevith oné edtsddimanisef thagkeddrtt,invédntioh is sShownnThd disy drivad at i on
on a spindle notor (described in Fi 8ure 1023 b% a disc cl,ang 118. The
di sc pa@l@ inglgdes @ hfd@éngab%‘f%ﬂé? i”ﬂ%lf fM$ AciepifLianyitanseantwitihe €gvent 14

CO-r ot aty : j j - hated with
heads. 135 (rA2dEhufoRB Gordtts e AfeRabbaRpa el STEmRIBMARIAT R he di sc
sur f acelermansrutdifieet dnpbeaaledarvodnment., Thealisc ddde &t @ figtipgrondlededy

Lot Shoai 105 WNER BBl Bb'ae0Nen 2 BoRATRO R B0 e o
roygry Jypyidgise@idmpatgat or that includes a voice coil notor 128. The voice

coil notor 128 rotates the 20actuator body 126 with its attached heads 120
about a pivot shaft 130. Accordingly, the heads 120 nmay be positioned over

it magnedTeaPG bRk A Ao alitellval ool e BRI REY L2016

at sel estatienlapoat bWeptraldisf IERehaisesiicamay ey tRiREE Withl feddsCrrect i on
paths for the actuator assenbly while allow ng pivotal novenent of the

act uat dreagoigadiaisd write hepdioperable to communicate with the disc surface. In one
15 exemplary embodiment, heads 120 are supported by flexures 122. The flexures are

attached to head mounting arms 124 of actuator body 126.

According to one embodiment, an actuator may be a rotary moving coll
actuator that includes a voice coil motor 128. The voice coil motor 128 rotates the
20 actuator body 126 with its attached heads 120 about a pivot shaft 130. Accordingly,
the heads 120 may be positioned over a desired data track along an arc path 132.
As such, heads 120 may read and write magnetically encoded information on the
surfaces of the disc pack 116 at selected locations.

25 A flex assembly may provide electrical connection paths for the actuator
assembly while allowing pivotal movement of the actuator body 126. The flex
assembly (not shown) terminates at a flex bracket for communication to a printed
circuit board mounted to the bottom of the disc drive 110 connected to head wires.
The head wires are routed along the actuator arms 124 and the flexures 122 to the

30 heads 120. The printed circuit board may include a circuitry for controlling the write
currents applied to the heads 120 during a write operation and a preamplifier for
amplifying read signals generated by the heads 120 during a read operation.



assenbly (not shown) termnates at a flex bracket for communication to a
printed circuit board nounted to the bottom of the disc drive 110 connected
to head wvoes12/iFiraohead wires are routed al ong the actuaComsasme®3sbdzl and
the flexures 122 to the 30heads 120. The printed circuit board may include

acircuitry r controlling the wite currents ied to the heads 120
Guring . w FRSCBEET S FIt® 2 B eshBn e & Vs SR B B iRy BSA B gnal s
gener atspehdiy midier ineasitdrdatitednith B e nittRfimepelsaHowh. TH&3pindle motor _

2012/ 154410PCT/ US2012/ 035002 Referring now to Figure 2, a sectional side

vi ew ofinGludespGtationany eomeaneRartp ialatablecompaneat ciiaiébld t h one

ot atEir S R Hs SR ERb e SffBhah LORURER eI RRRRE . "
st abi onfeumatioeanine206 and adbfusteagdingl207ahdynbsiwedn. j our nal bearing 206 and

a thrust bearing 207 there between. In this exenplary enbodi nent, the
rot at abl e conponents include a shaft 202 and a hub 210. The hub 210

i ncl udes a di ¢ j - t i f heC pack
116 about ¢ 1 ToReeTEEy ETaen? 5 s0RRINE cotfodithit bkl i 2025 Po
backi r @mdzd Bular2d Oa Tregimett 220 éhcl@hes adistocaeriemgeater2i8t suppoaistthehed to a
peri phery . .of cki,ron 215, The ts.,21Q | act wWth t at or

b nal ngoiiian o F5 HISG heokal 9.akous doe SBoR 2026 TkesNaibe 54818 47 biiaad Ahe
magpet aiRdll Ry bREKf I3 aAg a%aghétam.aoﬂelowmé@magn@t% TRYareatiaherd as a
plurality of individual magnets That are spaced aboul the periphery of hub
210. The amegyipdesy ofiBackitonnignet i zed to formtwo or nore nmagnetic pol es. The

stationary conponents include a sleeve 204 and the stator wi nding 214
affi xed to the base 220. The fluid dynam c journal bearing 206 is

est abl i shed TRt wagRetsiel 6Sines et W4 assigior Ren@ing 21 4241chél to a base 220 to
cause the hub 210 to rotate. The magnets 216 may be formed as a unitary annular
15 ring or may be formed as a plurality of individual magnets that are spaced about the
periphery of hub 210. The magnets 216 are magnetized to form two or more
magnetic poles. The stationary components include a sleeve 204 and the stator
winding 214 affixed to the base 220. The fluid dynamic journal bearing 206 is
established between the sleeve 204 and the shaft 202.
20
According to one embodiment, fluid, e.g., lubricating oil or a ferromagnetic
fluid, fills interfacial regions between shaft 202 and sleeve 204 as well as between
other stationary and rotatable components. It is appreciated that the lubricating fluid
described herein is exemplary and not intended to limit the scope of the
25 embodiments of the present invention. For example, the fluid may include a
lubricating liquid or a combination of a lubricating liquid and lubricating gas.

