8 Decenber 2004 1 HYDRODYNAM C BEARI NG UNI T AND METHOD OF Nﬁaﬁ? PﬁG THE
UNI T TECHNI CAL FI ELD The present invention relates to a hydrodynam c
bearing unit used in a magnhetic disc drive or the |ike and a nethod of
manuf acturing the unit. BACKGROUND ART A conventional hydrodynam c bearing

unit includes a sealing nmenber separatelfron1a shaft. Lubricating oil is

I njected by dipping the bearing unit entirely into the lubricating oil in
a vacuum and then restoring the bearing unit to atnospheric pressure.
Alternatively, the lubricating oil is dropped into a bearing in assenbling

the bearing unit. The conventional hydrodynam c bearing unit and a net hod
of manuf act BB OIMNENAMIC\BEARBN GeWpITAT A METHOR? QEMANEEEAGCTRIRINGW of
an essential part of the conventional nam. ¢ bearing unit. The bearing
unit includes shaft 101 inplanted in ﬁa@@r{“not shown) and a cylindrical
sl eeve 103 rotatably nounted to shaft 101. Both ends of sleeve 103 have
respective inside dianeters |larger than that of a center part of sleeve
103. (Opposed faces of shaft 101 TRCIENEEAE FIE3 [sooperatively form a radi al
bearing. The bearing unit further includes a first seal nenber 102 and a
second seal nenbbe presengiispudsm wlates spe thydeod masric dredrimgpenit psetsinod t he

other 'n"a TBERFECARAAFvear b ARoATDR TFAPH Of O SORAE FHEVYLE o ma & hr ust
bearing. And faces of second
BACKGROUND ART

A conventional hydrodynamic bearing unit includes a sealing member
separate from a shaft. Lubricating oil is injected by dipping the bearing unit
entirely into the lubricating oil in a vacuum and then restoring the bearing unit to
atmospheric pressure. Alternatively, the lubricating oil is dropped into a bearing in
assembling the bearing unit. The conventional hydrodynamic béaring unit and a
method of manufacturing the unit will be explained.

Fig. 12 is a sectional view of an essential part of the conventional dynamic
bearing unit. The bearing unit includes shaft 101 implanted in a base (not shown)
and a cylindrical sleeve 103 rotatably mounted to shaft 101. Both ends of sleeve
103 have respective inside diameters larger than that of a center part of sleeve 103.
Opposed faces of shaft 101 and sleeve 103 cooperatively form a radial bearing.
The bearing unit further includes a first seal member 102 and a second seal
member 104 disposed at respective lower and upper parts of the bearing unit.
Faces of first seal member 102 and sleeve 103 facing each other in a longitudinal
direction of shaft 101 cooperatively form a thrust bearing. And faces of second
seal member 104 and sleeve 103 facing each other in the longitudinal direction of
shaft 101



seal member 104 and‘sl eeve 103 facing each other in the | ondiRGaMHERO%
direction of- shaft 101 8 Decenber 2004 2 cooperatively form anot her thrust
beari ng. Faces of first seal. nenber 102 and sl eeve 103 facing each other
in a radial direction of shaft 101 cooperatively form V- shaped capillary
seal 106 for sealing the lubricating oi 1 2 And faces of second seal nember
104 and sl eeve 103 facing each other in the radial direction of shaft 101
cooperatively form another V-shaped capillary seal 106 for sealing the
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fitting wwth a jig (not shown) at a desired nounting height. Then, sleeve
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assenbly steps, thus_ precluding cost reduction. DI SCLOSURE OF THE
| NVENTI ON | Sh0360 cit daiesaredi mpuating beight. thens sleepe d98nis inwodupcdde, shafiel®,i s
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a jig to provide the bearing unit.

The bearing unit is dipped entirely into the lubricating oil under vacuum
and then restored to the atmospheric pressure, and thereby the lubricating oil is
injected by a difference in pressure. Alternatively, the beaﬁﬁg unit has the
lubricating oil dropped therein when being assembled.

The above-described bearing unit, since including the seal members separate

from the shaft, is subject to assembly errors in the many assembly steps, thus

precluding cost reduction.

DISCLOSURE OF THE INVENTION

In accordance with an aspect of the present invention, there is provided a
hydrodynamic bearing unit comprising: a shaft having a large-diameter part
formed unitarily with said shaft, a sleeve mounted to said shaft rotatably about a
rotation axis; and a seal member fixed to said shaft and forming a first thrust
bearing in cooperation with said sleeve, wherein said large-diameter part and said
sleeve cooperatively form a second thrust bearing. The bearing unit may be
assembled without error in but a few assembly steps.

