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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a magnetic fluid sealed bearing that is provided in various drive force trans-
mission mechanisms in such a manner that the bearing supports a rotation shaft rotatable so as to prevent, with the
magnetic fluid, foreign substances such as dusts and water from entering into an inner portion of the mechanism. The
disclosure also relates to a fishing reel in which such a magnetic fluid sealed bearing is provided as a support member
for a rotation shaft of a drive force transmission mechanism.

BACKGROUND

[0002] Conventional rotation shafts provided in various drive force transmission mechanisms are rotatably supported
via bearings. For such rotation shafts, so-called ball bearings are used in order to improve rotation performance of the
rotation shafts. Such ball bearings include multiple rolling members (rolling elements) circumferentially disposed between
inner and outer rings.
[0003] Such ball bearings (hereunder referred to as "bearings") are used as support members for rotation shafts of
drive force transmission mechanisms in various drive units, and some drive units are desired to prevent foreign substances
such as dusts and water from penetrating through the bearings into the units. Moreover, when foreign substances enter
into the bearings themselves, rotation performance of such shafts could be deteriorated and noise could be caused.
[0004] In order to prevent such a problem, a magnetic fluid sealed bearing that includes a magnet and a retaining
plate (a polar plate) between an inner ring and outer ring of the bearing to form a magnetic circuit. Magnetic fluid is
retained by the magnetic circuit and thereby the inside of the bearing is tightly sealed. Patent Document 1 discloses
such a magnetic fluid sealed bearing. In the magnetic fluid sealed bearing, the magnet and the polar plate are fixed to
the outer ring so as to create a clearance between the inner ring and the outer ring, and magnetic fluid is retained within
the clearance. In this manner the inside of the bearing is sealed.
[0005] Because the clearance is sealed with the magnetic fluid in the above-described magnetic fluid sealed bearing,
it is possible to enhance the sealing of the inner portion of the bearing without reducing the rotation performance compared
to other sealing structures such as rubber. However, there is a possibility that a sufficient sealing cannot be provided at
the side where the magnet and retaining plate are fixed (the outer ring side).
[0006] For this reason, Patent Document 1 discloses a magnetic fluid sealed bearing in which the fixed side of the
magnet and the retaining plate (press-fitted side) is also filled with the magnetic fluid in order to enhance the sealing of
the inner portion of the bearing. More specifically, the magnet attached to the retaining plate is magnetized such that
the magnetic poles point in the axial direction so that the magnetic circuits are formed on the inner and outer ring sides
symmetrically with the axial direction. Sealing films made of the magnetic fluid are formed on the outer and inner ring
sides by retaining the magnetic fluid in each of the magnetic circuits and the sealing of the inner portion can be enhanced.
[0007] As another means to handle the problem, an elastic seal member is provided on a portion of the periphery of
a rotation shaft proximate to a bearing to shut out water and dusts from the bearing, however, the rotation performance
of the rotation shaft may be degraded due to contact pressure caused by the elastic seal member.
[0008] A bearing with a magnetic fluid sealing using magnetic fluid (hereunder referred to as a magnetic fluid sealed
bearing) is known for preventing foreign substances from penetrating through the bearing without degrading the rotation
performance of the rotation shaft. For instance, Patent Document 1 discloses a magnetic fluid seal (magnetic sealing
mechanism) with a ball bearing that includes a rolling member between the outer and inner rings. A magnetic body is
interposed between the outer ring and the inner ring that rotate relatively to each other and one side of the magnetic
body is fixed and other side of the magnetic body is provided with magnetic fluid in the clearance.
[0009] The magnetic fluid seal includes a magnet forming a magnetic circuit with the inner ring or the outer ring, a
retaining plate retaining the magnet, and a magnetic fluid retained between the inner ring or the outer ring and the
retaining plate. The magnetic fluid is retained by the magnetic circuit and thereby the inner portion of the bearing body
is sealed. More specifically, magnetic body is disposed between the inner ring and the outer ring, one side of the magnetic
body is fixed, and a magnetic fluid is provided in a clearance on the other side of the magnetic body thereby the rolling
member is hermetically sealed. In this way, penetration of foreign substances into the rolling member section can be
prevented.
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Patent Document 1: Japanese Patent Application Publication No. S57-033222
Patent Document 2: Japanese Patent Application Publication No. 2013-228044
Patent Document 3: Japanese Publication no. JP H02 76224 U discloses the features of the preamble of claim 1
Patent Document 4: Japanese Publication no. JP H10 66295 A
Patent Document 5: Japanese Publication 2013 228044 A

SUMMARY

[0011] The magnetic fluid sealed bearings disclosed in Patent Documents 1, 2 and 3 include the rolling member
commonly made of a magnetic material such as SUS440C. The magnet of the magnetic fluid sealing forms a magnetic
circuit in a small area formed between the magnet and the outer or inner ring disposed closely to the magnet. A strong
magnetic force generated from the magnetic circuit acts on the rolling member and consequently a magnetic attraction
force between the rolling member and the inner or outer ring is increased. This works as resistance that hampers the
rotation of the rolling member. In other words, the rolling member is attracted toward the inner or outer ring by the
magnetic force and this hampers the smooth rotation of the rolling member (increases the rotational torque). Patent
Document 4 discloses a ball bearing of a different type comprising an outer ring, an inner ring. The ball bearing is sealed
by magnetic fluid seal device which includes a magnet and magnetic fluid. The by magnetic fluid seal device is attached
to the ball bearing through a non-magnetic annular spacer. At paragraph [0015], it is disclosed that "spacer is made of
a non-magnetic material such as synthetic resin or aluminium so as to prevent the magnetic flux of the magnetic fluid
seal device from leaking to the ball bearing to weaken the ability to retain the magnetic fluid.". Patent Document 5
discloses a fishing reel comprising a magnetic fluid sealed bearing.
[0012] As described above, the magnetic fluid sealed bearing can improve the sealing quality of the bearing compared
with conventional bearing but still have the drawback that the magnetic circuit generated by the magnet largely affects
the rolling member and the rotational torque is increased (reducing the ease of rotation).
[0013] Solving this disadvantage related to the magnetic fluid sealed bearing is important especially for the bearing
function in a rotational driving section of fishing reels that are required a high rotation performance (a high free-rotation
performance with a low torque) in addition to a water and dust prevention feature.
[0014] The present disclosure addresses the above drawbacks. One object of the present disclosure is to provide a
magnetic fluid sealed bearing in which smooth rotation of the rolling member is realized with a reduced rotational torque
and to provide a fishing reel including the same.
[0015] A magnetic fluid sealed bearing according to the present invention has the features of claim 1. The pre-char-
actering portion of claim 1 is known from Patent Document 3 as mentioned above.
[0016] According to the above configuration, the magnets of the pair of magnetic fluid seals disposed on the both
sides of the rolling members are attached to the inner or outer ring via the non-magnetic spacer interposed therebetween.
Therefore, a magnetic circuit is not formed in a small area between the spacer and the inner or outer ring disposed close
thereto. In other words, it is possible to form a magnetic circuit over a wide region between the magnets in the pair of
magnetic fluid seals disposed on each side of the bearing body in the axial direction with the rolling members interposed
therebetween. Therefore, a strong magnetic force does not act on the rolling members. Accordingly, the magnetic force
generated by the magnetic circuit does not adversely affect the movement of the rolling members and it is possible to
realize a smooth rotation of the rolling members (since a rotational torque of the rolling members can be reduced, the
relative rotation between the inner ring and the outer ring of the bearing body becomes smooth).
[0017] According to the present disclosure, it is possible to obtain a magnetic fluid sealed bearing in which smooth
rotation of the rolling members is realized with a reduced rotational torque and to obtain a fishing reel including the same.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

