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SPECI FI CATI ON HYDRODYNAM C BEARI NG DEVI CE é%EL_L OF
THE | NVENTI ON The present invention relates to a hydrodynanﬁ
beari ng device for use in an office autonmation system and an audi o-vi sual
system BACKGROUND OF THE | NVENTI ON Hydr odynam ¢ beari ng devi ces
are generally used in rotary head cylinders for tabletop VIRs and canera-
I ncorporated VIRs, in polygon scanner notors for |laser copiers, and in
recording mediumrotation drivers f i sk devices and hard di sk
devi ces. Speci fically, théﬁﬁgﬁgqgﬂéﬁogevices have hi gher nenory
capacities and higher data transfer speeds. This requires a disk rotating
device for use in a recording apparatus of this type to be capabl e of

hi gh- speed and hi gh- preci si B ' NG DBvERES end, a hydrodynam c
FuoRiific peaspyc o

beari ng device as disclose 504,637 is used for a
rotary main shaft of the recordi ng apparatus. The hydrodynam c
bearing device has a construction as shown in Fig. 5. The

hydr odynanggeppadr "grf c¥kéENT6R Udes a stationary
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The present invention relates to a hydrodynamic
bearing device for use in an office automation system and an

audio-visual system.

BACKGROUND OF THE INVENTION

Hydrodynamic bearing devices are generally used in
rotary head cylinders for tabletop VIRs and camera-
incorporated VTRs, in polyéon 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 épparatus of this
type to be capable of high-speed and high-precision rotation.

To this end, a hydrodynamic bearing device as
disclosed in U.S. Patent No. 5,504,637 is used for a rotary
main shaft of the recording apparatus.

The hydrodynamic bearing device has a construction as
shown in Fig. 5.

The hydrodynamic bearing device includes a stationary



shaft 1 and a rotary sl eeve 2 supported around the stationary shaft 1. The
stationary shaft 1 has a proximal end fixed to a |ower casing 3. Hard
disks 4 are fitted around the rotary sleeve 2. Dynam 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 2.
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di aneter gregpl&betpan the outer di aneter of the extension shaft 8. The
rotary thrust ring 12 is fixed to the rotary sleeve 2 by a screm/13
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are provided in upper and lower faces of the stationary thrust ring 9. The
thrust - si deadya@mp-ﬁ&éw&meﬂﬁdﬂﬂreoqetde&atlﬂgaperwsn 5adkfingd de

dynami c pressure generating portion 5 are
between the stationary shaft 1 and the rotary sleeve 2.

A stationary thrust ring 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 ring 9. An opening
of the recessed portion 10 is virtually closed by a rotary
thrust ring 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 ring 12 is fixed to the rotary
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 ring 9 and the rotary thrust ring 12,
dynamic pressure generating grooves 15, 16 are provided in
upper and lower faces of the stationary thrust ring 9. The

thrust-side dynamic pressure generating portion 14 and the

radial-side dynamic pressure generating portion 5 are filled
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with a lubricating fluid. A stator winding 17 is di sposed around a
proxi mal end portion of the stationary shaft 1 on the |ower 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.- I n the hydrodynam c
beari ng device having the aforesaid construction, the hard disks 4 are
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In the hydrodynamic bearing device having the
aforesaid construction, the hard disks 4 are rotated at a high
speed via the rotary sleeve 2 in a sealed space defined
between the lower casing 3 and the upper casing 19 upon
energization of the stator winding 17.

The rotation of the rotary sleeve 2 about the

stationary shaft 1 pumps the lubricating fluid so that the

rotary sleeve 2 can maintain non-contact rotation.

DISCLOSURE OF THE INVENTION

However, the aforesaid arrangement has the following
drawback.

Due to expansion of the lubricating fluid and a
centrifugal force, the lubricating fluid 21 is liable to
scatter out of the radial-side dynamic pressure generating
portion 5 as indicated by 22 in Fig. 6, or scatter out of a
gap between the extension shaft 8 and the rotary thrust ring

12 as indicated by 23, thereby causing lockup or seizure of a



not or . Particularly, where the scattered lubricating fluid
adheres onto the hard disks 4, erroneous data reproduction nmay result.
More specifically, a conventional technical approach to the prevention of
the scattering of the lubricating fluid fromthe open end of the

t hrust -si de. dynam c pressure generating portion is to reduce the radial
spaci ng of the gap as nuch as possible. Further, inprovenent in
shock resistance with respect to the thrust direction is currently
demanded. THRPEHenand is directed not only to a hydrodynanic bearing
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measur ed m‘%?oﬁeﬁﬁgcapen end of the thrust-side dynamic4pressure
generating portion is to reduce the radial spacing of the gap
as much as possible.

