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HYDRODYNAMIC BEARING /

FIELD OF THE INVENTION

The present invention relates to a hydrodynamic
bearing employing a dynamic-pressure hydraulic bearing for use
in a disk recording device which is adapted to record and
reproduce signals on a magnetic disk while rotating the
magnetic disk, a rotary head for a video tape recorder which

is rotated at a high speed, and the like.

BACKGROUND OF THE INVENTION
In recent years, recording apparatuses using disks and

the like have increased in memory capacity and data transfer

-speed. This, in turn, has required a disk rotating device for

use in such a recording apparatus to be cabable of high—séeed
and high-precision rotation. To this end, a hydrodynamic
bearing'having a ceﬁtral shaft supported at its opposite ends
as dlgclosed in U.S. Patent No. 5,504,637 is used in a rotary
main shaft of the recording apparatus.

A conventional hydrodynaﬁic bearing will hereinafter
be described with reference to Figs. 7 and 8.

Fig. 7 illustrates a recording device employing the

hydrodynamic bearing.



A sleeve 30 provided in the center of a hub 29 is
rotatably fitted around a stationary shaft 22 having one end
fixed to a lower casing 21. Disks 35A, 35B, 35C, 35D as
recording media are attached to the hub 29 as being spaced
from each other by spacers 36A, 36B, 36C.

A flange member 24 is attached to the other end of the
stationary shaft 22 by an upper shaft 28 as being fitted in a
step portion 30A of the sleeve 30. The upper shaft 28 has a
male thread, which is threaded in the other end of the
stationary shaft 22 so that the flange member 24 is press-
fitted to the other end of the stationary shaft 22.

A thrust plate 27 which is opposed to an upper fgce of
the flange member 24 and an outer circumference of the upper
shaft 28 is fixed in a recessed portion 29A of the hub 29.

One set or, typically, two sets of herringbone grooves
23A, 23B are provided in at least one of an.outer
circumferential portion of tﬁe stationary.shaft 22 and an
inner circumferential portion of the sleeve 30. An inner
spiral éroove 26 is provided in either one of a surface of the
steé portion 30A of the sleeve 30 and a face of the flange
member 24 which are opposed to each other, and an outer spiral
groove 25 is proyided in at least one of opposed faces of the
flange member 24 and the thrust plate 27. These grooves 23A,
23B, 25, 26 and an oil pit 30B are filled with a lubricant 31.

A motor rotor 33 is fixed to the hub 29, and a motor



stator 32 is fixed to the lower casing 21. Further, an upper
casing 34 is attached to the upper shaft 28.

In the conventional hydrodynamic bearing, the motor
rotor 33 starts co-rotating with the hub 29, the sleeve 30,
the thrust plate 27, the disks 35A, 35B, 35C, 35D and the
spacers 36A, 363; 36C, when the motor stator 32 is energized
to develop a rotating magnetic field.

At this time, the herringbone grooves 23A, 23B collect
the lubricant 31 to generate a pressure by pumping action, and
the outer spiral groove 25 and the inner spiral groove 26 also
collect the lubricant 31. The pressure thus generated causes
the hub 29 to rotate in a completely non-contacting state with
respect to the stationary shaft 22.

However, the aforesaid arrangement has the followiﬁg
drawbacks.

Since tﬁe inner diameter D2 of the thrust plate 27 is
slightly greater than the inner diameter.Dl of a bearing

portion of the sleeve 30 as shown in Fig. 8, the lubricant 31

filled in the herringbone grooves 23A, 23B flows out through

the step portion 30A and scatters over the thrust plate 27 as
indicated by 31A due to a centrifugal force exerted thereon
during high speed rotation.

Further, when air which is dissolved into the
lubricant through air-liquid interfaces 38aA, 38B during the

rotation is accumulated in the oil pit 30B and the like and
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grows into bubbles 37A, 37B, 37C, 37D, the air-liquid
interfaces 38A, 38B are bulged, so that the lubricant 31 flows
out from the upper side as indicated by 31A and 31B, and from
the lower side as indicated by 31C in Fig. 8. This results in
“depletion of the lubricant 31 in the herringbone grooves 233,
23B, the outer spiral groove 25 and the inner spiral groove

26.