Fig. 1 is an exploded perspective view of a magnetic fluid sealed bearing of a first example.
Fig. 2 is a sectional view of the magnetic fluid sealed bearing of Fig. 1 along the axial direction.
Fig. 3 is an enlarged sectional view of an essential portion of Fig. 2 with magnetic lines.
Fig. 4a is an enlarged sectional view of an essential portion schematically illustrating a distribution of magnetic lines
of a pair of magnets opposed to each other with a rolling member interposed therebetween and the magnetic poles
of the sides opposed to each other are the same.
Fig. 4b is an enlarged sectional view of the essential portion schematically illustrating a distribution of magnetic lines
of the pair of magnets opposed to each other with a rolling member interposed therebetween and the magnetic
poles of the sides opposed to each other are different from each other.
Fig. 5 illustrates a table and a graph showing a low torque effect obtained according to the first example in comparison



EP 2 979 545 B1

4

5

10

15

20

25

30

35

40

45

50

55

with prior-arts.
Fig. 6 is an enlarged sectional view of an essential portion of a magnetic fluid sealed bearing of a second example.
Fig. 7 is an enlarged sectional view of an essential portion of a magnetic fluid sealed bearing of a third example.
Fig. 8 is an exploded perspective view of a magnetic fluid sealed bearing according to a first embodiment of the
disclosure.
Fig. 9 is a sectional view of the magnetic fluid sealed bearing of Fig. 8 along the axial direction.
Fig. 10 is an enlarged sectional view of an essential portion of Fig. 9.
Fig. 11 is an enlarged sectional view of an essential portion of a magnetic fluid sealed bearing along the axial
direction according to a modification example of the first embodiment.
Fig. 12 is an enlarged sectional view of an essential portion of a magnetic fluid sealed bearing along the axial
direction according to a second embodiment of the disclosure.
Fig. 13 is an enlarged sectional view of an essential portion of a magnetic fluid sealed bearing along the axial
direction according to a modification example of the second embodiment.
Fig. 14 is a sectional view of a portion of a fishing reel (spinning reel) in which the magnetic fluid sealed bearing
according to the disclosure is provided on a rotation shaft.
Fig. 15 is a plan view of a fishing reel (double bearing reel) in which the magnetic fluid sealed bearing according to
the disclosure is provided on a rotation shaft.
Fig. 16 is an enlarged sectional view of a spool shaft portion of the fishing reel shown in Fig. 15.
Fig. 17 is an enlarged sectional view of a handle shaft portion of the fishing reel shown in Fig. 15.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0019] An embodiment of a magnetic fluid sealed bearing according to the disclosure will be hereinafter described
with reference to the accompanying drawings. Figs. 1 to 3 illustrate a magnetic fluid sealed bearing according to a first
example. Fig. 1 is an exploded perspective view of the magnetic fluid sealed bearing, Fig. 2 is a sectional view of the
magnetic fluid sealed bearing of Fig. 1 along the axial direction, and Fig. 3 is an enlarged sectional view of an essential
portion of Fig. 2.
[0020] As illustrated in the drawings, a magnetic fluid sealed bearing 101 (hereunder also referred to as simply the
"bearing") may include a bearing body 125 that includes a cylindrical-shaped inner ring 103, a cylindrical-shaped outer
ring 105 arranged so as to surround the inner ring 103, and a plurality of rolling members (rolling elements) 107 interposed
between the inner ring 103 and the outer ring 105 so as to be rollable therebetween. The rolling members 107 may be
retained by an annular-shaped retainer 108 and allow the inner ring 103 and the outer ring 105 to rotate relative to each
other.
[0021] The inner ring 103, the outer ring 105, and the rolling members 107 may be formed of a magnetic material such
as chrome-based stainless steel (SUS440C); and the retainer 108 may be formed of a feebly-magnetic, highly corrosion-
resistant, and heat-resistant material such as an austenitic stainless steel material (SUS304).
[0022] The magnetic fluid sealed bearing 101 may include a pair of magnetic fluid seals 110A, 110B. More specifically,
on each side of the bearing body 125 with respect to the shaft direction (the axial direction "X" of the bearing), the
magnetic fluid seals 110A, 110B may be disposed in an opening of an annular space 122 between the inner ring 103
and the outer ring 105 with the rolling members 107 disposed therebetween. The pair of magnetic fluid seals 110A,
110B may be integrally retained by the bearing body 125 (the magnetic fluid seals may be integrated with the bearing
body 125 to form an unit with the bearing body 125) and serve as a magnetic seal that seals the inner portion of the
bearing body 125.
[0023] More specifically, the magnetic fluid seals 110A, 110B may respectively include a ring-shaped magnet 112A
(112B) disposed on the axially inner side so as to oppose the rolling members 107, a ring-shaped polar plate 114A
(114B) disposed so as to in contact with an axially outer face of the magnet 112A (112B) so as to retain the magnet
112A (112B) from the axially outer side. The magnetic fluid seals 110A, 110B may further respectively include a magnetic
fluid "m" retained between the inner ring 103 or the outer ring 105 and the magnet 112A (112B) (retained by a hereunder-
described magnetic circuit formed by the magnet 112A (112B)). These components serve as a seal that prevents dusts,
water and the like from entering into the rolling members 107.
[0024] Thus, the magnet 112A (112B) may be attached to the polar plate 114A (114B) so as to face the rolling members
107 (the polar plate 114A (114B) retains one side of the magnet 112A (112B) and the other side of the magnet 112A
(112B) faces the rolling members 107), and either an inner face of the polar plate 114A (114B) disposed closer to the
inner ring 103 or an outer face of the polar plate 114A (114B) disposed closer to the outer ring 105 may be fixed. In this
example, both of the polar plates 114A, 114B are fixed on the outer ring 105 side.
[0025] The magnet 112A (112B) may be a permanent magnet having a high magnetic flux density and a high magnetism,
such as a neodymium magnet prepared by sintering. As shown in Fig. 3, the magnet 112A (112B) may be previously
magnetized such that the magnetic poles (the S-pole, the N-pole) point in the axial direction x. The polar plate 114A
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(114B) disposed so as to be in contact with the axially outer face of the magnet 112A (112B) may have a ring shape
substantially identical to that of the magnet 112A (112B) as described above, and may be formed of chrome-based
stainless steel (SUS440C, SUS420 and the like).
[0026] The magnet 112A (112B) and the polar plate 114A (114B) are attached to each other when they are assembled
into the bearing, and the magnet and the polar plate may be bonded to each other in advance in the example. However,
they may not be bonded by magnetic attraction. When these two elements are previously bonded to each other, the
magnet 112A (112B) can be readily positioned or centered, and the magnet 112A (112B) and the polar plate 114A
(114B) are integrated into a unit that can be readily built in the bearing body 125.
[0027] The magnetic fluid "m" may be prepared by dispersing magnetic fine particles such as Fe3O4 into a base oil
(using a surfactant) so as to have viscosity and react with a magnet brought close. Thus, the magnetic fluid "m" may be
stably retained in position by the magnetic circuits (magnetic fields) M101, M102 (see Fig. 3) formed between the magnet
112A (112B) and the inner ring 103, the outer ring 105, and the polar plate 114A (114B) made of a magnetic material.
[0028] In the example, a step 120 may be projected from the inner surface of the outer ring 105 toward the rolling
members 107 and the step 120 may be formed as an abutting portion for the magnet 112A (112B). Due to the presence
of the step 120, the outer ring 105 may be formed to have a thinner region near the opening and a thicker region near
the rolling members 107. Thus, the distance between the inner ring 103 and the outer ring 107 is larger in the axially
outer regions than in the axially inner region. By providing the step 120, it is possible to perform accurate alignment of
the magnetic fluid seal 110A (110B) that is press-inserted from the opening by letting the magnet 112A (112B) touch
with the step 120. The step 120 in the example may be formed to have a vertical surface with respect to the axial direction,
therefore, the magnet 112A (112B) and the polar plates 114A (114B) that are integrated as a single unit can be inserted
through the opening until it contacts (or is attracted by) the step 120 (the vertical surface). Thus, the magnet can be
readily positioned and fixed.
[0029] The polar plate 114A (114B) may have an outer diameter slightly larger than the inner diameter of the outer
ring 105 (at the thinner portion) and may be configured to be press-fitted into the opening of the outer ring 105 along
with the magnet 112A (112B) attached thereto (the polar plate 114A (114B) may be fixed on the outer ring 105 side).
The polar plate 114A (114B) to which the magnet 112A (112B) is attached may be built in the bearing by loose fitting
or magnetic fixing, instead of press-fitting.
