DESCRI PTI ON DYNAM C PRESSURE BEARI NG AND ROTATI NG

DEVI CE EMPLOYI NG SAME BACKGROUND ART [0001] The

present invention relates to a dynam c pressure

beari ng, and nore partlcularly to a dynam c pressure

bearing. that prevents |eak and splash of a magnetic

fluid and resolves the problens caused by instability

phenonenon of fluid punping resulting fromthe

unbal ance of dynanic @ESERERTIGM prior art, dynamc

pressure bearings have been known in which a thrust

plate is fixed to an end of a shaft, a thrust dynamc
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of the thrust plate and the opposite face of a

protrudi ng tubular section of a fitted sleeve, a
BACRCR@UND dygmn ¢ pressure bearing section is fornmed by

the outer peripheral face of the shaft and the
[09%bbsite face of the protruding tubul ar section of
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peripheral face of the shaft and the opposite face of the

protruding tubular section of the fitted sleeve, a
Jlubricating oil is retained in the dynamic pressure bearing
sections, and a dynamic pressure is generated by the
rotation of a rotor. In such dynamic pressure bearings, the
lubricating oil filling the dynamic pressure bearing
sections has to be effectively prevented from leak and
splash. Furthermore, because the lubricating oil, which is
the medium of the magnetic fluid, evaporates into the
atmosphere as time passed, the service life of the bearings
is limited or they required maintenance such as refilling.
Another problem associated with dynamic pressure bearings is
that the rotation of a sleeve or the like is unstable due to
unstable flow of magnetic fluid caused by pumping
originating in the dynamic pressure bearing sections. This

unstable flow of magnetic fluid caused by pumping originates



direction and the magnetic fluid flows in a certain
single direction. [0002] Devices to prevent the

| ubricating oil fron1|eak(§ spl ash in which the end
portions of magnetic fluid are magnetically sealed
with a seal gap sections by formng a magnetic
circuit using magnetic materials and nagnetic fluid

are known_(for_ exanple, see Patent. Do ts 1 d 2)..
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: seekgégégélDocument 3). However, the taper seal has a
function as a reservoir to reserve the lubricating oil,
while maintaining a capillary phenomenon by enlarging the
height of the tapered section gradually, therefore for the
taper seal to use the capillary phenomenon, the gap to
retain the lubricating oil has to be narrow. Particularly,
in dynamic pressure bearings with spindle motors used in
3.5—inch hard disk drives for computers, flexibility in
designing the shape of the taper seal is strictly limited
and a high machining accuracy based on mirror finishing or
the like is required. As a result, the production cost of
components is increased. Furthermore, in order to increase
the accumulation capacity, the length of the tapered section
has to be elongated because the taper angle cannot be
enlarged enough, but this causes problems because the degree
of freedom in designing the shape of the taper seal is

restricted.



(Page 3, FIG 1, and FIG 3) Patent Docunent 2: US

Pat ent No. 4,694,213 Specification (Pages 3 to 5,

FIG 1) Patent Docunent 3: ,Japanese Patent. Publication

No. 2001- 112214 (Pages 4 and 5, FIG 1) DI SCLOSURE OF

THE | NVENTI ON PROBLEMS THAT THE I NVENTION | S TO SOLVE

[gOOSL Thg present invention was achi eved to sol ve

t he above described a plurality of problens of prior
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patdt HdhGentRaneTapahleied PRt e thPanaticatiibal Noi.nHE-33941

stationary state and to hold it mainly by a
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viscosity, and as the viscosity of magnetic fluid

i ncreases, the torque |oss of dynam c pressure
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magnetic fluid of a high saturation magnetization value or a

magnet of a high magnetic force has to be used. However,
magnetic fluids with a high saturation magnetization value
generally tend to show a high viscosity, and as the
viscosity of magnetic fluid increases, the torque loss of
dynamic pressure bearing also rises. On the other hand,
magnets of a high magnetic force such as samarium-cobalt or
neodymium-ferrum-boron magnets are extremely expensive. In
accordance with the present invention, because the magnetic
fluid is held principally by a centrifugal force during
rotation and because the magnetic fluid can be held by a
magnetic filed only in a stationary state, it is not
necessary to use a magnetic fluid of a high saturation
magnetization value, meanwhile an inexpensive magnet of a
weak magnetic force such as a ferrite can be used.

[0006]



reservoir for magnetic fluid accunul ati on. |ncreasing
the reservoir capacity of magnetic fluid makes it
possible to extend the servjce life of the dynamc
pressure bearing determ ned by the evaporation of a
lubricating oil, which is the nmediumof the magnetic
fluid, and to sufficiently deal w th volume expansion
of the %netlc fluid caused by tenperature, increase
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thrust plate fitted and fixed thereto so as to
tepperatibre ieteeaselintihe dynamie presirarkerming.
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an axial inner face of said thrust plate and an
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annul ar cover serves as an
The present invention employs the following

constitution to solve the above-described problems.

(1) A dynamic pressure bearing in which a sleeve having
a protruding tubular section for inserting into a toric
thrust plate and a shaft is fitted to an outer periphery of
said shaft having said toric thrust plate fitted and fixed
thereto so as to be rotatable relatively to the shaft, a
clearance section for generating a thrust dynamic pressure
by an axial inner face of said thrust plate and an opposite
axial outer face of the protruding tubular section, a
clearance section for generating a radial dynamic pressure
by an inner peripheral face of the protruding tubular
section of said sleeve and an opposite outer peripheral face
of the shaft, and a magnetic fluid is retained and sealed in
the clearance sections, wherein

an annular cover made of a nonmagnetic material is



openi ng, at |east two cl earance sections of the
cl earance section between said thrust plate and said
annul ar cover and a clearange section between a
radial outward fromsaid thrust plate and an opposite
radial inward fromthe sleeve are used as a reservoir
for reserving the magnetic fluid, an end portion of
the. magnetic fluid is ke in_the clearance section,
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as referred to herein includes all the parts that are
of fthgdnagnetic fluid are held by a magnetic field of the
magnetomotive force member such as a permanent magnet.
During rotation, a centrifugal force accompanying the
rotation of the sleeve or shaft is applied and it holds the
end portions of the magnetic fluid with good stability.
Thereby, leak and splash of the magnetic fluid can be
reliably prevented and the magnetic fluid can be retained in
the bearing sections at all times. Because it is enough for
the magnet to hold the magnetic fluid mainly only in a
stationary state, comparatively expensive magnets of a high
magnetic force such as samarium-cobalt or neodymium-ferrum-
boron magnets to generate the magnetic field are not
necessary to use, and inexpensive magnets of a weak magnetic
force such as ferrite magnets can be used.

The magnetomotive force member is integrally formed

with or fixed, for example to the sleeve, annular cover or



integrally to the protrudi ng tubular section rotatably

fitted to the outer periphery of the thrust plate and

the shaft. Accordingly, though a rotor hub and a

menber having the protruding tubular section are

physically different, they are all considered as

sl eeves in accordance with the present invention as

long as they rotate integrally. Magnetic_ flux
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The annul ar cover may be fixed to the sleeve, via a

_radﬁﬁéndﬂ§ﬁ§FF9§ member such as a permanent nagnet.
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The thrust plate may be formed integrally with the
shaft. As described hereinabove, the sleeve as referred to
herein includes all the parts that are fixed integrally to
the protruding tubular section rotatably fitted to the outer
periphery of the thrust plate and the shaft. Therefore, a
section where the annular cover is provided can be
considered as a sleeve, if it rotates integrally with the
-protruding tubular section. In addition, the case where the
annular cover and the sleeve are formed integrally is also
included in the scope of the present.invention. The annular
cover may be fixed to the sleeve, via a magnetomotive member
such as a permanent magnet.
[0010}]

The reservoir needs to have a capacity sufficient to

reserve the magnetic fluid. This capacity varies depending



accordance with the present invention has a margin in
l ength or gap size of the reservoir because the
Leserved magnetic fluid iiékept by a magnetic force

nd a centrifugal force. reover, the reservoir
space can be designed to have any shape, the degree
of design freedomis very high, a sufficient capacity
can be easily ensured,, and the production cost of
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2) A dynam.c pressure beari.ng in which a_sleeve,
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outer periphery of said_ shaft having said seal plate
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tools, bearings for medical devices, bearings for industrial
equipment such as turbines, bearings for reels and vehicles
such as automobiles, electric trains, ships and aircrafts,
and bearings for equipment for production of semiconductors,
electric and electronic devices, and other apparatuses.
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{2) A dynamic pressure bearing in which a sleeve having
a protruding tubular section for inserting into a toric seal
plate and a shaft is fitted to an outer periphery of said
‘'shaft having said seal plate fitted and fixed thereto so as
to be rotatable relatively to the shaft, a clearance section
for generating a radial dynamic pressure by an inner

peripheral face of the protruding tubular section of said

sleeve and the opposite outer peripheral face of the shaft,



direction via a clearance section, a radial inward end

of said annul ar cover serves as an opening, at |east

two cl earance sections of the clearance section

bet ween said seal plate and %aid annular cover and a

cl earance section between a radial outward fromsaid

seal plate and an opposite radial inward fromthe

sleeve forma_ reservoir for reserving the magnetic
anfl| aj gagpatéadipotdi b9 Betaheedoamdt $e2ied| in i thkepleapance
sebPeonC! GREAOES section between said seal plate and
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her ei nabpve, , wherein a magnet onotive force nmenber is
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opggyg?i (4) The dynam c pressure bearing described in

1) to (3) hereinabove, wherein a pole piece is
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e magnetlc piec 0 corce
cleaganrt ¢ csé¢dukon | etswéerona tised el et tvapd | Braurdaiok sdal
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bearing in accordance with the  present invention can
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above. 9 [0012] (5) The dynam c pressure bearing
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a Wgﬁ@%@é@é 3 &%ﬁm t6r ArrShéing Mhd Hatetic
flux lines is provided on a radial outside of the end
portion of said magnetic fluid.

(3) The dynamic pressure bearing described in (1) or
(2) hereinabove, wherein a magnetomotive force member is
disposed on an axial outside face of the annular cover.

(4) The dynamic pressure bearing described in (1) to
{3) hereinabove, wherein a pole piece is disposed on a |
surface of magnetic pole of an annular permanent magnet as
the magnetomotive force member.

Here, the magnetic piece acts to concentrate the
magnetic flux lines from the magnetic pole surface of the
permanent magnet to a radially outward position from the end
portions of the magnetic fluid and also to a position in the
reservoir.

The dynamic pressure bearing in accordance with the
present invention can be used in any rotating device having
a rotor fitted externally on a shaft and rotating, equally

to (1) above.



Wien such a structure is adopted, a magnetic circuit
is forned via the sl eeve nade of a nagnetic nmaterial.
The dynamic pressure bearigg i n accordance with the
present invention can be used in any rotating device
having a rotor fitted externally on a shaft and
rotating, equally to (1) above. [0013] (6) The
dynam c pressure bearing described in any one of (1)

[00%2] (5) above, wherein a vertical communicating
COM)Itnd S liRA gibdaifre e SUHBR 5t rUot wre
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to (h) aalstreét and rotating, equally to (1) above. [0014]
[00§i The dynanic pressure bearing according to (6),
wnerein a transverse comunicating conduit is formed
i Ny % pernes! %Nmiﬁepmsmrda ebeaniny edesccrmainit Annhgne
conduit is forned, the magnetic flujd .
of combiunt{5) ravaTRs WD by art bheat sy tbating o
cond& gt 248t FOPNEECIn Sthe shecvmgnetic fluid. 10 In

addition, air bubbles that were adm xed can be. .
ef WeeRi §8¢Y 2 cFLRICHIF® 19 cad0RES o the MAgnRLHG fluid

thaPeR5V8Y d€§r£8rﬁ@ﬂﬁfnéSofoﬁhgaﬂﬁﬁédflghﬁ wyFlanterough the
pressure bearing I1'nh accordance with the
communicating conduit. As a result, the amount of the

magnetic fluid retained in the axially upper and lower
thrust bearing sections, radial bearing sections and
reservoir is maintained at a constant level. 1In addition,
because the generation of local negative pressure is
prevented, degradation of bearing performance and leak and
'~ splash of the magnetic fluid do not occur.