In one embodiment, the shaft 202 and the sleeve 204 include pressure
generating grooves. It is appreciated that the pressure generating grooves may
30 include asymmetric grooves and/or symmetric grooves. Asymmetric grooves and
symmetric grooves may have a pattern including one of a herringbone pattern and a
sinusoidal pattern. The herringbone pattern and the sinusoidal pattern are operable



According to one enbodiment, fluid, e.g., lubricating oil or a
ferromagnetic fluid, fills interfacial regions between shaft 202 and sl eeve
204 as weWwbD 2ap/13¢tiveen ot her stationary and rotatabl e cecparsen2®3sobt is
appreciated that the lubricating fluid described herein is exenplary and

not intended to.limt the.scope of the 25enbpdi ments of the present

ovent i otes: s IR i 1R idEARInCreald) n iR wehdipm indellged Feipach:
conbi n@?,ﬁgmi@hig@ reB&ireadidehdidl GtiFfdegnd | ubricating gas. I n one enbodi nent,
the shaft 202 and the sl eeve 204 include pressure generating grooves. It is

appreci ated that the pressure generating grooves may 30 include asymetric

grooves and/o; i ; - r. 1 i rooves
Tay have a nopcBErEaled i8R EEre FRUMTED n ol BEHSBr@led IR iferd 00
pat 5er nhe $heaft 2eprrotxgdésecdoading tt oardrhibedisientsthe dhbft 02t fIpportsehe pebabl e

WO 2012/ 154410PCT/ US2012/ 035002 to induce fluid flowin the interfacial

regi on 419 ToF gepstept it e a 1 ocal i zed region of dynamic high pressure and
radi al stiffness. It is appreciated that pressure is built up in
each of its grooved regions when 5 the shaft 202 rotates. According to one
enbodi nent , b lbeeshxaiplag2erebpgiordrs, a Aeidneitcultionf path @08s$ &ormedthadugn.

I n one exenpl ary, enbodi ren fluid circulati pn path i s, farmed through
the T 2% 8198y 204 6 ichlete ahe Rluckfisgn he dedhel Redsledr M difng 206, The
flypd kQelragiBh datlPR0oRhAY B%S@VfrBHf e j8difal b@érr‘ir‘izd‘QOB RY 1! reBBAKIME 206 Vi a
the reservoir 212 contai'ned by fluid nmeniscus 227 Referring now to

Fi gur e cOntaingd by duicomgnissug@2¢i ew of a fluid dynanic bearing notor in

accordance with one enbodi ment of the present invention is shown. In this
15enbodi ment, the fluid dynam c bearing notor includes a |abyrinth

conponent 2Z&fadiry movito FiRurg13eeme séefond sthdvid@tef £fldid dynabB)ié bebhngi S
formed between the | abyrinth conponent 228 and the backiron 215. The gap

208 f ormeler Hya@%dammithmec@ﬁb@%imﬁntM@%pm&nb@wepti%jaﬁiwn-dnémiée,

oo oo e AR i oy AR (RBrTE O6r KRR, WiirpREESARGent 224 °
adjoining the sleeve 204. A gap 208, e.g., labyrinth, is formed between the labyrinth
component 228 and the backiron 215. The gap 208 formed by the labyrinth
component 228 dynamically adjusts in size, thereby reducing oil evaporation as the
temperature increases. It is appreciated that the fluid meniscus 222 may contain the

20 bearing fluid sealed therein. It is appreciated that in one exemplary embodiment the

gap 208 may be situated beyond the fluid dynamic bearing fluid and the meniscus
222 sealing the fluid dynamic bearing fluid.

The gap 208 may be accurately adjusted to a desired area, as described in
25 Figures 4 and 5 below. The length of the gap 208 may vary from 0 micrometers to 15
micrometers (a micro-labyrinth gap in one example). According to one embodiment,
the length is measured from the labyrinth component 228 to the stationary
component. In one exemplary embodiment, the length is measured from the labyrinth
component 228 to the rotatable component, e.g., backiron 215, when the rotatable
30 component is stationary with respect to the stationary component.

It is appreciated that larger gaps, e.g., labyrinths, may be established. For

example, a labyrinth gap of greater than 15 micrometers (um) may be established
8



20bearing fluid sealed therein. It is appreciated that in one exenplary
enbodi nent the gap 208 may be situated beyond the fluid dynam c bearing
fluid andwoheivemiilscus 222 sealing the fluid dynam c be&cirrnug2di08z02 The gap
208 may be accurately adjusted to a desired area, as described in 25

Figures 4 and 5, hel ow. The th of the p. 2 vary from.0

i or ot EreTE B EBSRB o T P HaekboR 205F s Gy e 8

Accor digtétidrarg Bemeahest. NEB tapptéBate8nBiha gap ERasNes @shrf 50 Readrdydbiat h
conponent 228 to the stationary conponent. In one exenplary enbodinent, the

|l ength is measured fromthe | abyrinth conponent 228 to the rotatable

component. e o 3% phe e ymetnE B PR PP RIEREIIo b8 Séald onary

with respect ionary corfponen ppreci a

| ar ger 29apss the. rgotorls@mer ITlhequalmﬂwbe@e habeﬂdlo is foee. in fpart texafopte creatédibyri nt h
gap of greater nm cronmet e %qu e established, WO

