; e3ePkPhT: &6t TKT. FLU D BEARI NG EQUI PMENT FI ELD OF THE | NVENTI ON 11
February 2004 The present invention relates to a fluid bearf pebragty 20mant

for use mmmmmm aut omat i on system and an audi o vi sual system
BACKGRQU ENTI ON Fl ui d bearing equi pnents are generally used in
Totary head qulggnders for tabletop VIRs and canera-incorporated VIRs, in
pol ygon scanner notors for |aser copiers, and in recording nedrunrrotatron

drivers fmmwmmmmwmwmmsk devi ces aftPBRIEEGATEONevi ces. Specifically, the

hard di sk e higher nmenory capacities and higher data transfer

Thi's r%&U|res a disk rotating device for use in a recording
apparatus of type to be capabl e of high-speed and hi gh-precision
rotation. To this end, a fl uFLUIPaBEARBNGI ERBRPMENTII scl osed in U S.
Patent No. 5,504,637 is used for a rotary main shaft of the recording
apparatus. The fluid bearing equi pnent has a construction as shown in Figs.
6 and 7. The fluid bearing equipnment includes a stationary 1

FIELD OF THE INVENTION

The present invention relates to a fluid bearing
equipment for use in an office automation system and an audio-

visual system.

BACKGROUND OF THE INVENTION

Fluid bearing egquipments are generaily used in rotary
head cylinders for tabletop VTRs and éamera-incorporated VIRS,
in polygon scanner motors for laser copiers, and in recording
medium rotation drivers for floppy disk devices and hard disk
devices. |

Specifically, the hard disk devices have higher memory
capacities and higher data transfer speeds. This requires a

! disk rotating device for use in a recording apparatus of this

type to be capable of high-speed and high-precision rotation.

To this end, a fluid bearing equipment as disclosed in
U.S. Patent No. 5,504,637 is used for a rotary main shaft of

the recording apparatus.

The fluid bearing equipment has a construction as

shown in Figs. 6 and 7.

The fluid bearing equipment includes a stationary



11 February 2004 shaft 1 and a rotary sleeve 2 supported around the
stationary shaft 1. The stationary shaft 1 has a proxi mal endehivapd2do a

| ower casing 3. Hard disks 4 are fitted around the rotary sl eeve

. Dynanmi c

pressure generating grooves 6 are provided in an outer circunferential
portion of the stationary shaft 1 in a radial-side dynam c pressure
generating portion 5 defined between the stationary shaft 1 and the rotary
sl eeve 2shaftt ht andapy romagst Sliesve 02| SURPPEERED Ananng (ke aftaRdCBR e
stationary shaft 1 by an extension shaft 8 fornmed with a nmale thread
portion ghafit ehdedThet Btekdostanty alzaft shahesla Prexismady yerd ebixed ks @
recessed portion 10 provided in association wth the stationary thrust

pl ate 9.ldweppeasingoB.t h8arecesisit pbrarenfifted aemnoura Ithel nsedrpy a
rotary thrust plate 12 which has at its center a center hole 11 of a

di aneterslgewé €2.t han the outer dianeter of the extension shaft 8. The
rotary thrust plate 12 is fixed to the rotary sleeve 2 by a screw 13. In a
thrust-si de dynajfami&ssressgeregRindxhtinid i groddedeti aee Iprduviadedcessed
portion 10 of the rotary sleeve 2, the stationary thrust plate 9 and the

rotary tay usitdd ot rddmf A¥BANI @ IPERSSUH En OSNCERE | BEalionas Khafl® Brén
provided in upper and | ower faces of the stationary thrust plate 9. The

thrust - §f dey SYANE LaP! @9AHME cOPRVAIrY JeHérAPidd BBEtilR 3 defined

between the stationary shaft 1 and the rotary sleeve 2.

A stationary thrust plate 9 is attached to a distal

end of the stationary shaft 1 by an extension shaft 8 formed

with a male thread portion 7 threaded with the stationary

shaft 1.

The rotary sleeve 2 has a recessed portion 10 provided

in association with the stationary thrust plate 9. An opening

of the recessed portion 10 is virtually closed by a rotary

thrust plate 12 which has at its center a center hole 11 of a

diameter greater than the outer diameter of the extension

' shaft 8. The rotary thrust plate 12 is fixed to the rbtary

sleeve 2 by a screw 13.

In a thrust~side dynamic pressure generating portion

14 defined by the recessed portion 10 of the rotary sleeve 2,

the stationary thrust plate 9 and the rotary thrust plate 12,

dynamic pressure generating grooves 15, 16 are provided in

upper and lower faces of the stationary thrust plate 9.

The

thrust-side dynamic pressure generating portion 14 and the



11 February 2004 radial -side dynam c pressure generating portion 5 are
filled with a lubricating fluid. A stator winding 17 is di $ppepdiafrzopad a
proxi mal end portion of the stationary shaft 1 on the |lower casing 3. A
magnet 18 is provided on an inner circunferential surface of the rotary
sl eeve 2 as opposing to the stator winding 17. The extension shaft 8 is
fixed to an upper casing 19 by a screw 20. In the fluid bearing equi pnent
havi ng t badaboresaied Ganehi¢iChi @8sulrbe geavet atiisks Hont fonobabee &iilddd gh
speed via the rotary sleeve 2 in a seal ed space defined between the | ower

casi ng 3yapd ghguggggéggﬁqnglggdupon energi zation of the stator w nding
17. The rotation of the rotary sleeve 2 about the stationary shaft |, punps

the lubricating il Wid3Q thidtaide 19t 8EYdskBBLRd HBUAR At B HxDABLCRMHAC!
rotation. The dynam c pressure generating grooves 15, 16 in the thrust-side

dynam c §5§§§85e0%e%|€¥%€§%f§5é%§n%§$fttﬁog&pem%:qgﬁ%fi@agigba@qtigp i's

given théreto in a general ly have an arrangenent as

0 5 ooek el 0S50 SRRLARS B8 ER LRUDL) £2L LA o505 4904418 %he M1

C ‘pressure genera grooves are provi

herri ngbone gropoves 22 arr ed circupferentiall L Qnary t t
plate 9 5 esg8§ﬁr?’nsél’e§.ve8.af%? i%%p‘g%%gnElgnléigp?égg{t%#ﬁfﬁ%g%}égr?ngoﬁrglés
grooves is located {n_a . 11_February_2004_radi al |y mddl.e posiii of
the thr u%’t‘tgpﬂéoayﬁbﬁif& %re’s%ﬁ’ex%%n PafPnyPps tic%r#lq—glmgek?? %h%%gg,r esai d
arrangenent has the foll ow ng drawback. The fluid bearing equi pnment of this
type, whilh is adapted for high speed rotation and has an open portion on

t he upper side of the thrust-side dynam c, pressure generatin ortiopn,
sufffers froma ukpgtBedémBdic baad gmﬁthgm?BBrLEX&H&;&%%H%%#%@??%%Ie to
| eak out of the thrust-side dynam c pressure generating rti.on due.to,
vari ous @RSeBEUGHEAN a§hendra¥d 4&$bﬁsfoﬂr6frgﬁét ﬁ?xéﬁhtﬁql%ﬁﬂengla
bubbles (air) in the_ lubricating fluid which may accur. when the tenperature
of the |the|Eatany SLEEVEr idN ArieRleleSBACRhERIERELRRRGR R used in
a high tenperature environnment, and a variation in the anount of the

| ubri cationer | ceeingadgead whe URPREYEHFERT bY BPANs SERKSLZatEPn of
excess of the charged lubricating fluid). It is therefore an object of the
present theestaborteipdanigdd7a fluid bearing equi pment which is free from

| ockup or seizure of a bearing which may occur due to a deficiency of a

| ubricating fl uithevheotahéosqoifpredie datagiersteevat 2aakPyh tHe€ati on speed
in a high tenperature environnent, or to at |east provide a usefu

al t er natstvettonatye ghaftadt pubps the lubricating fluid so that the

rotary sleeve 2 can mainiain non-contact rotation.
The dynamic pressure generating grooves 15, 16 in the