The dynamic pressure bearing in accordance with the
present invention can be used in any rotating device having
a rotor fitted externally on a shaft and rotating, equally
to (1) above.

[0014]

(7) The dynamic pressure bearing according to (6),
wherein a transverse communicating conduit is formed in the
sleeve.

Because the transverse communicating conduit is formed,
the magnetic fluid’s flow constantly returns during rotation

thereby, no local degradation occurs in the magnetic fluid.



present invention can be used in any rotating device
having a rotor fitted externally on a shaft and
rotating, equally to (1) ﬁgove. [00151 (8) The
dynam c pressure bearing according to any one of (1)
to (7), wherein an annular step for inhibiting a
capi Il ary phenomenon is forned inwardly in radia

direction from.an end of the openin f th annul ar
In addirionnd@by Pykbles Yhat iRk cf’}‘{}]“}r’??cfaqﬂ%l Qi rection

efféé@ﬂé%&f fﬁé@éec@'tﬁi &l odtheigeal M af eredfiflit8) I:aring

outwardly 1n axial direction therefrom Here the
perﬁwwmﬁmﬂeslﬁmn¢% damagef - f ox exanple by providing a

i ég!%{} I rQusieth fARGLLH R
R %Eﬂ?}oab e annu ar cover facing the 1_ﬁlﬁrust
pre@émt elmemheom ezan phatwsed hin nherdtating dewigr hpwing

R e L RN S

to {afiagotdem In a portion of a narrow clearance, an
I nternol ecul ar force anong the magnetic fluid and the
loolﬂlust plate or seal plate and annular cover, and a

ge La fhY §hSRic g&y%%@a Barin edid:mbﬁﬂ:ikh@rtcﬁ e @fe

| netic flui t upon the magnetic f|UId hel d
of (h)th@ CVbar@h@@elmwa@r@wm@lﬁﬁ FHRP E BB IDEHERT 1 y

cap%g g§2%3%§8§%n6$ e; dif é@nlﬂﬁaf@ iﬂtﬁﬁﬁméfqﬁiféctlon

hr ust ate or [ate and
froﬂnanlendcoﬂetheamgemaggemfcth¢uamn@h@hg%gv%ﬁrt¢ﬁdf%@ndﬁs

d d
cordRRF By ol SRS BRI SrRE A R0 or
theeb&gtt plaThessfionesot betweaddbyr 1h omx bl tdbreeighen i c

fluid is retained in the rising portions of the step.
thergfrQRape of the step is not limted to the rounded

Shﬂ@feaﬁﬂenﬁﬁnﬁﬁarfQﬁTﬁxﬂgpfﬁrmé& tﬁ@rf@iﬂmpiea by
nount ai n-ri dge |ine at step's shape, may be

pro@yd@ngvadshgpaheﬁheav@naﬂﬁﬁvé?rse%¥? (RN %n?%ﬁ %FaPe
in tﬁé'ﬂgdlaﬁdgé#EQOHnofh@héxéﬁhugéisbgﬁeﬁff&@ﬁn@htﬂ§tthrust

te or or may be forned z
platenbrnahBOﬁe@l Ph@t@oncﬁb@ magnetic fluid is held by the

magnetic force in a clearance section between the thrust
plate or seal plate and the annular cover facing them. 1In a
portion of a narrow clearance, an intermolecular force among
the magnetic fluid and the thrust plate or seal plate and
annular cover, and a capillary effect caused by an
intermolecular force of the magnetic fluid act upon the
magnetic fluid held in the clearance; By providing the
annular, smoothly rounded shape, the direction of the
intermolecular force among the thrust plate or seal plate
and annular cover, and magnetic fluid changes at the round
shaped section, and expanding the clearance toward the
opening of the annular cover inhibits the capillary effect.
Therefore, the end portion of the magnetic fluid is retained
in the rising portions of the step. The shape of the step

is not limited to the rounded shape and may be, for example,



annul ar section of the thrust plate or seal plate and
the rounded shape of the annul ar cover. The dynam c
pressure bearing in accor ce with the present
i nvention can be used in gﬂc rotating device having a
rotor fitted externally on a shaft and rotating,
equally to (1) above. [0016] (9) A rotating device
conprising the dynam c pressure bearing according to
the dinrmome ¢f MONNtAIN-R)AgPhd 1fGt-at TAG A EHEPe SadhARefAY e
fonlﬁeo% g P HHY a 'Rnfdlahied A18S RRGHIGM oOlt®le radial
itted“"externally on a shaft and rotating. Exanples
insiode suntd redtsat iong theyiacds )i wattsdele wdr itékﬁ?sgcthfp’@éi gflate or

|, precision,., notors for . . ' [
seaf TAtdn K6 K Sbr AL ¥ gt Qi eave
ann®Wit dcickof atk finustmgdiate siz seadt glatforand the
househol d appl i ances, donestic installations, OA

rouried cdhape i (G GHORAMTIY Hrd i ndustrial uses, as
welhe afyddiic Tedistad olasinpdir alcamdars Wintbitles,
reels, "autonobiles, electric trains, ships, aircrafts

presenrt otneention @Gaks beytFeddiht FBHHEFAT s ving

a r%fcg% SPM{&& Q }?teﬁ{a?%fl{/icﬁ} ad"dshﬁ@‘aﬂcprﬂcﬁ:éi@l.\ﬂé,ese%?ﬂﬂy

erappar atuses. ariety of design fornms can
to (eyialBoverhen the dynam c pressure bearing is
(00 ésenbled in arotating device. For exanple, in the
&e of a spindle notor used in conputer hard disk
dr gl)i‘lSA f@@ﬁx@@ﬁi@ﬁdm ecquEesEing riventdynaniq @reRsure
exanples in which the sl eev d rot hub are
bear FRg REFPYAHY deR 20 He Hhn art%o&{e)r' and a

MBgREt PHPAL Vg - d&F L€e NsThas f @fed i @ thdteirts dre
rotor hub is tixed to the sleeve and the nul ar
rotabieg bpdite PRRENY @ (TR tHLEHRE RPN Phet Shaft

and p{r&fﬁéyﬁﬁg ttagé&hgieéeaf | QeRNELE £ Dig hadby Bd&s 1ond 1uds
each other; the annul ar cover or the like is
variouegtybey ob| seallli preehelen TS HEOF GTIRPHRE dfrd

s B0 FUEE, S LD A S0 S slchpun, 1o
andcoppbeell disksplandl fayspfmedium-size motors for
household appliances, domestic installations, OA devices,
units for vehicles and industrial uses, as well as for
machine tools, medical devices, turbines, reels, automobiles,
electric trains,lships, aircrafts and other vehicles, and
equipment for production of semiconductors, electric and
electronic devices, and other apparatuses.

A variety of design forms can be devised when the
dynamic pressure bearing is assembled in a rotating device.
For example, in the case of a spindle motor used in computer
_hard disk drives, the scope of the present invention
includes examples in which the sleeve and rotor hub are
integrally molded and the annular cover and a magnetomotive
force member are fixed thereto; the rotor hub is fixed to

the sleeve and the annular cover or the like is fixed to the

rotor hub; the protruding tubular section and rotor hub are



menbers and the a rotor hub is fixed. EFFECT OF THE

I NVENTION [0017] The effect of the present invention

is that because the magnetjc fluid is held by a

magnetic field in a statioﬁgry state and it is held

mainly by a centrifugal force during rotation, no

strong magnetic field is required to keep the

_~magnetic fluid during rotation. [00181 In accordance

fixefdt RacheophesenthenoBRtlar, co¥eHUE hher bikevdfr to

int%§§gﬁi§ hBeaRRIDSLhCthbUkfaboeP 4LAEHtolNRub and annular
accumuf at y

ron capacity of the magnetic fluid used in
coveleardyfianed pnégstpeobeasidg eécthensleavehinethe axial

aixGELARy ABRFRFnBACHYE PoCPRORGAYarar  BRUBLERE ©F

membelEi aatli Bfeonl rovbicchubsish€ixeddi um of the magnetic
fluid, can be extended and it sufficiently deals with
t he vol une expansion of the nmagnetic fluid caused by

EFFEePeFatiuEe TOEN®a6/ I N the dynam c pressure bearing.-
er effect of the present invention is

[00gFdt the centrifugal force and conmmunicating conduit

Proyide fEB%ig% th@?RSEEEéE GAOcREEYRNE st PRat because the

degradation of beari rformance during rotation
magaedicafilpridvdst hpddsbyl 8 megketandfipldshnof shationary

. magnet. ¢, fl.ui used instahkil.i n n .
seaR0RH, G, i A3 Ao, LOSho b L BT IEEAE otk ing
rotPESGBLPgbCHFEEnﬁHﬁa@RéﬂtNGSieﬂﬂO2@1ré§uEtéﬁ toi keap the
ongi tudi nal crqss-sectignal view illustrating an

nag@ehdGi AeRt oA ABIpresaLt O nvention; FIG 2 isga pl an
[oodiggw by cutting along the I'V-1V arrow in FIG 1

i1 l'ustrating a dynam c_pressure groove of a fhrust

pl 30e ACROXERBEGaNAEIWEDE PKESERESARVEPKIERY | BRCEHESa

res%?&%ﬁggﬁgﬁ?%%%r%%th%nﬂhgﬁh%WbiEhﬁihrikiﬁgobhéeaytﬁﬁb
accumulation capacity of the magnetic fluid used in the
dynamic pressure bearing sections can have a margin, the
service life of the dynamic pressure bearing determined due
to the evaporation of the lubricating oil, which is the
medium of the magnetic fluid, can be extended and it
sufficiently deals with the volume expansion of the magnetic
fluid caused by temperature increase in the dynamic pressure
" bearing.

[0019]

Another effect of the present invention is that the
centrifugal force and communicating. conduit provided inside
the sleeve can prevent the degradation of bearing
performance during rotation and can prevent possible leak

and splash of the magnetic fluid caused by instability

phenomenon of pumping in the dynamic pressure bearing.