2012/ 1@14@9%0@9@&@ 88EodpediAne '%Pﬁt'%‘?é%@ﬁ?p%ﬁme@t , backiron

215, is stationary with respect to the stationary conponent. | tis
appreciated that a gap smaller than 50 umis achi evabl e. Accordi ng
to one enbodn laar&mbocﬂimdmhtthémpl 208 mcrgasasiialarga daeao theeotaurtdreesdfdsve 5204

th t lift of t b 210 d ' 1t f
o7 cat el e b £ o Rlesouit ré’qpeecﬂfos srigew 2041 o ppoieciaieditlbed as
f1 yohelby height ocbﬂrsaé\‘tér‘rfhé da g@@aae%sw.%ﬁaéem brib BX&ApAKE O

t he occurrence of fly en the ub 210 rotates with respec? to the
sl eeve epaQdiment, sthe@ppe’lﬂSabetwetenathe facing Sﬂrfacefeobiﬂme labwints ceMmpanenhe gap

bt veer 20 g FRRUBR Z2ds TR R MR eti L B R A6 TER2 1S e "Bacii r on
215 i s rggting eBvEtS (HEEIREVS 204, lt%épdﬂé@mté@mdl'#{?a%iﬁf 26 niiglontatees mealat i ve
to the sleeve 204. It is appreciated that a ga 20 micronmeters may be

est abl icsresiablishedquavidedithahiaerfiyyhaightyad mg)r@nﬁfoﬁ@ﬁﬂt%p@Vm%S@r evi ousl y
S€45  |abyrinth gap is 15 micrometers or less.

It is appreciated that gap 208 extending radially is exemplary and not intended

to limit the scope of the present invention. For example, the gap may extend axially.

20 The area of the gap 208 may change and adjust automatically and
dynamically as the temperature of the fluid dynamic bearing changes. In one
exemplary embodiment, the labyrinth component 228, a stationary component, e.g.,
sleeve 204, or a rotatable component, e.g., hub 210, move in response to changes in
temperature, thereby dynamically changing the area of the gap 208. For example,

25 the gap 208 adjoining the journal bearing 206 may extend substantially in the same
direction as the thrust bearing 207. It is appreciated that the terms area of the gap
208 and size of the gap 208 are used interchangeably throughout the detailed
description.

30 In one exemplary embodiment, the fly height changes as motor temperature
changes. For example, the fly height of the hub 210 is lower when the temperature is
higher and vice versa. The fly height is also related to changes in oil viscosity as

temperature changes.



15l abyrinth gap is 15 mcroneters or |ess. It is appreciated that gap
208 extending radially is exenplary and not intended to limt the scope of
t he presew0d 20rvismtioon. For exanpl e, the gap may extend a&xiraish¢12/0200he area
of the gap 208 may change and adjust automatically and dynam cally as the
tenperature of the fluid dynam c bearing changes. In one exenplary

enbodi ment, the labyrinth conponent 228, a stationary conponent, e.g.

sl eeve 204, |9bnd drabediming tﬁ@@@@ﬁbmaﬁcgly adjubtsZlong wammubnzfc@ﬁﬂt)@ﬁse to
changes in tenperature, thereby nam cal I’y chang mg]the area of the gap
n@ie i

208. F@s termepatere 25@“‘@95‘9&:}9" 208 dheioAg '$ redyasdr3d1igh LPpergtures when

ext end e t t
appr eciﬂgkbgé\s?@ar?@) he Heé?%}' Q\?gagf%gﬂht tﬁ% dé]%%g%g%tt angggisz“% %cﬁﬁ eé%%%ﬂg% ar e
used i nheirmheasshiliy evhporgionuatd. hEheleferel gdp 208aedpteiuid 3Whportien

exenpl ary enbodi nent, the flé hei ght changes as not or ter’g)erature changes.
For exdifhn &e flwg CWI”?”H%#’SH’E'” fnqtﬂ'e Reduong flud evaparalipie i kaECHIaHYer ature is

Ui Scosi EERbABITE SRy DIg, Hlitn b S eI Y R AR B TR E RS ' 1,
one enpodiilesnotors tee ¢@apmiad avatlawbiylof axdjl gaps. al ong with hub 210 [ift off,

as tenperature changes. For exanple, the gap is reduced at high
tenperatures when fluid evaporation is greater. As a result, the change in

t heggap si Z@&@W@Wk% Fidre 4t Bedriish Sﬁﬁ%@cﬂérﬁ’dl@ld@ﬁeﬁf&td fPtﬁldrd%ﬁmlc
Therefore, gap 208 reduces fluid evaporation fromthe fluid dynam c bearing

nmot or . bR@dingineiof Lnler prespureaini ageordanser witle Qnerelnybomrérent of ibve presenti scosity

ot or s RSB ¥ ohptRa T HE AP et BERRRGThb6F cucditaloralabie SR, Fi gur e

4, a pend #AuBU18. FTREHLBNAID Bitstes \Widive@best tb'aJSt@tldﬁﬁ@@lée\k@%Jl RSFiTRG @r
under pressure in accordance with one enbodi nent of gr esent invention

i s shoviid dyramichearagria andhadhiusgbasting 40F clAuted S@arfb? caplainshgr t 402
anqi5a %%rlﬁéqw The hub 410 rotates with respect to a stationary sl eeve 404
formng a dynam c bearing 406 and a thrust bearing 407. A fluid seal
422 contains the

It is appreciated that specific physical dimensions may vary within certain
practical limits without significantly affecting the functionality of a motor. Tolerances
may be specified to allow reasonable leeway for imperfections and inherent variability

20 without compromising performance. The present invention can reduce or eliminate
design concerns for component tolerance when establishing a gap, e.g., gap 408.
For example, embodiments of the present invention allow a smaller gap that may be
automatically adjusted to a desired and accurate area.