! thrust-side dynamié pressure generating portion 14, though no

specific explanation is given thereto in U.S. Patent

5,504,637, generally have an arrangement as disclosed in

Japanese Examined Patent Publication No. 59-45844 (1984).

More specifically, the dynamic pressure generating grooves are

provided as herringbone grooves 22 arranged circumferentially

of the stationary thrust plate 9 as shown in Fig. 8. A line

23 linking apices of the herringbone grooves is located in a

3



11 February 2004 -5 SUMVARY OF THE | NVENTI ON The present invention provides
a fluid bearing device 5 conprising: a stationary shaft havi pgbapr 2004mal
end fixed to a casing; a rotary sl eeve supported rotatably about the
stationary shaft and having an open portion provided adjacent one end 10
thereof in association wth a distal end of the stationary shaft, the open
portion hay di anerer qgreater tha di aneter of .the stationary shaft,
the rotar y\gsalrégea\zlielyh%dtr?g‘eaﬂmoglftte’rorbi?‘gu eer@ﬁ’é StoS WAECAYA2MESd PRERSIIT S s
attached; ationary thrust plate of a disk shape having a 15
through-ho%g%%faﬁﬁggcﬁﬁfgﬁcﬁhd attached to the distal end of the stationary
shaft, the stationary thrust plate having a | ower face opposed to a bottom
of the open portion of the rotary sleeve and an outer circunferenti al
surface opposed to an inner circunferential surface of the open portion; 20
an extension shaft having a proxinmal end threaded with the distal end of
the .stationary sha=t thereby fixing the i stationery thrust plate tO tile
stationary shaft 2oY&Ver,otbsaferesaid| arsangenentskashipe fioltlewvimg t he
open portion of the rotary sleeve and having at its center a 25
t hr ough- hdPEB¥PESKigh whi ch the extension shaft era ends, wherein a dynamic
pressure generating groove is provided in a radial-side dynam c pre=sure
generating portio e ReaminsutesuipTenthief chkial typet i vhich tle
stationary<fhaft %ﬂgian inner circunferential portion of a center hole
formedd 3*93P%a% drAFT | SRARE IR OP ARK N cahr eBenr pogbhenaonnghe
groove is provided in a thrust-side dynam c pressure generating portion
def i red e 5Gs P F Rl d] ARG RFRTSYT DI €RETABRNGNNET
circunferenti al surf%ce of the open portion of the =otary sl eeve and faces
of the roPSFT S eefEiE556sdd Fo & MR iGus [d5ReRit 4R ekt ctheherein the
radi al - si de, dynam.c pressure generatin portion and the thrust-side
dynami ¢ pg8§§éF8tégﬁeFZPPﬁglﬁoﬁﬁﬁgﬁeth 3@@Wé@qﬁiﬂfz¥qqﬂﬁhﬁﬁﬂq7ﬁfq¢uid,
?ggfgg? ;g§ngﬂkkogkggsg§gr%gggggtﬁggsggkigbgddugzt d%a%%%u;dzgdggi(ﬂgch'
as thermal expansion of the lubricating fluid or bubbles (éir)

in the lubricating fluid which may occur when the temperatufe
of the lubricating fluid rises during use or when the
equipment is used in a high temperature éenvironment, and a
variation in the amount of the lubricating fluid charged into
the equipment by a dispenser (i.e., an excess of the charged
lubricating fluid).

It is therefore an object of the present inventicn to
provide a fluid bearing equipment which is free from lockup or
seizure of g bearing which may occur due to a deficiency of a

_lubricating fluid when the equipment is operated at a high
rotation speed in a high temperature environment, or to at

least provide a useful alternative to the pricr art.



wherein dl is an dianeter of a rotary-thrust-side 10 portion of the
thrust-side dynam c pressure generating portion, d2 is an pufFerudiyatgder of
the stationary thrust plate, d3 is a dianmeter of a maxi mum pressure
generating portion of the dynam c pressure generating groove provided in
the thrust-side dynam c pressure generati-fg- portion and 15 d4 is an inner
di aneter of the open portion of the rotary sl eeve. 11 February 2004 7 _
The present invention further provides a fluid bearing device conprising: a
solid stationary shaft having a screwbore far 5 screwi ng an extension
shaft thereto and at | east one fixed end and a rotary sl eeve supported
rotatably ab8U¥Mike @F afHBNIFYENWLGN , adapted to punp a lubricating fluid
between the stationary shaft and the rotary sleeve for noncontact rotation
t her ebetween 10 wherein (1) the stationary shaft has a stationary thrust
plate, (2) the ratle ypsteene Havemtrenegsed ipled i on fdefiidnaskdnsidacésvice

t her eof opposed to upper and | ower faces and an outer circunferential
surface ~of ?%EPE&%Hﬁgnary thrust plate, 15 (3) a dynam c pressure
generating groove i sthPidnkadi alrsirde HyRaE C apr $SSHI B2 peRekat § Nk POk LI O
defined by an outer circunferential portion of the stationary shaft and an
i nner circun¥&y¥Enti al portion of a center hole fornmed in the rotary sl eeve,
30 (4) dynam c pre re.g ratli S i tsi de .G
pressure gener at ian;r%ES? i%g(é g’%i %gggg?/e%‘ ergﬁg%%%ln régéﬁuﬂgpﬁg%@%ﬁn%}an
end surface gifafitheandcksagitdgpaent iqgernfpetts grot pryvifiedvedaadet he ohac esidof
the rota sl.eeve .opposed to.the stat|pnary,.thrust ate, .25 (H)_.t.he

radi al - sili%e 1:djyenraer(r:tlfc lﬁ} e%ssfu?%l%%%loe? af"lllﬁg Sor :ist(}naLian%g% h&-t ﬁr%ﬁsts- sﬁtd'ém(ifﬁ’am c
pressure gerstaAtt, ngclpor bipem aperfidd etawtihl tdhedbiubetent igi@atleti dthén a
maxi mum p=ensur e gen%ati n% portion of t?le dynami c Eressure %enerati ng
Groove in t e 3MtaSt - dePdy faftd OpRrEEs frétgen i hgCpHY t FOREYE 36GVePGser
to the outerarcicieunf eiepcrretehbe sbalh oIy 1dddiShernett 8 shakaneadi al |y
m ddl e position c. the thrust-side 11 February 2004 -s dynam c