[0030] The polar plates 114A (114B) which the magnet 112A (112B) is attached thereto may be formed to have a size
so as to create a prescribed clearance G with the outer circumferential surface of the inner ring 103 when press-fitted
into the outer ring 105. The clearance G is used to retain the magnetic fluid "m." The diameter of the magnet 112A
(112B) is set to be smaller than the diameter of the polar plate 114A (114B), and the end surface of the magnet 112
does not protrude out from the end surface of the polar plate 114A (114B) in the radial direction when the magnet 112A
(112B) is attached to the polar plate 114A (114B) in the assembled state as illustrated in Fig. 3. It is preferable that the
magnet 112A (112B) be attached with a small clearance G’ from the inner surface of the outer ring 105 in the assembled
state. The small clearance G’ may be about 0.05-0.10 mm and the magnetic fluid "m" may be retained in a part or the
whole of the small clearance G’. In the example, the magnetic fluid "m" is provided on the both of the inner ring side and
the outer ring side. However, the magnetic fluid "m" may be provided only in the clearance G (in other words, when the
clearance G is provided on the outer ring 105 side unlike the example, the magnetic fluid "m" is provided only on the
outer ring 105 side).
[0031] As described above, the magnets 112A, 112B disposed on each side of the bearing body 125 in the axial
direction so as to oppose to each other, and the magnets 112A, 112B are magnetized such that the magnetic poles
point in the axial direction in the example. More specifically, the pair of magnets 112A, 112B are magnetized such that
the sides of the magnets opposed to each other with the rolling members 107 interposed therebetween have different
magnetic polarities from each other. In other words, an opposing side of the magnet 112A disposed so as to face one
side of the rolling members 107 may be magnetized as the south pole (S pole), whereas an opposing face of the magnet
112B disposed so as to face the other side of the rolling members 107 may be magnetized as the north pole (N pole)
(alternatively, the opposing face of the magnet 112A may be magnetized as the N pole and the opposing face of the
magnet 112B may be magnetized as the S pole). Thus, between the magnet 112A and the magnet 112B, a strong
magnetic field M3 whose magnetic lines are directed from the N pole of the magnet 112B toward the S pole of the magnet
112A is formed as illustrated in Fig. 3. In other words, a magnetic flux generated from the magnet 112B penetrates the
rolling members 107 and reaches to the magnet 112A. The magnetic flux then goes through the polar plate 114A, the
inner ring 103, and the outer ring 105, and goes back to the magnet 112B to form a loop. In this manner, the magnet
112A and the magnet 112B form the same magnetic circuits. Here, the magnetic circuit that goes through the polar plate
114A, the inner ring 103, the magnet 112B, and the rolling members 107 may be referred to as an inner loop, and the
magnetic circuit that goes through the polar plate 114B, the outer ring 105, the magnet 112A, and the rolling members
107 may be referred to as an outer loop. In the example, the magnetic flux penetrating the inner loop and the magnetic
flux penetrating the outer loop may be set such that a difference therebetween becomes zero (in other words, the amount
of the magnetic flux penetrating the magnetic circuit formed by the pair of magnets 112A, 112B, the rolling members
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107, and the inner ring 103 is set to be substantially same as the amount of the magnetic flux penetrating the magnetic
circuit formed by the pair of the magnets 112A, 112B, the rolling members 107, and the outer ring 105).
[0032] By setting the magnetic poles in the above manner, the direction of the magnetic flux penetrating the rolling
members 107 are dominated by the axial component and the radial component becomes very small. In the example,
the radial component of the magnetic flux penetrating the rolling members 107 may be almost zero. Generally, it is
usually preferable that the axial component is three times or more as large as the radial component. The direction of
the magnetic attraction force acting on the rolling members 107 is identical to the direction of the magnetic flux. Therefore,
in the example, the radial force does not substantially act on the rolling members 107 and the magnetic attraction force
between the inner ring 103 and the outer ring 105 is small. Consequently, the rolling members 107 are not so pressed
toward the inner and outer rings 103, 105 and can smoothly rotate between the inner ring 103 and the outer ring 105 (a
fine free-ration performance is realized) (because a rotational torque of the rolling members 108 is reduced, the relative
rotation between the inner ring 103 and the outer ring 105 of the bearing body 125 becomes smooth). In the example,
the rolling members 107 may be disposed at the midpoint of the distance between the magnet 112A and the magnet
112B. Because the magnets 112A, 112B are formed in the identical shape and have the same magnetic force, the same
magnitude of the magnetic attraction forces act on the rolling members 107 from the magnets 112A, 112B. Thus, the
axial force acting on the rolling members 107 is zero since the two forces equal out (the magnitude of the attraction force
acting on the rolling members from one magnet is substantially same as that of the attraction force from the other magnet).
Note that this force becomes unstable when the rolling members 107 move in the axial direction. More specifically, when
the rolling members 107 are displaced in a small amount in the axial direction, the attraction force from the magnet to
which the rolling member gets closer is increased and the rolling members 107 move toward the magnet. However, the
axial position of the rolling members 107 is finely fixed with the inner and outer rings and therefore the axial attraction
force works on the rolling members 107 is controlled below a prescribed magnitude.
[0033] More specifically, when the opposing sides of the pair of magnets 112A, 112b have the same magnetic polarity
(N pole in the example of Fig. 4a) as shown in Fig. 4a, strong magnetic fields (strong radial magnetic fields S3, S4 that
include magnetic circuits M101, M102) in the radial direction are generated around the magnets 112A, 112B respectively
due to the repulsive force between the magnets 112A and 112B and the like. The rolling members 107 are pressed
toward the inner and outer rings 103, 105 (especially the inner ring 103) due to the strong radial magnetic fields. Whereas
when the opposing faces of the magnets 112A, 112B have a different magnetic pole as is the example illustrated in Fig.
4b, the magnetic force acting on the rolling members 107 in the radial direction is smaller compared to the above case
where the opposing faces have the same magnetic pole, furthermore, the magnetic force acting on the rolling members
107 becomes larger in the radial direction than the axial direction. The magnetic attraction force between the rolling
members 107 and the inner and outer rings 103, 105 is suppressed by the strong axial magnetic field (the axial strong
magnetic attraction force: see the strong axial magnetic fields S1, S2), and thereby the smooth rotation of the rolling
members 107 is realized. Especially in the example, the magnets 112A, 112B are configured such that the magnetic
force acting on the rolling members 107 in the axial direction is larger than that of the radial direction of the bearing body
125.
[0034] Fig. 5 shows results demonstrating a fine free-rotation performance (a low torque effect) of the rolling members
107 due to the axial magnetic field M3. Fig. 5 shows comparison results of the rotational torque of the rolling member
107 between the prior-art configuration (for example, the configuration of Fig. 4a) and the configuration of the present
disclosure (for example, the configuration of Fig. 4b). The comparative table of the torque shows average values of
rotational torque measured by a tension gauge or the like for each of three test bodies, the bearing body 125 with the
outer diameter of the inner ring 5 mm/the outer diameter of the outer ring 9 mm (ϕ5-9), the bearing body 125 with the
outer diameter of the inner ring 7 mm/the outer diameter of the outer ring 13 mm (ϕ7-13), and the outer diameter of the
inner ring 10 mm/the outer diameter of the outer ring 20 mm (ϕ10-20). It is visually understood from the graph shown
below the torque comparative table that the difference between the prior-art and the present discloser configuration
increases as the size of the bearing body 125 increases. The magnitude of this low torque effect (how much the torque
is reduced) depends on the size of the bearing body (the inner and outer rings) (the inner and outer diameters, thickness,
width), the material, the surface treatment, with or without the polar plate, the arrangements of the polar plates and the like.
[0035] As described above, the magnetic fluid sealed bearing 101 of the first example includes the magnetic circuits
M101, M102 on each of the inner and outer ring 103, 105 sides to retain the magnetic fluid "m." Therefore, it is possible
to securely prevent foreign substances such as water and dusts from entering into the bearing. Especially, the water