Further, improvement in shock resistance with respect
to the thrust direction is currently demanded. This demand is
directed not only to a hydrodynamic bearing device constructed
such that a stationary shaft is fixed at its opposite ends as
described above, but also to a hydrodynamic bearing device
constructed such that the stationary shaft is fixed only at
its proximal end.

It is therefore an object of the present invention to
provide a hydrodynamic bearing device which has an improved
construction to prevent a lubricating fluid from scattering
out of a dynamic pressure generating portion.

The hydrodynamic bearing device of the present
invention is characterized in that a radial spacing of a gap
at an open end of a thrust-side dynamic pressure generating
portion is set greater than a spacing of the thrust-side

dynamic pressure generating portion as measured with respect
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to the thrust direction. Wth this arrangenent, the scattering of

t he

pressure generating portion can be prevented even when the
bearing device is operated at a high rotation

| ubricating fluid fromthe open end of the thrust-side dynamc
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speed in a high tenperature

envi ronment . - In accordance with claim 1 of the present invention,
there is provided a hydrodynam c bearing device which conprises a

stationary %'baféhé“a%;f{ﬂ;\%tf posi%e ends at | east one of which is fixed and a

rotary sl eeve supp

atary T 00
Forary. sieeve for AR ERERCREFBIIPRER of o AV e

g

fluid betwe
t he

F9™ about the stationary shaft and is

n the statjonaé¥ haft and the
&

! or mon e - - | wher ejn th
otary ol bedtohas S EINT] BbH, EnS SbbROGY, 8T HIG sl VR, S iE,

rotary sleeve has ar

i on I ne

upper and | Gele APyl a@uhE! pofkEGHEHCHL! Bletll{AF & WiterSlild Onary

thrust ring,” wherein” the

Ing flfurdrs

err

a gap defined

bet ween e nyiridyaait bBbsho' 40018014 GpLEBeRT ek RPHAGN ratigln the

foll owi ng expression Is satls

30[err]m [ MHeaiq i e hikyhl eelbbrachrbClrds SgbRERA T wherein t is a

t hi ckness of the stationary thrust ring an

| iInageebdansée Writh G Ad I/ 2 Ar e Rk 1RVRRELRR,

portion.

hydr odynam ¢ bearing device according to claim1 is
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there is provided a hydrodynamic bearing device which

I's a height of the recessed

t he

comprises a stationary shaft having opposite ends at least one

of which is fixed and a rotary sleeve supported rotatably

about the stationary shaft and is adapted to pump a

lubricating fluid between the stationary shaft and the rotary
sleeve for non-contact rotation of the device, wherein the
stationary shaft is provided with a stationary thrust ring,

wherein the rotary sleeve has a recessed portion defined by

faces thereof opposed to upper and lower faces and outer

circumferential surface of the stationary thrust ring, wherein
the lubricating fluid is filled in a gap defined between the

stationary thrust ring and the recessed portion, wherein the

following expression is satisfied:

AL = t + 10um to 30um [10um= AL - t=<30um]

wherein t is a thickness of the stationary thrust ring and AL

is a height of the recessed portion.

In accordance with claim 2 of the present invention,

the hydrodynamic bearing device according to claim 1 is
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characterized in that the stationary shaft is supported at its fixed
opposite ends, that a radial-side dynam c pressure generating portion is
defined between the stationary shaft and the rotary sleeve and a

t hrust-si de dynam c pressure generating portion is defined between the
stationary thrust ring and the recessed portion and di sposed on one side
of the radial-side dynam c pressure generating portion, that the