pressur e, gener at Fncf P IGAELY t KEFLREUR LG t Pén” Aand i=kdi 8haper thasi el Ag

| ndependent chiomLRash1 ot BT s +8NdebOLrU2naddt cLEnBAPERXLAB! Bl ke 9UBhat 8
d3z-dl ~ wherein dl 1s an inner dianeter of a rotary-thrust-side portion of
the 5 thrustthsi ddadyionsiry prlesBur etgenstatiagapyr thomstdPliatearhaung a

di a.rmt er of ltoQgrStf%tc'eOQ:fH oéég u€£ 8' Q:%oec)toﬁ\ngsfj?’thé %rp%'na[?ebtr%rio%f é Cthe
maxi mum pressure generating poriron of the dynam c pressure generating
groove provirdedriyn stleevehrarst sede ciytream i ynesrrentgerier s ¥ fegrepoopposed

to an inner circumferential surface of the open portion;
20 an extension shaft having a proximal end threaded with
the distal end of the stationary shaft thereby fixing the
! stationary thrust plate to the stationary shalft; and
a rotary thrust plate of a disk shape fitted in the open
portion of the rotary sleeve and having at its center a
25 through-hole through which the extension shaft extends,
wherein a dynamic pressure generating groove is provided
in a radial-side dynamic pressure generating portion defined
by an outer circumferential portion c¢f the stationary shaft
and an innexr circumferentizl pecrtion of a center hole formed
30 in the rotary sleeve,
wherein a dynamic pressure generating groove is provided

in a thrust-side dynamic pressure generating portion defined



10 Wth enbodi nents according to the above described arrangenent, | ockup
and sei zure of a notor can be prevented which may ot herw se| pgsruar 4t0 a
deficiency of the lubricating fluid when the equipnent is operated at a
high IS rotation speed in a high tenperature environment. In another aspect

of the invention) there is provided a notg. enploying the fluid bearing
devi ce as descri bed above. 20 11 February 2004 BRI EF DESCRI PTI ON OF THE

DRAWNGS Fig. 1 is a sectional viewillustrating a fluid bearing equi pnent
accordi ng to,_gne,enmbodi nent_of the present inventian: Fig..2 is_an enlarged
view il ust r%?i ﬁéq%rra%)%cf'tlp%’h'i%nﬁofg%heu 45fid Bg’ar in‘egunpﬁEﬂTf%¥e‘EEJea£
enmbodi ment ; Sigfack i of ashenlaegedotew:d [diisthat kBgatR @l ROkt ioNs Picdbe
fluid bearin etﬂ-l;i pnent of the enbodinment; Fig. 4 is a graph showing a

rel ation of &f tMUSICESFACITNGENE #PFRFEFeFSusSE ERBEKORREY stiafiest avkai®li ng

11 ust rat ing her Fisabane ofoovesoaravrasa | o Er et iRaar S i hr U e
accor di ng5t cpetts cenbedicnente thrust-side dynamic pressure generating
porticn are filled with a lubricating fluid,
wherein the following expression is satisfied:
d2(d4-82)>d1{ (d3-d1) - (d2-d3) }
wherein dl is an diameter of a rotary-thrust-side
10 portion of the thrust-side dynamic pressure generating
portion, d2 is an outer diameter of the stationary thrust
plate, d3 is a diameter of a maximum pressure generating
portion of the dynamic pressure generating groove provided
in the thrust-side dynamic pressure generating portion and

15 d4 is an inner diameter of the open portion of the rotary

sleeve.



Fig. 6 is a sectional view of a conventional fluid bearing equipnent; 1
Fig. 7 is an enlarged view illustrating major portions of fhEebtuar2®¥aring
equi pnent of Fig. 6; and Fig. 8 is a plan view illustrating herringbone
grooves provided in a common stationary thrust plate. DESCRI PTION OF THE
EMBODI MENT An enbodi nent of the present invention will hereinafter be
described with reference to Figs. 1 to 5. 9 11 February 2004 Fig. 1 shows
a fluid bearing equipnent for use in a hard disk device. This fluid bearing
equi pnent is illustrated as having a construction such that a stationary
shaft is supported at its opposite ends, but the stationary shaft may be
cantil evered. TheThpuirdesearti righant jprenfugtivzm proFi des lahdd usdbsiesmtirad | y
t he sanme con [ ..he _conventional one '; shown in Figs. 6 and 7
with sone spg%$#%% ggpﬁfé%ggghereof being different. In these figures,
conponents havi ngal i keliancetansoneeydeshked biyakike raf eereq -GhaeactRds.
Referring to Fig. /1, a proximal, end of the stationary shaft 1 is fixed to a
| over casing SSTBYL1AS s&PepeEnSA Rt fhafar fReRP Rt 2pRaE oleast i wee fdxed
distal end otnkhe,sgationgsysshafilidefly afl, 34404 0 %rfﬁfatb.lgr a%gofak:f[ teddn
a rotary sleeve 2. The rotary sl eeve 2 has a recesseg portion whi ch'i's
defined by fa&atetiomayeofsbhaposedadaptedertandpupperaf atebrandtonger fluid

ci rcunf erent| f _LE ti y rust plate 9. radi gl - si de
dynami ¢ preség#gégéngﬁgtggﬁkggpgggnsgggé épi#}Slﬁéﬁﬂ§r1§#%§¥561?5n59?'
shaft 1 and thetaot arot s eeve iz rebutwedhr ust - si de dynam ¢ pressure
generatiqg portioqb14.is fined between_t he stat%onary thrust plate 9 and

WHHOEG abtd Y SvishES *5R28Ne SERGE OR St ReSTARTF QP2 dePAyAaNi ¢

the recessSed porti
pressure genglaté ng portion 5. Dynam c pressure generating 10

(2) the rotary sleeve has a recessed portion defined by
faces thereof opposed to upper and lower faces and an outerxr
circumferential surface of the stationary thrust plate,

15 (3) a dynamic pressure generating groove is in a radial-
side dynamic pressure generating portion defined by an outer
circumferential portion of the stationary shaft and an inner

circumferential portion of a center hole formed in the

rotary sleeve,

20 (4) dynamic pressure generating grocves are in a thrust-

0

side dynamic pressure generating portion defined by the

i stationary thrust plate and an end surface of the recesssd
portion of the rotary sleeve and the faces of the rotary
sleeve opposed to the stationary thrust plate,

25 (5) the radial-side dynamic pressure generating portion
and the thrust-side dynamic pressure generating portion are
filled 'with the 1lubricating fluid, a maximum pressure
generating portion of the dynamic pressure generating groove
in the thrust-side dynamic pressure generating portion is

