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(54) A compound bearing apparatus, and a spindle motor and a swing arm for a hard disk drive
means including such bearing apparatus

(57) The compound bearing apparatus embodying
the present invention includes a stepped shaft (1) hav-
ing enlarged and reduced diameter shaft portions (1a,
1b), a sleeve outer race (2) surrounding the stepped
shaft, and two rows of balls (3, 4) interposed therebe-
tween. Outer sealing plates (10, 11) are provided longi-
tudinally externally of the two rows of balls, and inner

sealing plates (13, 14) are provided in the interior space
between the two rows of balls.

The plates form labyrinth seals for preventing lubri-
cant present around the ball from leaking out to the ex-
terior of the apparatus, as well as into the interior space
between two rows of balls. The compound bearing ap-
paratus may be incorporated in a spindle motor and/or
a swing arm assembly for a hard disk drive.
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Description

[0001] The present invention relates to a compound
bearing apparatus suitable for the rotating portion of so
called precision mechanical equipment, and to a spindle
motor and a swing arm for a hard disk drive which in-
cludes such bearing apparatus.
[0002] A variety of structures of bearing apparatus are
known for the rotating portions of precision mechanical
equipment. In the case of the prior art as shown in Fig.
7, the compound bearing apparatus includes a stepped
shaft 41 having enlarged and reduced diameter shaft
portions 41a, 41b, a sleeve outer race 42 surrounding
the stepped shaft, and two rows of rotating bodies 44,
45 interposed, respectively, between the enlarged diam-
eter shaft portion 41a and the sleeve outer race 42, and
an inner race 43 fitted around the reduced diameter
shaft portion 41b and the sleeve outer race 42.
[0003] In such compound bearing apparatus of the
prior art, the clearance defined between the enlarged
diameter shaft portion of the shaft and the sleeve outer
race, and that defined between the inner race and the
sleeve outer race, are closed by means of sealing plates
46, 47 on the outside of each of two rows of rotating
bodies. This is to prevent the lubricant present around
the rotating bodies, e.g. balls 44, 45, rolling recesses
48a, 48b, 49a, 49b, and the retainer 50, from leaking
out therefrom.
[0004] In the compound bearing apparatus of the prior
art having the above-mentioned structure, a shortage of
lubricant often occurs due to the dispersion thereof into
the space A defined between the two rows of balls 44,
45. This also causes rotational noise or vibration, and
reduces the lifetime of the bearing apparatus.
[0005] When a spindle motor including such com-
pound bearing apparatus of the prior art is used as a
driving apparatus for a hard disk drive device, the lubri-
cant dispersed by the high speed rotation of the bearing
apparatus into the space A will transform into a lubricant
mist and produce turbulence. This turbulence will pro-
duce noise or vibration affecting the stillness and the ac-
curacy of the rotation of the motor.
[0006] Further, in the swing arm assembly employed
as a swing arm for the hard disk drive device, it is nec-
essary to displace the magnetic head accurately along
the surface of the hard disk used as the magnetic stor-
age medium by swinging the arm around the shaft ac-
curately. However, a swing arm assembly including a
compound bearing apparatus of the prior art is apt to
produce rotational noise or vibrations due to deteriora-
tion resulting from ageing of the compound bearing ap-
paratus. These rotational noises or vibrations will often
lead to disk crash, impairing the reliability of the hard
disk drive means.
[0007] Accordingly, the object of the present invention
is to provide a compound bearing apparatus having
sealing means for preventing lubricant present around
the rotating bodies from leaking away into the space de-

fined between the rows of the rotating bodies of the
bearings, as well as to the outside of the bearing appa-
ratus, and to provide a spindle motor and swing arm for
hard disk drive means including such bearing appara-
tus.
[0008] According to one aspect of the present inven-
tion, there is provided a compound bearing apparatus
including a stepped shaft having enlarged and reduced
diameter shaft portions, a sleeve outer race surrounding
the stepped shaft, and two rows of rotating bodies inter-
posed therebetween, wherein;