DISCLOSURE OF THE INVENTION

It is an object of the present invention to provide a
hydrodynamic bearing which is free from the flow-out of a
lubricant from a bearing portion thereof and is highly
reliable.

The hydrodynamic bearing according to the present
invention is characterized in that lower and upper end
portions of a stationary shaft are properly.spaced from a
sleeve and a thrust plate, respectively,'and that an air
channel is provided inside the stationary shaft with one end
thereof‘opening to a space defined by an outer circumferential
po;tion of the stationary shaft and the sleeve between radial
grooves and thrﬁst grooves and with the other end thereof
communicating with the outside.

In accordance with the present invention, the
lubricant is prevented from flowing out from two open sides of

the stationary shaft around the upper and lower end portions
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thereof, and air bubbles accumulated in the space between the
stationary shaft and the sleeve during rotation are expelled
through the air channél +o the outside. Therefore, the
hydrodynamic bearing has a highly reliable construction which
is free from the flow-out of the lubricant from the bearing
portion thereof.

In accordance with claim 1 of the present invention,
there is provided a hydrodynamic bearing which comprises: a.
stationary shaft fixed at one end thereof to a lower casing
and having a flange member and an upper shaft portion adjacent
to the other end thereof; a sleeve having a bearing bore in
which the stationary shaft is inserted; and a thrust plate
fixed to the sleeve and having a face opposed to a plane face
of the flange member and an inner circumferential portion
opposed to an outer circumferential portion of the upper shaft
portion; wherein radial hydrodynamic grooves are provided in
at least one-of an outer circumferentialbportion of the
stationary shaft and an inner circumferential portion of the
sleeve which are opposed to each other; wherein an outer
thfust hydrodynamic groove is provided in at least one of the
opposed faces of the flange member and the thrust plate;
wherein an outer diameter of the upper shaft portion and a
diameter of the inner circumferential portion of the thrust
plate are smaller than a diameter of the bearing bore of the

sleeve; wherein the stationary shaft has a tapered portion



provided on a side thereof opposite across the radial
hydrodynamic grooves from the flange member and having a
progressively decreasing diameter apart from the flange
member; wherein the radial hydrodynamic grooves and the outer
thrust hydrodynamic groove are filled with a lubricant; and
wherein an air channel is provided inside the stationary shaft
with one end thereof opening on an outer circumferential
portion of the stationary shaft intermediate the flange member
and the radial hydrodynamic grooves and with the other end
thereof communicating with the outside.

In accordance with claim 2 of the present invention,
there is provided a hydrodynamic bearing which has
substantially the same construction as the hydrodynamic
bearing according to claim 1, except that the upper shaft
portion of the stationary shaf£ has a tapered portion which is
opposed to the inner circumferential portion of the thrust
plate and has a progressively decreasing diameter as it |
extends apart from the flénge member, instead of the
arrangement that the outer diameter of the upper shaft portion
and ;he diameter of the inner circumferential portion of the
thrust plate are smaller than the diameter of the bearing bore
of the sleeve.

In accordance with claim 3 of the present invention,
the hydrodynamic bearing according to claim 1 or 2 is

characterized in that the upper face, outer circumferential



surface and lower face of the flange member are closely
adjacent to the thrust plate and a step portion of the sleeve,
and a gap defined therebetween is filled with the lubricant,
and that the flange member has a recess circumferentially
provided on the outer circumferential surface thereof.

In accordance with claim 4 of the present invention,
the hydrodynamic bearing according to claim 1 or 2 is
charaéterized in that two sets of radial hydrodynamic grooves
are provided and a portion between the two sets of radial-
hydrodynamic grooves is sealed by the stationary shaft and the
bearing'bore of the sleeve, and that the stationary shaft has
a circumferential groove as an air pit.

In accordance with claim 5 of the present invention,
the hydrodynamic bearing according to claim I or 2 is
characterized in that the sleeve has a second larger inner
diameter pdrtion and a smaller inner diameter portion adjacent
to the end thereof toward the lower caSiﬁg, the inner'diémeter
portions being connected to the bearing bore.