radi al - si de dynam ¢ pr.essure generating, portio d the thruyst-side
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radi al -side dynam ¢ pifessure generatinhg portion is defined between the
stationaryadial-side dynamic pressure generdting portion and the
thrust-side dynamic pressure generating portion are filled
with the lubricating fluid, and that a radial spacing Ad of a
gap at an open end of the thrust-side dynamic pressure
generating portion satisfies the following expression:
Ad > AL - t
In accordance with claim 3 of the present invention,
there is provided a hydrodynamic bearing device which
comprises a stationary shaft supported at its fixed opposiﬁe
ends and a rotary sleeve supported rotatably about the
stationary shaft and is adapted to pump a lubricating fluid
between the stationary shaft and the rotary sleeve for non-
contact rotation of the device, wherein the stationary shaft
is provided with a stationary thrust ring, wherein the rotary
sleeve has a recessed portion defined by faces thereof opposed
to upper and lower faces and outer circumferential surface of
the stationary thrust ring, wherein a radial-side dynamic

pressure generating portion is defined between the stationary



shaft and the rotary sleeve and a thrust-side dynam c pressure generating
portion is defined between the stationary thrust ring and the recessed
portion and di sposed on one side of the radial-side dynam c pressure
generating portion, wherein the radial-side dynam c pressure generating
portion and the- thrust-side dynam c pressure generating portion are filled
with the lubricating fluid, wherein a radial spacing Ad of a gap at an
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to a bottomof the open portion of the rotary sl eeve and an
7 gap at an open end of the thrust-side dynamic pressure
generating portion satisfies the following expression:
Ad > AL - t
wherein t is a thickness of the stationary thrust ring and AL
is a height of the recessed portion.
In accordance with claim 4 of the present invention,
the hydrodynamic bearing device according to claim 2 or 3
comprises: a stationary shaft having a proximal end fixed to a
casing; a rotary sleeve supported rotatably about the
stationary shaft and having an open portion provided adjacent
one end thereof in association Qith a distal end of the
stationary shaft, the opening having a diameter greater than a
diameter of the stationary shaft, the rotary sleeve having an
outer circumference to which a load member is attached; a
stationary thrust ring of a disk shape having a through-hole
at its center and attached to the distal end of the stationary
shaft, the stationary thrust ring having a lower face opposed

to a bottom of the open portion of the rotary sleeve and an



outer circunferential surface opposed to an inner circunferential surface
of the open portion; an extension shaft having a proximal end threaded
with the distal end of the stationary shaft thereby fixing the stationary
thrust ring to the stationary shaft; and a rotary thrust ring of a disk
shape fitted in the open portion of the rotary sleeve and having at its
center a through-hole through which the extension shaft extends, wherein a
dynam c pressure generating groove is provided in a radial-side dynamc
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pressure geperatin ttion and %hp t hy ust - si de ynam c ,pressure _,
gener ati ng ggr?ESnggggl?P?f%dgbﬁ %t q AFSat i uFFuF&ggmﬁéréiﬂlékdistal
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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

of the stationary shaft and an inner circumferential portion

of a center hole formed in the rotary sleeve, wherein dynamic

pressure generating grooves are provided in a thrust-side

dynamic pressure generating portion defined by the stationary

thrust ring, the inner circumferential surface of the open

portion of the rotary sleeve and faces of the rotary sleeve

opposed to the stationary thrust ring, wherein the radial-side

dynamic pressure generating portion and the thrust-side

dynamic pressure generating portion are filled with the

lubricating fluid, wherein a distal end of the extension shaft

is fixed to the casing.

In accordance with claim 5 of the present invention,

the hydrodynamic bearing device according to claim 2, 3 or 4

is characterized in that Ad is 10um to 30um.



BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a sectional view
I I'lustrating a hydrodynam ¢ bearing device according to one enbodi nent of

the present invention; Fig. 2 is an enlarged view illustrating
maj or portions of the hydrodynam c bearing device of the enbodi nent;

Fig. 3 is an enlarged.view illustrating major portions of the hydrodynam c
bearing device of the enbodi nent; Fig. 4 is a graph showing a

relation of a thrust spacing of a gap versus a shock resistance according
to the enbBRFFERESCRIPTION QF FHE; DRAWINGS (| onal view of a conventi onal

hydr odynam c bearing, device; and Fig._7 is an_enlarged view .
illustrating major BiFtiods BHSeChdoRfdr Ba§Hamt LtuBbERT T R XIFQYNETH.C 6.
DESCRI PTI OF THE EMBODI MENT An enbodi nment of the present

i nvention WERFinE ISHLTE ACIRF UK HopLdenPRROALREPENEE FREFPERSENt (o 4.