the rotating bodies of the first row are disposed be-
tween an outer peripheral rolling recess formed di-
rectly on an outer peripheral surface of the enlarged
diameter shaft portion and a first inner peripheral
rolling recess formed directly on the inner peripheral
surface of the sleeve outer race,
the rotating bodies of the second row are disposed
between an outer peripheral rolling recess formed
on an outer periphery of an inner race fitted over the
reduced diameter shaft portion of said stepped
shaft and a second inner peripheral rolling recess
formed directly on the inner peripheral surface of
the sleeve outer race,
at the longitudinal outer side of the rotating bodies
of the first row, a first outer sealing plate of ring
shape having a central aperture is disposed be-
tween the inner peripheral surface of the sleeve out-
er race and the outer peripheral surface of the en-
larged diameter shaft portion,
the first outer sealing plate is secured either one of
the inner peripheral surface of the sleeve outer race
or the outer peripheral surface of the enlarged di-
ameter shaft portion with leaving a slight radial
clearance between the inner or outer peripheral sur-
face thereof and the remaining one of the outer pe-
ripheral surface of the enlarged diameter shaft por-
tion or the inner peripheral surface of the sleeve out-
er race to provide a labyrinth seal function,
at the longitudinal outer side of the rotating bodies
of the second row, a second outer sealing plate of
ring shape having a central aperture is disposed be-
tween the inner peripheral surface of the sleeve out-
er race and the outer peripheral surface of the inner
race,
the second outer sealing plate is secured either one
of the inner peripheral surface of the sleeve outer
race or the outer peripheral surface of the inner race
with leaving a slight radial clearance between the
inner or outer peripheral surface thereof and the re-
maining one of the outer peripheral surface of the
inner race or the inner peripheral surface of the
sleeve outer race to provide a labyrinth seal func-
tion,
at the longitudinal inner side of the rotating bodies
of the first row, a first inner sealing plate of ring
shape having a central aperture is disposed be-
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tween the inner peripheral surface of the sleeve out-
er race and the outer peripheral surface of the en-
larged diameter shaft portion,
the first inner sealing plate is secured either one of
the inner peripheral surface of the sleeve outer race
or the outer peripheral surface of the enlarged di-
ameter shaft portion with leaving a slight radial
clearance between the inner or outer peripheral sur-
face thereof and the remaining one of the outer pe-
ripheral surface of the enlarged diameter shaft por-
tion or the inner peripheral surface of the sleeve out-
er race to provide a labyrinth seal function,
at the longitudinal inner side of the rotating bodies
of the second row, a second inner sealing plate of
ring shape having a central aperture is disposed be-
tween the inner peripheral surface of the sleeve out-
er race and the outer peripheral surface of the inner
race, and
the second inner sealing plate is secured either one
of the inner peripheral surface of the sleeve outer
race or the outer peripheral surface of the inner race
with leaving a slight radial clearance between the
inner or outer peripheral surface thereof and the re-
maining one of the outer peripheral surface of the
inner race or the inner peripheral surface of the
sleeve outer race to provide a labyrinth seal func-
tion.

[0009] Other optional features of the compound bear-
ing apparatus are defined in claims 2 and 3.
[0010] According to another aspect of the present in-
vention, there is provided a spindle motor including a
compound bearing apparatus as defined. The rotor hub,
i.e. the rotating member of the spindle motor, is adapted
to be journalled on the base of the motor by the com-
pound bearing apparatus.
[0011] According to a further aspect of the present in-
vention, there is provided swing arm assembly for use
with a hard disk drive device, which includes a com-
pound bearing apparatus as defined. The compound
bearing apparatus is fitted within a cylindrical portion
forming the base of the swing arm to rotatably journal
the swing arm.
[0012] Various embodiments of the present invention
will now be described with reference to the accompany-
ing drawings, in which:

Fig. 1 is a longitudinal cross sectional view showing
a compound bearing apparatus embodying the
present invention;
Fig. 2 is a longitudinal cross sectional view showing
another embodiment of the compound bearing ap-
paratus of the present invention; and
Fig. 3 is a longitudinal cross sectional view showing
a spindle motor embodying the present invention;
Fig. 4 is a longitudinal cross sectional view showing
another embodiment of the spindle motor of the
present invention;

Fig. 5 is a longitudinal cross sectional view showing
a swing arm assembly embodying the present in-
vention;
Fig. 6 is a longitudinal cross sectional view showing
another embodiment of the swing arm assembly of
the present invention; and
Fig. 7 is a longitudinal cross sectional view showing
the compound bearing apparatus of the prior art.

[0013] A compound bearing apparatus in accordance
with the first and second embodiments of the present
invention will now be described with reference to Figs.
1 and 2.

< THE FIRST EMBODIMENT >

[0014] As can be seen from Fig. 1, the compound
bearing apparatus of the first embodiment includes a
stepped shaft 1 having an enlarged diameter shaft por-
tion 1a and a reduced diameter shaft portion 1b, a cy-
lindrical sleeve outer race 2 surrounding the stepped
shaft, and two rows of rotating bodies, such as balls 3,
4, interposed therebetween.
[0015] The balls 3 of the first row (the left row in Fig.
1) are disposed between an outer peripheral rolling re-
cess 5 formed directly around the outer peripheral sur-
face of the enlarged diameter shaft portion 1a of said
stepped shaft 1, and a first inner peripheral rolling re-
cess 6a formed directly in the inner peripheral surface
of said sleeve outer race 2.
[0016] The balls 4 of the second row (the right row in
Fig. 1) are disposed between an outer peripheral rolling
recess 8 provided around the outer peripheral surface
of an inner race 7 fitted over the reduced diameter shaft
portion 2a of said stepped shaft 1, and a second inner
peripheral rolling recess 6b formed directly in the inner
peripheral surface of the sleeve outer race 2.
[0017] The outer diameter of said inner race 7 is sub-
stantially identical with that of the enlarged diameter
shaft portion 1a, so that balls of the same diameter can
be employed as the balls 3, 4 of the first and second
rows.
[0018] The inner race 7 may be attached to the shaft
to leave a space 9 between an inner end of the inner
race and a surface of a shoulder formed between the
enlarged portion and reduced portion of the shaft.
[0019] On the left end of the bearing assembly, i.e. on
one end to the left of the first row of balls 3, a first lon-
gitudinally outer sealing plate 10 is provided to seal the
clearance defined between the enlarged diameter shaft
portion 1a and the sleeve outer race 2. On the right end
of the bearing assembly, i.e. on the other end to the right
of the second row of balls 4, a second longitudinally out-
er sealing plate 11 is provided to seal the clearance de-
fined between the inner race 7 and the sleeve outer race
2. The outer sealing plates 10, 11 are ring shaped and
have a central aperture therethrough. The outer periph-
eries of the outer sealing plates 10, 11 are adapted to
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be fitted into inner peripheral grooves 12a, 12b formed
in the inner peripheral surface of said sleeve outer race
2.
[0020] The inner diameter of the central aperture of
the outer sealing plate 10 is slightly larger than the outer
diameter of the enlarged diameter shaft portion 1a to
leave a slight clearance therebetween to provide a lab-
yrinth seal function.
[0021] The inner diameter of the central aperture of
the outer sealing plate 11 is slightly larger than the outer
diameter of the inner race 7 to leave a slight clearance
therebetween to provide a labyrinth seal function.
[0022] The compound bearing apparatus further in-
cludes first and second longitudinally inner sealing
plates 13, 14. The first inner sealing plate 13 is disposed
to the right of the first row of balls 3, and the second
inner sealing plate 14 is disposed to the left of the sec-
ond row of balls 4.
[0023] These inner sealing plates 13, 14 are also ring
shaped, and have a central aperture therethrough. The
outer peripheries of the inner sealing plates 13, 14 are
fitted into inner peripheral grooves 15a, 15b formed in
the inner peripheral surface of said sleeve outer race 2.
[0024] An outer peripheral labyrinth recess 16 is
formed around the enlarged diameter shaft portion 1a
at the position where the radial plane defined by the first
inner sealing plate 13 intersects the shaft 1. The inner
diameter of the inner sealing plate 13 is substantially
equal to or slightly larger than the outer diameter of the
enlarged diameter shaft portion 1a to prevent the first
inner sealing plate from contacting the shaft, and to pro-
vide a labyrinth seal function with the labyrinth recess
16.
[0025] Should the inner sealing plate 13 be formed
with or from a pliable material, such as synthetic rubber,
enhancement of the labyrinth seal function can be ob-
tained by the reduction of the inner diameter of the ap-
erture to a diameter slightly smaller than the outer diam-
eter of the enlarged diameter shaft portion 1a.
[0026] The inner periphery of the second inner sealing
plate 14 is disposed opposite a space 9 defined between
the inner end of the inner race 7 and the surface of the
shoulder. The inner diameter of the inner sealing plate
14 is substantially equal to or slightly larger than the out-
er diameter of the enlarged diameter shaft portion 1a to
prevent the inner sealing plate from contacting the inner
race or the shaft, and to provide a labyrinth seal function.
[0027] Should the inner sealing plate 14 also be
formed with or from a pliable material, such as synthetic
rubber, enhancement of the labyrinth seal function can
be obtained by the reduction of the inner diameter of the
aperture to a diameter slightly smaller than the outer di-
ameter of the inner race 7.
[0028] The elements represented by reference nu-
meral 20 are ball retainers.
[0029] The assembling operation of the compound
bearing apparatus of the above mentioned first embod-
iment is carried out as follows.