25 In one embodiment, a labyrinth component 428 is forced toward a backiron
415 until the two components become in contact. It is appreciated that in one
exemplary embodiment, the labyrinth component 428 may be forced toward some
other component, e.g., a stationary component or a rotatable component, in order to
make contact with the backiron 415. Any means may be used to apply the force. For

30 example, hand pressing may exert the desired force.

In one embodiment, the gap is established when the rotatable component,

e.g., hub 410, is stationary with respect to the stationary component, e.g., the sleeve
10



15bearing fl uid. It is appreciated that specific physical dinensions
may vary within certain practical limts wthout significantly affecting

t he functwonal¥tsys10f a notor. Tol erances nay be speci fi edTius2@Rloas002
reasonabl e | eeway for i rrperfect i ons and inherent variability 20 w thout

conpr om.Si er f ormance. ent i.nvention n reduce i at e
oo on Wnctienreray! BB RpB A STt Bee ok Fah 8 Se P ebions ety ®gap
408. Feoniporapk 828 eimeasidkebh St 16f of BRy BStaEMN of BiRiBhEBcathpeeris SIFRbher gap
that may be autonatlcally adjusted to a desired and accurate area. 25In one

enmbodi rﬁéﬁﬁOdl@enalﬂleQmpﬂn%@rﬁﬂﬁmrha%ZB’ ihe lalyrdda cosmangnh4Baekithe@cng unti |
t he tm%oﬂ%% ?mr?é/ (?&%drre in contact. It is appreciated that in one
| ary e n

exenp the | abyrinth conmponent 428 nay be forced toward sone
ot her conponent, e.g., a stationary component or a rotatable conponent, in
order to make contact with the backiron 415. Any nmeans rr&é be used to apply

the force. ﬁﬁcoﬁnﬁi%ﬁﬁﬁémb%ﬁ@em 488 iNHg W@?érr“?al%@ctsd exigy mithce.
In Oneﬁﬁg@%ém slebDE 49aRd tﬁeefﬁ%t%% ﬁ]@eq}h%%qlﬁ%ﬂﬂ% ALB248 |§BUBQﬁ'ent

e.g., I's stafionar ect to the stationary conponent
e.g., tdeettolfomes crtt\ﬂeﬁ(h;thiaahmB@ﬁflh@ﬁ@ﬂ/lﬁ&ﬁ(ﬁ)ﬁbd@memﬁeem@ﬁ t he gap

408 t | t ed t ol f t | 428,
the badieaResns ea s d Park e BeCESaTs Binan e it rumles Wi Peme
enhodi B sReGOMPANGNS a%ﬁréagté?ﬁﬁbt e ﬁ)hﬁelbﬁpdédd?& %ft@pﬂWWHOQ‘?SB or the

faci ng conponent may occur. Accordi hg to one enbodi ment, the hub
410 dyresitisied Iapdlestabilstmdabalme gxeplary egpediment, atgaps4 Qb sige ad abast Hhe

by ¢ ne THRICPERE G kB exppisnRY A B R0 FordleR JebBEb e sleEaRA orea”
due to |t |b%dgrefcuat@dqhtat & lgab NECHT 5 MbRMteRs bl beodsbBifsheldt proveieaarat 40t o
the sl eeve S a%grem ated that the fly height occurs after the gap

408 i s fydjaightes Sanigrerse $aaﬁajpravwwhes@mws&m@%@tﬁrﬁedtls a gap 408

o138, PR MEATR 1Sy R DTSl OB AER Hinchgtogerci o e

ni cr onespeing bmk dia fasmgtﬁdmdfmdarmr dtnec@;b 4m&ma@( Bd adjhetegiltb dreafer mrnarr et ers
and a previously set a m crometers. It is 15@_Pgre0| at ed that t he gap

may be TBICTQIREIYS. At dRstr ga%wdfltbrret%n%&l?wﬁ%é 39 EMRPAIAER 81€ a
e L S T A et S LN
enbodi rstaittonarheomponent and/or a rotatable component.
20
Accordingly, the gap automatically adjusts as the hub lifts off and as the
temperature changes. Thus, the gap is reduced at high temperatures when fluid
evaporation is greater. As a result, the dynamic change in the gap size for reducing
fluid evaporation rate from the fluid dynamic bearing motor. Reducing fluid
25 evaporation is particularly useful for low viscosity oils. Furthermore, reducing fluid
evaporation is useful in low profile motors due to limited availability of axial gaps.