Fig. 1 shows a hydrodynam c bearing device for use in a hard disk device.
Thi's hydr odyhET c*PRéaring device is illustrated as having a construction

such that a stationar aft is uppor,ted at.jts opposite ends, but, the
stationary shaft JﬁzpéﬁthH§W3ﬁgged view 1i£ustfgklng major pofilons 9

of the hydrodynamic bearing device of the embodiment;

Fig. 3 is an enlarged view illustrating major portions
of the hydrodynamic bearing device 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;

Fig. 5 is a sectional view of a conventional
hydrodynamic bearing device; and

Fig. 7 is an enlarged view illustrating major portions

of the hydrodynamic bearing device of Fig. 6.

DESCRIPTION OF THE EMBODIMENT

An embodiment of the present invention will
hereinafter be described with reference to Figs. 1 to 4.

Fig. 1 shows a hydrodynamic bearing device for use in
a hard disk device.

This hydrodynamic bearing device is illustrated as
having a construction such that a stationary shaft is
supported at its opposite ends, but the stationary shaft may

be cantilevered.



The hydrodynam ¢ bearing device showmn in Fig. 1 has substantially the sane
construction as the conventional one shown in Fig. 5 with sone specific
portions thereof being different. In these figures, conponents having |ike
functions are denoted by |ike reference characters. Referring to
Fig. 1, a proximal end of the stationary shaft 1 is fixed to a |ower
casing 3 by a screw 24. A stationary thrust ring 9 is fixed to a distal
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15 and 16 are provided Im upper "an ; aces, respectively, of he
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portion 14. Provided that the stationary thrust plate 9 has a

10 stationary thrust ring 9 is fixed to a distal end of the
stationary shaft 1 by an extension shaft 8.

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 ring 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 ring 9 and the recessed portion
10 and provided on one side of the radial-side dynamic
pressure generating portion 5. Dynamic pressure generating
grooves 6 are provided on an outer circumferential portion of
the stationary shaft 1 in the radial-side dynamic pressure
generating portion 5. Dynamic pressure generating grooves 15
and 16 are provided in upper and lower faces, respectively, of
the stationary thrust ring 9 in the thrust-side dynamic

pressure generating portion 14.

Provided that the stationary thrust plate 9 has a

10



t hi ckness t and the recessed portion 10 has a height AL as shown in Fig.
2, a radial spacing Ad of a gap at an open end of the thrust-side dynamc
pressure generating portion 14 (see Fig. 3) is set as satisfying the
fal |l ow ng expression: Ad > AL - t A lubricating fluid 21
is filled in the radial-side dynamc pressure generating portion 5 and the
thrust-side dynam c pressure generating portion 14. The lubricating fluid
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di anet er portion 2%(1 By oxipded .in association with the tapered portion |a,
the larger inner dianeter portion having an inner dianeter |arger than
the inner diameters ofus RAMin (hilg1r 9Eaky156GCYR Cne fAEINL IOdd1E

radi al -si de dynam c pressure dgenerating portion } us, the lubricating

fluid is ngfnahloWsrld i gaAGR indeidoiedhesWaaR the tapgsedspaetion |a
of the stationary shaft 11

dynamic pressure generating portion 14. The lubricating fluid

to be herein used is composed 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
the rotary sleeve 2 has a larger inner diameter portion 2a
provided in association with the tapered portion la, the
larger inner diameter portion having an inner diameter larger
than the inner diameter of a portion of the rotary sleeve 2
facing to the radial-side dynamic pressure generating portion
5. Thus, the lubricating fluid is not allowed into a space

defined between the tapered portion la of the stationary shaft
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1 and the larger inner dianeter portion 2a of the rotary sleeve 2 due to
the surface tension of the lubricating fluid. The rotary sl eeve 2
i s conposed of a copper alloy or an alum numalloy, and a magnetic steel
plate 25 is interposed between the rotary sleeve 2 and a magnet 18 for
suppressi on of magnetic | eakage. Wth this arrangenent, upon
energi zation of a stator wnding 17, hard disks 4 are rotated at a high

speed via the Qghgﬁy sleeve .2 in a,seal ed space S defined between the
| ower casi ng 2% At a5 95&r 1BREF ngiamgeten perkion 23 af £he inptaryt at ed