[0030] The outer peripheries of the inner sealing
plates 13 and 14 are fitted into the inner peripheral
grooves 15a, 15b of the sleeve outer race 2, the stepped
shaft 1 is inserted into the sleeve outer race 2, and then
inner race 7 is fitted slidably around the reduced diam-
eter shaft portion 1b of the stepped shaft.
[0031] Next, the stepped shaft 1 is displaced radially
within the sleeve outer race to form a gap greater than
the diameter of balls 3, 4 therebetween, and then these
balls are loaded therethrough.
[0032] In this step of the assembling operation, the
inner sealing plate 13 secured on the longitudinally inner
side of balls 3 of the first row is adapted to enter the
outer peripheral labyrinth groove 16, and the inner seal-
ing plate 14 secured on the longitudinally inner side of
balls 4 of the second row is adapted to enter the space
9 defined between inner end of the inner race 7 and the
surface of the shoulder, so that the second inner sealing
plates do not interfere with the radial displacement of
the stepped shaft, and the loading of the balls 3, 4 can
be effected easily.
[0033] After loading a predetermined number of balls,
the balls are located equidistantly relative to each other
by means of ball retainers 20, and then the inner race 7
is bonded or otherwise secured to the reduced diameter
shaft portion under a predetermined pressure, and outer
sealing plates 10, 11 are also fitted into the inner periph-
eral grooves 12a, 12b of the sleeve outer race and se-
cured thereto.