.'In accordance with claim 6 of the present invention,
the hydrodynamic bearing according to claim 1 or 2 is
characterized in that the inner circumferential portion of the
thrust plate has a smaller inner diameter portion adjacent to
an upper face of the thrust plate.

In accordance with claim 7 of the present invention,

~the hydrodynamic bearing according to claim 1 or 2 is



characterized in that the sleeve has a tapered portion
provided on an outer circumferential portion thereof adjacent
to the lower casing, said tapered portion having a
progressively increasing diameter toward the lower casing.

In accordance with claim 8 of the present invention,
the hydrodynamic bearing according to claim 7 is characterized
in that the tapered portion provided on the outer
circumferential portion of the sleeve is coated with an oil
repellént film.

In accordance with claim 9 of the present invention,
the hydrodynamic bearing according to claim 1 or 2 is
characterized in that a portion adjacent to the upper face of
the thrust.plate is coated with an oil repellent film.

In accordance with claim 10 of the present invention,
the hydrodynamic bearing according to claim 1 or 2 is
eharacteriéed in that an inner thrust hydrodynamic groove is
provided in at least one.of a lower face;of the flange mémber

and a face of the sleeve which are opposed to each other.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a sectional view illustrating a hydrodynamic
bearing according to one embodiment of the present invention;
Fig. 2 is a detailed view of a flange member according

to the embodiment;

Fig. 3 is a detailed view of the flange member
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according to the embodiment;

Fig. 4 is a detailed view of a tapered portion of a
stationary shaft according to the embodiment;

Fig. 5 is a detailed view of radial hydrodynamic
grooves according to the embodiment;

Fig. 6 is a detailed view of the radial hydrodynamic
grooves according to the embodiment;

Fig. 7 is a sectional view illustrating a conventional
hydrodynamic bearing; and

Fig. 8 is a detailed partial view of Fig. 7.

DESCRIPTION. OF THE EMBODIMENTS

Embodiments of the present invention will hereinafter
be described with reference to Figs. 1 to 6.

Figs. 1 and 2 illustrate a hydrodynamic bearing
according to one embodiment of the invention.

One end of a stationary shaft 2 is fixed to a lower
casing 1. A flange member 4 is provided adjacent to the other
end of the stationary shaft 2, and an upper shaft portion 2A
exéends upwardly from the flange member 4. The flange member
4 and the upper shaft portion 2A may be formed integrally with
the stationary shaft. Alternatively, the flange member 4 and
the upper shaft portion 2A may be prepared separately from the
stationary shaft 2 and then combined with the stationary shaft

2, or the stationary shaft 2 and the upper shaft portion 2A



may be formed integrally and then combined with the flange
member 4 which is separately prepared.

A sleeve 10 having a bearing bore 10F is rotatably
fitted around the stationary shaft 2. The flange member 4 is
fitted in a step portion 10A of the sleeve 10.

A generally annular thrust plate 7 is fixed in a
recessed portion 10B of the sleeve 10 as being opposed to the
flange member 4 and fitted around the upper shaft portion 2aA.
One set or, typically, two sets of radial hydrodynamic grooves
3A, 3B such as of a herringbone configuration are provided in
at least one of an outer circumfefential portion of the
stationary shaft 2 and an inner circumferential portion of the
sleeve 10. In this embodiment, the radial hydrodynamic
grooves 3A, 3B are provided only in the inner circumferential
portion of the sleeve 10. In the figures, the radial
hydrodynamic grooves 3A, 3B, which are hidden by the
stationary shaft 2, are indicated by broﬁen lines.

A spiral inner thrust hydrodynamic groove 6 is
provided, as required, in at least one of a surface of the
stép portion 10A of the sleeve 10 and a face of the flange
member 4 which are opposed to eaéh other.

An outer thrust hydrodynamic groove 5 is provided in
at least one of opposed faces of the flange member 4 and the
thrust plate 7. The radial hydrodynamic grooves 3A, 3B, the

outer thrust hydrodynamic groove 5 and the inner thrust
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hydrodynamic groove 6 are filled with a lubricant 11.