Cause the ;LS PbaE SO BPRAPAEERRe EROS G AANS duRA e ng F101d.1 {
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[err]L =t fakdle®hikl For inprovenent of shock resistance with
respect to fﬁg tﬁrugka F?Sétion, It may be preferred that the spaci ng be

smal l er. However, i{;pRSefoyng:-1 eﬁéH%f”ﬁ%%d“%d&%%i%a%?@%rof'L”LEa@Sr

expressed by the followi ng expression i1l
winding 17, hard disks 4 are rotated at a high speed via the
rotary sleeve 2 in a sealed space 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 26 between an
upper face of the stationary thrust plate 9 and a lower-face
of a rotary thrust ring 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 ring 9 and a
face of the rotary sleeve 2 opposed thereto is 10um, the
optimum performance is ensured. This is expressed as follows:

AL = t + 15um

For improvement 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

limit as expressed by the following expression in
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12 consideration of reliability of practical finishing
accuracy. [err]L =t + 10[err]m Furt her, the spacing has
an upper limt as expressed by the follow ng expression in consideration
of an allowable range for an intended 500G shock resistance.

[err]L =t + 30[err]m . Therefore, the allowabl e range of .the
spacing is expressed as follows: [err]L = t + 10[err]mto
30[err]m . 4 shows neasurenent results_whjich ipdicate the
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f th [ [ f = 2 t
Sorerrim "9 SHRREOEE? soReiRAs hae a2h iRt HATL AT IRRERARF NG of
the th t d t tl tot
checked durThatthe Sl G e tAaT RS dBaErRg Ibr SbLPheeh mﬁs}p@%eace of
th t at t h t th t
12°bei ng 22’?5%%& SO 3 P S ARG r B e PEB et e mbeing
satisfied, and withatthe d@%l spacing Ad of the gap at the open end being
set to 30[err]n1mh|gﬁ prevent ¥ he | ubricating fluid fromflowng into

the gap by the surfges deiiel Otndl 2178whHPE! FERLL0%E U &Y is

expressed as follows:

AL =t + 10um to 30um

Fig. 4 shows measurement results which indicate the
relationship of the spacing 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 + 20um to 40um

Scattering of the lubricating fluid from the open end
of the thrust-side dynamic pressure generating portion to the
outside was checked during the operation with the spacing 26
between the upper face of the stationary thrust ring_9 and the
lower face of the rotary thrust ring 12 being set to 5um, with
the expression AL = t + 15um being satisfied, and with the
radial spacing Ad of the gap at the open end being set to
30um which prevents the lubricating fluid from flowing into

the gap by the surface tension of the lubricating fluid herein

13



13 used, as shown in Fig. 3. As a result, no fluid scattering
was observed. It was found that the all owable range of the radial spacing
dis as follows: Ad > AL - t As descri bed above, the
hydr odynam ¢ bearing device of the present invention is arranged such
that: the stationary shaft is provided with the stationary thrust ring;
the rotary sleeve has the recessed portion which is defined by the faces

t her eof opposed to the | ower _and uypper faces and outer, circunferential
surface of The st isg%oé'fny J’tnhrfﬁgt‘ lr"li'ng, St ﬁerefﬁggf c‘é?i%]gmf# ik rqtserﬁnlq ed in
t he gap bet n,the statiqnar rust . .ring d essed pordi.qn; and

t he express"l),%sﬁ be%ﬁ{e‘ﬁ %%"’%6[ g??’?‘é\ Féagofggri‘%??%&g |I§af%}%eg %é‘.’?‘% ntis
t he thickn %Eﬁ- tignary .th L0hg and AL is the height of the
recessed por qéﬁ% ef%#%re? ?ﬁea%yggg ?ﬁ%ﬁic beari ng device has a
practically acceptaRlgesrange_of shock resistance with respect to the
thrust direction. Si nce the hydrodynam c bearing device of the

present i nvent i on les Ric2008d sHobe! Nehe | RPaF Gl RinitP 4elaitd i 2 1bBC o £92P

at the open end of the thrust dynam & pressure enerating portion is se
as sati sfyigg the L 658/ed? 188 IsAhrrahgeliNSuck COAL €Y I dik sttafiﬂ‘?marlyi g

lubricating fluid can be obviated. Theréfore, the hydrodynamc bea
device is pad#CUWAddovididd ¥akd ke YS8tiBnarPatrredsSk HRYi Ghe rotary

sleeve has the recessed portion which is defined by the faces
thereof opposed to the lower and upper faces and outer |
circumferential surface of the stationary thrust ring; the
lubricating fluid is filled in the gap between the stationary
thrust ring and the recessed portion; and the expression AL =
t + 10um to 30um is satisfied wherein t is the thickness of
the stationary thrust ring and AL is the height of the
recessed portion. Therefore, the hydrodynamic bearing device
has a practically acceptable range of shock resistance with
respect to the thrust direction.