tends to course along the inner and outer surfaces of the inner and outer rings 103, 105 but it is possible to prevent the
water from penetrating into the bearing. As a result, it is possible to keep the rotation performance of the bearing 101
and the smooth rotation of the rotation shaft can be maintained for a long time.
[0036] Moreover, in the magnetic fluid sealed bearing 101 described above, the opposing faces of the pair of magnets
112A, 112B opposed with the rolling members 107 interposed therebetween have different magnetic polarities from
each other. Therefore the magnetic attraction force acting between the rolling members 107 and the inner and outer
rings 103, 105 is reduced by the magnetic field (magnetic attraction force) M3 formed in the axial direction X of the
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bearing body 12 between the magnets 112A, 112B. Consequently, the rolling members 107 are not so pressed toward
the inner and outer rings 103, 105 and can smoothly rotate between the inner ring 103 and the outer ring 105 (a fine
free-ration performance is realized) (because a rotational torque of the rolling members 107 is reduced, the relative
rotation between the inner ring 103 and the outer ring 105 of the bearing body 125 becomes smooth).
[0037] Fig. 6 is an exploded perspective view of a magnetic fluid sealed bearing 101A of a second example. Referring
to Fig. 6, in the magnetic fluid seals 110A, 110B, the positions of the magnets 112A, 112B and the polar plates 114A,
114B in the axial direction are opposite to those of the first example. In other words, the polar plates 114A, 114B may
be disposed on the inner side of the magnets 112A, 112B (closer to the rolling members 107). Again, the magnetic fluid
"m" is retained by the magnetic circuit between the magnets 112A, 112B and the inner and outer rings 103, 105. Moreover,
the pair of magnets 112A, 112B are magnetized such that the sides of the magnets opposed to each other with the
rolling members 107 interposed therebetween have different magnetic polarities from each other. Therefore, the structure
according to the second example can achieve the same technical effects as in the first example. In the above configuration,
a cover may be provided on the opening of the bearing body 125 so as to hide the magnets 112A, 112B exposed to the
outside.
[0038] Fig. 7 is an exploded perspective view of a magnetic fluid sealed bearing 101B of a third example. Referring
to Fig. 7, in the magnetic fluid seals 110A, 110B, the magnet 112A (112B) may be sandwiched between a pair of the
polar plates 114A, 114A (114B, 114B). The magnetic fluid "m" may be retained on the both of the inner and outer rings
103, 105 sides by the magnetic circuit. Moreover, the pair of magnets 112A, 112B are magnetized such that the sides
of the magnets opposed to each other with the rolling members 107 interposed therebetween have different magnetic
polarities from each other. Therefore, the structure according to the third example can achieve the same technical effects
as in the first example.
[0039] The above-described magnetic fluid sealed bearings 101, 101A, 101B can be used as a support member for
a rotation shaft in various driving unit. For example, it can be used as a support member for a rotation shaft of a drive
force transmission mechanism installed on various fishing reels (a spinning reel, a double-bearing reel, an electric reel,
and the like). Fishing reels are usually used under a harsh environment where water, salts, sands, dusts and the like
exist. When the above-described magnetic fluid sealed bearings 101, 101A, 101B are installed in the fishing reels, the
rotation performance of the rotation shaft rotationally driven by handle operation or the like can be enhanced and it is
possible to keep stable rotation of the rotation shaft for a long period.
[0040] When the above-described low-torque bearing is used as a support member for a spool shaft of a double-
bearing reel which is used for casting among others, it is possible to enhance free-rotation of the spool in addition to the
water and dust proof effects.
[0041] An embodiment of a magnetic fluid sealed bearing according to the disclosure will be hereinafter described
with reference to the accompanying drawings. Figs. 8 to 10 illustrate a magnetic fluid sealed bearing according to a first
embodiment of the disclosure. Fig. 8 is an exploded perspective view of the magnetic fluid sealed bearing, Fig. 9 is a
sectional view of the magnetic fluid sealed bearing of Fig. 8 along the axial direction, and Fig. 10 is an enlarged sectional
view of an essential portion of Fig. 9.
[0042] A magnetic fluid sealed bearing 1 (hereunder also referred to as simply the "bearing") may include a bearing
body 40 that includes a cylindrical-shaped inner ring 3, a cylindrical-shaped outer ring 5 arranged so as to surround the
inner ring 3, and a plurality of rolling members (rolling elements) 7 interposed between the inner ring 3 and the outer
ring 5 so as to be rollable therebetween. The rolling members 7 may be retained by an annular-shaped retainer 8 and
allow the inner ring 3 and the outer ring 5 to rotate relative to each other.
[0043] The inner ring 3, the outer ring 5, and the rolling members 7 may be formed of a magnetic material such as
chrome-based stainless steel (SUS440C); and the retainer 8 may be formed of a highly corrosion-resistant, and heat-
resistant material such as a stainless steel material (SUS304).
[0044] The magnetic fluid sealed bearing 1 includes a pair of magnetic fluid seals 10A, 10B. More specifically, on each
side of the bearing body 40 with respect to the shaft direction (the axial direction "X" of the bearing), the magnetic fluid
seals 10A, 10B are disposed in an opening of an annular space 42 between the inner ring 3 and the outer ring 5 with
the rolling members 7 disposed therebetween. The pair of magnetic fluid seals 10A, 10B are integrally retained by the
bearing body 40 (the magnetic fluid seals may be integrated with the bearing body 40 to form an unit with the bearing
body 40) and serve as a magnetic seal that seals the inside of the bearing body 40.
[0045] More specifically, the magnetic fluid seals 10A, 10B may respectively include a ring-shaped polar plate 14A
(14B) disposed so as to in contact with an axially outer face of the magnet 12A (12B) that faces the rolling members 7
and disposed on the axially inner side, so as to retain the magnet 12A (12B) from the axially outer side. The magnetic
fluid seals 10A, 10B may further respectively include a magnetic fluid 15 retained between the inner ring 3 or the outer
ring 5 and the magnet 12A (12B) (retained by a hereunder-described magnetic circuit formed by the magnet 12A (12B)).
These components serve as a seal that prevents dusts, water and the like from entering into the rolling members 7.
[0046] Thus, the magnet 12A (12B) may be attached to the polar plate 14A (14B) so as to face the rolling members
7 (the polar plate 14A (14B) retains one side of the magnet 12A (12B) and the other side of the magnet 12A (12B) faces
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the rolling members 7), and either an inner face of the polar plate 14A (14B) disposed closer to the inner ring 3 or an
outer face of the polar plate 14A (14B) disposed closer to the outer ring 5 may be fixed. In the embodiment, the polar
plate 14A may be fixed to the inner ring side and the polar plate 14B may be fixed to the outer ring side.
[0047] The magnet 12A (12B) may be a permanent magnet having a high flux density and a high magnetism, such
as a neodymium magnet prepared by sintering. As shown in Figs. 8 and 10, the magnet 12A (12B) may be previously
magnetized such that the magnetic poles (the S-pole, the N-pole) point in the axial direction X. The polar plate 14A (14B)
disposed so as to be in contact with the axially outer face of the magnet 12A (12B) may have a ring shape substantially
identical to that of the magnet 12A (12B) as described above, and may be formed of chrome-based stainless steel
(SUS440C).
[0048] The magnet 12A (12B) and the polar plate 14A (14B) are attached to each other when they are assembled into
the bearing, and the magnet and the polar plate may be bonded to each other in advance in the embodiment. However,
they may not be bonded by magnetic attraction. When these two elements are previously bonded to each other, the
magnet 12A (12B) can be readily positioned or centered, and the magnet 12A (12B) and the polar plate 14A (14B) are
integrated into a unit that can be readily built in the bearing body 40.
[0049] The pair of magnetic fluid seals 10A, 10B will be now described in detail. In one of the pair of magnetic fluid
seals 10A, 10B (the magnetic fluid seal disposed on the left side in Figs. 8 to 10) or the magnetic fluid seal 10A, the
magnet 12A may have the size such that its outer diameter is substantially identical to the outer diameter of the polar
plate 14A and its inner diameter is larger than the inner diameter of the polar plate 14A. An inner surface of the polar
plate 14A disposed closer to the inner ring may be fixed thereto and may be inserted from one side of the opening of
the annular space 42 together with the magnet 12A that is bonded on its surface facing the rolling members in order to
be attached (press-fitted) to the outer circumference of the inner ring 3. When the polar plate 14A is attached, a clearance
S may be created between an inner periphery of the outer ring 5 and the magnet 12A and an outer periphery of the polar