- BRIEF DESCRIPTION OF THE DRAWINGS
[0020]




with a sleeve; FIG 3 is an anal ysis diagram of
magnetic flux lines in the dynam c pressure bearing
shown in FIG 1; FIG 4 is 3 anal ysi s di agram of
magnetic flux lines in another dynam c pressure
bearing in accordance with the present invention;
FIG 51is a Iongitudinal cross-sectional view

illus in exa of . anot her odi nent. of the

U B WA G T RS L L A U EUAS
ilLi96BatEsd | anabnio@ent | SR | pYEe Séh 18 Rl e n ;

anot her enbodi nent of the present inventiaon; FI G 7

i s BIGongi 3k nadar r6haw S*é‘)éthlbti‘i"a}n‘ém%]d?ng IR tFaFhprrow
in &PrE&Xa ifiﬁgtfﬁ%iﬁﬁr éﬁsdfﬁi§¥5€¥¥“of a thrust

invention; FIG 8 1S an "ana yS|s agram of magnetic
platexin ar@sordwanwueml;math@ presenl elibeentan dndva jpartial

t
cofbfaieflfin L8y L AIBHIP R0 SRS Lo
wilh esesileevayention; FIG. 10 is a Iongltudlna

ndiTer LAt by e T (5 SR Bt b Lipes in
thé Sdpiai@| psesswi @ Badt Dig negsat i tn fRxe. 1ines in the

dynam c pressure bearing shown in FIG 9; FIG. 12 is a
| onFGuch niF 20 ARALETHS GHAYRARRPT MAENTHG fglukh 1ines in

an&%ﬁ@Pl ﬁgmfﬁuﬁggg &¥EKEEJE§H (ﬁnt4566¥dﬁﬁﬂg with the

I nvention IG 13 is a Iongltudlna
pPresent- snxsmtwnn view illustrating an exanple of

anoﬂ-ikfl S onglcg}{ﬁjﬁfnacfﬂ?afr&?c?ég - sd VR 01 ) G

1l4(a cross-sectional "vView
illdstesataig non sexanalp|ef cnarioitheamlenbiotime it dfhd lperesent
resent invention; (b) is a cross-sectional view by

InYSRYAY al ong

FIG. 6 is a longitudinal cross-sectional view
illustrating an example of another embodiment of the present
invention;

FIG. 7 is a longitudinal cross-sectional view
illustrating an example of another embodiment of the present
invention;

FIG. 8 is an analysis diagram of magnetic flux lines in
the dynamic pressure bearing shown in FIG. 6;

FIG. 9 is a longitudinal cross-sectional view
illustrating an example of another embodiment of the present
invention;

FIG. 10 is a longitudinal cross-sectional view
illustrating an example of another embodiment of the present
invention;

FIG. 11 is an analysis diagram of magnetic flux lines
in the dynamic pressure bearing shown in FIG. 9;

FIG. 12 is a longitudinal cross-sectional view
illustrating an example of another embodiment of the preéent

invention;




the X-X arrowin figure (a); FIG 15 is a |ongitudina

cross-sectional view illustrating an exanple of
anot her enbodi nent of the 3resent invention; FIG 16
is a longitudinal cross-se #ional view |IIustrat|ng

an exanpl e of another enbodi nent of the present
invention; FIG 17 is a |longitudinal cross-sectiona

~View |IIustrat|ng an exanple of a manufacturjn
nebFed 13 ifce otergtendinal (HeHF 3t 1I9Mentioh; FI-G

.illﬁgFu n Ogﬁ'ékﬁﬁé?% ?fQ§¢o§ﬁ§%'éﬁﬁﬁdiﬁéﬂf of the present

. ra ing an e a direct current nmotor in
inventbonance with the present invention; FIG 19 is a

Ion tu |na Cross: sect I &
ﬁ%r gnb?h%rl%ng % g@%?¥en%6%% %ﬁgﬁ%ﬁﬁégg%?%gnce
111Ms£fatﬂﬁ péﬁseﬁampnae@flmmatmmﬂ éndPoents @f the present

| ong |tud|nal Cross-sectio | lust
an@REhﬁPe 6P)aﬁ%tﬂe?r%??eﬁ?ggﬁ?gﬁﬁtvh%Vd$§ ratﬁng aE%%mc
the"‘kLQ éPfoﬁffﬁeﬁighf‘éeQé) DESCRI PTI ON OF THE

VERAL S 41 Shaft 2, 19, 42 62 Thrust
pI EI@ 31521is 231 Ogﬁlt@@lna% cpasgraggbional spieyy g4,
11148¢, 800030 COXERp1 o %ot 43no BRed NeBoa BRaAE Nof SR | SResent
T %, EQE gb_éﬁdla egr?ng 2%ct?on is 10 Reservoir : sen
invédtiegpetic fluid 15, 16, 20, 25, 55, 106 Permanent

R RS et WSt e
il11688e8tinBESH &kbip EOR CARRYthSr CefibddtiEnenVENT| the present
invention;

FIG. 17 is a longitudinal cross-sectional view
illustrating an ekample of a manufacturing method in
accordance with the present invention;

FIG. 18 is a longitudinal cross-sectional view
illustrating an example of a direct current motor in
.accordance with the present invention; _

FIG. 19 is a longitudinal cross-sectional view
illustrating an example of another direct current motor in
accordance with the present invention; and

FIG. 20 is a longitudinal cross-sectional view

illustrating an example of another direct current motor in

accordance with the present invention.

DESCRIPTION OF THE NUMERALS

[0021]

1, 31, 41 Shaft

2, 19, 42, 62 Thrust plate

3, 21, 23, 26, 33, 43, 63 Sleeve
4, 30, 44, 64, 104 Annular cover

5, 45, 65 Thrust bearing section

7, 47, 67 Radial bearing section




[ 00221 The present invention will be described bel ow

based on the enbodinents illustrated in the draw ngs.
Those enbodiments will be fgplained with reference to
a dynamc pressure bearingtor a spindle notor used

in conputer hard disk drives. However, the present
invention isn't limted to each exanple below [0023]
Enbodinent, 1 FIG | is a |ongitudinal cross-sectiona
10 vi ReS9TBT ati ng schematical ly an enbodi ment of the
[ nt i . claimsl. In FIG 1, the dynam c pressure
lzbggfin&ﬁﬂgg%ﬁﬁ%g?ggkﬂsuch that a sleeve 3 nade of a
15 nakagdet | 25 neiter i 116 haHampamendy gadidithg t ubul ar
section 17 is rotatably fitted to the outside of a
18 ¢ MR ﬁ?qgﬁﬁng atoric thrust plate 2 nade of a
24 jregnet ivemaierl atorfmueiddthieretanndnitthr ust beari ng
section 5 to generate a thrust d m c pressure
28 ot VERARSFRE S, Gy e st £ e, ¢ hr ust pl at e 2

and the axial outer face of the protruding tubul ar
section 17, and a radial bearing section 7 to
BES® MODE FOR (GARBYING IR TH IP%Et ween the inner
[°6§%ﬁ pheral face of the protruding tubular section 17
and the opposite outer peripheral face of the shaft 1
ar eTio rpmek e dinvendgrst ivwill diel desqrihadt heslay jhpsed on

th ' ' 4 . [ th
ond 5o R0I 10 SEEIASDR R o o DRI e

ncesuc

emistydtne et 9 rvesELIrNse begriaineat widiipimeferenderusta diyremic
ressure groove 6 is generally fornmed in the thrust

Pr RS PR ESF M BUIHR Aot dRe b o

disk | §r oeae! al hiowd BNEdied grhwsdrdi alvdiaaliomoisea i Dimited

. Those dynani c pressure grooves 6, 8 are provided in

to tepch@famp Hadre ke of the thrust plate 2 or the

[o@Pppsite axial outer face of the protruding tubular

sec_ion 17 of the .sleeve 3, and, on the radial outer
Embpegunent the shaft 1 or

FIG. 1 is a longitudinal cross-sectional view
illustrating schematically an embodiment of the invention of
claim 1.

| In FIG. 1, the dynamic pressure bearing is composed
such that a sleeve 3 made of a nonmagnetic material having a
protruding tubular section 17 is rotatably fitted to the
outside of a fixed shaft 1 having a toric thrust plate 2
made of a magnetic material fixed thereto, a thrust bearing
section 5 to generate a thrust dynamic pressure between the
axial inner face of the thrust plate 2 and the axial outer
face of the protruding tubular section 17, and a radial
bearing section 7 to generate a radial dynamic pressure
between the inner peripheral face of the protruding tubular
section 17 and the opposite outer peripheral face of the
shaft 1 are formed, and a magnetic fluid 12 is enclbsed in
those bearing sections 5, 7.

In order to improve the bearing performance such as




the opposite radial inner face of the protruding
tubul ar section 17 of the sleeve 3. Dynam c pressure
grooves of a spiral shape g¢ herringbone shape can be
used. The shape of the thrust dynam c pressure
bearing 6 that is nore effective in relationto a
reservoir 10 will be explained belowwith reference

to. FIG 2. FIG  2(a). | | of the fhrust
stiftness 6 T bRyt H b e A e
thﬂywragnaaﬁlﬁsw@ssmmw&:ﬁ A iSPidealershiage fyr@aRntied the

in FI and (b) is a partial cross-sectional view

thyyst hearing IeRLIRA Unland raadgehien dynamich Prassae 3,

he. d ] r aki .ghe :
oxd850 4 "5 ORGP ESEHER BRUERRO A1 Soatihy seotion 7.
Thalie etynanid\prdesswice kgmpwos tthe & usstprajyiced cn the

ressure oove i.n the thrust .plaje 2. ,Furthermmre, .
axffontlich B cer otk el dftach 25 1 O axiay
out&:}ﬁs&gfb fft vm@,pmmmg)rtaﬂ:ﬁmaas E&l’cﬂ:igﬂna?tcﬂﬂ the |

t he earing sections 5, 7. The outer circu rentia
S1e8] i n "’b‘fo{]' M e r’%ﬁdSJ&Sﬂné?HtcerpH{é’%r‘Detl gtﬁ’@o\ﬁz’aéqi N °r
thd NS esentr £ EhndieGiRs dhaHBidt1aRENP R uvbular

projecting to the opposite face,, on the thrust plate
seatifn bt of rdessleavs ot me YRS MBPSSNLS ghogves of a

LA [EORENS AU dRAd REar O iid o ML f
SPt E[ef%(rli ocffgqfé acﬁeﬁgf t he rotq%lfji ng tuigl:JI ar seghla r? ©
thefthhests|dynamni3: Pitesswusedealiine @ Wedovis gieasi mf fective
. _pari_.of the reservoir. ne .t;h neti.c. _fl ui is
i klé%]iattlhoel} &2 %egceargvsoel% (gr"blellar%r)oeun P?Tajt%eéi %’é%r? é‘t? i"‘}cl th
refldrernbd 20 FI®E &l hedFIG N A (e rieces ol wtileer afowdie afhrust

t he netic flui 12 that _flows into the t.hru
plaps 3 1 Sonfeing s e g err e, showda e s
dyrinid pnastd egfe6ee 08 dheaskgerel bhapet piresknekadt én F1c.
-~ of the recess 14 is larger than that in the__case that

1 9 s st91 42 iRk FTEBTIRAT O HIRY dyldasteating

thP MRS r¥arddtddl st DaHd 1 dv@e ITO0T Gininl @Gl Winhmic
In the case that the thrust dynan1cﬂPressure groove 6

pressyng RRArigy wetabasl Wdia dametd ot iid gotiFugiregsed -
e S A iy S, i L B TSTeR
dyrsiweipe praessans gmownd tie thecddgust plate 2.
Furthermore, under the effect of the magnetic f£luid 12 that
was pressed forward, dynamic pressures are generated in the
bearing sections 5, 7. The outer circumferential section of
the spiral dynamic pressure groove 6 in the present example
becomes the margin section S projecting to the opposite face,
on the thrust plate'side, of a recess 14 formed outwardly in
radial direction from the thrust bearing section formed on
the axial outer face of the protruding tubular section of