Since the hydrodynamic bearing device of the present
invention is arranged such that the radial spacing Ad of the
gap at the open end of the thrust dynamic pressure generating
portion is set as satisfying the expression Ad > AL - t, the
scattering of the lubricating fluid can be obviated.
Therefore, the hydrodynamic bearing device is particularly

suitable for use in a hard disk device.

14



14 What is clainmed is: 1. A hydrodynam ¢ bearing device
Ises a sStati onarﬁ haft (1) having opposite ends at | east one

whi ¢
of WhICh ISILumHﬂll m Ij& ry sleeve (2) supported rotatably about the
stationary s

ed to punp a lubricating fluid between the
stationary shaft and the rotary sleeve for non-contact rotation of the
devi ce, wherein the stationary shaft is provided with a stationary thrust
ring (9), wherein tge r ot ar _sleeve has a recessed portion (10) defined
by faces th@’?‘@&f i§nG §é‘Eef’o pper and |l ower faces and outer

nf f.th
f;J[)(r::Jcagirﬁg *| ui 3”[%:5},9?88%,{1%“,;&- 3%%""0%‘2‘15‘3/ s usefatw\r}\}lele%gl tcﬁ\gggtlgh onary t hr ust
ring and t I
sat igsfied:?)oe %l%%%%x % rtfltozllo%qg ﬁ?énn?%ggﬁ{ée)ér r%&{'%[t err ﬁerr [err] L
- tlerr [ [
and AL i o s T sFBRCaRal s Bofaky £XdETE ‘35)%5‘%%@%‘2&3’ saBlys, 119
beari ng dewa%% ac rdeQtEQngk:?egh&ft rfénaé%&? dleﬂ sShaft (1) is

supported at o0s ends ere n e dynam C

pressure gg]%%rﬂtaa@g%%tlh% bé_tggéhneﬂe bt YELSnd s%aaée mxh%h%ttaeg}d

the rotary Sl €eve an thrust e dynam c press generating portion

(14) 1s defified e 'ﬁotnh%oﬁrth{:OP?{XtJ.SHrH?ttﬁé %ﬁ%t%éx‘é&%%ﬁ@
portion and | sposed on one si t he radi al -si de dynamc pressure
generating RAdi¥hary shaft is provided with a stationary thrust ring
(9), wherein the rotary sleeve has a recessed portion (10)
defined by faces thereof opposed to upper and lower faces and
outer circumferential surface of the stationary thrust ring,
wherein the lubricating fluid is filled in a gap defined
between the stationary thrust ring and the recessed portion,
wherein the following expression is satisfied:
AL = t + 10um to 30um [10umS AL - t=30um]
wherein t is a thickness of the stationary thrust ring and AL
is a height of the recessed portion.
2. The hydrodynamic bearing device according to claim 1,
wherein the stationary shaft (1) is supported at its fixed
opposite ends, wherein a radial-side dynamic pressure
generating portion is defined between the stationary shaft and
the rotary sleeve and a thrust-side dynamic pressure
generating portion (14) is defined between the stationary
thrust ring and the recessed portion and disposed on one side

of the radial-side dynamic pressure generating portion,
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15 wherein the radial -side dynam c pressure generating portion
and the thrust-side dynam c pressure generating portion are filled with
the lubricating fluid, wherein a radial spacing Ad of a gap at an open end
of the thrust-side dynam c pressure generating portion satisfies the
foll owi ng expression: Ad > AL - t 3. A hydrodynam c beari.ng
devi ce which conprises a stationary shaft supported at its fixed opposite

d d t I , ort t at abl bout the stati haf t
and i o adafhEaeEh’ Byt AT ShTT R (PR USRS, SPRET ALY BRI nat |
and the rotary, sleeve for non-contact rotation of the device, wherein the
stati onary*BRAFES] EATRPEA RS THRAFLE RERSNRG YEPRFASEOR: RGTE™ SHer of n