Referring now to Figure 5, a portion of a sectional side view of a fluid dynamic
bearing motor under pressure using an adjustable gap setting device in accordance
30 with one embodiment of the present invention is shown. The fluid dynamic bearing
motor includes a rotatable shaft 502 and a hub 510. The hub 510 rotates with respect
to a stationary sleeve 504 forming a fluid dynamic bearing 506 and a thrust bearing

507. A fluid seal 522 contains the bearing fluid.
11



gap 408 is established by placing the | abyrinth conponent 428 in contact
with a stationary conponent and/or a rotatable conponent. 20 Accordingly,
the gap awoanetiseably adjusts as the hub lifts of f and &€Ttuseoieser at ur e
changes. Thus, the gap is reduced at high tenperatures when fluid
evaporation is greater. As a result, the dynamc change in the gap size for
reducing fluid evaporation rate fromthe fluid dynam c bearing notor.

Reduci ng fl uyiid apprecaRidahbPihel Smbaditdhid of the preeknl mt/@ﬁt.drpm ylréégééty oi | s.
Furthernore, reducing fluid evaporation is useful in | e notors due

to | i mdesirasanaesns fqrtoprrmor@at tnlegase when establishing iadgbyfmkhtg@pﬁ%re 5 a
POr | Ofhetly B BAERBOBBK 2L O] sTLHAGlRRMIE DeanyipgroLor nder

pressure usihg a gap settin evi ce I n accordance 30 with one
enbsdi reembodifnehtigalpyretie cbrmiponent 528 ig mreéwmarahaebéctmm ShBiaging abgeRy | ng

nmot or i ncl udes a rot atabl e shaft 502 and a hub 510. The hub 510 rotates
with r SSHES d\ice93Pat i onary sl eeve 504 forning a fluid dynanic bearing 506
and a thrust bearing 507. A fluid seal 522 contains the bearing fluid. WO
2012/ 154410PCT/ US2012/ 035002 It is appreciated that the enbodi nents of the
present i nvélite gap seljing edvoe Ssisgrseddoestatsishdhe Mbwhﬂegapﬁ@Bdaﬁween\Ahen

bl i _shi I bec 508 bl
Gos r ol BIRPYEREL FaBORP A S2 e the GG RBY ot o APRRR PRE b SR 528 i <
fonged sbﬁi’l‘@fGb\ﬁcé’é%'rﬁé’gﬂalééfbé{%éwtoaeéﬁﬂ@ﬁhb'Ié‘@yrﬁﬁ’l"’{'g‘éﬁ 5080betheendne

setting device 550 is used to establish the Iabyrinth gap 508 between the
| abyr i wrmcweanﬁ&addmammmntle gi, éhagkaeezeﬁ@ﬂedrahat t he

205 peraEUPER A d - B el it A RE a6 8
the sl gewihPdehic®b50 i@ IR HRORESibn eXtehding b@ycmd)trféhabymmtht hi s
exenpl ary enbodi nent, theﬁgthehsettl ng_devi ce 550 includes a

pr ot r uSPBIPaRENE AP Mg ddeyard heaeacidioprd . hTeo p SReian S peaale DRaRbIERe
bagki r 9fe BhRrinft§ap '5B8P I i dPpréSiafdRahaPing 1hP&EbAN bxdhplary and not

intended to limit the scope of the embodiments of the present invention. For example,

a plate without a lip may used.

In one embodiment, the gap setting device 550 applies pressure to the
20 labyrinth component 528 toward the backiron 515. The application of this force
ultimately causes the gap setting device 550 to contact the backiron 515. Thus, the
gap 508 is formed between the labyrinth component 528 and the backiron 515. After
the labyrinth gap 508 is set, the gap setting device 550 may be removed.

25 According to one embodiment, the gap setting device 550 applies pressure to
the labyrinth component 528 toward a stationary component or a rotatable
component until the gap setting device 550 becomes in contact with the stationary or
the rotatable component. In an embodiment, the labyrinth gap 508 is established
when the rotatable component, e.g., the hub 510, is stationary with respect to the

30 stationary component, e.g., the sleeve 504.

Any means may be used to apply the force. For example, hand pressure may

exert the desired force to the gap setting device 550. Applying force to the gap
12



15t he I abyrinth gap 508. It is appreciated that the lip portion is

exenpl ary and not intended to limt the scope of the enbodi nents of the
present iwoentyiBmioFor exanple, a plate without a |ip mrgTOSed2/08390DNne
enbodi ment, the gap setting device 550 applies pressure to the 20l abyrinth

. . he, backi 515, i cat i f this,f
ot P e BB el it e PO Bred ugBEVEEh Bhtnde 828kt on s15.
Thus, tAt%o&ﬂﬁgliQ&é srebh@RE |sknetgap BOslighyf lirmitdd t@g eaMend &fe@ifidet he

backiron 515. Arter the labyrinth gap 508 is set, e gap setting device
550 mayPf e ledypnthucomparetraditn ¢he badki@ncdiio @irreratable s Stpijenast t i ng devi ce
550 ap I'ﬁﬁ: ressyr - yEi . stationary
conponFeyH orn%g%?o a a‘% @%@gh"lﬁ%ﬂe%t&hﬂ??ﬁ%rﬁ?%@ﬁ@%;?gég%’wﬁ%bg”ﬁ@e 550 becones

i n §ontcaeiporenh 5PBegirat tngay settingtuevicy 85@hiay ssomponent. I n an
enbodi ment, the labyrinth gap 508 is established when the rotatable
conponent, e.g., the hub 510, is stationary with respect to the