- the sleeve 3. The recess 14 is a groove shaping a part of
the reservoir 10 and the magnetic fluid 12 is kept therein.
Because a large amount of the magnetic fluid 12 is retained
in the recess 14, the amount of the magnetic fluid 12 that

flows into the thrust bearing section 5 because of the



14 is fornmed in the axial inner face of the opposite
thrust plate 2 so as to provide the reservoir and
margin section S. [0024] Aﬁ shown in FIG 1, an
annul ar cover 4 nade of a annagnetic material is
fixed to the sleeve 3 outwardly in axial direction
fromthe thrust plate 2 via a clearance section of
0.3 mmfilled with the magnetic fluid 12. The
naygiersettian § on dhe vappdsltmgiate of Wel sigle efpdded

ehifler 'SR 2BE Wk Tl 11U AR I Bila ol ife
casd ddianae afecds? Tn frimaondsd). t hay rlﬂrhmlf]mﬂ,ertrfeacc@namlc

ol 150y b’ n0 S PSRAS AL

thaé ddsarange e Ghbruen fdymﬂl@tpﬁéwsuﬂ@d;raiowt@l@e wrmed
the thrust bearing section, on the radial @ aqutside of

on the fetdhHER @k ddid RFITIHOS by, segidon of
thél $edfte PUIMAL ot ih Pthiled FRA 1N LIROHY ARG Rfbu1ar

of the magnetic fluid 12 are retained in the clearance
seqlgian o garievakeevre hrulshapas s 4 aidinehr @d pibst @egess

f i . VQi a4l I t
10 8 S 9 Nt L e 0 e RPN ot
plastandM sshexs and pmhd.dmthzlnerr&sh&@mmd% meansly ianmecdrion S.
0 er 4 on the radial outside of both end portions
L ]13 of this magnetic fluid 12. D nensions of

speg farmowpam M@y € ,nein ldnfidied iddidiose made0@45]a
Here, the materjal of the shaft 1 is SUS %ftalnless .
no@ﬁaéﬁ}ét%b@att%arﬂatleﬁ' ifHxed thehenSiaeys & ewrwagdly in

axfﬂﬁyﬁﬁkeé%idﬂ“%ﬁﬂmﬂﬁﬁé:%Hﬁhéﬂliﬁk%etj“%ﬁﬁ“&”d@éd%@ﬁ%%

I s SUS304, and the permanent magnet 15 is nmade of a

seqteian (of (fl s fiddmst withoddremagnes ieatfdiia d2ar e The
redfilyd i IPHd TN GHY naRE £ I SalloupdBRY DS

SUS4 or the n a stationary st t he
theemlqmétnqm SER tofont Hermesy gt ithef [thimist2 platiee@t amd

ool Wi 1 5L U Sl ARSHI0 A 0 OB
0.2 sunhdlarnisd thye thegneidia If iceltebrcrfmatecebf the thrust plate 2
and the opposite radial inner face of the sleeve 3, and a
clearance section having a clearance of 0.1 mm formed at the
radial outside of the thrust bearing section, on the radial
outside of the protruding tubular section of the sleeve 3,
and also the outward in axial direction. Both end portions
of the magnetic fluid 12 are retained in the clearance
section between the annular cover 4 and thrust plate 2
forming the reservoir 10, and an annular permanent magnet 15
magnetized in the axial direction is sandwiched and held
between the sleeve 3 and annular cover 4 on the radial
outside of both end portions 13, 13 of this magnetic fluid
12. Dimensions of specific spacing are not limited to those.
[0025]

| Here, the material of the shaft 1 is SUS (stainless

steel) 304, the material of the thrust plate 2 is 8§US420,



by t he per manent magnet 15. FIG 3 is an analysis

di agram of magnetic flux lines illustrating the flow
of the magnetic flux Iines1 Because t he annul ar cover
4 or sleeve 3 is made of a%onmagnetic material, it

produces no effect on the sealing function. The
magnetic flux lines forma nmagnetic circuit passing

t hrough the, thrust plate 2, which is a mgnetic
the R leayd 3 dft SURS Ahagidts @mmudiar PPYER & ey SUP 3Me and

thd gt dnt]l hafifbt epr RidGddie Jierdmanai v @iRlisthis nlifet.
magnetic flux 1ines converge mainly at two positions
Hoyeifoattde mateisd sa aney et dighddidene ithassy.nedor
d rt i JBONE L i :
ex iﬁe@ﬁagtr#eétqi za Eltgnl | ec}%elog{r%%(ﬁd oﬁlg pernatrﬁigflttﬂr?ag;l%#i S
notIn iansted tonaasi dtamg rde mondalgortdaamdidalof the

| direction.., E.G. 4.is.an,anal ysis,.di.agram. tic
nagdifie  Ofia 1 Kehed e Ad s " Hiudle, B33
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a magnetic material. The magnetic flux lines pass .
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ux Ines converge at outward in radial direction

of fa oramtrgmenidc perttamall,3 idf prieducegnen efiflegitd ob2 tived

old the end portion_ 13 of. t magnhetic fluid 12. .
sed it s o mahed i MR dIRC Sl & FRgneric
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magnedaCy fdd s ddfissn PRVREGSE MR Ndivn dlta tWeo POS 14 LoR§

indi¥ata Ry Re and 3 MRGNARAKE HI8EENRCY f §eemEdl hrbinbas
a conparatively large clearance size of about 0.3 mm
thegfd noydions to hold the magnetic fluid 12.

_. ‘The magnetization direction of the permanent magnet is
not limited to axial and may be also a radial direction.
FIG. 4 is an analysis diagram of magnetic flux lines
illustrating the flow of magnetic flux lines in the case
that the magnetization direction of the permanent magnet is
a radial one. Here, the annular cover 4 or sleeve 3 is made
of a nonmagnetic material and the shaft 1 or thrust plate 2
- is made of a magnetic material. The magnetic flux lines
pass through the magnetic fluid 12 kept in the reservoir 10
and reach the thrust plate 2 and shaft 1. The magnetic flux
lines converge at outward in radial direction from the end
portion 13 of the magnetic fluid 12 and hold the end portion
13 of the magnetic fluid 12.
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During rotation, a force pushing the magnetic fluid 12



peri pheral nmenbers constituting this clearance section
- do not require precision nachining then can be easily
fabricated. Furthernore, gguse a capillary
phenonenon produces practically no effect, the
magnetic fluid 12 does not nove to the opening on the
radi al inside, and |eak or splash of the magnetic
fluid 12 fromthe ogpening 11 to the outside of, the
oulyatdi ¥ HResadial b‘éla’F??lbl?% %qfe%eﬂwtmr@%mmly to

thé, shPEaYNaPES dp@ ?éﬁkﬁfc@fﬁ'w tie £LISIAMEGERY dfifect
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stabbdstgecti onal view which shows a partial schematic
illystration of a odi.ment of . the inv i on
ol e PlefFaice "o SR KRR A apt R et @ and
thegsenpiede 2 sighthdaibové-odésot iheldtrgiatwo & Cmrrm@oh
of a magnetic material is fixed to a fixed shaft
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inserted into the thrust plate 2 and shaft | is
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prqxﬂ@rness i pra¢uichllly om ceff fertd, dfhe meadiwiist Plwid 2 idpes
X|aI 20 direction. nenI magne 6 is
nof ke oo tHAS SpPhind b YHE e il ST e b Lopk, o
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portion 13 of the pagnetic fl ui is held by the

CO%‘@H@%‘F@ 12 %P%ef?e’?%ﬂ AL tand ﬁ"é?’ﬁfﬁﬁﬁérﬁlei‘fﬁ{ﬁretht this

configuration is not limiting, and the dynamic pressure
bearing may be also constituted by a rotary shaft and a
fixed shaft.
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Embodiment 2

FIG. 5 is a longitudinal cross-sectional view which
shows a partial schematic illustration of an embodiment of
the invention of claim 3.

In FIG. 5, the dynamic pressure bearing is assembled
.such that a toric thrust plate 2 composed of a magnetic
material is fixed to a fixed shaft 1, and a sleeve 3 made of
a neonmagnetic material and having a protruding tubular
section to be fitted and inserted into the thrust plate 2
and shaft 1 is rotatably fitted on outside thereof. Also,
an annular cover 4 made of a nonmagnetic material is fixed
" to the sleeve 3 via a clearance section filled with a

‘magnetic fluid 12 on outward of the thrust plate 2 in axial



16. In the dynam c pressure bearing when rotating, a
centrifugal force is caused and it holds the end
portion 13 of the nmagnetic,pluid 12 with good
stability. Because capillary phenonmenon hardly
affects the same as Enbodi nent 1, the magnetic fluid
12 does not nove toward the radial inside opening 11,

. | eak splash of the magnetic flujd 12 fro t he
aiBBEEI R 1 Thp SEPRRLSE BT MAdpat € 17 LR, On'ene
axbebroumgside psL v esnnu 1 4029 vEnbodamendn e Gadids a
Ion&%tgginal cross-sectional _view illustrating. an
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(062¢im3. In FIG 6, the dynam c pressure bearing is
conposed such that a toric thrust plate 2 nmade of a
nmaghet? St Emary skatexcehe cond fpoetiiamali af el a

_ b . tor .
na r%ﬁ/‘g [ nlgﬁ?ﬁlbﬁlﬁg Ié%%ll on %c%%@fﬁ‘%%dl ang %}ﬁ%@er e}he
opéming t hk. t Hfhbst @iditpotionl Ehadf tHe imagmtiaiabfluid 12 is

Ltted to outside thereof. Al so annul ar cover .104
held (A7 LAQ MRl AR dentrfeed hiiG Beiiidy e dagnet
16 3 oIn wetiel | Jyriamie theeddutes tbgdBimg Asieh @dtdting, a

directio ia a clearance sectjon filled with a .
ce 9T WL 12° HgR AR YerhRithithmgid poygian 13
of ftKehafndtie AKiad PULFH EE lod Nec A &F . CaIa

and the radial outward of an end portion 13 of the
caphblry cPherprenon hapdby) affeehs atheaspvrapy Embpdiment 1,
hd fa Gk ROT1,00 1 TRERRY | | 2 P
t at the radifalp%ijt};?l eo% e%lon openii%ggéﬁa |sllazjnl(i§‘e?L inside
opgiing ohl A angd tdwk magrapliash off e nagrvdlid fluike 12 from

. i c fj . X 106.
end ARGy o o ARG R R e

beareinig i faigatevfeartoeii s generated and this force holds
'oéﬁf end portion 13 of the magnetic fluid 12 with good
[ ébility. Because no effect is produced by the

Emisadind V3 phenonenon

FIG. 6 is a longitudinal cross-sectional view

illustrating an example of another embodiment of the
invention of claim 3.

In FIG. 6, the dynamic pressure bearing is composed
such that a toric thrust plate 2 made of a magnetic material
is fixed to a fixed shaft 1, and a sleeve 3 made of a
' nonmagnetic material and having a protruding tubular section
to be fitted and inserted into the thrust plate 2 and shaft
1 is rotatably fitted to outside thereof. Also, an annular
cover 104 made of a nonmagnetic material is fixed to the
sleeve 3 outwardly from the thrust plate 2 in axial
direction via a clearance section filled with a magnetic
fluid 12. An annular permanent magnet 106 is fixed on the
axial outside of the annular cover 104 and the radial
outward of an end portion 13 of the magnetic fluid 12.

[0030]



- the same as Enbodinent 1, the end portion 13 of the
magnetic fluid 12 does not nove into the radially
i nside opening 11 and l|leak or splash of the magnetic
fluid 12 fromthe opening 21 to the outside of the
dynam ¢ pressure bearing is prevented. [0031]
Enbodinent 4 FIG 7 is a longitudinal cross-sectiona
view illustrating a partial sketch of an enbodi nent
of Ihea Prabtenaineaten die rd partion AG o thee
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an annul ar cover_ 4 made of _a nonmagnetic material is .
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a magnetic flud . annul ar per manent nma
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of an _opening 11. This end portion 13 of the nagnetic
PI§YeR%Pd2 is held by the magnetic filed generated by
[oéﬁp]pernanent magnet 16. FIG 8 is an analysis

di agram of magnetic flux lines illustrating the flow
Enbkgdingntrgdinetic flux lines in the present enbodi ment.

Ao e P A B POl o A e
il¥isixdtiines d gravtaladagkatiah ciff aunl tengasbimentf egmtthee
present invention of claim 4.

In FIG. 7, the dynamic pressure bearing is assembled
such that a toric thrust plate 2 made of a magnetic material
is fixed to a fixed shaft 1, and a sleeve 3 made of a
nonmagnetic material and having a protruding tubular section
to be put around the thrust plate 2 and shaft 1 is rotatably
fitted to the outside thereof. Also, an annular cover 4
made of a nonmagnetic material is fixed to the sleeve 3
~outwardly from the thrust plate 2 in axial direction via a
clearance section filled with a magnetic fluid 12. An
annular permanent magnet 16 is fixed on the axial outside of
‘the annular cover 4, outwardly from an end portion 13 of the
magnetic fluid 12 in radial direction. 1In addition, an
annular magnetic member 18 serving as a pole piece is
disposed so0 as to cover the permanent magnet 16.