In accordance with another aspect of the present invention, there is provided a
method of manufacturing a hydrodynamic bearing unit, comprising: inserting a
shaft, having a large-diameter part, into a sleeve such that the sleeve is rotatably

mounted to the shaft and such that the large-diameter part forms a thrust bearing in



formed unitarily with said shaft, a sleeve mounted to said SHEFF$GEAabl y
about a rotation axis; and a seal nenber fixed to said shaft and formng a
first thrust bearing in cooperation with said sleeve, wherein said

| arge-di aneter part and said sleeve cooperatively forma second thrust
bearing. The bearing unit may be assenbkéd without error in but a few
assenbly steps. In accordance with anot her aspect of the present invention,
there is provided a nethod of manufacturing a hydrodynam c bearing unit,
‘conpri si ng: cddprestidmerith thehsibéve, RBY ilgeadihdicte- sHramRhRY fididd uhitdflyawiheeve
such that the sleeve is rotatably nounted to the shaft and such tgat t he

| ar ge- di anmethershpfr end themsfixing larsgal miserdoer hy thest@afDecenber 200 2a cooperati on
with the sleeve,_the Iarqe di,aneter part, being forned unitarily with_ the

shaft; and then 1133 fpmapls sabasuReRss 2415 inpudurgan anqularglagticappinber seals
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jigis fixed to the 8 Decenber 2004 3 -Shaft ‘by a nagnet, a Screw or
engagenent fredwethean engagi ng projection and .a recess. Thus, only one end
of the bearing unit is required to be cleaned after the injection of the

| ubricating oil. Further, an opening of one capillary seal can be seal ed
easily, and the jig can be detached easily after the injection



5 of the lubricating oil. BRI EF DESCRI PTION OF THE DRAW NGS®EFgmofr W04
sectional view of an essential part of a hydrodynamc bearing wunit in
accordance with a first exenplary enbodinent of the present 10 invention.
Fig. 2 is a sectional of an essenti al part30)c a hydrodynam c bearing unit
in accordance with the first enbodinent.“Fig. 3 is a sectional view of an
essential part of a hydrodynam c bearing unit in accordance with the

first enmbodi-slkeaft byldnfighetdaissreiv 58 hh2bdheNt B¥vHerfdh 85 22 r Refor®
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hydr odynam ¢ bearing wunit having.a jIg nounted thereon ce

a second exeapleasss. €Tiagli st ored ehﬂeofpﬂ?e'sﬁaériggvl?ﬂttiig[)kggr%d fo b3 aﬁg{}?ﬂg

sectional view of an essential part of a hydrodynamc ring “unit H
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uni t in &ccosfdhrdabMchbing ¢ii rd exenpl ary enbodi ment of the present
invention. 25 Fig. 8.is an enlarged sectional view of the essential part of

the hydrodynam c bearing unit in accordance with the third enmbodi nent.
Fig. 9 is a sectional view of an essential part of the hydrodynamc 8

Decenber 2004 - BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1is a sectional view of an essential part of a hydrodynaﬁ:lic bearing
unit in accordance with a first exemplary embodiment of the present
10 -invention.
| Fig. 2 is a sectional of an essential part of a hydrodynamic bearing unit
.in accordance with the first embodiment.
Fig. 8 is a sectional view of an essential part of a hydrodynamic bearing
-unit in accordance with the first embodiment.
15 | Fig. 4 is a sectional view of an essential part of a hydrodynamic bearihg
unit having a jig mounted thereon in accordance with a second exemplary
. embodiment of the present invention.
Fig. 5 is a sectional view of an essential part of a hydrodynamic bearing
unit having a jig mounted thereon in accordance with the second embodiment.
20 Fig. 6 is a sectional view of an essential part of a hydrodynamic bearing
unit having a jig mounted thereon in accordance with the second embodiment.
Fig. 7 is a sectional view of an essential part of a hydrodynamic bearing
uhnit in accordance with a third exemplary embodiment of the present
invention.
25 Fig. 8 is an enlarged sectional view of the essential part of the
hydrodynamic bearing unit in accordance with the third embodiment.

Fig. 9 is a sectional view of an essential part of the hydrodynamic



4 bearing unit in accordance with the third enbodi ment. Fi g3 X6omer 304

enl arged sectional view of the essential part of the hydrodynam c bearing
unit in accordance with the third enbodinent. Fig. 11 is a sectional view
of an essential part of a magnetic disc drive in accordance with a fourth
exenpl ary enbodi ment of the present i nverkion. Fi g. 12 is a sectional view
of an essential part of a conventional hydrodynam c bearing unit.

DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS ( Exenpl ary Enbodi nent 1)

Referring tigedrin@Sunifm3acclrddnics itk BlEthadiershdffticnent of the present
i nvention will be described. Figs. 1-3 are sectional views illustrating an

essential part Big. albydr adyealirgedesectingaluniiewi of atheoredsential wparh ofiethti r st

enbodi nent of th| s invention. As shown in Fi t he bearing unit
i ncl udes a Ryfpeynaip f-'ﬁljmg qné‘r’@@“@ﬁ@ﬂé@é‘ﬂ%&ﬁtﬂlgd@n@ diggat. part ther eof ,
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cent er part thereof. Respective opposing cy |ndr| cal taces of shaft 1 and
sl eeve 3 cooperBigi vE? yisf ar sectiomatli edewb ecft langessIBmﬁabe@m nef wnidonoéntidieil
enbodi nent has a sinple structure since it utilizes the seal nenber and
the shaft cardredperaiclgariog Wik st seal nember 102 and shaft 101 unitarily
formed in the conventional bearing wunit. Shaft 1 and sleeve 3
cooperatively forma radial bearing. Large-dianeter part

DESCRIPTION OF THE PREFERRED EMBODIMENTS
(Exemplary Embodiment 1)

Referring to Figs. 1-3, a first exemplary embodiment of the present
invention will be described. Figs. 1-3 are sectional views illustrafing an essential
part of a hydrodynamic bearing unit in accordance with the first embodiment of
this invention. '

As shown in Fig. 1, the bearing unit includes a shaft 1 having a large-
diameter part 2 at a lower part thereof, cylindrical sleeve 3 rotatably mounted to
shaft 1, and seal member 4 disposed at an upper part of the bearing unit. Sleeve 3
has both ends thereof having respective inside diameters larger than a diameter of
a center part thereof. Respective opposing cylindrical faces of shaft 1 and sleeve 3
cooperatively form a radial bearing. The bearing unit of the embodiment has a
simple structure since it utilizes the seal member and the shaft corresponding to
first seal member 102 and shaft 101 unitarily formed in the conventional bearing
unit. Shaft 1 and sleeve 3 cooperatively form a radial bearing. Large-diameter part
2 of shaft 1, seal member 4 and sleeve 3 cooperatively form a thrust bearing. In
other words, the thrust bearing includes a first thrust bearing part cooperatively
formed by respective opposing faces of seal member 4 and sleeve 3 and a second

thrust bearing part



2 of shaft 1, seal nenber 4 and sl eeve 3 cooperatively f or m3EHRRRE £004
bearing. In. other words, the thrust bearing includes a first thrust
bearing part cooperatively forned by respective opposing faces of seal
menber 4 and sleeve 3 and a second thrust bearing part 8 Decenber 2004 5
cooperatively fornmed by respective opposiﬁwg faces of large-dianmeter part 2
and sleeve 3. Seal nenber 4 is fixed to shaft 1 by, for exanple, press
fitting or shrinkage fitting. If an axial length L | of seal nmenber 4 is

| onger t hanc@iperativdlly [feRféd by2redpectlvar Qﬁ)é&hﬁ@%@s cﬂafatrgezdid?nétefi iphACS a8l
parallel wth an aX|aI direcfion of rotation, surface of a disk being

used with tsleetredr iSegl unémbers 4pisefiznd ¢d éhaftnlbbyﬁ@or erarnple, naesd fultieg tor
| eaki ng or spl 2%1 | ubricating oil, even in cases where the |ubricating
oi | under go@gﬂﬁ"ﬁ&? Mgxpansi on or has air penetrat ed thereinto. In
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part | b of shaft 1 to be large in nmeter as own in Fig. 2. I'n other
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t he shaft by press-fitting as was the case with the conventional bearing
unit (of Fi¢pniamynateh éﬂ@ft@ ﬁ@aklng@arsnl@bmgohlbmétmg 8l @eeniinwasasr wheresthgeve

n i nclude the r di aneter

Chan the ot RBrchSy A Sabfeqed o gxpRision fr BAY i BehOEed Bl a ™t i1 ong

mechani cal ly. Iy machining or grinding of an outer peripheral surface of shaft 1, a small-
diameter part of shaft 1 and top and bottom faces of large-diameter part 2 undergo
the grinding simultaneously. This arrangement allows a lower end part 1b of shaft
1 to be large in diameter as shown in Fig. 2. In other words, since it is not
necessary for a first seal member to be fixed to the shaft by press-fitting as was the
case with the conventional bearing unit (of Fig. 12). Therefore, regardiess of the
inside diameter of sleeve 3, shaft 1 can include the lower end part 1b having the
larger diameter than the other of the part 1b of shaft 1. This allows shaft 1 to be
strong mechanically.

As shown in Fig. 3, a length L3 from a bottom end of sleeve 3 to the face of
sleeve 3 that faces the top face of large-diameter part 2 is longer than axial length
L2 of large-diameter part 2. Second seal member 4 is press-fitted until seal
member 4 contacts with sleeve 3 while the bottom end of sleeve 3 is aligned flush
with the bottom of large-diameter part 2. This provides the thrust bearing with a
desired axial clearance (L3-L2).

According to the present embodiment described above, shaft 1 and the
unitarily formed first seal member allow the bearing unit to have a simple

structure and to be assembled accurately and easily, This reduces the



As shown in Fig. 3, a length L3 froma bottomend of sl eeved®EFghene'Face
of sleeve 3 that faces the top face of large-dianeter part 2 is |onger
than axial length L2 of |arge-dianeter part 2. Second seal nenber 4 is
press-fitted until seal nenber 4 contacts with sleeve 3 whil'e the bottom
end of sleeve 3 is aligned flush wth t hé bot t om of | ar ge-di aneter part 2.
This provides the thrust bearing with a desired axial clearance (L3-L2).