h . . J | 10) def.i ned_by.f h f

opposed | oTABbER HHT BRBy LV RERE AP AR c MPETRRE: BnF Yt oL CTRSHEY of t he
_ a1 B ¥ e o PP & € |

por i on 1 & 81 Phod' BBP,tnft e & Wk Sl RnHETRARCETIRMIS 2M0cle ana

a thrust-shggsS?ﬁgﬁ@%g?fééﬁﬁggé§€¥¥gﬁegééggfyggiegg @&ﬂ%oag?gefined bet ween

the statiohary € recessed portion-an posed on one

si de of thgxg@gggiégide dynam c pressure generating portion, wherein the
radi al -si de dynam c pressure generating portion and the thrust-side
dynam c pressure gepeyahifng portion are filled with the lubricating fluid,
16

3. A hydrodynamic bearing device which comprises a
stationary shaft supported at its fixed opposite ends and a
rotary sleeve supported rotatably about the stationary shaft
and is adapted to pump a lubricating fluid between the
stationary shaft and the rotary sleeve for non-contact
rotation of the device, wherein the stationary shaft is
provided with a stationary thrust ring (9), wherein the rotary
sleeve has a recessed portion (10) defined by faces thereof
opposed to upper and lower faces and outer circumferential
surface of the stationary thrust ring, wherein a radial-side
dynamic pressure generating portion is defined between the
stationary shaft and the rotary sleeve and a thrust-side
dynamic pressure generating portion (14) is defined between
the stationary thrust ring and the recessed portion and
disposed on one side of the radial-side dynamic pressure
generating portion, wherein the radial-side dynamic pressure
generating portion and the thrust-side dynamic pressure

generating portion are filled with the lubricating fluid,

16
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wherein a radial spacing Ad of a gap at an open end of the thrust-side
dynam c pressure generating portion satisfies the follow ng expression:
Ad > AL -t whereint is a thickness of the stationary thrust ring and AL
is a height of the recessed portion. 4. The hydrodynam ¢ beari ng

devi ce according to claim?2 or 3 which conprises: a stationary
shaft (1) having a proximal end fixed to a casing; arotary

I 2 .t ed t.at abl bout ,t tati haf t h
open por {1 oR EGIT GBI AR ALCREACHRY. £ ¥heh AP (91 AL QRER PR et Kol
di st al d th tati haft, th ' havi di t
than a i aRBF8R P SERe SEL AR Gl 5 SHET | S RTRT Doy e S AU EREoaRre
outer circu ﬁ&g@gg tgxmgigh.g | oad nenber is attached, a
stationary thrast gng P ? or%%° di sk shape having a through-hole at its

center and attached {g {he distal end of the stationary shaft, the
stationary thrust ring having a~ |ower face opposed to a bottom of the open

porti on of Lgrelilar Y eSLeekec s 8 PULEL SCHITALP Urlxals S5 hacgngPROsed

to an inner circunferential surface of t pen po

AL o hSholEbEOLSePLaIB SR upRted WL the 0 st mnd of
stationary ghaft; a@fle hydrodynamic bearing device accolding to claim 2
or 3 which comprises:

a stationary shaft (1) having a proximal end fixed to
a casing;

a rotary sleeve (2) supported rotatably about the
stationary shaft and having an open portion provided adjacent
one end thereof in association with a distal end of the
stationary shaft, the opening having a diameter greater than a
diameter of the stationary shaft, the rotary sleeve having an
outer circumference to which a load member is attached;

a stationary thrust ring (9) of a disk shape having a
through-hole at its center and attached to the distal end of
the stationary shaft, the stationary thrust ring having a
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 (8) having a proximal end threaded

with the distal end of the stationary shaft thereby fixing the

stationary thrust ring to the stationary shaft; and

17
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arotary thrust ring (12) of a disk shape fitted in the open portion of
the rotary sleeve and having at its center a through-hole through which

t he extension shaft extends, wherei n dynam c pressure generating
grooves are provided in a radial-side dynam c pressure generating portion
defi ned by an outer circunferential portion of the stationary shaft and an
i nner circunferential portion of a center hole forned in the rotary