[0032]

In a stationary state, the end portion 13 of the



magnetic nenber 18, which is a pole piece, through the
magnetic fluid 12 retained in a reservoir 10 and the
thrust plate 2, which is a nagnetic naterial, to the
per manent magnet 16. The %%gnetic flux |lines converge
due to the action of the pole piece, and a nagnetic
gradient is formed around the convergence zone and
hol ds the magnetic fluid 12. in the dynam c pressure
magrbsiaid niluienl? cistken); at ddre madigdl ogtgrige jof an

enerafed and this f | i . . Ofy 4
ope 58 nihmec it | B G o0t Shpih g Eina X2 is
hel&fhgcthe %ﬁrﬁﬂmimd heerapitddrhy piien geemanarie magnet

same as. Enbodinment 1, the end portion 13 of_t .
16 oot B 19 0 ALk TAITN D] MATIET A ines
111hSSkse o emaor ldv and diraknadiietsi aslusofl dres nagnie c
fluid 127 fromthe opening 11 to the outside of the .
presymanerbedEaeh e PR i YA RRNAR ¢t 1S [DrRjRagnetic
mateEP]?Qﬁ'ﬁF({ﬁ Fobdft Lifed ONidaii N AIRSSTSEC iTnal
View 1l1Tustrating an exanpl e of anot her enbodi nent of
naghéeic i filext Limesffeimiamaanet g Gigsuithpagmng cfrom the

ressure bearijng .i.s. S . t ' t
mag ?Eﬂ'cé B j0 ! aWk?rJaég:]tge igcgrjpacf%#ic%éa?'s %i‘g{d‘j }?oﬁﬂf -
maghbked shaid 12 peichinad ebven Iremaievair al0 ronegretiirust

mat eri al . and, havi ng a protrudin ubul '
plabg futvhiGhms  HATHTErS ittt 2 bnd e Hhiheds
magh®t 21 8bl yrhéihdgset Lo thRuR UL Biepatopierye tdiee eod . the
Al so, an annul ar cover 4 made of a. nonmagnet, c.

actienepf akhe sPPIQeRieRL t MRPD R JMRAFRREES IHIEHERY 15 ofyrmed
.aro%ﬁg £Héu§5n9é?%§nge!Qoﬁéi@ﬁd-hoﬁaéeﬁﬁéQ@agﬁétib fluid 12.

earance sectfon filled with a magnetic fluid 12. An
In thaudpnapés npressuregpearing vhen | keting hed ¢eRbybiugal

on the _axi i RS] . L h s ot N
corS, LACoPHbERIoMAT Ehth PO hRLaROHRE drargbeticdies
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Embodiment 1, the end portion 13 of the magnetic fluid 12
does not move into the radially inside opening 11 and leak
or splash of the magnetic fluid 12 from the opening 11 to
the outside of the dynamic pressure bearing is prevented.
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Embodiment 5

FIG. 9 is a longitudinal cross-sectional view
illustrating an example of another embodiment of the
invention of claim 4.

In FIG. 9, the dynamic pressure bearing is composed
such that a toric thrust plate 2 made of a magnetic material
is fixed to a fixed shaft 1, and a sleeve 3 made of a
nonmagnetic material and having a protruding tubular section
* to be put around the thrust plate 2 and shaft 1 is rotatably
- fitted to the outer periphery thereof. Also, an annular

cover 4 made of a nonmagnetic material is fixed to the



In a stationary state, the end portion 13 of the
magnetic fluid 12 is kept at the radial outside of an
opening 11. This end portig 13 of the magnetic fluid
12 is held by the magnetic ?iled generated by the

per manent magnet 116. The magnetic flux |ines
generated by the permanent nagnet 116 converge

because of the action of the pole piece 108, and a

sleengrdtoutwprdienfras thy fdy o mdthe dbivergence
airMEAN DY dor LIS ARl Cidd W 1 it Be mfhiaiice

_ pf Essur € Dbearing en rotating, a centrifugal force
fiulé 1 oduwrechrandldhipermaremthadatmeathel nd pdridesh s tdfe

the magnetic flujd 12. wit od stabilit C
S1eqTe 345 P HHhoHRSIE 1 SRR (Jey e A on
the BiboFr@ntrdm an hen®nsbipoidn a8 I afhd eagregniat ifluid 12
- fluid 12 does not nove _jnto the radial i nsj de . !
in Tasia hglHISCRIRR | ok ISR G T IR RRTT Risfs 108
is dfshsBu e LPeth Ntbidr tithd Neemmisdide igndthel Tiynami c
pressure bearing is prevented. [0035] é%bodinent 6
[00FL 10 is a longitudinal cross-sectional view

illustrati i,cal | ,@%@f%ﬁ

in%%n%i%‘tf]égo?oﬁgc{gr%néifa n%k?% 10, the dyirzjarﬁfgethe
magm*gjseufbub@ali th:.;s i ]sepiorqjlpslleme madial eutsidg alyanp] '

made a neti ¢ nater ' ' .
opef g Gt - cobhinretd B TIeE 1 P h e A by FHIS A2 i
held %y 16nhé smaghét 8bl §iléed tgehémtdd lnpteie geeipmeeyt glagnet

11630 1S nSRLbd o BSOS, b Elad B S e

magAbE0118 P8hvePie BERASE SOVERS dotiomBsie ¥He pole piece
nonmagnetic materials are fixed to the s|leeve 21

108 puendr @l JagRekic Bratiert 1P ateemad 3rPuHq dthei recti on
conybPgnbb CALRICENCRS1AD Eht! RGN 3r10RINE | C Fh Uik

_ _ annul'ar permanent magnet 20 is integrally
~ dynénigepresshre heeahingtwimt eotat brg i e sl ifegnkigerce

is ££8Hh£$8 £N9 PREL' PBSd3nolds And NEndBGNEL i6n F131 & léhe
magnetic fluid 12 with good stability. Because the
capillary phenomenon hardly affects the same as Embodiment 1,
the end portion 13 of the magnetic fluid 12 does not move
.into the radially inside opening 11, and leak or splash of
the magnetic fluid 12 from the opening 11 to the outside of
the dynamic pressure bearing is prevented.
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Embodiment 6
| FIG. 10 is a longitudinal cross-sectional view
illustrating schematically an embodiment of the imnvention of
claim 5.

In FIG. 10, the dynamic pressure bearing is composed
such that a sleeve 21 made of a magnetic material and having
a protruding tubular section to be inserted between thrust
plates 19, 19 is rotatably fitted to the outer periphery of
a fixed shaft 1 to which a pair of toric thrust plates 19,



Here, it is preferred that the pressure of the
magnetic fluid 12 in the dynam c pressure bearing
section be increased in orggr to i nprove the bearing
performance such as stiffnéSs of the dynam c pressure
bearing or danping. Accordingly, dynam c pressure
grooves are usually provided in the axial inner face
of the thrust plates 19, 19 or the opposite axial )
19 onade ¢hcroRRagRRL i Jiatrir Fyls LR aF1xedi | hls®f aHealr of
e dgingt ' .
anfy By Codde Al g™ s Y MoMi et 6 iullal IALS 101 flxed
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material of the,shaft | _is SUS304. .the_.pterial of
ax{Rb HFESTIRN oY 19 TACRREE, STrbieh it yibn
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. permanent magnet 20 is formed froma ferrite plastic
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state, the end portions 13, 13 of the magnetic fluid
1232 are kept at the radial outside of an opening 11.
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[0036]

Here, the material of the shaft 1 is SUS304, the
material of the thrust plate 19 is SUS304, the sleeve 21 is

SUS430, the annular cover 4 is SUS304, and the permanent
magnet 20 is formed from a ferrite plastic magnet. However,
materials are not limited to those.

. In the dynamic pressure bearing in a stationary state,
the end portions 13, 13 of the magnetic fluid 12 are kept at
the radial outside of an opening 11. Those end portions 13,
13 of the magnetic fluid 12 are held by the magnetic filed
generated by the permanent magnet 20. FIG. 11 is an
.analysis diagram of magnetic flux lines illustrating the
flow of the magnetic flux lines. Because the annular cover
4 and thrust plates 19 are made of nonmagnetic materials,
they don’t affect the sealing function. The magnetic flux

lines form a magnetic circuit passing through the sleeve 21,




the nmagnetic fluid 12 with good stability. In
particular, the clearance section between the thrust
plate 19 and annular cov 4 has a | arge cl earance
size of about 0.3 mm gi%he peri pheral nenbers
constituting this clearance section can be easily
fabricated, without a need for precise nmachining.

Because caplllary pheno rcel af f.ect
whichdicr magnetis mad "Wﬁﬁﬁi@‘t nl?td‘c ol&no%

retdDY&a il xtéz.eexrxﬂﬁxalﬂoy tdainde g tl na l2ak @r
¢ splash of the nagnetlc fluid fgﬁﬂﬁklchlssﬁﬂgt &pe
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magrf%?fs%] Ué'rgboﬁl nent&#‘%%% | ustr &fﬁrlng i n\;i;ntl olnrsg
heldftherddya is prevented. is a | ongi t udi na

[oocross sectional view an exanple of another enbodi nment
Mlthe claim5. 12, the dynam c pressure bearing is
asHe Mo & APkl d f]gﬁte@sdm ieamate vlen irotfatdoty, a

magnetic materi al ound the.th i 1
centmiBIEAL afm.wfﬂa%li%a o (it pallol 3F, 1P of
the il £ fﬁ&“ﬁikﬁi#Hdarsﬁhﬁmnityunznnﬁymmtxnular,

t st plate 119 and shatt

1is rotatabl 0
thet hbeauange p@¢¢ipmm yoelweeR "sh%f‘%hr%%&’ ][a% CL
anmtlg% Sﬁ:évgla ?amnf%l{@@r@ié&m&réﬂe | SF fé}%@ﬂ: t®.3 mm,

eeve fromthe thrust plate 119 in
andaxhalperlpheral members constituting this clearance

section can be easily fabricated, without a need for precise
machining. Because capillary phenomenon scarcely affects,
the end portions 13, 13 of the magnetic fluid 12 do not move
into the radially inside opening 11, and leak or splash of
the magnetic fluid 12, which is held by the magnetic force,
from the opening 11 of the annular cover 4 to the outside of
the dynamic pressure bearing is prevented.

[0038]

Embodiment 7

FIG. 12 is a longitudinal cross-sectional view
illustrating an example of another embodiment of the
invention of claim 5.

In FIG. 12, the dynamic pressure bearing is assembled
such that a toric thrust plate 119 made of a nonmagnetic
material is fixed to a shaft 1, and a sleeve 21 made of a
magnetic material and having a protruding tubular section to
be put around the thrust plate 119 and shaft 1 is rotatably
fitted to the outer periphery of the shaft. Also, an
annular cover 4 made of a nonmagnetic material is fixed to
the sleeve 21 outwardly from the thrust plate 119 in axial
direction via a clearance section filled with a magnetic

fluid 12. An annular permanent magnet 120 and a pole piece



direction via a clearance section filled with a

magnetic fluid 12. An annul ar pernmanent magnet 120

and a pole piece 26 118 are nolded integrally with the

thrust plate 119 on the radbal outside of end

portions 13, 13 of the magnetic fluid 12. [0039] In

the dynam c pressure bearing in a stationary state,

the end portion 13 of the magnetic fluid 12 is kept at
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rafinl CRERLIGLSH BYY BREL HRRfahbnt L feindiia AWOHGELc fluid
j2agnetic flux lines generated by the pole piece 118

fixed to the magnetic pole surface of the pernmnent
[0B38het 120 converge on the radial outside, pass
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In the dynamic pressure bearing when rotating, a
centrifugal force acts and holds the end portion 13 of the
magnetic fluid 12 with good stability. Because the
capillary phenomenon hardly affects, the end portion 13 of
‘the magnetic fluid 12 does not move into the radially inside
opening 11, and leak or splash of the magnetic f£fluid 12,
which is held by the magnetic force, from the opening 11 of
the annular cover 4 to the outside of the dynamic pressure
bearing is prevented.