According t e | ibed above, shaft 1 and the
unitarily fg}dnl‘gge?Pré(?ﬁgga ngdns‘rn%raﬂa Ie%\%vethe bearing unit to have a sinple

structure and to be assenbl ed accurately and easily. This reduces the 8
Decenber 2004 6 , nunber of conponents as well as cost. (Exenplary

Enmbodi nment &ﬂﬂ dgﬁ{é turing a hydrodynam c bearing unit in
%jSEXWI E'ESQEH'%O eglfét?% I nvention
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menber 7,  exemplary embodiment. Thus, similar elements are denoted by the same
reference numerals, and are not described in detail.
10 '7 Fig. 4 is a sectional V".iev&.r of an essential part of the bearing unit having
a jig mounted thereon for injection of lubricating oil. Seal member 4 is meide
of a magnetic material. Attractive force between seal member 4 and an '
annular magnet 5 provided on disc-like jig 8 presses annular elastic member 7,
- which is preferably made of rubber, onto jig 8 against an opening portion of .
15  capillary seal 6 for sealing the lubricating oil, thereby sealing a top part of the
bearing unit.

The bearing unit has an upper part sealed and a lower part dipped in a
vessel containing the lubricating oil. The unit is held in a vacuum and then
is restored to atmospheric pressure. This injects the lubricating oil into the

20 - beaﬁng_ unit by a change in air pressure as if the oil is drawn into the bearing
unit.

Instead of magnet 5, screw 9 and a screw hole 1a of shaft 1 may fix jig 8

to the bearing unit, as shown in Fig. 5.
Alternatively, as shown in Fig. 6, jig 8, which is preferably made of resin,
25 may be provided with a leg and a projection 8a at a tip of the leg. Projection

8a may be engaged in a recess 3b provided at an upper part of an outer

peripheral surface of sleeve 8 by an elastic deformation of jig 8. Elastic



. . $ Decernber 2004
which is preferably made of rubber, onto jig 8 against an oper??er% e]|E)ort|on

of 15 capillary seal 6 for sealing the lubricating oil, thereby sealing a
top part of the bearing unit. The bearing unit has an upper part seal ed
and a lower part dipped in a vessel containing the lubricating oil. The
unit is held in a vacuumand then is restbred to atnospheric pressure.
This injects the lubricating oil into the 20 ' bearing. unit by a change in

air pressur i hge e | 0 * ' I of.
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beari ng uni tseaﬂﬁl$m.i n Fig. 5. Alternatively, as shown in Fig. 6, jig 8§,

which is preferably made of resin, 25 may be provided with a leg and a |
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| ubr i cat i ng Phk ibipriodbEEleafhing Sk, AHES-hRANLAR, Oper abi i ty, and
reduces cost. _
(Exemplary Embodiment 3)
10 _ Referring to Figs. 7-10, é third exemplary embodiment will be described.
Fig. 7 and Fig. -9 are sectional views illustrating an essential part of a
hydrodynamic bearing unit in accprdance with the present embodiment. Fig.
8 and Fig. 10 are enlarged sectiohal views illustrating the -essential parts of
Figs. 7 and 9, respectively. = Elements similar to those described in the -
15 foregoing embodiments are denoted by the same reference numerals. |
As shown in Fig. 7 and Fig. 8, sleeve 3 of the present embodiment
includes plural through-holes 3a arranged concentrically with respective
capillary seals 6 provided at top and bottom openings of the bearing unit.
Large-diameter part 2 and seal member 4 have.respective corners facing
20  through-holes 3a, and these corners are chamfered more than two of the other
corners. _
As shown in Fig. 9 and Fig. 10, sleeve 3 has a corner facing eapi]lafy
‘seal 6 for sealing lubricating oil, and this corner of sleeve 3 may be chamfered
80 that an opening of through-hole 8a of sleeve 3 may be positioned below a
25  thrust bearing part.

This enables an atmospheric pressure to be easily applied to the

lubricating oil. As a result, even if the lubricating oil moves unevenly



(Exenpl ary Enbodi ment 3) 10 Referring to Figs. 7-10, a thir8Dss@whst 204
enbodi nent will be described.. Fig. 7 and Fig. -9 are. sectional views
illustrating an essential part of a hydrodynam c bearing unit in
accordance with the present enbodinent. Fig. 8 and Fig. 10 are enl arged
sectional views illustrating the essential®parts of Figs. 7 and 9,
respectively. Elenents simlar to those described in the 15 foregoing

enbodi nent s Béteved@NReABpind HoLts A BpdBhet 8P ERe BHQﬁhghlagg é?;‘f’ ﬁp gmeﬂnm Ghlck ’

and Fig. 8, sleeve 3 of ‘the present” enbodi nent inc
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provi ded at top and bottom openi ngs ear unit. meter

part 2 and s@alveABIHSS Itbr ﬂ@&ﬁ%é&ﬁ%orners facing 20 through-holes
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3a, and these corners arelibaiarﬁ ered nore n two of the other corners. As
shown in Fig. 9 and Fig. 10, sleeve 3 has a corner facing capillary seal 6
for sealing lubricating oil, and this corner of sleeve 3 may be chanfered