sl eeve, wherepn_dypam c_pressu gener.atj.n Qoves.are rovi ded
'n a thrust-side ByRSRREY pHRESTY & GRH i I Fortisdn SPABFI AAECEY the

stati onar hr 1.0g, the i r...clreund erentj sys.face of, th en
portion o htehgﬁrzét g?gglgbeg\f/eggﬁdr?%%é‘g %ie{‘ﬁ% alr'gc{ é’raylsnlageg\?e 1§%p§§§gefo t he

statl onary, WS hBYe chzopgh WSS thd e ot Al Yl g pr essur e

generating portiron an ust-Si de dynanm C pressure generati'ng

ortion are fille ' t [ | | ] : ei,n.a distal end
gf t he extension gﬁﬁ%%b?s ?é%%? é??%%ﬁ?%xﬁﬁééfatﬁﬁg grd@?&% hggrodynanic
beari ng dewy cordin nys ' r;el . i's
10[err]n1?§b§g %?r?élh g§89af %&%%d?%ééﬁégké%?é%gggtfgﬂgﬁgggiﬁﬂPégﬁéégprises

a statiopipfnglably aHPBAEEEUcBchhfetdXefh PRAOS idh %}d%h@ngtatibagégy
sl eeve supported rotatably about the stationary shaft and is adapteld to
punp a | ulghiagat ana khuidnBet ¥eeOuhFerential portion of a center hole 18
formed in the rotary sleeve,
wherein dynamic pressure generating grooves are
provided in a thrust-side dynamic pressure generating portion
defined by the stationary thrust ring, the inner
circumferential surface of the open portion of the rotary
sleeve and faces of the rotary sleeve opposed to the
stationary thrust ring,
wherein the radial-side dynamic pressure generating
portion and the thrust-side dynamic pressure generating
portion are filled with the lubricating fluid,
wherein a distal end of the extension shaft is fixed
to the casing.
5. The hydrodynamic bearing device according to any of
claims 2, 3 and 4, wherein Ad is 10um to 30um.
6. A hydrodynamic bearing device which comprises a
stationary shaft supported at its fixed opposite ends and a
rotary sleeve supported rotatably about the stationary shaft

and is adapted to pump a lubricating fluid between the

18
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stationary shaft and the rotary sl eeve for non-contact rotation of the
devi ce, wherein the stationary shaft is provided with a stationary t hr ust
ring (9), wherein the rotary sleeve has a recessed porti ¢TI ¢¢9I DEINg%gﬁ&y

faces thereof opposed to upper and lower faces and outer dP‘tu
surface of the stationary thrust ring, wherein a radial-s

pressure generating portion is defined between the stationary shaft and

oy L L S S L

(14) is defifie hrus n e recessed

portion and, di§RASEE Ehe 28y é&'eaﬁ aﬁt fr@d@ta%l%%a dWagePEESSUr e

generating portion, Wher éi e f ynam c pr ssure generating

portion an 550§dtaru§tpsad§tgymﬂgﬁgf%mm ermg,gri%gat WAS-aeh! LAE 26eaky! ! ed

with the | Obricating a gap at en en

thrust-sidg1duganhgs B gSSHESeH 9 REY e RP o 'rBed! £ARRELED Ad
Fu f

that prevents the ricating floming Intd the gap by surface

tension OfobB%sEHbEbcﬁb%Qg Qﬁ&'fbweg faééé“&ﬂ& dﬂﬂéﬁﬂﬂﬂﬂﬁuﬁf€¥€ﬁ€§¥ﬂa”1C
bearing device as recited in any of clains

surface of the stationary thrust ring, whereln a radial-side
dynamic pressure generating portion is defined between the
stationary shaft and the rotary sleeve and a thrust-side
dynamic pressure generating portion (14) is defined between
the stationary thrust ring and the recessed portion and
disposed on one side of the radial-side dynamic pressure
generating portion, wherein the radial-side dynamic pressure
generating portion and the thrust-side dynamic pressure
generating portion are filled with the lubricating fluid,
wherein a gap at an open end of the thrust-side dynamic
pressure generating portion has a radial spacing Ad that
prevents the lubricating fluid from flowing into the gap by
surface tension of the lubricating fluid.

7. A motor employing a hydrodynamic bearing device as

recited in any of claims 1 to 6.

A

Sheet Has Been Replaced
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