plate 14A.
[0050] In the other of the pair of magnetic fluid seals 10A, 10B (the magnetic fluid seal disposed on the right side in
Figs. 8 to 10) or the magnetic fluid seal 10B, the magnet 12B may have the size such that its inner diameter is substantially
identical to the inner diameter of the polar plate 14B and its outer diameter is smaller than the outer diameter of the polar
plate 14B. An outer surface of the polar plate 14B disposed closer to the outer ring may be fixed thereto and may be
inserted from the other side of the opening of the annular space 42 together with the magnet 12B that is bonded on its
surface facing the rolling members in order to be attached (press-fitted) to the inner circumference of the outer ring 5.
When the polar plate 14B is attached, a clearance S may be created between an outer periphery of the inner ring 3 and
the magnet 12B and an inner periphery of the polar plate 14B.
[0051] In the pair of magnetic fluid seals 10A, 10B, spacers 30A, 30B made of a non-magnetic material may be
interposed between the magnet 12A and the inner ring 3 and between the magnet 12B and the outer ring 5. The spacers
30A, 30B may be formed in a ring shape and the magnets 12A, 12B may be respectively attached to the inner and outer
rings with the spacer interposed therebetween. Thus, the non-magnetic spacers 30A, 30B do not form a magnetic circuit
in small areas near the magnets between the inner ring, outer ring, and the rolling members but may form a magnetic
circuit M1 that goes around the rolling members 7. An example of the non-magnetic material for the spacers 30A, 30B
may include ceramics (silicon nitride, alumina, zirconia, SiC and the like), non-magnetic steels (austenite stainless steel,
titanium, titanium alloy, ultrahard material (tungsten carbide and the like)), copper alloy, plastics, and the like.
[0052] More specifically, in one of the magnetic seals or the magnetic fluid seal 10A, the spacer 30A may be disposed
within an annular space between the inner periphery of the magnet 12A and the outer periphery of the inner ring 3. The
annular space is created due to the size difference of the inner diameter between the polar plate 14A and the magnet
12A. In the other of the magnetic seals or the magnetic fluid seal 10B, the spacer 30B may be disposed within an annular
space between the outer periphery of the magnet 12B and the inner periphery of the outer ring 5. The annular space is
created due to the size difference of the outer diameter between the polar plate 14B and the magnet 12B.
[0053] It is preferable that steps 3a, 5a be formed on the inner ring 3 and the outer ring 5 respectively. The magnets
12A, 12B may be placed in position when the spacers 30A, 30B touch the steps 3a, 5a respectively when they are
assembled. On the other sides of the magnets 12A, 12B remote from the spacers, clearances may be created in the
axial direction between the side surfaces of the magnets facing the rolling members and the step 5a of the outer ring
and the step 3a of the inner ring. By providing the steps 3a, 5a on the inner ring 3 and the outer ring 5 respectively in
this manner, it is possible to facilitate the assembling of the magnetic fluid seals 10A, 10B and retention of the magnetic
fluid 15 in the axial clearance between the magnet and the step where the density of magnetic flux becomes high when
the magnetic circuit M1 that goes around (surrounds) the rolling members 7 is formed, which will be hereunder described
in detail.
[0054] As described above, in this embodiment, in one of the pair of magnetic seals or the magnetic fluid seal 10A,
the magnet 12A may retain the spacer 30A with the inner ring 3 and retain the magnetic fluid 15 with the outer ring 5
(the step 5a). In the other of the pair of magnetic seals or the magnetic fluid seal 10B, the magnet 12B may retain the
spacer 30B with the outer ring 5 and retain the magnetic fluid 15 with the inner ring 3 (the step 3a).
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[0055] Due to the above-described arrangement of the spacers 30A, 30B (staggered arrangement where the radial
positions are different from each other), one side of the magnet 12A facing the rolling member 7 in the magnetic fluid
seal 10A is magnetized as the south pole and the axially other side of the magnet 12A is magnetized as the north pole.
At the same time, in the magnetic fluid seal 10B, one side of the magnet 12B facing the rolling member 7 is magnetized
as the south pole and the axially other side of the magnet 12B is magnetized as the north pole. In other words, in this
embodiment, the opposing faces of the magnets 12A, 12B magnetized such that the magnetic poles point in the axial
direction X of the bearing body 40 have the same magnetic polarity (the S pole in this example) with the rolling members
7 interposed therebetween.
[0056] A magnetic circuit formed when the spacers 30A, 30B are provided will be now described. In order to illustrate
the main flow of the magnetic lines, Fig. 10 shows the flow in the dotted line. The magnetic line generated from the N
pole of the magnet 12B in the magnetic fluid seal 10B may be guided by the polar plate 14B and flows toward the outer
ring 5. At this point, a magnetic line does not run toward the S pole of the magnet 12B but runs through the outer ring
5 to the S pole of the magnet 12A in the magnetic fluid seal 10A on the other side because the outer ring 5 and the
magnet 12B are (magnetically) separated from each other by the non-magnetic spacer 30B. Moreover, a magnetic line
generated from the N pole of the magnet 12A in the magnetic fluid seal 10A may be guided by the polar plate 14A and
flows toward the inner ring 3. At this point, the magnetic line does not run toward the S pole of the magnet 12A but runs
through the inner ring 3 to the S pole of the magnet 12B in the magnetic fluid seal 10B on the other side because the
inner ring 3 and the magnet 12A are separated from each other by the non-magnetic spacer 30A. In other words, the
magnetic circuit M1 that penetrates the inner ring 3 and the outer ring 5 (goes through the inner ring 3 and the outer ring
5) and goes around the rolling members 7 may be formed between the magnet 12A in the magnetic fluid seal 10A and
the magnet 12B in the magnetic fluid seal 10B.
[0057] On the magnetic fluid seal 10A side, the magnetic fluid 15 may be magnetically retained in the clearance
between the axially-outside end face (including the edge) of the magnet 12A and the inner periphery of the outer ring 5
(in particular, the step 5a) such that the magnetic fluid 15 completely blocks out the communication of the path from the
clearance S to the rolling members 7. On the magnetic fluid seal 10B side, the magnetic fluid 15 may be magnetically
retained in the clearance between the axially-inner-side end face (including the edge) of the magnet 12B and the outer
periphery of the inner ring 3 (in particular, the step 3a) such that the magnetic fluid 15 completely blocks out the com-
munication of the path from the clearance S to the rolling members 7.
[0058] The magnetic fluid 15 injected to block the clearance S may be prepared by dispersing magnetic fine particles
such as Fe3O4 into a base oil using a surfactant (the surfactant may be sprinkled over the magnetic fine particles and
the magnetic particles may be then dispersed in the base oil) so as to have viscosity and react with a magnet when
brought close thereto. Therefore, once the magnetic fluid 15 is injected into the clearance S by an injection apparatus
such as a dropper, the magnetic fluid is stably retained at a certain position, in particular, at the clearance between the
step and the magnet where the density of the magnetic flux is high, due to the magnetic circuit M1. In a case where the
polar plates 14A, 14B cannot be press-fitted and fixed to the inner ring 3 and the outer ring 5 respectively, it is preferable
that the magnetic fluid 15 be also injected into the fitting portion between the polar plate 14A and the inner ring 3 and
the fitting portion between the polar plate 14B and the outer ring 5 (the injection and retention of the magnetic fluid in
this manner may be also applied to a configuration illustrated in Figs. 11 to 13 which will be hereunder described). Thus,
the inside of the bearing can be securely sealed with the injected and retained magnetic fluid.
[0059] As described above, in the magnetic fluid sealed bearing 1 according to the embodiment, the magnetic circuit
M1 that penetrates the inner and outer rings 3, 5 and goes around the rolling members 7 (in the counterclockwise
direction in Fig. 10) is formed between the magnet 12A in the magnetic fluid seal 10A and the magnet 12B in the magnetic
fluid seal 10B by providing the non-magnetic spacers 30A, 30B. Accordingly, the magnetic force generated by the
magnetic circuit M1 does not adversely affect the movement of the rolling members 7 and it is possible to realize a
smooth rotation of the rolling members 7 (it is possible to realize a low rotational torque of the rolling members 7). In
other words, the magnet in the fluid seal does not form a magnetic circuit in a small area between the magnet and the
inner or outer ring disposed close thereto but forms the magnetic circuit M1 over the wide region between the magnet
12A and the magnet 12B in the pair of magnetic fluid seals 10A, 10B disposed on each side of the bearing body 40 in