'so that gan (Ei%mﬁl&rff]i}rﬁﬁ&ﬂﬂﬂé}jtf@' e 3a of sleeve 3 may be positioned bel ow

a 25 thrust bearing part. This €nables an atnospheric pressure to be
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accordance Wiﬂl the fourth embodiment of the present invention. Elements
similar to those described in the foregoing embodiments are denoted by the
10  same reference numerals. Shaft 1 is implanted in a base 11, and sleeve 3 has,
at its outer periphery, a substantially-cylindrical motor hub 10 fixed by
engagement on the sIeeVg 3. Motor hub 10 has a central hole 10 a, and a
. flange 10b extending radially inwardly above central hole 10a. Flange 10b
- covers sleeve 3 and an end of second seal member 4, and is proﬁded with
15 plural through-holes 10c reaching an end of sleeve 8. Thus, when
. components are to be replaced, motor hub 10 can be detached from the bearing
unit by inserting a pin into through-hole 10c of flange 10b to press the end of
sleeve 3. This facilitates the replacement of the components. In addition,
flange 10b can seal the bearing unit.
20 -
INDUSTRIAL APPLICABILITY
The present invention relates to a hydrodynamic bearing unit for, for
‘. example, a magnetic disc drive, and to a method of manufacturing the unit.
The bearing unit can be assembled without error in a few process steps.
25 According to the manufacturing method, only one of the end portions of

the bearing unit is required to be cleaned after having the lubricating oil

injected thereinto. Further, an opening of one of capillary seals can be sealed



prevents the lubricating oil fromleaking. 5 (Exenplary Enbd&erErher 2304a
fourth exenplary enbodinent will be described with reference to Fig. 11.
Fig. 11 is a sectional view of an essential part of a magnetic disc drive
in accordance with the fourth enbodi nent %f t he present invention

Elements 'simlar to those described in the foregoing enbodi nents are
denoted by the 10 sanme reference nunerals. Shaft 1 is inplanted in a base
11, and sl eeessily, basl ajigtcanth®e duthehed ek iBAtd abviba 8k gl
mot or hub 10 fixed by ]gngagenent4on théngﬁgésgﬁ%?ﬂﬁg?ggkﬁﬁhb¥%Bﬁg%ﬁgé(ﬁﬁ
central hole 10 a, and a flange 10b extending radially inwardly above
central hole 10a. Flange 10b covers sleeve 3 and an end of second seal
menber 4, and is provided with 15 plural through-holes 10c reaching an end
of sleeve 3. Thus, when conponents are to be replaced, notor hub 10 can be
detached fromthe bearing wunit by inserting a pin into through-hole 10c of
flange 10b to press the end of sleeve 3. This facilitates the repl acenent
of the conponents. In additi.on, flange 10b can seal the bearing unit. 20

| NDUSTRI AL APPLI CABI LI TY The present invention relates to a hydrodynam c
bearing unit for, for exanple, a magnetic disc drive, and to a nethod of
manuf acturing the unit. The bearing unit can be assenbled w thout error in
a few process steps. 25 According to the manufacturing nmethod, only one of
the end portions of the bearing unit is required to be cleaned after
havi ng the |ubricating oil : ’



i njected thereinto. Further, an opening of one of capill arySS5FR%2 04
seal ed 8 Decenber 2004 easily, and ajig can be detached easily after the
injection of the lubricating oil. 8 Decenber 2004 10 CLAIMS 1. A

hydr odynam ¢ bearing unit conprising: a shaft having a | arge-di aneter part
formed unitarily with said shaft; a sl eée mounted to said shaft rotatably
about a rotation axis; and a seal nenber fixed to said shaft and formng a
first thrust bearing in cooperation with said sleeve, wherein said

| ar ge-di aneter part and said sl eeve cooperatively form a second thrust
bearing. 2. The hydrodynani c bearing WiLAIGIS claim 1, wherein a |l ength of
said seal nenber in an axial direction of said rotation axis is greater
than a length of said |arge-dianeter part in the direction. 3. The

hydr odynam ¢ beat.i ng Ariydrodymdnaicrbebringtmiteiomprddidgshaft has first and
second parts at respectjve sides of said |arge-dianeter part in an axis

direction of said rotathafhhaying a lgegegdipmeter past formeghunitardy svith said shafimet er
th i d d t d wher ei id s ' ted,t i.d first
bart of satd shatt . 4 steREe HSRGe]toa sERE R Ao B RO B Totan issand of n
di stance between a face)fheriBbdntdetVGid SRt bR BmfiabS SREARs KRk in

beari ng and an end of
cooperation with said sleeve,

wherein said large-diameter part and said sleeve cooperatively form

a second thrust bearing.