[0041]
Embodiment 8

FIG. 13 is a longitudinal cross-sectional view
illustrating schematically an embodiment of the invention of
claim 6.

In FIG. 13, the dynamic pressure bearing is composed
such that a sleeve 23 made of a nonmagnetic material and

having a protruding tubular section to be inserted between



such that a sleeve 23 nade of a nonmagnetic nateri al
and having a protruding tubular section to be
inserted between 27 both thrust plates 2 is rotatably
fitted to the outer periphery of a fixed shaft 1
whose upper and | ower portions have a pair of toric
thrust plates 2 made of magnetic materials and fixed
thereto. Also, a pair of apnul
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radial idipresve arhe nesntihey theer ehdmperd ionsh ofs they peg

flu%clté].d (n%lvaenil | e SRR ri‘igr UordRR PA is formed in
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radi al inner face of the protruding tubular section
opexate Hel@é&fejﬂm{]e@i@ﬂ' Because the verti cal
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Accorgingfy? 3-85&%@ §§essure grooves are usually provided
in the axial inner face of the thrust plates 2, 2 or the
opposite axial outer face of the protruding tubular section
of the sleeve 23, and in the radial outer face of the shaft
1 or the opposite radial inner face of the protruding
tubular section of the sleeve 23.
[0042]

Because the vertical communicating conduits are formed,
a stable dynamic pressure is constantly generated in the
“bearing sections 5, 7, 5, 7 during rotation. For example,
when the magnetic fluid 12 retained in the thrust bearing
section 5' and radial bearing section 7' on the axial lower
side flows into the thrust bearing section 5 and radial
bearing section 7 on the axial upper side, a centrifugal

force acts to balance the two end portions 13, 13 of the



bearing section 7 on the axial upper side, a
centrifugal force acts to balance the two end
portions. 13, 13 of the 28 gggnetic fluid 12 | ocated
at the axial upper side and<axial | ower side.
Therefore, the magnetic fluid 12 does not flow out
through the reservoir 10 to an opening 11 on the axia
upper side. The magnetic fluid 12 flows into the
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eripher of a fixed shaft | whose upper and | ower
doesp i Have a pair of toric thrust plates 2 made of
0 etic materials and fixed thereto. Al so, a pair of
[odE] . :
annul ar covers 4 made of nonmagnetic nmaterials are

- Emboddgernte € he sl eeve 26 outwardly fromthe pair of
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In FIG. 14, the dynamic pressure bearing is assembled
such that a sleeve 26 made of a nonmagnetic material and
having a protruding tubular section to be put between two

thrust plates 2 is rotatably fitted to the outer periphery

of a fixed shaft 1 whose upper and lower portions have a

pair of toric thrust plates 2 made of magnetic materials and

fixed thereto. Also, a pair of annular covers 4 made of

‘nonmagnetic materials are fixed to the sleeve 26 outwardly

from the pair of thrust plates 2 in axial direction via a
clearance section filled with a magnetic fluid 12. An
annular permanent magnet 25 is sandwiched and held between
the sleeve 26 and annular cover 4 on the radial outside of
the two end portions 13, 13 of the magnetic fluid 12. A
vertical communicating conduit 27 and transverse

communicating conduit 28 are formed in two locations in the




vertical comrunicating conduit 27 and transverse
comruni cating conduit 28 are fornmed in two | ocations
in the 29 sleeve 26, and.a f4dguorinated rubber ball 29
is disposed for sealing. The transverse comruni cati ng
conduit 28 may be formed in one location or in a
plurality of locations, but it has to be |linked to the
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rotating, passes through the dynamic pressure bearing
sections 5, 7, 5, 7, flows from the transverse communicating
conduit 28 through the vertical communicating conduit 27,
and returns to the dynamic pressure bearing sections 5, 7, 5,
7. By such a return flow, the magnetic fluid 12 doesn’t
locally stagnate and a portion of the magnetic fluid 12
doesn’t deteriorate. Thus, the service life of the dynamic
pressure bearing can extend and it can be used with good
stability over a long period. Air bubbles that were admixed
at the injection of the magnetic fluid sometimes remain
between the radial bearing sections 7, 7 at the upper and
lower portion in axial direction, or air bubble sometimes
penetrate therebetween. Such air bubbles can penetrate into

- both radial bearing sections 7, 7 as the bearing rotates and



penetrate therebetween. Such air bubbles can penetrate
into both radial bearing sections 7, 7 as the bearing
rotates and 30 can adverse% affect the dynamc
pressure generation function. However, by formng the
transverse conmmuni cating conduit 28, air bubbles
prfsent betMﬁen the two radial bearing sections 7, 7
return together with the netic fluid 12 through
can { #AVEFSALY A L Eorihmi ST GARATI PTGt he

fun%ﬁo& UbDh SR FOP! el id & Hee tidiffravgn idntnurfiddtting
~are released fromthe openings 11 through the
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Al ose upper and | ower portions have a pair of
funtcbiop.t hrust plates 2, 2 nade of magnetic naterials

[0028 fixed thereto. Also, a pair of annular covers 30,
made of nonnmagnetic nmaterials are fixed to the
Enbsbement Booutwardly fromthe pair of thrust plates 2,

2 in.axial. directio ia cleara i .filled
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annul ar cover 30, on the radial outside of the two

clag@d8portions 13, 13 of the magnetic fluid 12. Here,
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having a protruding tubular section to be inserted between
two thrust plates 2, 2 is rotatably fitted to the outer
periphery of a fixed shaft 1 whose upper and lower portions
have a pair of toric thrust plates 2, 2 made of magnetic

" materials and fixed thereto. Also, a pair of annular covers
30, 30 made of nonmagnetic materials are fixed to the sleeve
3 outwardly from the pair of thrust plates 2, 2 in axial
direction via a clearance section filled with a magnetic

. fluid 12. An annular permanent magnet 25 is sandwiched and
held between the sleeve 3 and annular cover 30, on the
‘radial outside of the two end portioms 13, 13 of the
magnetic fiuid 12.

Here, it is preferred that the pressure of the magnetic
‘fluid 12 in the dynamic pressure bearing section be
increased to improve the bearing performance such as
‘stiffness of the dynamic pressure bearing or damping.

Accordingly, dynamic pressure grooves are usually provided



~stiffness of the dynam c pressure bearing or danping.
Accordingly, dynam c pressure grooves are usually
provided 31 in the axial ipper face of the thrust
plates 2, 2 or the opposi?ﬂ axi al outer face of the
protrudi ng tubular section of the sleeve 3, and in
the radial outer face of the shaft 1 or the opposite

. radial inner face of the protruding tubular  _section
in wfe tdwial daner3. fage fe thee ddustnid@tsentd, #n OfniSar

st is for
opp iR it Tth felrth 5T H, Proftr A Ll hctilon
of tike dBedfe the aminiat ithd [nadiall outky thaseamfultie shaft 1
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or ik ot Gt iriar BAGH o 1 Bl tugial bntar
sec®¥h a5t Stfe |sBSe BMM on the stepless radial outer
side. [0046] 1In the case of a stepless qpnuLardgover
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1bit sufficiently the capillary phenomenon in a
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therein al so i ncreases. Accordi ngl i ' f
oper s bl Srdeas nBErE o, O hdhgftie Sl b Lo
out8pl disbe nmagnetic fluid 12 and the probability of the

magnetic fluid 12 splash or |eak increases. By
[0046bpti ng the annul ar cover 30 of the present

enpRdi fENLasdUSEL S SELET1EB sl af bdRer ANBiEd hn equal
thrust plate 2, annular cover 30 and magnetic fluid

capillaryi figree ades settl obhofORPERY obf ol drdiRAF IS of 2t
sta . St ' '
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caplolaeg phebbeensrcinoa stahicnamyl skakeep BIwWeyRr, if the

resPRRPLE GRPARETY FRLEFPC: RecORAERd ik AT o8
thef LOBaONREet Betwten thsi dAynubad ¢dvey 30 and thrust plate
2, the volume of the magnetic fluid 12 that has to be kept
therein also increases. Accordingly, if something from the
outside impacts on, the magnetic force cannot hold the
magnetic fluid 12 and the probability of the magnetic fluid
12 splash or leak increases. By adopting the annular cover
30 of the present embodiment, due to intermolecular force
among the thrust plate 2, annular cover 30 and magnetic
fluid 12 acting in the section of a narrow clearance in a
stationary state, and intermolecular forces in the magnetic
fluid 12, the direction of intermolecular forces in the
section of an annular step of the annular plate changes and
the capillary phenomenon is inhibited. As a result, the
magnetic fluid cannot flow over the step easily, and this,
in combination with magnetic sealing means, prevents the end

portion 13 of the magnetic fluid 12 from reaching the



in conbination with nagnetic sealing neans, prevents
the end portion 13 of the magnetic fluid 12 from
reaching the 32 annul ar pl ate.-opening 11. Mbreover,
further unnecessary incredse of the capacity of the
reservoir 10 is avoided and the resistance of the
magnetic fluid against inpacts causing splash or |eak
is inmproved. [0047] Enbodinent 11 FIG 16 is a
anndml:giplgﬁmﬂpmiosgs Islect iMsrgowaETew TUNUhedt HRNeFgsSSary
. ___Schemat y..anot. ' : rs :
InCT SR o £ b OF Ry e s Careosire. hagrled and
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mat eri al and, havin protrudi ng tubular section to
splaggh K %ﬁﬁ%w%ﬁ1¥%ﬁ¥éh$hUst plates 2, 2 is rotatably

loojjfted to the outer periphery of a fixed shaft 31

whose upper and | ower portions have a pair of tonic
Emedwm%ntpfhtes 2, 2 made of magnetic materials and

figpd therfl o Alppicdify FoudAigersiewt, 4
~_nude of  nonmagnet IC materials are fixed to the sleeve
111 @St oat iy dishdmatpiaalslyp @inotden pnkadiflafte£D the jpresent
. .axial direction via a clearance section filled with a
VRt ¢ fluid 12. Annular permanent mmgnets 25, 25

i sTsarTd ched tieen ddyedmli b gfmessssutteh doed wigve 138 camposed

suchper s (eleede 3 e (b ISt 7L M 141
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fluid 12 in the dynam c pressure bearing section be
thruserebaeds t 2 | ApEHECEHADBAF HEGR TR rtﬂkﬁ Aeh as

periéﬁ££g¢§f ofs dyRaFt C3 PrRSSeE uisay | A¥H Olovta ot ions
cordi ngly, dynamc pressure grooves are usuall
haveravpaled of ntehec akhelst inkateace of M 1P d%étgl}yﬁfaitc'es
mac L TLEBRCER BB L2 AU e a8 B gy covers
4, thgadadbal noumegnébie nitehtabhadre fiixedthe Bpposieave
33 égg%g£di9n§£o£a€§eoéaiPeoPr€ﬂ£ﬁ§¥rﬁhates 2, 2 in axial
direction via a clearance section filled with a magnetic
fluid 12. Annular permanent magnets 25, 25 is sandwiched
and held between the sleeve 33 and annular covers 4, 4 on
the radial outside of the two end portions 13, 13 of the
magnetic fluid 12.