<THE SECOND EMBODIMENT>

[0034] Although the inner and outer sealing plates dis-
posed on the opposite side of balls 3 of the first row are
mounted in the inner peripheral surface of the sleeve
outer race 2 in the embodiment of Fig. 1, the inner and
outer sealing plates can alternatively be mounted in the
enlarged diameter shaft portion 1a as shown in Fig. 2.
[0035] A pair of outer peripheral grooves 17a, 17b are
formed distally and proximally to the outer peripheral
rolling recess 5 formed in the enlarged diameter shaft
portion 1a. Inner peripheral labyrinth grooves 18a, 18b
are formed in the portions of the inner peripheral surface
of the sleeve outer race 2 intersected by the radial
planes including the outer peripheral grooves. Outer
and inner sealing plates 19a, 19b including a central ap-
erture are respectively fitted at their inner peripheries
into the outer peripheral grooves 17a, 17b. The outer
diameter of the sealing plates 19a, 19b is substantially
equal to or slightly smaller than the inner diameter of the
sleeve outer race 2 to prevent the inner sealing plates
from contacting the sleeve outer race to provide the lab-
yrinth seal function.
[0036] Should both of the outer and inner sealing
plates 19a, 19b be formed with or from pliable material,
such as synthetic rubber, enhancement of the labyrinth
seal function can be obtained by enlarging the outer di-
ameter of the sealing plates to a diameter slightly larger
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than the inner diameter of the sleeve outer race 2.
[0037] The assembling operation of the compound
bearing apparatus of the above mentioned second em-
bodiment is adapted to be carried out as follows.
[0038] The inner periphery of the inner sealing plate
19b is fitted into the outer peripheral groove 17b formed
in the enlarged diameter shaft portion 1a inwardly of the
outer peripheral rolling recess 5, and the outer periphery
of the inner sealing plate 14 is fitted into the inner pe-
ripheral groove 15b of the sleeve outer race 2. Then the
stepped shaft 1 is inserted with the first inner sealing
plate into the sleeve outer race 2, and the inner race 7
is fitted slidably around the reduced diameter shaft por-
tion 1b of the stepped shaft.
[0039] Next, the stepped shaft 1 is displaced radially
within the sleeve outer race to form a gap greater than
the diameter of balls 3, 4 therebetween, and then these
balls are loaded therethrough into the inner and outer
rolling recess.
[0040] In this step of the assembling operation, the
inner sealing plate 19b secured on the longitudinally in-
ner side of balls 3 of the first row is adapted to enter into
the inner peripheral labyrinth groove 18b, and the inner
sealing plate 14 secured on the longitudinally inner side
of balls 4 of the second row is adapted to enter into the
space 9 defined between inner end surface of the inner
race 7 and the surface of the shoulder, so that the inner
sealing plates do not interfere with the radial displace-
ment of the stepped shaft, and the loading of the balls
3, 4 can be effected easily.
[0041] After loading the predetermined number of
balls, the balls are located equidistantly relative to each
other by means of ball retainers 20. Then, the inner race
7 is bonded or otherwise fixed to the reduced diameter
shaft portion under a predetermined pressure, outer
sealing plate 19a is fitted into the outer peripheral
groove 17a of the enlarged shaft portion 1a, and the out-
er sealing plate 11 is fitted into the inner peripheral
groove 12b of the sleeve outer race 2 and secured there-
to.
[0042] Although balls are employed as rotating bodies
in the above mentioned first and second embodiments,
rollers could alternatively be employed to accomplish
the same function.

<THE EMBODIMENT OF THE SPINDLE MOTOR>

[0043] The spindle motor for a hard disk drive device
incorporating the compound bearing apparatus of the
above-mentioned first embodiment will now be de-
scribed with reference to Fig.3.
[0044] A compound bearing apparatus 23 is secured
centrally on a base 21 to extend vertically therefrom with
the enlarged diameter shaft portion of the bearing being
located at the bottom end thereof. The base 21 is pro-
vided with a flange 22 at the outer periphery thereof. A
rotor hub 24, i.e. a rotating member of the motor, in-
cludes on its central lower surface a cylindrical central