30stati onar W@%%Hgagen%@eis %(LI%I 1 BRYGisBiMbe SN tﬁ‘@%b?ﬁiﬁﬁﬁ’c&ﬁp&z&@ to

apply the force. d pressure nmay exert e desire orce to
t he gapp28dbtthadadkivore 515%6r. toApplagiongryf arrotateblet doengapEent)hen the

2012/ 154410PCT/ US2012/ 035002 sett.hg%sdevi ce 550 transfers the a]EpI i ed force
to the rP?i%?'?ﬁPH‘F{%WHBﬁeﬂ? @3y VKL ESHE RGO N S oREE, CBMPOREN: aBy&t h gap

50§01 s dibodifmnt, aHe PabFPIPEAS B08!SLBLANSRe isthhée R YR BhP seaimgonent 528,

the backiron 515, or rotatable or stationary conponents. |In one enbodi nent,
a conpdisyite 3t exigndabktwsen fasingpyifacastof3he tapsiméncobpenaghkd2d and ke gap
setti ng) %%V%rﬁ]% 50 may occur. The | abyrinth gap 508 is equal to the
di st anc& Y’ the | abyrinth conmponent 528 to the backiron 515 (or to a
stationary or rotatable conponent) when the rotatable conponent is
stationary wth respect to the stationary conponent. In one 10enbodi nent,

t he | abyri nthlagxpntogan ef legadnan 30 Mmerametesne@yireestahishagbetweenrige

15 facing surfaces of the labyrinth component 528 and the backiron 515 when the
rotatable component e.g., the hub 510, rotates relative to the stationary component,
e.g., the sleeve 504, and when the facing components lift apart. It is appreciated that
a labyrinth gap of less than 20 micrometers may be established between the facing
surfaces of the labyrinth component 528 and a stationary component, e.g., the sleeve

20 504, or a rotatable component, e.g., the hub 510. It is appreciated that setting a
labyrinth gap size of less than 20 micrometers is exemplary and not intended to limit
the scope of the present invention. For example, the labyrinth gap may be set to

greater than 20 micrometers using the gap setting device 550.

25 The labyrinth gap 508 is established by situating the gap setting device 550 to
establish the labyrinth gap 508 between the labyrinth component 528 and a
stationary component, e.g., the sleeve 504, or a rotatable component, e.g., the hub
510. In an embodiment, the labyrinth gap 508 is smaller in area than can be
provided if component tolerance were a design consideration.

30

Accordingly, the gap automatically adjusts along as the hub lifts off and as the
temperature changes. Thus, the gap size is reduced at high temperatures when fluid

evaporation is greater. As a result, the change in the gap size reduces the overall
13



devi ce 550 extends between facing surfaces of the |abyrinth conponent 528
and the backiron 515. A labyrinth gap of less than 20 m croneters may be
est abl i she0d 2bemsean t he 15 faci ng surfaces of the | abyriporhiScanpsivent 528
and t he backiron 515 when the rotatable conponent e.g., the hub 510,

t at lative,.to the stati. t : the sl 504.. d
when 1 N Tt BidR puR GRS i B inbaie BeANSG ol RenlieBa T Yararang e
gap of rh&pbetudaful 28 16WONiSEBRIGI0s NBYrte nRsre AR dugiecrl he tenaporatiba rhag beg
surfaces of the Iaba/rl nt h conmponent 528 and a stationary conponent, e.g.,

t he sl ¢sedil a0kyvprajile mateisugbiodinsitehavrilability ofaxiat g@Pkhub 510. It is
appreci ated that setting a labyrinth gap size of |ess than 20 mcroneters
is exenplary and not intended to Iimt the scope of the present invention.

For 5exanpl e ,Réfbeingaiow taFiguga B, aeyecbad settidmal gidaview dfafuidymaotionet er s

using the gap setting device 550. e |l abyrinth gap 508 is established by
[ hg i devi 550. 25The | abyrinth 508 i bl i shed b

si t uat i0eGrDEENQYRp INsBEFArdgNeRWItE ONeseMbedigary B thgrrasent BygPiion s gL 08

bet wee - I WW td MR Wk, the

sl eeveﬁgﬁ@%??ééﬁ g?ab e conﬂgﬁéﬁ??%gpgat,%l?hée ﬁuE)O?S?L@aTBI n an1%§rbrf)bdi ment ,

t he | alhbi eitthrajates 308 respsotiol @stationarnesieeven 04 dorntieg @rfavd dgdaimic conponent

t ol \ desi id [ .30 A dingly, th
ot oo B bet iR ASERESAET L ot Beeeon PSR 0 bk B2 v o
chapgesnerBiis, the gap size is reduced at high tenperatures when fluid

evaporation is greater. As a result, the change in the gap size reduces the
overall 13 WD 2012/154410PCT/ US2012/ 035002 fluid evaporation rate of the

| ow vi seoal ¢3RS Ta G BREls aWEA ERlabiis iy (B GBE5 R Pl BBl HRE tfser o1
in | owgesefibb® witrespestus Figurth i 45 RV thRbémbbilinféntamieabotaapie. SReferring

now to Figure 6, a second sectional side view of a fluid dynam c bearing
not or ICAMRAGNEBe the DHD 618, isniationany i respectipdbe statiangen EPBRONENIs hown.

ngstl g Shealkle BBAT BRI, d BBYHR i 82aDetdflds Atonthd i ub

610.
a backiron 615.