A hub 9 is fixed to the sleeve 10, and a motor rotor
13 is fixed to the hub 9. A motor stator 12 is fixed to the
lower casing 1.

An air channel 2E, 2F, 2H, 2G communicating with the
outside is provided inside the stationary shaft 2 with one end
thereof dpeﬁing on an outer circumferential portion of the
‘stationary shaft 2 between the flange member 4 and the radial
hydrodynamic grooves 3A, 3B. If the air channel is positioned
inside a casing formed by sealing the ends of the stationary
shaft 2, the outside in this case means.the inside of the
casing.

The diameter D4 of an inner circumferential portion 7a
of the thrust plate 7 is smallef than the inner diameter D3 of
the sleeve 10. . The stationary shaft 2 has a tapered portion
21 provided'on an outer side of the radial hydrodynamic
grooves 3A, 3B, the tapered portion haviné a progressivelf
decreasing diameter as it extends apart from the flange member
4,

The sleeve 10 has a tapered portion 10D provided on an
outer circumferential portion thgreof adjacent to the lower
casing 10 and coated with an oil repellent film 14A.

Disks 15Aa, 15B, 15C, 15D as recording media are

attached to the hub 9 as being properly spaced by spacers 16A,
16B, 16C.
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A reference numeral 2D denotes a recessed portion'
which is provided, as required, around the open end 2E of the
air channel.

The upper shaft portion 2A has a tapered portion 2B
and a thread portion 2H, as required. The stationary shaft 2
is formed with a recess 2C, as requiréd, aﬂd the sleeve 10 has
a first larger inner diameter portion 10C. A'space defined by
the recess 2C and the first larger inner diameter portion 10C
serves as a pit for the lubricant 11 and air. As required,
the flange member 4 is formed with a recess 4A which serves as
an air pit.

With the aforesaid arrangement shown in Fig. 1, the
motor rotor 13 starts co-rotating with the hub 9, the.sleeve
10, the thrust plate 7, the disks 15A, 15B, 15C, 15D and the
spacers 16A, 16B, 16C, when the motor stator 12 is energized
to develop a rotating magnetic field.

At this time, the radial hydrodynémic grooves 3A,.3B
collect and pump the lubricant 11 to generate a pressure, and
the outer thrust hydrodynamic groove 5 and the inner thrust
hydfodynamic groove 6 also collect the lubricant 1l1. The
pressure thus generated brings the rotary assembly into a
completely non-contacting state.

The operation of the hydrodynamic bearing will
hereinafter be described in greater detail with reference to

Figs. 2 to 6.
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Referring to Fig. 2, the diameter D4 of the inner
circumferential portion 7A of the thrust plate 7 is slightly
smaller (e.g., by about 0.1 mm to about 1.0 mm) than the inner

diameter D3 of the sleeve. Therefore, the lubricant 11 is

‘prevented from flowing out or scattering over the thrust plate

7 even during high speed rotation.

Sincé the uppér, lower and side faces of the flange
member 4 are surrounded by the thrust plate 7 and the step
portion 10A of the sleeve, even if a centrifugal force is
exerted on the outer circumference of the flange member 4
during rotation of the sleeve 10, the lubricant li is
collected in a recess 4A formed along the outer circumference
of the flange member 4 and will not scatter.

The stationary shaft 2 is formed with a recess 2D, as
required. If air trapped between the flange member 4 and the
fadial hydfpdynamic grooves 3A and 3B expands, the air is
expelled througﬁ the air channel 2E, 2F,;2H, 2G to the |

outside. Therefore, the lubricant 11 will never be forced

*

out.

: If air bubbles are accumulated as indicated by 17B,
17C, 17D, 17E in Fig. 3 and expand due to a temperature rise
by the rotation of the motor, air-liquid interfaces 18A, 18B
slightly fluctuate. After a while, the air bubbles pass
through a space between the step portion 10A and the lower

face qf the flange 4 and are expelled through the air channel
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2E, 2F, 2G to the outside. The air-liquid interfaces 18a, 18B
are finally stabilized as shown in Fig. 2.

Referring to Fig. 4, when the lubricant 11A which
almost flows out from the lower side of the sleeve 10 is
rotated around the tapered portion 2I of the stationary shaft
2, a tangent component F2 of a centrifugal force Fl is exerted
on the lubricant and, therefore, the lubricant is prevented
from flowing out from the lower side.