30 cleser to the outer circumference of the stationary thrust

plate than a radially middle pecsition o©f the thrust-side



11 February 2004 grooves 6 are provided on an outer circunferential portion
of the stationary shaft 1 in the radial -side dynam c pressi Eelgeass 2004ng
portion 5. Dynami c pressure generating grooves |5 and 16 are provided in
upper and | ower faces, respectively, of the stationary thrust plate 9 in
the thrust-side dynam c pressure generatiqg- portion 14. Provided that the
stationary thrust plate 9 has a thickness t and the recessed portion 10 has
a height DL as shown in Fig. 2, a radial spacing Dd of a gap at an open
end of the tRGUSH:SI ' ur nerati ng oriions 14, L see ki )
is set as sa??s?@ilﬁggt?ﬁgg%ﬂ ﬁﬂﬁgégigge gii}gnzeh—idg"jégl%ﬁﬂ*t Apéﬁﬁf?ga%nr?g
fluid 21 is fetied portien rkaliyg -isidkpahdent ¢ rnomressghe cgderer, aghdg portion 5

and the thrust-si d .G pressure._generating. _portion.l4..The .

| ubricating flui dg{))o %ﬁe]ﬂhrgeBr eiriy L??é’&c’\r‘gmggﬁ%gsg%u te &t c{}’eéélt h4AS 8898 of Lan
ester oil wiid sheinreri diagener @reat erotwn dimbei g e Mdeliddn abf, £aB

ol efin, a_hydrocarbon or the |ike. The surface tension of the lubricating
fluid is adjtRTRF 1995 AYRARAT(ATSFUEE IR Yap HePREEAOhe ot dSy an

sl eeve 2 and,tier SEBLAONY Yoshahe Lkin ithe hower-sdde,pf & he,padisal -l dg
dynam c pressure generating portion 5 i1n Fig. 1, the stationary shaft 1 has
a tapered potidmgidra dEivihg aadiiawvet @reafesstvelryt teer past agnt efarthe he
proxi mal end;ther.eof . a 1 ryar 004 a portion.of the rotar

sl eeve 2 forhg nlglr‘l: E%%%%%oﬁe\%ﬁmefgggﬂ tgéﬁ red pp‘oos‘ﬁ%ené)l énof:tr‘?hethrusel'
stationary shafd dyrnlzad capresgetei geeerdtangtport han. t he i nner di aneter of a
portion ﬁé} the rotary sleeve 2 facing to the radial-side dynam c pressure
generat i portion 5. Thus, the lubricating fluid is not allowed into a
space defined betmeen thdddapenhtd Pactoedihg Okot he st atdreRar y cdwfti seand
the larger inner dianeter portion of the rotary sleeve 2 due to the surface
t ensi on of EFEAGEFFEEAti HEFIBI FRATHRE 101 Pis| 2ePRERY | §2BokFoFEEVENtEd
copper al | oypgrranmalunbeymak Loy, cafd-a gmgnetd ¢ st el plale 25 JsS the

i nt erposed between the rotary sleeve 2 and a magnet 18 for suppression of
magneti c | edkdgécaping tfHivddarvhmmelient equppneeher§i caesxmtesf at stahdgh
w ndi ng k7, rd.dps at j slggg_. i he rotary sl eeve
21in a s]ésal e qg%?}r‘oéﬁgéfi ggdge%ﬁ%}gd%%{]%\%e%%e ovvcel-rowggesnlttrig 3 and an upper
casing 19. The rotary sleeve 2 is rotated about the stationary shaft 1,

wher eby the | ubricating, fluid i t the, f ot i 2.t
i ntai ' noncont S “PRCAPF oRPFE LAE BB FPRGHCRAL . CURERe S SPArTAG® o

bet ween an uwpper éasktopinghehstflvihasasAiiidisdeviilcdt @9 dardrabkawebotace of
a rotary thrust plate 12 in the thrust-side dynam.c pressure generating
portion 14 during rotation is 5~rmand a spaci ng between a | ower face of

t he statjponary thrust plate 9 12 11 February 2004



and a face of the rotary sleeve 2 opposed thereto is | 0~rm the optinum
performance is ensured. This is expressed as follows: DL =11 Fabluarmedear
i mprovenent of shock resistance with respect to the thrust direction, it
may be preferred that the spacing be smaller. However, it was found that
the spacing has a lower Iimt as expressed by the follow ng expression in
consideration of reliability of practical finishing accuracy. DL =t +
| O~rm Further, the spacing has an upper limt as expressed by the follow ng
expression in consideration of an allowabl e range for an intended 500G
shock reBRIEFNPESIRIPTION SHUTHEN®RAWINGSt he al | owabl e range of the
spacing is expressed as follows: DL =t +| Omto 3 O~rmFig. 4 shows
measur ement resulptisy Wi cis | adéeeteohe veleat iidisksorat ingeasfdaiiny ver sus
t he shock resistance. Wen the intended shock resistance |level is | owered
in a pragkia¢didy ApcHMERt catangaing Mitorfe émiss@bmenitn ofhe el mrssernt
accuracy, the allowable range of the spacing is expressed as follows: OL =
t + 20~rﬁhggn$i§§pnlscattering of the lubricating fluid fromthe open end
rust-si

of the t € dynanic pressure generating portion to the

Fig. 2 is an enlarged view illustrating major portions
of the fluid bearing equipment of the embodiment;
Fig. 3 is an enlarged view illustrating major portions
) of the fluid bearing equipment of the embodiment;
Fig. 4 is a graph showing a relation of a thrust

spacing of a gap versus a shock resistance according to the

embodiment;

Figs. 5(a) to 5(c) are plan views and sectional view
illustrating herringbone grooves provided in a stationary
thrust plate according to the embodiment;

Fig. 6 is a sectibnal view of a conventional fluid
bearing equipment;

) Fig. 7 is én enlarged view illustrating major portions
of the fluid bearing equipment of Fig. 6; and

Fig. 8 is a plan view illustrating herringbone grooves

provided in a common stationary thrust plate.

DESCRIPTION OF THE EMBODIMENT

An embodiment of the present invention will

hereinafter be described with reference to Figs. 1 to 5.



13 11 February 2004 outside was checked during the operation with the
spaci ng between the upper face of the stationary thrust pl#fBeruaRRdgoae

| ower face of the rotary thrust plate 12 being set to S~rm with the"
expression DL =t + ISNmbeing satisfied, and wth the radial spacing D d
of the gap at the open end being set to | SNm which prevents the lubricating
fluid fromflowing into the gap by the surface tension of the lubricating
fluid herein useBigas Ishows ra Fuid. besrdngeseguipment | fox waat tariang was
observed. It was found that the allowable range of the radial spacing Dd
is as fohkewsdisk dAdMicetl The dynam c pressure generating groove 15
provided in the upper face of the stationary thrust plate 9 in the

t hrust si de dynanirgipr €3%Ule HERNET®d | dguipmenen it4 iild ustmatsddasf having
herri ngbone grooves 22 circunferentially arranged as shown in Fig. 5 and a
line 23 LipkhagrapkGen Gudte Kk rangbane odlegy ehalk i s | sgppedtetioaer to
the outer circunference of the stationary thrust plate 9 than the radially
m ddl ¢ PREL! baRoRk e rldy Vst | ke dYRARLENRLSSSHAT DaRey Bé N por (i on. The
line 23 T1nki tﬁe api ces of the herringbone "grooves 22 corresponds to a
naxinun18£§§§y%gegg eration portion of the thrust-side dynamc pressure
generating porti on. ring the operation, surface tensions on inner and