Here, it is preferred that the pressure of the magnetic
fluid 12 in the dynamic pressure bearing section be
increased to improve the bearing performance such as
stiffness of the dynamic pressure bearing or damping.
Accordingly, dynamic pressure grooves are usually provided
" in the axial inner face of the thrust plates 2, 2 or the
opposite axial outer face of the protruding tubular section
of the sleeve 33, and in the radial outer face of the shaft
1 or the opposite radial inner face of the protruding
tubular section of the sleeve 33.

[0048]



tubul ar section of the sleeve 33. [0048] 33 In the
present enbodi nent, radial bearing sections 7, 7 are
positioned outwardly fron1t2§ two end portions 13, 13
of the magnetic fluid 12 iA”the vicinity of an
opening in radial direction. The radial bearing
sections 7, 7 in the present enbodi nent are required
to be |ocated outwardly from alnpst the sane p03|t|on
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outwardly from the end portions 13, 13 of the magnetic fluid

in radial direction, a centrifugal force acts in the
direction of increasing the internal pressure on the
magnetic fluid in any location. Moreover, because the
magnetic fluid 12 with increased internal pressure is
supplied to the dynamic pressure grooves 6, 8, 6, 8 of the
bearing sections 5, 7, 5, 7, the pressure generated by the
dynamic pressure generating mechanism increases and bearing
performance is improved. '
{0049]
Embodiment 12

A method for the manufacture of the dynamic pressure
bearing will be described with reference to FIG. 17. This
manufacturing method is that a magnetic fluid is injected
without sealing magnetically one of the openings where an

end portion of the magnetic fluid is present.




wi t hout sealing magnetically one of the openings where
an end portion of the magnetic fluid is present. 34 A

sl eeve 63 having a protrudipg tubular section to be
put between two thrust pla% s 62, 62 is rotatably
fitted to the outer periphery of a shaft 61 to which
a pair of toric thrust plates 62 were fixed in the

vicinity of both axial ends;_ a thrust bearing section
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covers , are ixed to the s 63 t dl
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thrust plate 62 and annul ar cover 64 and the

sectienr ame xatiabrPeatiReFeHe MYl IR FRtiRd
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_ d as a reservoir 70 for magnetic
protiuding retlentaonsect en nemd theregrear Briphagadedane of

t he axi al utside of th v, I t
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fix%(z tb Idtﬁ élﬁ@?@pemimﬁtwéﬁdw f1ivem otlreertfaruail grlaimeeré2
. .and _the shaft so that the two d t.0 73,1
in griakedtpgRkitr Y12id %fze%[lfaem?? TS ARG datanlct

secti SR BOEReSRCLhO N RALYESPLATE dNramsd dhdidkar Gibwnd 64 and
annul ar cover 64; and then the permanent magnet 75 is,lrl
thef¢kedranceheeakion betueer e (Fadiph firel fAGS @f the
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mal uring me e magnetic fluid 72 can be
sleenge6s edrenused| aarantesesvehr a0 dieramagpriess yk1id

retBEEIRRT Raprebricp ErEadit 12 b DR R0 n e R R
ocutE0850bf Ehboahnehar 18over 64 located on the axial lower
side; thereafter a magnetic fluid 72 is filled from opening
11 of the other annular cover 64 and the shaft so that the
two end portions 73, 73 of the magnetic fluid 72 are
retained in the clearance section between the thrust plate
62 and annular cover 64; and then the permanent magnet 75 is
fixed on the axial outside of the annular cover 64 located
on the axial upper side.

By this manufacturing method, the magnetic fluid 72 can
be injected into clearances such as dynamic pressure
sections and the reservoir 70, without being affected by the
magnetic force of the permanent magnet 75.

{0050}
Embodiment 13

A method for the manufacture of the dynamic pressure

bearing will be described with reference to FIG. 17. This



A nethod for the manufacture of the dynam c pressure
bearing will be described with reference to FIG 17.

This 35 manufacturing nethg is that a magnetic fluid

72 is injected before the gernanent magnets 75, 75

are fixed. First, a sleeve 63 having a protruding

tubul ar section to be inserted between two thrust

plates 62, 62 is rotatably fitted to the outer . .
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earance section between the radi al outer
tubtdse séctben, tandstagial ebé2rimg seet bppdshT cLe girgrate
inner face of the sleeve, 63 are use S [
rah R b SRS e DEve s B e, Mot PR A BT SERE e e
pro¥Zuli$ngnieptedrf s66tite an@ethagodtesopéhpphetwel timce of
end portions 73, 73 of the _nmgne

ic fluid 7 .
ther ghafhedTenfoHBedf crBALE R %ﬁié%eTﬂgéﬁst%%a%ﬁ?ugfxed

to Phat 8182vang3apAtlaratyVverofidint hereast eplater eRNEME
magnets 75, 75 are fixed on the axial outsjde of the

axiahndizectaonr vba. aBylearang@nge@bioni nghaet Herratfe

secgggﬂeggﬁgégﬂighgztﬁfastbﬁlQEEeﬁﬁegnﬁ”&ﬂnﬁi&ﬁr@8€@§_64 and
such as ‘dynam c pressure” sections and the reservoir
' the78learthoet sbethgnabébweed bhet hadiahgpwter fapeeohfthe

cnrhE BEACRLEY pOROREL il eTF3, ch0RTH infpbophemnbs ne
sleeve 63 are used as a reservoir 70 for magnetic fluid
retention; the magnetic fluid 72 is injected from the
opening 11 so that the two end portiomns 73, 73 of the
magnetic fluid 72 are retained in the clearance section
between the thrust plate 62 and annular cover 64; thereafter,
permanent magnets 75, 75' are fixed on the axial outside of
the annular cover 64.

| By this manufacturing method, the magnetic fluid 72 can
be injected into clearances such as dyﬁamic pressure
sections and the reservoir 70, without being affected by the
magnetic force of the permanent magnets 75, 75'.
[0051]
Embodiment 14

' FIG. 18 is a longitudinal cross-sectional view

illustrating schematically an embodiment of a direct current

- motor of claim 2.



illustrating schematically an enbodi nent of a direct
current notor of claim2. 36 A spindle notor shown in
FIG 18 conprises a bracket3§9 to which a stator core

78 is fixed, a shaft 81 having a |ower portion

thereof fixed in the central opening of the bracket

79, a sleeve 83 rotationally fitted to outer

periphery_ of the shaft 81, and a rotor hub 87 fitted
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thrust bearing sections 85, 851 conprises the upper
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thiust gsh a0 2 X6tk the té}fpm& How Sfadé-of Mg PUSinter

pi ece 94 controls the ow of magnetic flux ltnes 1n
Plate Jealand Gretlovennthenahdde thashgiattia §3 wad the
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sleaversiid. of Ara ey Eirttiorat®d icf .a amgrdticalfiuid 90 is kept
. CO nicating conduit. 95 is forned in the sleeve .83.
in & FHFATIRCT T OATT TR A ML GO, ©F Tixed to
thelepsnsh nghdroB did aleeewed 88 lapigeal pidhe t9y usi which

bearin section 85 facing, the counter plate 92 and
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e
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piece 94 is made of a magnetic material.

A vertical communicating conduit 925 is formed in the
sleeve 83. As for the vertical communicating conduit 95,
depending on a balance of o¢il pumping in the thrust bearing
section 85 facing the counter plate 92 and the thrust
bearing section 85' located on the opposite surface thereof,
a negative pressure is sometimes caused on the side surface
portion of the thrust plate 82, and when this negative
pressure is generated, pumping is disrupted or air bubbles
appear in the negative pressure generated portions. In such
cases, the side face portion of the thrust plate 82 can
communicate with the liquid surface that is exposed to
atmosphere by the vertical communicating conduit 95, then

the occurrence of negative pressure in this portion can be



at nosphere by the vertical conmunicating conduit 95,
then the occurrence of negative pressure in this
portion can be 37 prevented n the present

enbodi nent, the verti cal 8ﬁnun|cat|ng conduits 95
are formed in two facing |locations. Such vertica
communi cating conduits 95 are preferably provided in

a plurality of locations equally spaced on the
PreyeR?d er ekt thapiesent e%&ﬁ%‘@—‘l‘?f@iﬁr dthe irocakhe
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cifmimferente 15 Biis 9 becandongdid uditdlion of the sleeve

cro ectional vjew illyustratin hemat ly a
ORI e S o R o et
th@:pémlﬁeqmiﬁés shoWhldhdd Ghd Wiy j ses a bracket 79
to which a stator core 78 is fixed, a sleeve 103

havthgthe E%nfpoﬁmbqﬁm%ed%h%%% Ei:’néntf%rﬁqté?r hub
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seal plate and a ~ thrust e 102 both fitt
andi&@evsat%i aAy he tahlsg en;pleiad tintegreehly 103 to the
[0' jde, and a rotor hub 107 fitted to outside of the

shaft 101. The lower end of the sleeve 103 is seal ed
Embgdiﬂ&anUhter plate 112; and thrust bearing sections

0 conpr X t.he Jo r face of the t hr.ust
ol E108 S A PO o e A e Yt er
illlisﬁh&atlijl?g asmhéxmﬁmeﬁ faar erfod terdthrassta plitetl Gdrrent

and t he IfOSIte Iomer face of the protruding tubul ar
Mot Q19 H P I# 1™ s sl eeve 103. An end portion 113 of a

rmgnn%ﬁléié“ndatloko drvwil SlRipRe, 11y &dlfarRnce %exfatdk% 79
bet ween an annul ar cover 104 fixed to the upper end

to gthigqhe asw*etear@rmn%movsa ifedlizficht @ SIEEVRGR having a
10‘;2%3@ xe to t annur%d]cgcgﬁfa fq{t%]ég' %%éiﬁllge?gt e
bracket 79, a shaft 101 of which a séal pl;%e 1£% and a
thrust plate 102 both fitted and fixed rotatably with
respect the sleeve 103 to the inside, and a rotor hub 107
fitted to outside of the shaft 101. The lower end of the
sleeve 103 is sealed by the counter plate 112; and thrust
bearing sections 105, 105' comprises the lower face of the
thrust plate 102 and the opposite upper face of the counter
plate 112 and the upper face of the thrust plate 102 and the
opposite lower face of the protruding tubular section of the
sleeve 103. An end portion 113 of a magnetic fluid 110 is
retained in a clearance section between an annular cover 104
- fixed to the upper end of the sleeve 103 and a seal plate
117 having a magnet 116 formed therein. A pole piece 114 is
fitted and fixed to the annular cover 104. The pole piece
114 controls the flow of magnetic flux lines in the sealing

section and enhances the magnetic flux density. The annular



114 controls the flow of magnetic flux lines in the
sealing section and enhances the magnetic flux
density. The annul ar 38 coygr 104 and seal plate 117
are made of nonmagnetic erials, and the pole piece
114 is nade of a magnetic material. A vertica

comrmuni cating conduit 115 is forned in the sleeve 103

to prevent the occurrence of a negative pressyre in
coverhd 04 @ack sealpeleten 187 axe MRAGsPLpPLREag8Z % n the

e iSRNT AP ie!'ﬁj%tl ! S QS ti1gali CaEpenbEatl Pagherdei t
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matealiedve AlGZriidall ommendicedingoronsudkt 1§ dendgrmed in
115 for therein i.s.fiXx b e
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preél,ehﬁse/\ﬁ._lrg hihel [€3QfE3]f acEnipeditiem oIf6 thleGthz@isits pdate 102.
ongi tudi nal ¢ross-sectional vi.ew. illustr.ati :
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a bracket 36 to which a stator core 38 is fixed,
103 shigfh Wi wantigadn compugsating Conddt flilvtr’e&)%rﬁ‘e[cﬁe
the S ral ﬁgf‘éli nc%cﬁch% Juaakety 233 Red e rdtaltid,t ethen
CEX ernalTy to the shaft 41, rotatably wth respect to
it idheustafesshry dnd bebanage dhgerwaidit- magnet 55
(00 xedly attached thereto, and a rotor hub (sleeve) 37
ing the sleeve 43 and a rotor magnet 39 fixed
Embddikeai©.16 i n accordance with the present invention, an

annul ar cover 44 is fixed to the t b_(.
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37 and sleeve 43 may be formed wth separate nenbers
motemn P iskaiath other. [0054] A pair of thrust plates

42y aé;%l.ﬁdi?%cﬁ@m% hehth€ 1 14 tyr®f 2P Udmppisds enbracket 36
porti'ons of the fixed shaft 41, thrust bearing,
to wieith cnssustonTare Jbrimdirrdna Shaft iHhdia ik apend

portfi6n o P! 1850 40 ANk | CRRPbn Bt Bt AlieTbiRGRE
36, a sleeve 43 fitted externally to the shaft 41, rotatably
with respect to the shaft 41, and having a permanent magnet
55 fixedly attached thereto, and a rotor hub (sleeve) 37
having the sleeve 43 and a rotor magnet 39 fixed thereto.