According to one embodiment, the hub 610 dynamically lifts up axially with
respect to the sleeve 604 as the motor spins. The axial lift of the hub 610 is due in
20 part to forces created by the thrust bearing 607. In one embodiment, the labyrinth
gap 608 increases in area when the hub 610 rotates with respect to the sleeve 604
subsequent to establishment of the labyrinth gap 608.

It is appreciated that the labyrinth gap 608 size between the facing surfaces of
25 the labyrinth component 628 and the backiron 615 may become less than 20
micrometers when the hub 610 rotates relative to the sleeve 604. It is appreciated
that the labyrinth gap 608 extending radially is exemplary and is not intended to limit
the scope of the embodiments of the present invention. For example, the labyrinth
gap 608 may extend axially. It is further appreciated that the labyrinth gap 608 being
30 situated below a fluid seal 622 is exemplary and not intended to limit the scope of the

embodiments of the present invention.

14



hub 610 rotates with respect to a stationary sleeve 604 formng a fluid

dynam c bearing 606 and a thrust bearing 607. A fluid seal 622 contains the
beari ng fwoi2di1216441er ei n. A labyrinth gap 608 is dyoanisec@kiogsoazij ust ed
to a desired and accurate area (as described with respect to Figures 4 and

5). In this enbodinent, the rotatable ¢ onent, e.q.,. the hub 610, s
o) ati onary R bdGote 94 i eriee B SOUBEE et atut 2handes dNeienks e
604. Aceaipbnidlidg fér dribvtiddst if OTRYABBEatRAGake a9 tEBpeatGrenhe@iasebt h a
backi ron 615. According to one enbodi ment, the hub 610 g%ilnam cally

i fts dforgeiver the gepiadjusipasthe ubhiéls Siffe dpen sultathe gr0 fisther re@iges thehe
axi al | j.f 610 is due in 20 part to forces created by the

t hr ust dt')leef';lvrai?)];?grgétg’%# ‘'n one enbodi nent, the labyrinth gap 608 i ncreases in
areg when the hub 610 rotates with respect to the sl eeve 604 subsequent to
establishment of the |abyrinth gap 608. It is appreciated that the

| abyrint h gdpnBe@manie descrleeth Raiein aaynfeduser QE cavaporatipn Nehilea FRAUCHI
compon Ki - | &s i s when
Fhe huBChED S, PAFERecPlp SR BEARRg b8 MORE, Rt BOREEERLT (e

| abyr i renhbagimetE8maytreddcenqil esdpaiatipn ias tergepdtare irengbses. not i ntended to
limt the scope of the enbodinents of the present invention. For exanple,
the labyrinth gap 608 may extend axially. It is further appreciated that

t hegl abyri ntihORPe RISy BBESDRIPS FdriilrBEs 8t 8XpiandtidH, haSalentdescribe@itiP! ary
and not intended to ITmt the scope of the enbodi nents of the present

i nvent ireferencabospetificcembodioenisAddaweoas o illnsitative digtyssionalpaye are

mer oadRinfeBitd R B8 sReb Serarty il FETpEFRln QM eCRELSMSE0sRS” R
gﬂo ngl\gﬁr?%ﬂ@gri]ﬂdragggybgbivfaifiéti@’ﬁsf are"possitilesnview bhwedfiovelehbgings educes t he
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Enbodi nents descri bed herein may reduce oil evaporation while reducing
power consunption with respect to a fluid bearing of a notor. Mre

parti cul awbyp12érsipadi nents may reduce oil evaporati on asPCEMSRN1AEI062

i ncreases. 10The foregoing description, for purpose of explanation, has
been d@{:}&l'bgd with reference to specific enbodi nents. However, the

il lustrati di scussi ons above are not intended to be exhaustive or to
limt the invention to the precise forms di sclosed. Many nodifications and
variations are possible in view of the above teachings. WO

2012/ 154haopCitainszd B2/ 035002 CLAIMS What is Cl aimed is: 1. Afluid
bearing notor conprising: a stationary sl eeve; a backiron; a hub
coupl ed to said backiron, wherein said hub is operable to rotate with
respect to shid X Atidsarngshewyeonmprding: a gap form ng conponent
attached to said stationary sleeve and form ng a gap between said
stationary <9 8@WeNaRYPEI8AY]I backiron, wherein a size of said gap changes in
response to g &%h:1n tenperature. 2. The fluid bearing notor as
described in CCaim1, wherein said hub dynamcally lifts up axially
responsi ve tahhblcoupledttosajd backindmne mbienein siail Bulz & opersbledtogapatdywitn cal |y

i ncreases i(g res%gése to axial lift of said hub. 3. The fluid

bear i ndEPRADIO §8'IRIGUONFYF'GEGYECPAIm 3, wherein said axial lift decreases in

response to Rfhap REGHAAS Bohipdn@APERAEHEEo said statioﬂaQ/Tgl@ef/é dhd f@ﬁﬁihg@ ot or
as described in Caintl, wherein said size of said gap Is reduced in

r espong@ptketweensaicksiagonaryt iega andisaid backironswhgren fl sgelobsaidigay not or as

bt woer €p8e BhAePlRe K BaofS i T Jec) cover o 710" PR TOMTES

2. The fluid bearing motor as described in Claim 1, wherein said hub
dynamically lifts up axially responsive to hub rotation, and wherein said size of said
gap dynamically increases in response to axial lift of said hub.