portion 25 having upper and lower openings. The cylin-
drical portion is formed integrally with the rotor hub using
the same member. The cylindrical portion 25 is fitted
over the sleeve outer race 2 of the compound bearing
apparatus 23.
[0045] The rotor hub 24 is provided around the outer
periphery thereof with a downwardly depending flange
26 having a disk mount portion for the disk or disks of
the hard disk drive device. The inner peripheral surface
of the downwardly depending flange is provided with ro-
tor magnets 27 made of permanent magnets.
[0046] Stators 30 having respective coils 29 wound
therearound are secured around a yoke holder 28
formed integrally with the base to extend upwardly
therefrom so as to leave a slight clearance between the
outer peripheral portion the stators and the inner periph-
eral surface of the rotor magnets 27. In this connection,
the rotor hub is adapted to be rotatably driven by ener-
gizing the coils 29.
[0047] The assembling procedure of the spindle mo-
tor embodying the present invention is effected as de-
scribed below.
[0048] The compound bearing apparatus 23 is press
fitted and adhesively secured within the central cylindri-
cal portion of the rotor hub 24. The base or lower end of
the enlarged diameter shaft portion 1a of the stepped
shaft 1 of the compound bearing apparatus is press fit-
ted and adhesively secured within the bore of the base
21.
[0049] In the above-mentioned case, the stepped
shaft 1 of the compound bearing apparatus is adapted
to be secured to the base 21 so that the sleeve outer
race 2 is adapted to be rotated together with the rotor
hub 24, i.e. the spindle motor is of the fixed shaft type.
A spindle motor of the rotating shaft type, may also in-
corporate the compound bearing apparatus. In this
case, the sleeve 2 is secured to the base 21 and the
stepped shaft 1 is adapted to be rotated together with
the rotor hub 24.
[0050] Further, although the compound bearing appa-
ratus of the first embodiment shown in Fig. 1 is embod-
ied in the spindle motor, the compound bearing appara-
tus 23' in accordance with the second embodiment as
shown in Fig. 2 can also be used as shown in Fig. 4.

< EMBODIMENT OF SWING ARM ASSEMBLY >

[0051] A swing arm assembly for a hard disk drive de-
vice is illustrated in Fig.5. This swing arm assembly in-
cludes the compound bearing apparatus of the above-
mentioned first embodiment.
[0052] A base or a cylindrical portion 34 of a swing
arm 33 is secured to the sleeve outer race 32 of the com-
pound bearing apparatus 31. The swing arm 33 has
mounts 35 for carrying the magnetic head of the hard
disk drive device at its distal portion.
[0053] The compound bearing apparatus 31 is press
fitted and adhesively secured within the bore 36 of the
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cylindrical portion 34 with interposing adhesive between
the outer peripheral surface of the sleeve outer race 2
and the inner peripheral surface of the bore of the hub
34.
[0054] In the swing arm assembly of the construction
as described above, magnetic heads (not shown) are
adapted to be attached to the mounts 35, and the lower
end of the enlarged diameter shaft portion 1a of the com-
pound, bearing apparatus 31 is secured on the base (not
shown) of the hard disk drive device. The swing arm as-
sembly can be rotated around the shaft by means of any
appropriate actuator.
[0055] The above-described swing arm assembly is
of the fixed shaft type in which the cylindrical portion 34
of the swing arm is secured around the sleeve outer race
of the compound bearing apparatus and the stepped
shaft is secured to the base of hard disk drive device. A
swing arm assembly of the rotating shaft type may also
incorporate the compound bearing apparatus. In this
case, the cylindrical portion 34 is secured to the stepped
shaft, and the sleeve outer race is secured to the base
of hard disk drive device.
[0056] In the above-mentioned embodiment of the
swing arm assembly, the compound bearing apparatus
as shown in Fig. 1 is employed. Alternatively, a com-
pound bearing apparatus as shown in Fig. 2 may be em-
ployed.

Advantages or effects obtained by the use of compound
bearing apparatus embodying the present invention