2. The hydrodynamic bearing unit of claim 1, wherein a length of said
seal member in an axial direction of said rotation axis is greater than a length of

said large-diameter part in the direction.

3. The hydrodynamic bearing unit of claim 1,
wherein said shaft has first and second parts at respective sides of
said large-diameter part in an axis direction of said rotation axis, said first part
having a smaller diameter than said second part, and

wherein said sleeve is mounted to said first part of said shaft.

4, The hydrodynamic bearing unit of claim 1, wherein a distance
between a face of said sleeve that forms said second thrust bearing and an end of
said sleeve near said large-diameter part is equal to a sum of a length of said large-
diameter part in an axial direction of said rotation axis, a clearance of said first

thrust bearing, and a clearance of said second thrust bearing.



said sl eeve near said |large-dianmeter part is equal to a sunﬁé*m%mﬁéﬁﬁﬁh of
said large- dianeter part in an axial direction of said rotation axis, a
cl earance of said first thrust bearing, and a clearance of said second

t hrust bearing. 8 Decenber 2004 11 5. The . (hydrodynam c bearing unit of
claim1l, wherein said sleeve has a throudgh-hole fornmed therein between
respective outer peripheries of said first and second thrust bearings. 5
. 6. The hydrodynam c bearing unit of claimb5, wherein said through- hole
extending ih a direction of a rotation axis. 7. The hydrodynamni c bearing
unit of claimb5, 40 | ' ' . Is h - hol. i '
toward said seal 5 rre%g rr}gﬂggx %@5&%?%% Egﬁqﬁg Eglé? B? g%%@a% g"?‘% ggms%ialges %)ef?aénﬂgs

clearance ofa thabskEbR! fMAtEkhBAGHI d i | 09 o9k
sai d t hrough- hol e‘g%peni ng towarlc-il salﬁdwgvr%g- ﬁ%%ﬁgr %%t%?%;e%%&g%?% of s31d
| ar ge- di ametfe¥st RME sdeBhNtBrhd shace than a 15 clearance of said second
thrust bearing. 8. The hydrody%dnﬁlcﬁjeari ng unit of claim?7, wherein a
corner of.said seal nmenber that is |ocated toward said through-hole is a
chanfered corner, and 20 wherein a corner of said |arge-di aneter part that

's located towards, Sphd HyRroaAiA! Behfing IR W& S Hibrein said through-

hole extending in a direction of a rotation axis.

7. The hydrodynamic bearing unit of claim 5,
10 | wherein a first opeﬁing of said through-hole opening toward said
seal member and said seal member form a larger space than a clearance of
" said first thrust bearing, and | |
' wherein a second opening of said through-hole opening toward said

| large-diameter part and said large-diameter part form a larger space than a

15 clearance of said second thrust bearing,

8. The hydrodynamic bearing unit of claim 7,
wherein a cbrner of said seal member that is located toward said
through-hole isla chamfered corner, and
20 - - wherein a corner of said large-diameter part that is located toward

said through-hole is a chamfered corner.

9. The hydrodynamic bearing unit of claim 7, wherein said sleeve is
chamfered at a location near said through-hole.
25
10. Thé hydrodynamic bearing unit of claim 1, wherein at least one of

said seal member and said large-diameter part is made of magnetic material.



9. The hydrodynamic bearing unit of claim7, wherein said sf&SyEeE2004

chanfered at- a | ocation near said through-hole. 25 10. The hydrodynam c
bearing unit of claim1l, wherein at | east one of said seal nenber and said
| ar ge-di aneter part is nmade of magnetic paterial. 8 Decenber 2004 12 11.
The hydrodynam ¢ bearing unit of claim 112further. conprising: a notor hub
nounted to an outer periphery of said sleeve, said notor hub including a
fl ange covering an end of said sleeve, wherein said flange has a

through-hol e forped tHhe aydrodynami®bédrirguni® P eRiimel , tforthéd chrepdsiak: sai d

sl eeve. 12. A nethod of manufacturing a hydrodynam ¢ bearing unit,
conprising: insertingamattahub noamiadytosan eutgepeliphvey exf spiak tleeviensaidanstozeve
such t hat rreé‘g?e.s e(fve is rotatahly nounted o the shaft and such that the

| ar ge-di a elading p flange LOVRRNE ansad 9t $31d fleeoper ati on with the sl eeve,

the large dianeter p L ng: EEE@ ' i ] ft: and.l.hen
fixing a seal nenber afvge{é%égs da@%{ 1 ?Suéll#’aj%ﬁ%gbﬁg)zé g&“@%f‘%ﬁ?@ atv%gs%lilﬂnsai d
fixing of theposaslio IBAG df%said figevdhraf t conprises fixing the seal nmenber to
the shaft by press-fitting. 14. The method of claim 12, further conprising:
grinding an outer peripheral surface of the shaft and a face of the
12. A method of manufacturing a hydrodynamic bearing unit,
comprising:
inserting a shaft, having a large-diameter part, into a sleeve such that
the sleeve is rotatably mounted to the shaft and such that the large-diameter part
forms a thrust bearing in cooperation with the sleeve, the large diameter part being

formed unitarily with the shaft; and

then fixing a seal member to the shaft.