L : : . . . n e
Gynani o prossur cThengrBifh belkiad dutdfichtieney! in B4 ILMEE OO L
t h oth ad.the L ubrjcati | wi.d. i i i
bnd”out FRSFARRIBIAN e S CharthEridnr K8 ehe” MU sehaLeahBle] |
fl f t he i . Ci nf tial, si 2 . s Cl tial
i Qe o7 PRGNS b0 BhoRar Fng e duct o FafenErpBEtE M1 iR EoR B
| . Jh . | ock i f th whi ch
Ao afLE s BB e koS RS I T
equi pient i s, pperate a.':, high rotation_spee i enper at ur e
eﬂvi?om&#ﬂ?to %Sp6§Ptg&ﬁQﬁeqﬂh§ﬁi¥ﬁ92§e?§rggﬁﬁe§§%§a§% ()1032. As shown
in Figs. 2 and 3, an effective  inner dianeter dé of .a ro% ry-thrust-side
portion of the t#fR¥TiNGetlyAdfi-c lor ARFXLBALr §PANGEp ?‘Fi S EHFEEHnds

to the inner dianmeter of the rqotary thrust plaje 12 when Qe dynam c
pr essur Shyffer ht ingfdrsdveo1n AGWRId FRS1RE dpPer 3 §CESYt e ftationary

thrust plate 9 is taken into consjderatjon. The |ine Zi ca@bpgggs{ly be
| ocat ed $hAEiOREEY LRFPS te@dte g Srkt¥edntPhd ArftRlafdhflerthe
circunferential sides, i.e y satisfying the foll ow expressi on: d22 -

b
d32 . dBtatinpamvesbrftdl by @Fe HEYSHPANERRFtoB Fﬁggétléﬁ' @™ % hrust-

plate 9 and d3 is the dianeter of the maxi mum pressure generating portion
of the dsakaly piesv¥aré-generating groove provided in the thrust-side

dynam c pressure generating portion. . i )
The rotary sleeve 2 has a recessed portion 10 which is

defined by faces thereof opposed to lower and upper faces and
outer circumferential surface of the stationary thrust plate
9. A radial-side dynamic pressure generating portion 5 is
defined between the stationary shaft 1 and the rotary sleeve
2, and a thrust-side dynamic pressure generating portion 14 is
defined between the stationary thrust plate 9 and the recessed
portion 10 and provided on one side of the radial-side dynamic

pressure generating portion 5. Dynamic pressure generating

10



15 11 February 2004 Further, where the follow ng expression is satisfied:
d2 (d4 - d2) > dl ~(d3 - dl) - (d2 - d3)} wherein d4 is the Fareary2Gdaet er
of the recessed portion 10 of the rotary sl eeve 2, a bubble which may
develop in the thrustside dynam c pressure generating portion during a

prol onged operation is trapped in a zone on the outer circunferenti al
surface of the stationary thrust plate 9 due to pressure bal ance, and the
bubbl e zgneoves & wiret proyisied et edn bQUEAE FHFFEMLRT etk SPORELIPR| Pd2) *
{(d3 - dl) - (d2 - d3)} Wiere the width of a clearance between the

st ati onatlyet &t asiopbatye shafitd 1 hin roharyadisdveile dymamieqeeessupeti on 10
is greater than the wdth of the bubble zone, the lubricating fluid can be
suppl i edgéniepathagopbet iper iPpherpymdmidepséasupeageneratsing| greodest hér eby
allowing the fluid bearing equi pnent to have an extended service life. In

t he af orgsdi U egbedprent dexad fugpeml awd Iowet hfarespeatdspepaiveky prof
were: dl = 2.70nmd2 = fi.50mm d3 = 4.9Bmm d4 = 6. 90mm Al t hough only the
dynam c gHe&ssus€igragYyakthe s ¢ el 59 PiwVviHedt hpuklie sipieedyfreemeiof the
stationary thrust plate 9 has thus been explained in the aforesaid

e"boqiT?Eesé&@éléene%étﬁﬁ@' Bt iziD4 glynanmi ¢ pressure generating groove 16
provided in the | dwer face of the stationary thrust plate 9 is arranged in

the same manner .pe! felNEndEnRReC RS AN FLNP1ELE0YERALS. 10 are
formed by press working, these grooves 15, I6 preferably have the sane

di amet er, rﬁ-"ﬁﬁﬁwi ey %%S?é{oﬁ%ﬁ%@% t xPOi(?iHQs d3nefightConveignce in

f
morkingti e's ohary thrus e atoresal d enbodi nent, the

LT T SO 2 BRGNS BIISES e o
B S T B R T

Accordin e pres I nven i's hereln

por L1 on *at 1 1D dyRaRTE BPoSelrR yang At ol AV, ShBRRgofF e o 1 "

t hrust - si de dynayi r%,grgs's‘%ure generating portion. As described above, the
fluid bearing edﬁ#ﬁ n =t he present invention is. arranged such that the

. ti . £ th e .
G ove pr ovi ded h UL # 38 P Hedagtariie SHaStrE Jrer BT A p5LEon i s
I ted cl to th t [ nf f the stati hrust pl at
than t NEYRRRLA [BF RTINS BEEPFPERPE RATG Xt b (05 deh By RAREE SpPECeure
generating portion. Accordingly, .the e uLpneqF is free.fromr ducti&ni
the | ovPYRGTG [REAFSHRS { HBDERRENIIRO 5%h, 14md THe }B{?Eﬁﬁagﬁﬁgﬁ ul

to be herein used is compoéed of not less than 95% of an ester
0il with the remaining not greater than 5% being a mineral
oil, an olefin, a hydrocarbon or the like. The surface
tension of the lubricating fluid is adjusted to 25 dyn/cm (at
29°C).

In a gap between the rotary sleeve 2 and the
stationary shaft 1 on the lower side of the radial-side
dynamic pressure generating portion 5 in Fig. 1, the
stationary shaft 1 has a tapered portion la having a diameter

progressively decreasing toward the proximal end thereof, and

11



11 February 2004 seizure can be prevented which nmay ot herw se occur due to
a deficiency of the lubricating fluid when the equi pment i $1egefahe2oet a
high rotation speed in a high tenperature environnment. Thus, the fluid
bearing equipment is highly reliable and is capabl e of stably operating for
an extended period. Therefore, the fluid bearing equipment is particularly
suitable for use in a hard disk device. 18 11 February 2004 -19 Wat is
cl ai ned a spo#tidnf bii ¢ heeardtray Wevleeveodpfosined: ia AGhaAEyOBhHAL havi ng
a proximal end fixed to a 5 casing; a rotary sleeve supported rotatably
about thehestespepany poiafiorarich hafi tige antepénnpaoyt istafr ol/i blesl adjlacg®r one
end thereof in association with a distal end of the stationary shaft, the
open poridmer havhnetardicamst ehgranier dbaneteiOodi amgiert idntde shati onary
shaft, the rotary sleeve having an outer circunference to which a | oad