[0057] The compound bearing apparatus embodying
the present invention includes sealing plates at the lon-
gitudinally inner sides of each row of rotating bodies as
well as at the longitudinally outer sides, so that the lu-
bricant present around the rotating bodies, the rolling
recesses, and the retainers, will be prevented from leak-
ing out from the bearing apparatus. Thus, a compound
bearing apparatus which is quiet in operation and has a
long life can be obtained.
[0058] The labyrinth seal structure formed by the ele-
ments of the bearing apparatus such as the longitudi-
nally inner and outer sealing plates, the sleeve outer
race, and the shaft, does not produce frictional heat and
does not affect the rotational torque, since there is no
contact between the elements.
[0059] Further, the spindle motor incorporating the
compound bearing apparatus also has a long life and
maintains high rotational precision for a long period of
time. The assembling procedure of the spindle motor
can be effected easily merely by press fitting the com-
pound bearing apparatus into the central cylindrical por-
tion of the rotor hub and securing it thereto, for example
by means of adhesive.
[0060] Additionally, the swing arm assembly incorpo-
rating the compound bearing apparatus also has a long
life and maintains high rotational precision for a long pe-
riod of time, so that the reliability of a hard disk drive

device can be enhanced. The assembling procedure of
the swing arm assembly can be effected easily merely
by press fitting the compound bearing apparatus into the
cylindrical portion of the base of the swing arm and se-
curing it thereto by means of adhesive.
[0061] While particular embodiments of the present
invention have been illustrated and described, it will be
obvious to those skilled in the art that various changes
and modifications can be made without departing from
the scope of the invention as defined in the appended
claims.

Claims

1. A compound bearing apparatus including a stepped
shaft (1) having enlarged (1a) and reduced (1b) di-
ameter shaft portions, a sleeve outer race (2) sur-
rounding the stepped shaft, and two rows (3, 4) of
rotatable bodies interposed therebetween, where-
in:

the rotatable bodies (3) of the first row are dis-
posed between an outer peripheral rolling re-
cess (5) formed directly in an outer peripheral
surface of the enlarged diameter shaft portion
(1a) and a first inner peripheral rolling recess
(6a) formed directly in the inner peripheral sur-
face of the sleeve outer race (2),
the rotatable bodies (4) of the second row are
disposed between an outer peripheral rolling
recess (8) formed in an outer periphery of an
inner race (7) fitted over the reduced diameter
shaft portion (1b) of said stepped shaft and a
second inner peripheral rolling recess (6b)
formed directly in the inner peripheral surface
of the sleeve outer race (2),
at the longitudinal outer side of the rotatable
bodies of the first row, a first outer sealing plate
(10) of ring shape having a central aperture is
disposed between the inner peripheral surface
of the sleeve outer race (2) and the outer pe-
ripheral surface of the enlarged diameter shaft
portion (1a),
the first outer sealing plate (10) is secured to
one of the inner peripheral surface of the sleeve
outer race (2) and the outer peripheral surface
of the enlarged diameter shaft portion (1a) with
a slight radial clearance between the inner or
outer peripheral surface of the first outer seal-
ing plate (10) and the other of the outer periph-
eral surface of the enlarged diameter shaft por-
tion (1a) and the inner peripheral surface of the
sleeve outer race (2) to act as a labyrinth seal,
at the longitudinal outer side of the rotatable
bodies (4) of the second row, a second outer
sealing plate (11) of ring shape having a central
aperture is disposed between the inner periph-
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eral surface of the sleeve outer race (2) and the
outer peripheral surface of the inner race (7),
the second outer sealing plate (11) is secured
to one of the inner peripheral surface of the
sleeve outer race (2) and the outer peripheral
surface of the inner race (7) with a slight radial
clearance between the inner or outer peripheral
surface of the second outer sealing plate (11)
and the other of the outer peripheral surface of
the inner race (7) and the inner peripheral sur-
face of the sleeve outer race (2) to act as a lab-
yrinth seal,
at the longitudinal inner side of the rotatable
bodies (3) of the first row, a first inner sealing
plate (13) of ring shape having a central aper-
ture is disposed between the inner peripheral
surface of the sleeve outer race (2) and the out-
er peripheral surface of the enlarged diameter
shaft portion (1a),
the first inner sealing plate (13) is secured to
one of the inner peripheral surface of the sleeve
outer race (2) and the outer peripheral surface
of the enlarged diameter shaft portion (1a) with
a slight radial clearance between the inner or
outer peripheral surface of the first inner seal-
ing plate (13) and the other of the outer periph-
eral surface of the enlarged diameter shaft por-
tion (1a) and the inner peripheral surface of the
sleeve outer race (2) to act as a labyrinth seal,
at the longitudinal inner side of the rotatable
bodies (4) of the second row, a second inner
sealing plate (14) of ring shape having a central
aperture is disposed between the inner periph-
eral surface of the sleeve outer race (2) and the
outer peripheral surface of the inner race (7),
and
the second inner sealing plate (14) is secured
to one of the inner peripheral surface of the
sleeve outer race (2) and the outer peripheral
surface of the inner race (7) with a slight radial
clearance between the inner or outer peripheral
surface of the second inner sealing plate (14)
and the other of the outer peripheral surface of
the inner race (7) and the inner peripheral sur-
face of the sleeve outer race (2) to act as a lab-
yrinth seal.