the axial direction X with the rolling members 7 interposed therebetween. Therefore, a strong magnetic force does not
act on the rolling members.
[0060] The magnets 12A, 12B may be magnetized such that one side of the magnet 12A facing the rolling members
7 is magnetized as the N pole and the axially other side of the magnet 12A is magnetized as the S pole and one side
of the magnet 12B facing the rolling members 7 is magnetized as the N pole and the axially other side of the magnet
12B is magnetized as the S pole. In this case, the direction of the magnet circuit M1 is opposite to that of Fig. 10 (clockwise
direction).
[0061] Fig. 11 is an enlarged sectional view of an essential portion of a magnetic fluid sealed bearing 1A along the
axial direction according to a modification example of the first embodiment. In this modification example, the arrangement
of the magnetic fluid seals 10A, 10B is reversed with respect to that of the forth embodiment.
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[0062] More specifically, one of the pair of magnetic fluid seals or the magnetic fluid seal 10A (the magnetic fluid
disposed on the left side in the Fig. 11) may be fitted or press-fitted in the inner circumference of the outer ring 5, and
the magnet 12A’ may retain the spacer 30A’ with the outer ring 5 and retain the magnetic fluid 15 with the inner ring 3.
At the same time, the other of the pair of magnetic fluid seals or the magnetic fluid seal 10B (the magnetic fluid disposed
on the right side in the Fig. 11) may be fitted or press-fitted in the outer circumference of the inner ring 3, and the magnet
12B’ may retain the spacer 30B’ with the inner ring 3 and retain the magnetic fluid 15 with the outer ring 5.
[0063] Moreover, in the magnetic fluid seal 10A, one side of the magnet 12A’ facing the rolling member 7 may be
magnetized as the S pole and the axially other side of the magnet 12A’ may be magnetized as the N pole. At the same
time, in the magnetic fluid seal 10B, one side of the magnet 12B’ facing the rolling member 7 may be magnetized as the
S pole and the axially other side of the magnet 12B’ may be magnetized as the N pole (the faces of the magnets opposed
to each other with the rolling members 7 interposed therebetween are magnetized to have the same magnetic pole).
[0064] Thus, a magnetic line generated from the N pole of the magnet 12A’ in the magnetic fluid seal 10A may be
guided by the polar plate 14A and flows toward the outer ring 5. At this point, the magnetic line does not run toward the
S pole of the magnet 12A but runs through the outer ring 5 to the S pole of the magnet 12B’ in the magnetic fluid seal
10B on the other side because the outer ring 5 and the magnet 12A’ are separated from each other by the non-magnetic
spacer 30A’. Moreover, a magnetic line generated from the N pole of the magnet 12B’ in the magnetic fluid seal 10B
may be guided by the polar plate 14B and flows toward the inner ring 3. At this point, the magnetic line does not run
toward the S pole of the magnet 12B’ but runs through the inner ring 3 to the S pole of the magnet 12A’ in the magnetic
fluid seal 10A on the other side because the inner ring 3 and the magnet 12B’ are separated from each other by the
non-magnetic spacer 30B’. In other words, the magnetic circuit M2 having the direction opposite to that of the magnetic
circuit M1 of Fig. 10 is formed.
[0065] In the above-described configuration, the magnetic circuit M2 that penetrates the inner and outer rings 3, 5 and
goes around the rolling members 7 is formed between the magnet 12A’ in the magnetic fluid seal 10A and the magnet
12B’ in the magnetic fluid seal 10B in the same manner as the previous embodiment, and the same advantageous
effects as the above-embodiment can be obtained.
[0066] Fig. 12 is an enlarged sectional view of an essential portion of a magnetic fluid sealed bearing 1B along the
axial direction according to a second embodiment of the disclosure. Referring to Fig. 12, the spacers 30A’, 30B may be
retained by the magnets 12A’, 12B in the pair of magnetic fluid seals 10A, 10B with the outer ring 5. Moreover, the
magnets 12A’, 12B in the pair of magnetic fluid seals 10A, 10B may be magnetized such that the sides of the magnets
12A’, 12B opposed to each other are magnetized to have different magnetic polarities from each other.
[0067] More specifically, one of the pair of magnetic fluid seals or the magnetic fluid seal 10A (the magnetic fluid
disposed on the left side in the Fig. 12) may be press-fitted in the inner circumference of the outer ring 5, and the magnet
12A’ may retain the spacer 30A’ with the outer ring 5 and retain the magnetic fluid 15 with the inner ring 3. At the same
time, the other of the pair of magnetic fluid seals or the magnetic fluid seal 10B (the magnetic fluid disposed on the right
side in the Fig. 12) may be press-fitted in the inner circumference of the outer ring 5, and the magnet 12B may retain
the spacer 30B with the outer ring 5 and retain the magnetic fluid 15 with the outer ring 3.
[0068] Thus, a magnetic line generated from the N pole of the magnet 12A’ in the magnetic fluid seal 10A may be
guided by the polar plate 14A and flows toward the outer ring 5. At this point, the magnetic line does not run toward the
S pole of the magnet 12A’ but runs through the outer ring 5 to the magnetic fluid seal 10B on the other side because
the outer ring 5 and the magnet 12A’ are separated from each other by the non-magnetic spacer 30A’. The magnetic
line further runs toward the S pole of the magnet 12B because the outer ring 5 and the magnet 12B are separated from
each other by the non-magnetic spacer 30B. A magnetic line starting from the N pole of the magnet 12B in the magnetic
fluid seal 10B runs toward the inner ring 3, penetrates the inner ring 3 and then runs toward the S pole of the magnet
12A’ disposed on the other side in the magnetic fluid seal 10A. In other words, the magnetic circuit M3 that penetrates
the inner ring 3 and the outer ring 5 and goes around the rolling members 7 may be formed between the magnet 12A’
in the magnetic fluid seal 10A and the magnet 12B in the magnetic fluid seal 10B.
[0069] As described above, in this embodiment, the magnetic circuit M3 that penetrates the inner and outer rings 3,
5 and goes around the rolling members 7 is also formed between the magnet 12A’ in the magnetic fluid seal 10A and
the magnet 12B in the magnetic fluid seal 10B by providing the non-magnetic spacers 30A’, 30B. Accordingly, the
magnetic force generated by the magnetic circuit M3 does not adversely affect the movement of the rolling members 7
and it is possible to realize a smooth rotation of the rolling members 7.
[0070] Fig. 13 is an enlarged sectional view of an essential portion of a magnetic fluid sealed bearing 1C along the
axial direction according to a modification example of the second embodiment. Referring to Fig. 13, the spacers 30A,
30B’ may be retained by the magnets 12A, 12B’ in the pair of magnetic fluid seals 10A, 10B with the inner ring 3 in this
modification example.
[0071] More specifically, the magnetic fluid seal 10A may be fitted or press-fitted in the outer circumference of the
inner ring 3, and the magnet 12A may retain the spacer 30A with the inner ring 3 and retain the magnetic fluid 15 with
the outer ring 5. At the same time, the magnetic fluid seal 10B may be fitted or press-fitted in the outer circumference
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of the inner ring 3, and the magnet 12B’ may retain the spacer 30B’ with the inner ring 3 and retain the magnetic fluid
15 with the outer ring 5. In the same manner as the second embodiment, the magnets 12A, 12B’ in the pair of magnetic
fluid seals 10A, 10B may be magnetized such that the sides of the magnets 12A, 12B’ opposed to each other with the
rolling members interposed therebteween are magnetized to have different magnetic polarities from each other.
[0072] Thus, a magnetic line generated from the N pole of the magnet 12A in the magnetic fluid seal 10A may be
guided by the polar plate 14A and flows toward the inner ring 3. At this point, the magnetic line does not run toward the
S pole of the magnet 12A but runs through the inner ring 3 to the magnetic fluid seal 10B on the other side because the
inner ring 3 and the magnet 12A are separated from each other by the non-magnetic spacer 30A. The magnetic line
further runs toward the S pole of the magnet 12B’ because the inner ring 3 and the magnet 12B’ are separated from
each other by the non-magnetic spacer 30B’. A magnetic line starting from the N pole of the magnet 12B in the magnetic
fluid seal 10B runs toward the outer ring 5, penetrates the outer ring 5 and then runs toward the S pole of the magnet
12A disposed on the other side in the magnetic fluid seal 10A. In other words, the magnetic circuit M4 that penetrates
the inner ring 3 and the outer ring 5 and goes around the rolling members 7 may be formed between the magnet 12A
in the magnetic fluid seal 10A and the magnet 12B’ in the magnetic fluid seal 10B.
[0073] In this modification example, the magnetic circuit M4 that penetrates the inner and outer rings 3, 5 and goes
around the rolling members 7 is formed between the magnet 12A in the magnetic fluid seal 10A and the magnet 12B’
in the magnetic fluid seal 10B by proving the non-magnetic spacers 30A, 30B’, and the same advantageous effects as
the above-embodiment can be obtained.