"E”ber'f%éﬁfﬁcgfgevé 2t #laicg! 'ﬁ?dtdfﬁh@trﬂhﬂhﬁ-gidé dystamshapsréegipg a
t hrough-hole at its center attached to the distal end of the stationary

shaft, gb% é‘{iﬁﬁ g¥rrt5*.6&‘15t5 Pl at dlaviRE Pubbikawehd Fampposedoto a
bottont the ope ortion of the rotary sl eeve ar~d an outer

circunt eofludd PHESAGCSBRRASALAG S bofWeeh! EAETE DR pet fage1al oehe

open po i"on; an ex ensr sha aving a proxi mal end threaded with the

distal @}%0& {1603 ggtgagwﬁ éfErtl@rfé’i‘g%txiﬂﬁe&hﬂl?a%éﬁé’é'p?cS'f‘{YohhrUSt

plate to a rotary rust plate . of di sk sh ape

;tt?e?Sl tgﬁ%c%#€3?¥h?3ﬁéﬁ%hole roug h%h%%ﬁgéﬁé%iéhggw% oEnel S Lo

e extension shart extends
wherein a d nanlc r.e generating groove is provide d 25 in a
radi al - §1 g gigégure generating portion defined by an outer
crrcunferentral ortion of t

circunferential S5y §E88§%Zklﬁ%$e%¥§$%%%iagg %e ggg%y?él%¥/°r
an aluminum alloy, and a magnetic steel plate 25 is interposed
between the rotary sleeve 2 and a magnet 18 for suppression of
magnetic leakage.

With this arrangement, upon energization of a stator
winding 17, hard disks 4 are rotated at a high speed via'the
rotary sleeve 2 in a sealed environment S defined between the
lower casing 3 and an upper casing 19. The rotary sleeve 2 is

. rotated about the stationary shaft 1, whereby the lubricating
fluid is pumped to cause the rotary sleeve 2 to maintain non-
contact rotation.

It was confirmed that, where a spacing between an
upper face of the stationary thrust plate 9 and a lower face
of a rotary thrust plate 12 in the thrust-side dynamic
pressure generating portion 14 during rotation is 5um and a

spacing between a lower face of the stationary thrust plate 9

12



Wherein a dynam c pressure generating groove is provide d 30 in a

t hrust - si de dynam c pressure generatlng portion defined by11 February 2004
stet=0 .7"icry thrust plate, the inner circunfernti al 11 February 2004 -7?0
surface of the open portion of the rotary sleeve and faces of the rotary

sl eeve opposed to the stationary thrust plate, wherein the radial-side
dynam c pressure generating portion and the thrust-side dynam c pressure

gener ati rgcd PFFddPofrehéi kbedry sheavieuly igpiosed f thedetahéseildumhe the
foll ow ng expression is satisfied: d2 (d4-d2) >dI{ (d3-dl) - (d2-d3) )

wher ei n @btiisnan phBtRin6E 8sr ehayeldr usthisd des pexpressell ke follows:
t hrust-si de dynam c pressure generating 10 portion, d2 is an outer dianeter

of the stationaryathraust plpg d3 is a dianeter of a maxi mum pressure
generating portion of the dynam c pressure generating groove provided in

the thrust-si de giamp RiFaRie. ﬁf”@ﬁé&k”&e@%@a@ﬂ:@%% F&spactneer

di aneter of the opén p rtlon e rotary 15 sl eeve . A notor enploying

AR S e L I SR TR ?z%fex(.lfe?d ¢hdd U HeDspabag gdnd ce

comnuri si ( Lonéry shaft “fa screMFbore for
) oSt Wiyl ;ﬁt:g%t Corgessant e Sedbehisphscue bugad on
L0 P, ik baoR d4h A7 stgzﬁaé@%%m&ge%% B he, Lot
o e hLA IS AP L ey B S ?rfi*&é‘sa SEEERTEC.
cuter C|rcunfereQ§£al surf%Fe of the stationery thrust mate,
Further, the spacing has an upper limit as expressed
by the following expression in conéideration of an allowable
range for an intended 500G shock resistance.
AL = t + 30um
Therefore, the allowable range of the spacing is
expressed as follows:
AL =t + 10um to 30um
Fig. 4 shows measurement results which indicate the
} relationship of thelspacing versus the shock resistance.
When the intended shock resistance level is lowered in
a practically acceptable range without an increase in the
finishing accuracy, the allowable range of the spacing is
expressed as follows:
AL = t + 20pym to 40um
Scattering of the lubricating fluid from the open end

of the thrust-side dynamic pressure generating portion to the

13



11 February 2004 _?1 _ (=) a dynam c pressure generating groove is in a
radi al si de dynam ¢ pressure generating portion defined by POFEBILSH 2004
circunferential portion of the stationary shaft and an i nner
circunferential portion of a center hole formed in the 5 rotary sl eeve, (4)
dynam c pressure generating grooves are in a thrustside dynam c pressure
generating portion defined by the stationary thrust plate and an end

surface &Et%bﬁerﬁﬁgséﬁ@cﬂl@@ i 19lg tiiee rep@ryt Sbrewe thand hehesdaarisg of the
rotary 10 sl eeve opposed to the stationary thrust plate, (5) the

radi al - slde, dynanhe BpBETUIRCACRA Hild\csPREL dRErandhihet! e ) dendynam c
pressure generating portion are filled with the Tubricating fluid, a

maxi mum pressure_g alien ort. f Y, i pepedne GRIerss | ,
groove 1@“? nf$“§rt§$§ét B'Sfl g%d#a?%r} p%l{eélgigeﬁgﬁgrgti ng pgjrti on is 5cvlgrgser
to the outer circunference of,the stati W S : ha neckl |y
m ddl e ﬁﬁsﬁi%&ﬁeo?x?ﬁﬁg?ﬁs&stgiﬂ To Yynara béfﬁﬁ SaBiStaed)ohi Wk e