3. The fluid bearing motor as described in Claim 3, wherein said axial lift

decreases in response to an increase in temperature.

4. The fluid bearing motor as described in Claim 1, wherein said size of
said gap is reduced in response to an increase in temperature.

5. The fluid bearing motor as described in Claim 1 further comprising

a fluid circulation path formed between said backiron and said stationary sleeve.

6. The fluid bearing motor as described in Claim 5, wherein said fluid
circulation path is operable to remove air from a journal bearing formed by said

stationary sleeve.

7. The fluid bearing motor as described in Claim 5 further comprising a

seal operable to contain a fluid within said fluid circulation path.
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6. The fluid bearing notor as described in Caim5, wherein said fluid
circulation path is operable to renove air froma journal bearing fornmed by
sai d st atwornarzyisgiieeve. 7. The fluid bearing not @ecTas2dessioobed in
Claim5 further conprising a seal operable to contain a fluid within said

bear i ng. motdr as B0 BEETA NGaT A SSSGIRbTCEANd  J45'7E 9 ABR Sixial 1y,

9. The fgimédlakiafyi ng nmotor as described in Gaim1l, wherein said size of
said gap is less than 50 nicroneters. 10. A fluid bearing notor
conprising: a first conmponent; a second conponent operable to rotate with

respect 10 Sl 4 e BIANE Mot A descrined ) S, HgefARiggmRIgeNt

coupled to sdid firs ereirn sal d adjust gap component

fornms aaghgapid less dhagh semod)m@t@rmnent, and wherein said gap changes in
Si ze responsive to tenperature change. 11. The fluid bearing notor as
described in Claim 10, wherein said gap decreases in size responsive to

t enper at ur e 4igncr eag ina.m Bt bearing notor as described in
Cl aim 10, whlgr ein sgf’abeé'é'é‘gi s8 Oé:sgg tpLg'n ggo m croneters. 13. The fluid

beari ng not a fist cdeponebed in C aim 10, wherein said second corrponent I i fts
up axially res ve to a thrust hearjn r
tPura bear i rySaeHTEr CorabRadht HsabIE 0 e atemits reRmestap Saish i SheRmPoBEt i {1 of

sai d seg@nd conponent changes responsive to tenperature change. 15.

The fluid bearing notor as described in Claim 14, wherein said anmount of
said |ift deureadigstablegppeomponent ceugled & aaid firsicearapenent, wherein said

adjustable gap component forms a gap with said second component, and wherein

said gap changes in size responsive to temperature change.

11.  The fluid bearing motor as described in Claim 10, wherein said gap

decreases in size responsive to temperature increase.

12.  The fluid bearing motor as described in Claim 10, wherein said gap is

less than 50 micrometers.

13.  The fluid bearing motor as described in Claim 10, wherein said second

component lifts up axially responsive to a thrust bearing during rotation.

14.  The fluid bearing motor as described in Claim 13, wherein an amount of

lift of said second component changes responsive to temperature change.

15.  The fluid bearing motor as described in Claim 14, wherein said amount

of said lift decreases responsive to temperature increase.

16. A motor comprising:
a stationary sleeve;
a shaft operable to rotate with respect to said stationary sleeve;
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16. A notor conprising: a stationary sleeve; a shaft operable to rotate
Wth respect to said stationary sleeve;, WD 2012/154410PCT/ US2012/ 035002
a hub opewable/tsetinotate with respect to said stationar PC3IuSene/ 08302 esponse
to said shaft rotating; a backiron affixed to said hub and further affixed

to said shaft; and an_adj ust abl e. gap_f.orm ng caonponent attached to
sai d st ati orfuyb SPempe o Alal W EEPE T S il ity BIBYRTE eiasBRURt 1 or o
a gap keidewdart ERbthgt ationary sl eeve and said backiron, wherein a size of
sai d gap changes in response to said hub rotating and in response to

a

t enper at ur e &haekjeon affixed to sFid hpheanmbiusthes affiesdpiseidishaft;@nel m 16, wherein

said hub |if [ i i id size of
said gap i nc%@%@gg%heabgeé[@ﬁ@@g t% ghg)ﬁtﬁght %ﬁ%?{eﬁms%ﬁ% s%@ﬁ%ﬁslé@bé{l& The
nmot or  aghafercsdidh adjustasle gam fdtmingleongonesaifolnisid gabfdetwepn 8alddtationdrgn sai d
hub rotates, and wherejn axjal |ift of said hub decreases responsjve to

t enper SEAVE anLpaidLackiron, whergd a-pize ¢lpiaid 98B GHBBELS HLEESPRNEE &9 Arids,

wher ei i, %34 tﬁ‘fgzﬁ'] £ i i sponse to tenperature
i ncr easéﬁ){w:!a cg_n ’%ﬁggrﬁ@ﬁg@eﬁ@@?."@ﬂé?n Claim 16, wherein said size
of said gap is less than 50 m croneters.
17.  The motor as described in Claim 16, wherein said hub lifts up axially
when said hub rotates, and wherein said size of said gap increases in response to

axial lift of said hub.
18. The motor as described in Claim 16, wherein said hub lifts up axially
when said hub rotates, and wherein axial lift of said hub decreases responsive to

temperature increase.

19.  The motor as described in Claim 16, wherein said size of said gap

decreases in response to temperature increase.

20. The motor as described in Claim 16, wherein said size of said gap is

less than 50 micrometers.
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