[0074] The bearing equipped with the above-described magnetic fluid seal can be used for rotation shafts of various
apparatuses that require a water and dust prevention feature. Among others, apparatuses used in an environment
containing salt (seawater) tend to be exposed to harsh conditions. More specifically, since the seawater has a low
viscosity, it can easily penetrate into the apparatus. Once entered inside, the seawater may be dried and salt is crystallized
and remains inside. If the crystal of the salt is attached to the rolling members, the rotation performance is significantly
reduced.
[0075] Therefore, when the above-described magnetic fluid sealed bearing 1, 1A, 1B, 1C is provided in a drive shaft
portion of a drive force transmission section in various fishing reels used on the beach or over the sea, it is possible for
the bearing to support the drive shaft portion for a long period of time. For example, it is preferable that the bearing
according to the above-described embodiments be provided in a rotation shaft portion (for example, a pinion shaft)
rotationally driven by a handle of a spinning reel, a spool shaft portion of a double-bearing reel and the like. The bearing
according to the above-described embodiments may also be applied to a one-way clutch bearing.
[0076] An example of a spinning reel and a double-bearing reel to which the magnetic fluid sealed bearing can be
applied will be now described with reference to Figs. 14 to 17. Figs. 14 to 17 illustrate one example of a fishing reel
according to the disclosure. Fig. 14 is a sectional view of a portion of a fishing reel (spinning reel) in which the magnetic
fluid sealed bearing according to the disclosure is provided on a rotation shaft. Fig. 15 is a plan view of a fishing reel
(double bearing reel) in which the magnetic fluid sealed bearing according to the disclosure is provided on a rotation
shaft. Fig. 16 is an enlarged sectional view of a spool shaft portion of the fishing reel shown in Fig. 15. Fig. 17 is an
enlarged sectional view of a handle shaft portion of the fishing reel shown in Fig. 15.
[0077] In the example illustrated in Figs. 14 to 17, the above-described magnetic fluid sealed bearing 101, 101A, 101B
is provided as a support member for a handle shaft that rotatably supports a spool shaft and a handle shaft of a handle
that is used for winding operation.
[0078] More specifically, in a fishing spinning reel 160 shown in Fig. 14, the magnetic fluid sealed bearing 101, 101A,
101B (the magnetic fluid sealed bearing 101, 101A, 101B is applied to the bearing 63) may be provided in a rotation
shaft portion rotatably driven by a handle rotational operation, such as a handle shaft 61, a pinion shaft 62 and the like.
The magnetic fluid sealed bearing 101, 101A, 101B may also be provided to a support portion of a line roller 65 that
guides a fishing line to a spool 164.
[0079] The magnetic fluid sealed bearing 101, 101A, 101B may also be applied to a double-bearing reel illustrated in
Figs. 15 to 17. A reel body 131 of a double bearing reel 130 illustrated in Fig. 15 may include a left side plate 131A
having a left frame 132a and a cover member 133a attached thereto and a right side plate 131B having a right frame
132b and a cover member 133b attached thereto. Between the left and right side plates 131A, 131B, a spool shaft 134
may be rotatably supported via the above-described bearing 101, 101A. 101B. A spool 134a for winding a fishing line
may be integrally fixed on the spool shaft 134. An outer ring 105 of the bearing 101 is attached to the left and right frames
132a, 132b and thereby the spool shaft 134 is made rotatable. The magnetic fluid sealed bearing 101, 101A, 101B
according to the disclosure may also be applied to a one-way bearing 190.
[0080] On the end of the spool shaft 134 may be mounted a pinion gear 135 movable along the axial direction of the
spool shaft 134. The pinion gear may either support the spool shaft 134 extended coaxially with the pinion gear or
rotatably support a spindle rotatably disposed coaxially with the spool shaft 134.
[0081] The pinion gear 135 can be moved by a well-known switching means between an engagement position where
the pinion gear 135 engages with the spool shaft 134 and rotates integrally with the spool shaft 134 (a power transmitting
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state or a clutch-on state) and a non-engagement position where the pinion gear 135 is disengaged from the spool shaft
134 (an idling state or a clutch-off state). The switching means may include a switching lever 136 disposed between the
left and right side plates 131A, 131B and a clutch plate 137 that rotates upon depressing of the switch lever 136. When
the switching lever 136 is depressed, the switching means may switch from the power transmitting state to the idling
state via the clutch plate 137.
[0082] Within the right side plate 131B, a handle shaft 140 may be rotatably supported via bearing disposed between
the right frame 132b and the plate and between the right cover 133b and the plate and the magnetic fluid sealed bearing
101, 101A, 101B. A handle 142 may be mounted on an end of the handle shaft 140. Between the handle shaft 140 and
the right cover member 133b may be disposed a one-way clutch 145 as a backstop; and the handle shaft 140 (handle
142) may be rotated only in the direction of winding the fishing line and prevented from rotating reversely.
[0083] The pinion gear 135 may be meshed with a drive gear 146 supported by the handle shaft 140; and when the
handle 142 mounted on the end of the handle shaft 140 is rotationally operated, the spool shaft 134 may be rotationally
driven via the drive gear 146 and the pinion gear 135, and accordingly the spool 134a may be rotated to wind the fishing line.
[0084] Among others, this type of fishing reels requires a high rotation performance of the spool 134a, a conventional
bearing therein could not be effectively sealed. While in the fishing reel with the above-described magnetic fluid sealed
bearing 101, 101A, 101B, it is possible to obtain the water and dust proof effects and to maintain the rotation performance
of the spool. More specifically, even if the fishing reel with the bearing of the disclosure is used in a harsh environment
where seawater tends to adhere to and penetrate into the bearing, the seawater is shut out from the interior of the bearing
that rotatably supports the rotation shaft (the spool shaft 134, the handle shaft 140), so as to securely prevent degradation
of smoothness and maintain stable sealing and smooth rotation of the rotation shaft for a long period.
[0085] The sizes of the bearings used for the spool shaft 134 and the handle shaft 140 fall within a certain range (for
example, the outer diameter is about 10-20 mm and the inner diameter is about 3-10 mm), and the magnetic fluid sealed
bearing 101, 101A, 101B having such size can obtain a sufficient sealing effect and can have a low torque when the
clearance "G" shown in Fig. 3 is set to 0.05-0.3mm, preferably to 0.1-0.2 mm. The double bearing reel of the example
may have the same sealing structure of the bearing 101, 101A, 101B in the bearings 148a, 148b rotatably supporting
the pinion gear 135 and in the bearing that rotatably supporting the handle shaft at the proximal end of the handle shaft 140.
[0086] When the above-described magnetic fluid sealed bearing 101, 101A, 101B is built into position, a magnetic
body (magnetic material) presenting around the position may attract the bearing 1 to reduce the built-in work efficiency
or may form another magnetic circuit in the vicinity to move the magnetic fluid and reduce the sealing quality. To facilitate
built-in of the above magnetic fluid sealed bearing 101, 101A, 101B into the frame and cover of the reel body, the parts
radially or axially adjacent to the bearing 1, such as the reel body, the frame, the shafts, the cover, and a housing, should
preferably be made of a nonmagnetic material (aluminum, austenite-based stainless steel, copper alloy, resin, etc.).
Such configuration may enhance the built-in work efficiency and maintain a secured sealing quality. The examples of
the fishing reels illustrated in the drawings are merely examples and it is understood that in an embodiment of the fishing
reel the magnetic fluid sealed bearing 1, 1A, 1B, 1C may be used instead of the magnetic fluid sealed bearing 101,
101A, 101B.
[0087] Embodiments of the present invention are not limited to the above descriptions and are susceptible to various
modifications for implementation.
[0088] The above described magnetic sealing mechanism is a mere example and is susceptible of appropriate mod-
ifications in configuration and arrangement of the magnet and the polar plate. For instance, other alignment methods
can be applied to the outer and inner rings in the axial direction and other sealing methods can be applied to the surfaces
of the outer and inner rings.
[0089] According to the disclosure, in the configuration where the magnetic fluid seal is provided on each side of the
rolling members of the bearing, arrangements and composition of the magnetic fluid seal may be adequately modified
as long as a magnetic circuit that penetrates the inner and outer rings and goes around the rolling members is formed
between the magnet of one of the pair of magnetic fluid seal and the magnet of the other of the pair of magnetic fluid
seal. Moreover, configuration and the thickness of the spacer may be adequately modified.