de dynam’'c pressure generating portion, the
t hr ust rtion,and radial pogtiq ing. jnd n 0 a4 ?0
(6) d>. he ' di3  SRAFARE" ;quﬁ’ | Q‘t%éa %Qd?@%réﬁhdﬁﬁs%ﬁqﬁt&nﬁﬁt %69
di anmeter, of a rotary-the-ust-sid Qr.tian o .t h - i : '
pressur elﬁéhe‘r’}é%?lhggﬁﬁ’??gﬁ, &gei 3u§’rfloqﬁ%elrn%ifainlg %rfgé}nt Zgggtlglﬁgnmﬁ
thrust plate, and d3 is a dianeter af the Xi ratd ‘
por 1 on 1T (485 A8Y s AanF BT RESS HEB LR | T g BEVECBFS0Pugq Sy clein
t hrustsi de dynam c pressure generatin ortian. . .
LS. AOSISRE; A@%&&}@E‘o’%%ﬂ! FAG: AR A&;P.g TR 29 SIPIASSRALAEETGD | Al f
AL A @ROK;
TSV zuphias \gkegrveda] cht cHpsafouPdaltddte R8T 43R AP EPRIFC B c &%) ca] ca
] ca] ca] cal] ca] ca] ca] ca] cal] cal] ca] cRa] c<a! : Czk I &7
hm-DI LUZ'ax)ialQ) spahiny| Led] 8] e8] EQLd&" ] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! Qv m+.
| #####| wr mhe/ Y] | £ad ¢a] &6l ca] £a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
" ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca! ####$$ . .
$#$ LAEAAEADEHITTEK MK 1) pT§ s auyer geperatinth GTRqea] t3] REPYifed) B caul
ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca]c )
a] ca] cajttad aglped cBdce] of] thecatesfioaary] ddinpstplake 9 ip. she thryshrgsos
P355p77888{: :; ) . .
| wr nhesYldes ad yaedmid cptesd nabcgboairedlics) quusdam) bh) 8] eaFeELESFcRfcay) ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca!; o
55 AS<E=NErPRIIRdn@ @ GRREs AQDAGABKBBERIVEDI VIS Iy 1] eayed] 88 EBPEE] ¢4 ca] ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]calc
a! DVFFHik KB y LAnd/NWIORE0 IR RIRKYVIga iy Y fyzther} ke iy 4ngbpPPea] ca] ca] caj
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
- ca] ca] cahreved Y2 123 Dd¢ateatlioser to) theh oMo dutias wafienerFe] €4] &&kca] ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cajc
a] ga] calsealisiad cgeeeet  pUai Bk 9" @hhnhehec ardtichll kg mhiidd] &) papéafen) €4 cal
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca]ca]ca
] ca] ca] aCifi¥u .00 (dyhafel 0 YpEeEs e MR 41 ki 0908t {97 .
10%& ()-: 10%r& () - 10%9%&f()-:K|K* k&S) &109&' ()-L'-#10%r& ()-3
FOL0%r& () - @ $16%E Ind 23109k Y- EheYap iCesd Htiid ) he O Kaghanese. () - f 52

grooves 22 corresponds to a maximum pressure generation
portion of the thrust-side dynamic pressure generating
portion. During the operation, surface tensions on inner and
outer circumferential sides 26, 27 of the line 23 in the

thrust-side dynamic pressure generating portion 14 are

14



10%m&' ()-s310%m& ()-f1 10%& ()-yf/#10%& () -
L- 10%& () - Y+#10%& () - $hl 710%& () 11 February 2004 .
10%&'()-&N$10%&'()-&#10%&'()-I"SlO%&'()-10nﬁ0nﬁ0ny:wn0%h&'()-VthI?lO%hB"lO
% ()- !'.9@10%& ()-910% ()- |"109& ()-#109%& ()- 10% ()-:Czk
aBhl 710%m 109& ()-!9f) $10%6S&' () - L! 9$10%&' ()- F F1LO9%&' () -
frlO%& ()-9:!109%& ()- !'#3%R7b@10%L :'10%& ()-S"'f10% & ()- 10 10 10
:s109& ($abiadtzeuR to) -&&-h -otthe®, (pnd the lubricating fluid is evenly
VrzX6b@ 0&) &10% " & ()-!v $10%°3P3&' ()-! $10% ()- P$10%W & ()-!'Il L
' 10%-2F88bpli8d to 'tHsimnéy - Sntlj khtrez clirgwiErerst {31 YL %= () -
"10%& ()- 10"
Therefore, the lubricating fluid does not flow from the inner
circumferential side 26 to the outer circumferential side 27,
thereby obviating reduction in the levitation level of the
rotary sleeve 2. Thus, the lockup and seizure of the motor
can be prevented which may otherwise occur due to a deficiency
of the lubricating fluid when the equipment is operated at a
high rotation speed in a high temperature environment.
The position of the line 23 is expressed as follows.
As shown in Figs. 2 and 3,'an effective inner diameter

dl of a rotary-thrust-side portion of the thrust-side dynamic
pressure generating portion corresponds to the inner diameter
of the rotary thrust plate 12 when the dynamic pressure
generating groove 15.formed in the upper face of the
stationary thrust plate 9 is taken into consideration. The
line 23 can properly be located by substantially equalizing
f areas on the inner ahd outer circumferential sides, i.e., by

satisfying the following expression:

d2? - d3? = d3? - d1°
wherein d2 is the outer diameter of the stationary thrust
plate 9 and d3 is the diameter of the maximum pressure

generating portion of the dynamic pressure generating groove

provided in the thrust-side dynamic pressure generating
portion.

15



10" 10"1: 10% & ()-!&) &10%"z" & () - DFGH wXMB7! 10< 10<

10<, 8t 109%<& () -! +y#109%<& () - 11 February 2004

1g&10%& () -'!9&10Y<<& ()-'wy%0%<& ()-1Z*"w0"=MB7! 10 i &1090& ()-'!'3 @10%

() 1< @LI0OUN & ()- GLOW& ()-,10% & ()-Y"'@O0% & ()-0] 4m+{ YBMB7!

8109 ()-'!&10%& ()-' &10%& ()-''&10%"& ()-'

1&10% " & ()-''H&LO% """ & ()-" +. uV4l t 9&10%&' ()-! 10%&k' () -yl1l0%&' ()-Y"f10%& ()-

10 10 10! &10%& (Furt¥hefmuwhegeokhe) fipllgwing expression is satisfied:

9&109%&' ()-!!9&10%& ()-!9&10%WE& () -!9&10%&' () - [ 11"}~r=MAlt

09s' 109%&Z& () - 1$142&{(43-~- d2) > dl {(d3 - dl) - (d2 - d3)}
wherein d4 is the inner diameter of the recessed portion 10 of
the rotary sleeve 2, a bubble which may develop in the thrust-
side dynamic pressure generating portion during a prolonged
operation is trapped in a zone on the outer circumferential
surface of the stationary thrust plate 9 due to pressure

balance, and the bubble zone has a width as expressed by the
following expression:

(d1/d2) * {(d3 - dl) - (d2 - d3)}

Where the width of a clearance between the stationary
thrust plate 9 and the rotary sleeve 2 in the recessed potion
10 is greater than the width of the bubble zone, the
lubricating fluid can be supplied from the outer periphery of
the stationary thrust plate 9, thereby allqwing the fluid.
bearing equipment to have an extended service life.

In the aforesaid embodiment, specific values for the

( respective parameters were:
dl = 2.70mm
d2 = 6.50mm
d3 = 4.9Bmm
d4 = 6.90mm

Although only the dynamic pressure generating groove
15 provided in the upper face of the stationary thrust plate 9

has thus been explained in the aforesaid embodiment, the

16



$109%& ()- !'1$10%& ()- @MLO%& ()-1"10%&' ()-""#$%0&1&2&WUR4! 10 _m m

10_m m 9s' 10% m m& ()-!9s" 109 *{*& ()-!9s' 109%& ()-!49s' 1091 FebiuaBs20MP&’ ()

- 2&3&D&H&&N" H( K(oM 4" 109%5&' () - ! qf #1096 5"5& () - ! f#109%G5& ()- !'f#109%65& () -

@ﬂO%E&'()-Y"@ﬂQ%E&'()- 10 mnK())™)))))))rg\="1"y10% & ()- 105 105

105%40%& ()-! 1109%5& ()-fo#109%& ()- ! 9#109%B5& () -

) *<ry***xrdEg\ =" 1SF10% & () - @O0% & () - &10% & () -

#10% & ( AvIGomie (DreXMOstd’ (pnegaving: aiRpve 116 provided in the lower

| "10% & ()-Lf:10%W & ()- Y'10% & ()- YIOW & ()-!C&@O% " & () -

L10% & (face mf ,thelbpat 18 £EQVEATUsH PIGHINCR 1§ - BrZang®ig'in) the same

1 940% & ()-9f #10%W & ()-L " 110% & ()--L-z----- ..dE:/ 10" 10"3:s10% & ()-7f

10% & () manner. Where the dynamic pressure generating grooves 15, 16
are formed by press working, these grooves 15, 16 preferably
have the same diameter of the maximum pressure generating
portion, d3, for convenience in working the stationary thrust
plate 9.