A further detailed expianation will be given to the
operation with reference to Figs. 5 and 6.

Fig. 5 illustrates a state of the hydrodynamic bearing
of the present invention after the bearing is stably rotated
for a sufficient period. The radial hydrodynamic grooves 33,
3B are afranged so that a length L2 is greater than a length
Ll, and a length L4 is greater by about 0.1 mm to about 0.5 mm
than a length L3. During the stable rotation of the bearing,
an airfliquid interface 18C is located in such a positioﬁ that
the length L1 is substantially equal to a length L5, and an
air-liqﬁid interface 18D is located in such a position that
thé length L3 is substantially equal to a length L6.

At this time, an air bubble 17G trapped and
accumulated in the first larger inner diameter portion 10C of
the sleeve 10 has a pressure substantially equal to the
atmospheric pressure. When the air bubble 17G expands due to

changes in temperature and pressure, the air-liquid interfaces
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18C, 18D fluctuate, and the accummulated air bubble 17G is
slightly compressed. When the pressure is further increased,
the accumulated air bubble 17G moves to the radial
hydrodynamic groove 3A or 3B during the rotation or halt, and
are expelled upwardly or downwardly from the radial
hydrodynamic grooves as indicated by 17H and 17I in Fig. 6.
Thus, the air-liquid interfaces 18C, 18D are stabilized.

Since there is not provided an open end of an air
channel on an outer circumferential portion of the stationary
shafg between the two sets of radial hydrodynamic grooves 3A
and 3B, the lubricant retained in the first larger inner
diameter portion 10C will never flow out.

In accordance with this embodiment, the lubricant is
prevented from flowing out during the high speed rotation or
halt, or even if there is a change in pressure or temperature.
. Thus, the hydrodynamic bearing has a high reliability.

Referring to Fig. 2, the upper shﬁft portion 2A ﬁas a
tapered portion 2B which is opposed to the inner
circumférential portion 7A of the thrust plate 7 and has a
progressively decreasing diameter as it extends apart from the
outer thrust hydrodynamic groove 5. The inner circumferential
portion 7A of the thrust plate 7 has a smaller inner diameter
portion 7B at a position thereof which is opposite to and away
from the outer thrust hydrodynamic groove 5, said smaller

diameter portion 7B having an inner diameter D5 smaller than
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the diameter D4 of the inner circumferential portion 7A.
Owing to the effects of the tapered portion 2B and the smaller
inner diameter portion 7B, the lubricant 11 is assuredly
prevented from flowing out due to the centrifugal force.
Further, a portion of the thrust plate 7 adjacent to
an upper face thereof is coated with an oil repellent film 14
for prevention of oozing of the lubricant 11. The inclination.
angle of the tapered portion 2B is in a range from 1 dggree to
10 degrees.
Further, the flange member 4 has the recess 4A, in
which the accumulated air bubbles 17A, 17B are readily

trapped. Accordingly, there is little possibility that the

~ outer thrust hydrodynamic groove 5 and the inner thrust

hydrodynamic groove 6 are covered with the air bubbles.

Referring to Fig. 4, the sleeve 10 further has a
smaller inner diameter porﬁion 10E and a second larger inner
diameter portion 10G on the side thereof édjacent to the iower
caéing 1 for prevention of the flow-out of the lubricant 11.
The sleeve 10 has the tapered portion 10D provided on the
outér circumferential portion thereof adjacent to the lower
casing 1. Theréfore, even if the lubricant happens to flow
out as indicated by 11B, the lubricant 11B is downwardly
forced back by the centrifugal force. The tapered portion 10D
is coated with the oil repellent film 14A which repels the

lubricant 11B for prevention of the oozing thereof.

16



As shown in Figs. 2 and 3, the two thrust hydrodynamic
grooves, i.e.,‘the outer thrust hydrodynamic groove 5 and the
inner thrust hydrodynamic groove 6, are provided in a thrust
direction. Therefore, the bearing can be maintained in non-
contact rotation even if an impact load is applied to the
bearing in any direction.