13. The method of claim 12, wherein said fixing of the seal member to

the shaft comprises fixing the seal member to the shaft by press-fitting.

14. The method of claim 12, further comprising;:
grinding an outer peripheral surface of the shaft and a face of the
large-diameter part simultaneously, the face of the large-diameter part being non-

parallel with a rotation axis.

15.  The method of claim 12,

wherein said inserting of the shaft into the sleeve comprises



| ar ge-di ameter part sinultaneously, the face of the Iarge-d?&ﬁﬁ?@?rﬂyﬂt
being non- parallel with a rotation axis. 15. The nethod of claim 12,
wherein said inserting of the shaft into the sleeve conprises 8 Decenber
2004 13 aligning an end of the sleeve to be flush with a face of the

| ar ge-di aneter part that 1is opposite told face of the | ar ge- di aneter part
that forns the thrust bearing, wherein said fixing of the seal nenber to
the shaft conprises pressing the sleeve with the seal nenber, and wherein

a | engt h besligsng anfeadefahe sleevs ke de dhfsarwithg fabe of tHellbtge-BRMdteOpA thatn
end of the sleeve is greater than a length of the large-diameter part in a
direction ofs appostatd afacedishe lageThamater pod that forzs tha thrusthenhiog,

c : s di g incl udi q I | ast |
omber s St Pt g Bkl SaHE e vt e HBaanrIEbents desaial foRmpesT
the seal n@hrgg t.i | first opening defined by the
sl eeve and eﬁé%tzgl?e angg%igﬁhﬁ?g%r%&gbggtgpg menber, wherein the seal

menber is nmade of magRAben MRleREiRbetwdon NRCERINGE Qe fdrmjﬁgéthwﬁmr

conprising: dipping a second opening, defined by the | arge-dianeter part
and the sl|lkewmg and an exdof tat slagvois| graaide thaana demgith ofittentaage-dicenatar pandf a

first air pressure, . .
n a direction of a rotation axis.

16.  The method of claim 12, further comprising:
providing a jig including a magnet and an annular elastic member;
attracting the seal member with the magnet after said fixing of the
seal member to the shaft; and ‘
sealing a first opening defined by the sleeve and the seal member
with the elastic member, '

wherein the seal member is made of magnetic material.

17.  The method of claim 16, further comprising:
dipping a second opening, defined by the large-diameter part and the
sleeve, into lubricating oil under an environmental pressure of a first air pressure;
and
changing the environmental pressure to a second air pressure higher

than the first air pressure while the second opening is dipped in the lubricating oil.

18.  The method of claim 12, further comprising:

providing a jig including a magnet and an annular elastic member;



and changi ng the envitonmental pressure to a second air preSsure™ir §h%:
than the first air pressure while the second opening is dipped in the

| ubricating oil. 18. The nmethod of claim 12, further conprising: providing
a jig including a magnet and an annul ar el astic nenber; 8 Decenber 2004 14
attracting the large-dianmeter part with {he magnet after said fixing of
the seal nenber to the shaft; and sealing a first opening defined by the
sl eeve and the large-dianeter part with the elastic nmenber; wherein the

| arge-di aneter part igtiodes e Ap@Nlantete®pat with thbSnadite afet bad @finglcE M
18, further conprising: dippi n% a second openi ng, defined by the sea
menber and thiksealsinember ta theghifthandat i ng oi | under an envi ronnent al

P second air pr escifPkh HE: OPEAME SE) PEinslooR? asgdhe [HEFIGRERET
0O a secona alr press |
second ope 'ﬁgdiﬁltﬂg%&%ﬁgi@ﬁlg%l ubricating oil. 20. The method of claim

12, furthertconprising: ng a jig including an annul ar el astic

menber, the jig havi nghareiffleclaf @ aRehdi&res At &;mﬁaéi&f“ﬁl_aghetié iggjte%rﬁdl?m end of

the shaft with a screw through the hole "after said fiXing e seal

menber to the shaft, the end being near the seal
19.  The method of claim 18, further comprising:
dipping a second opening, defined by the seal member and the
sleeve, into lubricating oil under an environmental pressure of a first air pressure;
and
changing the environmental pressure to a second air pressure higher

than the first air pressure while the second opening is dipped in the-lubricating oil.