In accordance with the present invention, an annular cover
44 is fixed to the rotor hub (sleeve) 37. In the present
embodiment, the sleeve 43 and rotor hub 37 are molded
integrally, but the rotor hub 37 and sleeve 43 may be formed
with separate members and fixed each other.

[0054]

A pair of thrust plates 42 are fixed to the vicinity of
both axial end portions of the fixed shaft 41; thrust
bearing sections 45, 45 are formed in the axial inner face
of the thrust plates 42 and the opposite axial outer face of
the protruding tubular section of the sleeve 43; and radial

bearing sections 47, 47 are formed in the radial inner face



t he protrudi ng tubul ar section of the sleeve 43; and
radi al bearing sections 47, 47 are fornmed in the
radi al inner face 39 of the,grotruding tubular section
of the. sleeve 43 and the oOpposite radial outer face
of the shaft 41. Each bearing sectionis filled with
a magnetic fluid, thrust dynam c pressures are

nerated in.the t st be ct.i ons, 45,
P Eradind ruadR ST RF ooad Fieete 12 the
oplb@gitélgrécﬂfﬁél sty fdde &€r¢€he idhd st MEf ergsh thedring
the pressure of a magnetic fluid 52 in the dynam c,
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anpi n

he dyna pressure bearing or
45 Ac%féﬁl draglyl dymrmic pressures grovasneratedui |the radial

be%ﬂidg&ﬁ{%ﬁg%f‘x'ﬁ i nner face of the thrust plates

opposite axial outer face of the
pr diexrl nit tlmqufesnaoed drhatofthmepﬁémme e aandnagnetlc

1h di al f f the sh 41 t
LH1 57 “LAn6ReT SRS, ReehPbrrubenyiitograt 1008 ion &r 45,
47 tme Breayesds. to [Mdvd henerasating f éﬁﬁbﬁl?adcse fdddieths

up to the vicinity of the opening 11 throu
stj 919t Sehe mankiq d?’f%‘%ﬁ‘}ﬁﬁ AT Nt €3r %@Ja;e-m
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protrudlng t"ubul ar sectlon the sl eeve 43,
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Y, t & f of t he
rust ’&[Oaf L%é Wwhi ¢ cc{)kﬁf{rhgef} e't(ec;aj'c oJfr{afhose acesseCtlon
of alﬂm/esldema 43 atndoniar st ateelicfl td\ﬂ:aplﬁzd:lee cmattore dHaft
ortions 53, 53 of t ma C f|UId are
41 4P G o TR Jufter Hael Bk ey vt

tulheglaeasedthiomotllidle @arfe 448 .and the thrust pI ate 42.
len the spindle notor rotates, the end portions 53
[o k he magnetic fluid 52 are balanced by a

cenitd figlet ey GO UMNEG6,] REGH R a:hé:aﬁ'dlrﬁﬁﬁy of
phenonenon sel dom affects, the end portions 53 of

thwﬂéﬂng fiLithmmgy g desmmeintd thatr dd eﬁqryladqam @he

faces: the axial outer face on the upper and lower surface
of the protruding tubular section of the sleeve 43, the
lower faces of the sleeve 43, permanent magnet 55 and
annular cover 44; and, the respective faces of the thrust
plate 42 which confront each of those faces above.

In a stationary state of the spindle motor, the two end
portions 53, 53 of the magnetic fluid 52 are attracted to
the permanent magnet 55 and retained between the annular
cover 44 and the thrust plate 42. When the spindle motor
rotates, the end portions 53 of the magnetic fluid 52 are
balanced by a centrifugal force. Furthermore, because a
capillary phenomenon seldom affects, the end portions 53 of
the magnetic fluid 52 do not move into the radially inside
opening 11 and leak or splash of the magnetic fluid 52 from

. the opening 11 to the outside of the dynamic pressure



opening 11 and | eak or splash of the magnetic fluid 52
from the opening 11 to the outside of the dynamc
pressure 40 bearing doesn't ,gccur. | NDUSTRI AL
APPLI CABI LI TY [0056] As dedlribed in detai
her ei nabove, the dynamic pressure bearing in
accordance with the present invention holds a
magnetic fluid by a nagnetic field in a stationary
bear g dpesRst tPeCWagnetic fluid mainly with a
centrifugal force during rotation, can provide margin
to preservation capacity of the nagnetic fluid used
INDUSTREAH YRR ECHBEGET¥ e  bearing sections, can extend
% service |life of the dynam c pressure bearing
brnined by the evaporation of a |lubricating oil
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electric and electronlc deV|ces and ot her
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or | nsertl
magnetic fluid caused by instability phenomenon of pumping

in the dynamic pressure bearing. Such a dynamic pressure
'bearing can be used for various types of small precision
motors for polygonal mirrors, fans, multimedia products such
as Cb, DVD, MO and optical disks, and fans, for medium-size
motors for household appliances, domestic installations, OA
devices, units for vehicles, and industrial uses, as well as
for machine tools, medical devices, turbines, reels,
automqbiles, electric trains, ships, aircrafts and other
vehicles, and equipment for production of semiconductors,

electric and electronic devices, and other apparatuses.



toric thrust plate and a shaft is fitted to an outer
peri phery of said shaft having said toric thrust plate
fitted and fixed thereto S0 43S to be rotatable
relatively to the shaft, a’'Clearance section for
generating a thrust dynami c pressure by an axia
inner face of said thrust plate and an opposite axia
outer face of the protruding tubular section, a
cl earance section for genEEgEMﬁg a radial dynamc
pressure by an inner peripheral face of the protruding
tubul ar section of said sleeve and an opposite outer
peripherfl dyraeiofpresswiafheaning almagnah @ fsigeve s
[ e S&C ei
hatfhd AREAOIEN Ml SR Sy iES
tox br ndurust tihbaist cavd authwaltd] s fTiomedhith tdw unitept at e

in,axial . directi.on.vi.a a.clearance secti.on, .a radi a
pet ke o A L ey it ST SR e SIS
fiopediagl Bixddatetswo Geaanae secdtansailie thelatively to
cl earance section between said thrust plate and said

therath OVRICHRICR A PT ENF dtdweeFrust
dyn@fi@ prud werdl dy o Satthl st @ AL AD QRRAY tHlate

radial inward fromthe sleeve are used as a reservoir
and gan reRRYSA YR ke kniiean dagaiaf e anptpording tofbular
' | d in.t C t4 .
el S TS AT Ak e EN SR Wnantc
pragswte floy ren skinkr gsaripheralanthee megndteo midtemdiorge

er_far. concentrati t he netic flux lines is
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whj ch_a s eev%ﬁﬁFayin a protrudi ng tubul ar sectiaon
retagned, and S$FRESH o WL (DS AER  §RH IO Whedpdmn
i s dr tdrath 10 Aot Madeddhemonnqrsdiit shaldrihaviing
said seal plate fitted and fi xed f%ereto so as to be

formachiogb |t etlavrigp ety dram said dihaarsdngdate in

ax BEC I RIS & NG A dRE AeURAT C pressure by
an inner peripheral face of the protrudi ng tubul ar
a radial inward end of said annular cover serves as an

opening,

at least two clearance sections of the clearance
section between said thrust plate and said annular cover and
a clearance section between a radial outward from said
thrust plate and an opposite radial inward from the sleeve
are used as a reservoir for reserving the magnetic fluid,

an end portion of the magnetic fluid is kept in the
clearance section between said thrust plate and said annular
cover, which forms said reservoir, and

a magnetomotive\force member for concentrating the
magnetic flux lines is provided on a radial outside of the

end portion of said magnetic fluid.

2. A dynamic pressure bearing in which a sleeve

having a protruding tubular section for inserting into a



section of said sleeve and the opposite outer

peri pheral face of the shaft, and a magnetic fluid is
retained and sealed in the clearance section, wherein
an annul ar cover made of a ﬁ%nnagnetlc naterlal is

formed on the sleeve outwardly fromsaid seal plate in
axial direction via a clearance section, a radi al

i nward end of said annul ar cover serves as an

toppenserl platezand tqoshatarbhchitieed ionsawfouter periphery

of &R WeLer SEIINN DRIICEl, PAlfhoea Al & andSald

cover arance section b
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radial in rd fromthe sleeve form eservojr for
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on a radial out'side nd portion
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accordln o clai 3,. Wherein a pole piece is
dgﬁ% %i% %ﬂﬂ??ﬁseqﬁﬁﬂﬂﬂi c pole of an annul ar

perarr&rmﬂanagnﬁr&sadcheaf NRgREtRI1ae doFedie JBRRY as an

43, 5. The dynam c pressure bearing according to claim

OPeRing, 2 wherein the magnet onotive force menber is
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The dynam c pressure bearing according to any one
seqtigmetvarb sadtkragal »hadie ianed mm@amg:over and a

c1EFL SIS Tl 8 (AR WP (GUERSG sen
platptrearmmbraae cogmna%rha:aiadl@]gonmand ifrdmorohed sleaviee form a
- reservoir for reserving the magnetic fluid,

an end portion of the magnetic fluid is kept in the
clearance section between said seal plate and said annular
cover, which forms said reservoir, and

a magnetomotive force member for concentrating the
magnetic flux lines is provided on a radial outside of the

end portion of said magnetic fluid.

3. The dynamic pressure bearing according to claim 1
or 2, wherein a magnetomotive force member is disposed on an

axial outside face of the annular cover.

4. The dynamic pressure bearing according to claims 1
to 3, wherein a pole piece is disposed on a surface of
magnetic pole of an annular permanent magnet as the.

magnetomotive force member.



sl eeve. 8. The dynam c pressure bearing according to
any one of clains | to 7, wherein an annul ar step for
inhibiting a capillary phe Qmenon is formed inwardly
in radial direction froman end of the opening of the
annul ar cover, and/or, is formed inwardly in radia
direction fromthe thrust plate or the seal plate and
al so OUtMBrdlghéll axial direction, therefrom 9. A

rotat i ngt MR RMMBTSTHY € REARARG ACTHHEg o claim 1
or PEANHE SGE OFHl Nh drie @bt HorddinBnbert 0 $-disposed at

the thrust plate or the seal plate.

6. The dynamic pressure bearing according to any one
of claims 1 to 5, wherein a vertical communicating conduit

is formed in the sleeve.

7. = The dynamic pressure bearing according to claim 6,
wherein a transverse communicating conduit is formed in the

sSleeve.

8. The dynamic pressure bearing according to any one
of claims 1 to 7, wherein an annular step for inhibiting a
capillary phenomenon is formed inwardly in radial direction
from an end of the opening of the annular cover, and/or, is
formed inwardly in radial direction from the thrust plate or
the seal plate and also outwardly in axial direction

therefrom.

9. A rotating device comprising the dynamic pressure

- bearing according to any one of claims 1 to 8.