2. Apparatus as claimed in claim 1, wherein:

the first and second outer and inner sealing
plates (10, 13, 11, 14) are fitted at their outer
peripheries into associated inner peripheral
grooves (12, 15a, 12b, 15b) formed in the inner
peripheral surface of the sleeve outer race (2),
a slight radial clearance is provided between
the inner peripheral surfaces of said first outer
sealing plate (10) and the enlarged diameter
shaft portion (1a) to act as a labyrinth seal,

a slight radial clearance is provided between
the inner peripheral surface of the second outer
sealing plate (11) and the inner race (7) to act
as a labyrinth seal,
a slight radial clearance is provided between
the inner peripheral surface of the first inner
sealing plate (13) and an outer peripheral lab-
yrinth recess (16) formed in the outer peripheral
surface of the enlarged diameter shaft portion
(1a) at the longitudinal inner side of the rotata-
ble bodies (3) of the first row to act as a labyrinth
seal, and
a slight radial clearance is provided between
the inner peripheral surface of the second inner
sealing plate (14) and a space (9) defined be-
tween a shoulder formed at the juncture be-
tween the enlarged diameter shaft portion (1a)
and the reduced diameter shaft portion (1b) and
the inner end of the inner race (7) to act as a
labyrinth seal.

3. Apparatus as claimed in claim 1, wherein:

the first outer and inner sealing plates (10, 13)
are fitted at their inner peripheries into a pair of
peripheral grooves (17a, 17b) formed on each
side of the peripheral rolling recess (5) of the
first row (3) of rotatable bodies, in the outer pe-
ripheral surface of the enlarged diameter shaft
portion (1a), opposite a pair of outer and inner
peripheral grooves (18a, 18b) formed on each
side of the first inner peripheral rolling recess
(6a) in the sleeve outer race (2) respectively,
with a slight radial clearance between the outer
peripheral surface of each sealing plate (10, 13)
and each peripheral groove (18a, 18b) to act
as a labyrinth seal,
the second outer and inner sealing plates (11,
14) are fixedly fitted at their outer peripheries
into a pair of peripheral grooves (12b, 15b)
formed on each side of the second inner periph-
eral rolling recess (6b) formed in the inner pe-
ripheral surface of the sleeve outer race (2) with
a slight radial clearance between the inner pe-
ripheral surface of the outer sealing plate (11)
and the inner race (7) to act as a labyrinth seal,
and with a slight radial clearance between the
inner peripheral surface of the inner sealing
plate (14) and a space (9) defined between a
shoulder formed at the juncture the enlarged di-
ameter shaft portion (1a) and the reduced di-
ameter shaft portion (1b) and an inner end of
the inner race (7) to act as a labyrinth seal.

4. A spindle motor including a rotating member (24),
such as a rotor hub, journalled on a base (21) by
means of a compound bearing apparatus (23, 23')
as claimed in claim 1, 2 or 3.
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5. A swing arm assembly journalled rotatably on a
base of a hard disk drive device through a com-
pound bearing apparatus (31) as claimed in claim
1, 2 or 3, the compound bearing apparatus being
located within a base cylindrical portion (34) of the
swing arm assembly.
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