20.  The method of claim 12, further comprising:
providing a jig including an annular elastic member, the jig having a
hole formed therein;
fixing the jig to an end of the shaft with a screw through the hole
after said fixing of the seal member to the shaft, the end being near the seal
member; and
sealing a first opening, defined by the sleeve and the seal member,

with the elastic member.

21.  The method of claim 20, further comprising:
dipping a second opening, defined by the large-diameter part and the
sleeve, into lubricating oil under an environmental pressure of a first air pressure;

and



" menber; and sealing a first opening,, defined by the sl eeve SAfaTRHEZW%a)
menber, wth the elastic nenber. 21. The nethod of claim 20, further
conprising: dipping a second openi ng, defined by the |arge-dianeter part
and the sleeve, into lubricating oil under an environnental pressure of a
first air pressure; and 8 Decenber 2004 i3 changi ng t he environnent al
pressure to a second air pressure higher than the first air pressure while
t he second opening is dipped in the lubricating oil. 22. The nethod of

claim12, further conplidigimgthedé@Mtctiméntal pie@surdabdiddBnadRirprRudit IBbRst i C
menber, the jig having a hole forned therein; fixing the jig to an énd of
a shaft witthaa the fisst athpisagive igldhibleseadndopering i dippeddn e lubeicsiag oitenber
to the shaft, the end being near the | arge-diameter part; and sealing a
first opening, defined by the sleeve and the |arge-dianeter part, with the

oL astic morber 28, Thfe FRRdopb B o dpiingorEr 1 1 pPino @
Llrllgri cating oi | underpRRidifyia o ik dhg RICARMA QistR hbfiber,aht jigHAIRELS
hole formed therein;
fixing the jig to an end of a shaft with a screw through the hole after
said fixing of the seal member to the shaft, the end being near the large-diameter
part; and
sealing a first opening, defined by the sleeve and the large-diameter

part, with the elastic member.

23.  The method of claim 22, further comprising:
dipping a second opening, defined by the sleeve and the seal
member, into lubricating oil under an environmental pressure of a first air
pressure; and
changing the environmental pressure to a second air pressure higher

than the first air pressure while the second opening is dipped in the lubricating oil.

24.  The method of claim 12, further comprising:
providing a jig including an annular elastic member and a leg having
an engaging projection at a tip thereof;,
engaging the engaging projection into a recess provided at an outer
periphery of the sleeve; and

sealing a first opening, defined bjr the sleeve and one of the large-
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changi ng the environnmental pressure to a second air pressure higher han

the first air pressure while the second opening is dipped in the

| ubricating oil. 24. The nmethod of claim 12, further conprising: providing
a jig including an annul ar el astic nmenber _and a | eg having an engagi ng
projection at a tip thereof, engaging thé6engaging projection into a recess
provided at an outer periphery of the sleeve; and sealing a first opening,
defined by the sleeve and one of the |large 8 Decenber 2004 16 di aneter part
and the seadliamestoe partvirtditticheat heahber, eithehe cladbic hbmbeet hod of cl ai m 24,
further conprising: dipping a second opening, defined by the sleeve and the
other of the |large-dianeter part and the seal nenber, in |ubricating oi

under an environgent ressure of fi.rst air pressure; and changing the
envi ronnental pr su?th?§“§%§gegﬁﬁuﬁﬁﬂv@P@@?Gﬂgqﬁ%ﬁﬁh than the first air
pressure while the se L I i i I i.catd i 1.
ABSTRACT A hydr odynam&@B g@%?ﬁ%@n‘?@“@%@ﬁ#&ﬁ%@?f ??eﬁ}ge a?n{éittﬁg&%%{e?feﬁhg r

that reducelap@ndfaasdten paif a6 MSscal thdhbere it IeRKAAE ol uldépah Ealvirdgntintalar
provi ded. The bearing unit includes a shaft, a sleeve which is rotatably

pressure of a first air pressure; and

changing the environmental pressure to a second air pressure higher

than the first air pressure while the second opening is dipped in the lubricating oil.
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nounted to the shaft and which forms a radial bearing in cooperation Wwth
the shaft, and a pair of seal nmenbers which are fixed to the shaft, which
form respective thrust bearing parts in cooperation with the sleeve, and
whi ch seal lubricating oil circulating i he bearing unit. The shaft has
a large-dianeter part functioning as one of the seal nenbers. The other-

seal nenber is fixed - to the shaft by press-fitting.
- ABSTRACT

A hydrodynamic beﬁring unit and a manufacturihg method therefor

that reduce manufacturing costs énd prevent leakage of lubricating oil are

provided. The bearing unit includes a shaft, a sleeve which is rotatabiy

5 - mounted to the shaft and which fqrms‘ a-radial bearing in cooperation with the

shaft, and a pair of seal members which are fixed to the shaft, Wlﬁch form

respective thrust bearing parts in cooperation with the sleeve, and which seal

lubricating oil circulating in the bearing unit. The shaft has a larée-diameter

part functioning as one of the seal members. The other seal member is fixed
10  to the shaft by press-fitting. -