Referring to Fig. 5, the two sets of radial
hydrodynamic grooves 3A, 3B of a herringbone configuration are
arranged such that the radial hydrodynamic grooves 3A on the
side of the flange member 4 has a greater axial length than
the other radial hydrodynamic grooves 3B. That is, the
following expression is satisfied:

(L1 + L2) > (L3 + L4)

This is because unbalanced loads generated by the
rotation of the disks 15A, 15B, 15C, 15D are more heavily
exerted on the radial hydrodynamic grooves 3A on the side of
the flange member 4 than the other radial hydrodynamic gfooves
3B. With thié arrangement, a frictional torque loss can be
minimizéd, while the two sets of radial hydrodynamic grooves
3A; 3B are subject to substantial loads.

The lubricant 11 is composed of not less than 90% of
an ester oil, and not more than half of the remaining 10% of a
mineral oil, an olefin, a hydrocarbon_or the like. In a
hydraulic bearing for use in a disk rotating device, a

lubricating oil must not be allowed to scatter or flow out of

17



a bearing portion thereof in a mist form. In view of this,
ester-based lubricating oils are far less liable to generate
mist than other lubricating oils having an equivalent
viscosity. It has experimentally been confirmed that the
generation of o0il mist increases in the following order:

ester oils < olefin oils < fluoro-oils < silicone oils.
Use of the ester o0il in a proportion of not lower than 90% of
the lubricaﬁt components makes it possible to obtain a disk
rotating device free from generating 0il mist. Further, a
fluoro-resin is used as a material for the oil repellent films
14A and 14B.

The hydrodynamic bearing having the aforesaid
construction is highly reliable, and can assuredly prevent the
flow-out of the lubricant 11.

The embodiments of the present invention employ the
arrangement that the outer diameter of the upper shaft portion
and the diameter of the inner circumferential portion of'the
thrust plate are smaller than the diameter of the bearing bore
of the éleeve, and the arrangement-that the upper shaft
po;tion of the stationary shaft is formed with the tapered
portion which is opposed to the inner circumferential portion
of the thrust plate and has a progressively decreasing
diameter as it extends apart from the flange member. By
employing either of these arrangements, a hydrodynamic bearing

can be realized that can suppress the flow-out of the
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lubricant from a bearing portion thereof, compared with a

conventional bearing.
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What is clained is: R 0 A
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1. A hydrodynamic bearing comprising:

a stationary shaft (2) fixed at one end thereof to a
lower casing (1) and having a flange member (4) and an upper
shaft portion (2A) adjacent to the other end thereof;

a sleeve (iO) having a bearing bore (10F) in which the
stationary shaft (2) is inserted; and

‘a thrust plate (7) fixed to the sleeve (10) and having
a face-opposed to a plane face of the flange member (4) and an
inner circumferential portion (7A) opposed to an outer
circumferential portion of the upper shaft portion (23);

wherein radial hydrodynamic grboves (3A, 3B) are
provided in at least one of an outer circumferential portion
of the stationary shaft (2) and an inner circumferential
portion of the sleeve (10) which are opposed to each other;

wherein an outer thrust hydrodynamic groove (5) is
provided in at least one of the opposed faces of the flaﬁge
member (4) and the thrust plate (7); .

wherein an 6uter diameter of the upper shaft portion
(ZA) and a diameter (D4) of the inner circumferential portion
(72) of the thrust plate (7) are smaller than a diameter (D3),
of the bearing bore (IOF) of the sleeve(10);

wherein the stationary shaft (2) has a tapered portion
(2I) provided on a side thereof opposite across the radial

hydrodynamic grooves (32, 3B) from the flange member (4), the
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tapered portion having a progressively decreasing diameter as
it extends apart from the flange member (4);

wherein the radial hydrodynamic grooves (3A, 3B) and
the outer thrust hydrodynamic groove (5) are filled with a
lubricant; and

wherein an air channel (2E, 2F, 2H, 2G) is provided
inside the stationary shaft (2) with one end thereof opening
on an outer circumferential portion of the stationary shaft
(2) intermediate the flange member (4) and the radial
hydrodynamic grooves (3A) and with the other end thereof
communicating with the outside.