In the aforesaid embodiment, the dynamic pressure
generating grooves 15, 16 are each comprised of herringbone
grooves, but the configuration of the grooves 15, 16 is not
limited thereto. The grooves 15, 16 may have any other
configurations. Accordingly, the technical aspect of the
present invention is herein defined on the basis of the
position of the maximum pressure generating portion of the
dynamic pressure generating groove provided in the thrust-side
dynamic pressure generatiné portion.

As described above, the fluid bearing egquipment of the

! present invention is.arranged such that the maximum pressure
generating portion of the dynamic pressure generating groove
provided in the thrust-side dynamic pressure generating
portion is located closer to the outer circumference of the
stationary thrust plate than the radially middle position of
the thrust-side dynamic pressure generating portion.

Accordingly, the equipment is free from reduction in the

levitation level in the thrust direction, and the lockup and

17
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10" 1ML93<3=3>373P34{\ : y#1! & ' 109%HH&’ ()- " @0%& ()- 105 105

105F: 10968 ()-! e’ (8109558 ()-! y#10%5v5& () - 455p77888{\ =2: 10Hf

10948 () - yv1#109%4& ()-K f/v10%4& ()-! @BL0%HHE () - @10%& ()-!

& ' 10%H& ()- 8888{::S: A<gE: 10H | s$109%& ()-!Is$10%H& ()-!F

109%41H& (3e 53289 &n( heMpirbdMn% €9 -wHOth 1RkR<stherwie \ccadi due to a
' $109%& ()-"f10% ()- 10H 10H

10Hf 3: 1094384 €1 eh £H#18%HER e NuDFfeHOLAISE [ hi Fwhen? 2heBlequilfirbnt is
MLOY&' () - ! sylo%bpgz ()-“#10%8%5()- F b habiea

109 () -of@PBed) a £540%&gh) Y ELEHQRIERELE =1 A0H YUK tempeddORE €) -

environment. Thus, the fluid bearing equipment is highly
reliable and is capable of stably operating for an extended
period. Therefore, the fluid bearing equipment is

particularly suitable for use in a hard disk device.
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310% () - BMDDDVFFH{ Y7mbC 10! - z#10965& ()-10,) &109%%5& ()-!"' $10965& () -
T $10%@& ()-)! %A0%5& ()-&3: $109%6& () - F. HHHH H JKJ_@ 10!

&s' 10%& ()-18&s' 10%H& ()- 9#10%4& ()- |"S10%4& ()- 105 105

105S: 1096& () - KIJLyLL~MVM\ =2@ 10Hy : 109%4& () - - #109%4& () -,

CL#10%8 () -, o) Y OMAHHE () - 09%&' ()-! FMB10%&' () - MVMVMy OOPdB@
10H! Fy&lowr@?’{ -’!@;%1%%%‘ 1 109HHE () - ST 10% & ()- Sl "S10%& ()- 10H

1. A fluid bearing device comprising:
a stationary shaft having a proximal end fixed to a
5 casing;
a rotary sleeve supported rotatably about the staticnary
an open portion provided adiacent one end

shaft and having

thereof in association with a distal end of the stationary

shaft, the open portion having a diameter greater than a

10 diameter of the stationary shaft, the rotary sleeve having

an outer circumference to which a locad member is attached;
a stationary thrust plate of a disk shape having a
through-hole at its center and attached to the distal end of

the stationary shaft, the statiocnary thrust plate having a

15 lower face opposed to a bottom of the open portion of the
rotary sleeve and an outer circumferential surface opposed
to an inner circumferential surface of the open portion;

an extension shaft having a proximal end threaded with

the distal end of "the stationary shaft thereby fixing the

=

Ih

20 stationary thrust plate to the stationary shafr; and

a rotary thrust plate of a disk shape fitted in the open
r a

i

ing = i1ts cent

pertion of the rotary sleeve and having

ot

through-hole through which the extension shaft extends,
wherein a dynamic pressure generating groove is provided
25 in a radial-side dynamic pressure generating portion defined
by an outer circumferential poertion of the staticnary shaft

and an inner circumferential portion ¢f a center hole formed
in the rotary slesve,

wherein a dynamic pressure generating groove
30 in a thrust-side dynamic pressure generating portion defined

e, the irner circumferential

ct

by the steationary thrust pla
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plate, is a diameter of a maximum pressure generating
portion of the dynamic pressure generating groove provided
in the thrust-side dynamic pressure generating portion and

d4 is an inner diameter of the open portion of the rotary

15 sleeve.

2. A motor employing a fluid bearing device as recited in
claim 1.
20 3. 2 fluid bearing device comprising:

a solid stationary shaft having a screw-bore for

Fixed

[\

&st on

1))

j screwing an extension shaft therstce and at 2
end and a rotary sleeve supported rotatably s&about the
stationary shaft, adapted to pump a 1lukricating fluid

between the stationary shaft and the rotary sleeve for non-

o
W

contact rotation therebetween

wherein (1) the stationary shaft has a stationary thrust

plate,
(2) the rotary sleeve has a recessed portion defined by

30 faces therecf opposed to upper and lower faces and an ocuter

+h

circumferential surfzce of the staticnary thrust plate,
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(3) a dynamic pressure generating groove is in a radial-
side dynamic pressure generating portiocn defined by an outer

circumferential pertion of the stationary shaft and an inner

circumferential portion of a center heole formed in the

5 rotary sleeve,

(4) dynamic pressure generating grooves are in a thrust-
side dynamic pressure generating portion defined by the
stationary thrust plate and an end surface of the recessed
portion of the rotary sleeve and the faces of the rotary

10 sleeve opposed to the stationary thrust plate,

(5) the radial-side dynamic pressure generating portion
and the thrust-side dynamic pressure generating portion are
filled with the Jlubricating fiuid, a maximum pressure
generating portion of the dynamic pressure generating groove

15 in the thrust-side dynamic pressure generating portion is
closer to the outer circumference of the stationary thrust
plate than a radially middle position of the thrust-side
dynamic pressure generating portion, the thrust portion and
‘radial pbrtion beind independent from each other, and

20 (6) d2%-d3? is approximately equal to d3
is an inner diameter of a rotary-thrust-side porticn of the

ide dynamic¢ pressure generating portion, d2z is an
outer diameter of the stationary thrust plate, and d3 is a
diameter of the maximum pressure generating portion of the

25 dynamic pressure generating groove provided in the thrust-

side dynamic pressure cenerating perticn.