2. A hydrodynamic bearing comprising:

a stationary shaft (2) fixed at one end thereof to a
lower casing (1) and having a flange member (4) and an upper
shaft portion (2A) adjacent to the other end thereof;

a sleeve (10) having a bearing bore -(10F) in which "the
stationary shaft (2) is inserted; and ' |

a thrust plate (7) fixed to the sleeve (10) and having
a faqe 6pposed to a plane face of the flange member (4) and an
inne? circumferential portion (7A) opposed to an outer
circumferential portion of the upper shaft portion (23a);

wherein radial hydrodynamic grooves (3A, 3B) are
provided in at least one of an outer circumferential portion
of the stationary shaft (2) and an inner circumferential

portion of the sleeve (10) which are opposed to each other;
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“wherein an outer thrust hydrodynamic groove (5) is
provided in at least one of the opposed faces of the flange
member (4) and the thrust plate (7);

wherein the upper shaft portion (2A) of the stationary
shaft (2) has a tapered portion (2B) which is opposed to the
inner circumferential portion (7A) of the thrust plate (7) and
has a progressively decreasing diameter as it extends apart-
from the flange member (4);

wherein the stationary shaft (2) has a tapered portion
(2I) provided on a side thereof opposite across the radial
hydrodynamic grooves (3A, 3B) from the flange member (4), the
tapered portion having é progressively decreasing diameter as
it extends apart from the flange member (4);

wherein the radial hydrodynamic grooves (3A, 3B) and
the outer thrust hydrodynamic groove (5) are filled with a
lubricant; and

wherein an air channel (2E, 2F, ZH, 2G) is providéd
inside the stationary shaft (2) with one end thereof opening
on an outer circumferential portion of the stationary shaft

(2) intermediate the flange member (4) and the radial

hydrodynamic grooves (3A) and with the other end thereof

communicating with the outside.
3. The hydrodynamic bearing according to claim 1 or 2,
wherein the upper face, outer circumferential surface and

lower face of the flange member (4) are closely adjacent to
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the thrust plate (7) and a step portion (10A) of the sleeve
(10), and a gap defined therebetween is filled with the
lubricant, and wherein the flange member (4) has a recess (4A)

circumferentially provided on the outer circumferential

~surface thereof.

4. The hydrodynamic bearing according to claim 1 or 2,
wherein two sets of radial hydrodynamic grooves are provided,
and a portion between the two sets of radial hydrodynamic
grooves is sealed by the stationary shaft and the bearing bore
of the sleeve, and wherein the stationary shaft has a
circumferential groove as an air pit.

5. The hydrodynamic bearing according to claim 1 or 2,
wherein the sleeve (10) has a sgcond largef inner diameter
portion (10G) and a smaller inner diameter portion (10E)
adjacent to the end thereof toward the lower casing (1), the
inner diameter portions being connected to the bearing bore
(10F). |

6. The hydrodynamic bearing according to claim 1 or 2,
wherein‘the inner circumferential portion (7A) of the thrust
p1a£e (7) has a smaller inner diameter portion (7B) adjacent
to an upper face of the thrust plate (7), the smaller inner
diameter portion (7B) having a diameter (D5) smaller than the
diameter (D4) of the inner circumferential portion (7A).

7. The hydrodynamic bearing according to claim 1 or 2,

wherein the sleeve (10) has a tapered portion (10D) provided
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on an outer circumferential portion thereof adjacent to the
lower casing (1), the tapered portion having a progressively
increasing diameterltoward the lower casing (1).
8. The hydrodynamic bearing according to claim 7, wherein
the tapered portion (105) provided on the outer
circumferential portion of the sleeve (10) is coated with an
oil repellent £ilm (14A).
9. The hydrodynamic bearing according to claim 1 or 2,
wherein a portion adjacent to an upper face of the thrust
plate (7) is coated with an oil repellent film (14B).
10. The hydrodynamic bearing according to claim 1 or 2,
wherein an inner thrust hydrodynamic groove (6) is provided in

at least one of a lower face of the flange member (4) and a

face of the sleeve (10) which are opposed to each other.
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