LIST OF REFERENCE NUMBERS

[0090]

101, 101A, 101B magnetic fluid sealed bearing
103 inner ring
105 outer ring
107 rolling members
110A, 110B magnetic fluid seal
112A, 112B magnet
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114A, 114B polar plate
125 bearing body
m magnetic fluid
130 double bearing reel (fishing reel)
1, 1A, 1B, 1C magnetic fluid sealed bearing
3 inner ring
5 outer ring
7 rolling members
10A, 10B magnetic fluid seal
12A, 12A’, 12B, 12B’ magnet
14A, 14A’, 14B, 14B’ polar plate
15 magnetic fluid
30A, 30A’, 30B, 30B’ spacer

Claims

1. A magnetic fluid sealed bearing, comprising: a bearing body (40), the bearing body (40) including a magnetic inner
ring (3), a magnetic outer ring (5), and a plurality of magnetic rolling members (7) disposed rollable between the
inner ring (3) and the outer ring (5);
a pair of magnetic fluid seals (10A, 10B) integrally retained on each side of the bearing body (40) respectively in an
axial direction with the rolling members (7) interposed therebetween so as to magnetically seal an inner portion of
the bearing body (40), wherein each of the pair of magnetic fluid seals (10A, 10B) includes a magnet (12A, 12A’,
12B, 12B’), a polar plate (14A, 14B) retaining the magnet (12A, 12A’, 12B, 12B’), and magnetic fluid (15) retained
in a clearance between the inner or outer ring (3, 5) and the magnet (12A, 12A’, 12B, 12B’), and characterized in that
the magnet (12A, 12A’, 12B, 12B’) in each of the pair of magnetic fluid seals (10A, 10B) is attached to one of the
inner and outer rings (3, 5) with a non-magnetic spacer (30A, 30A’, 30B, 30B’) interposed therebetween and retains
the magnetic fluid (15) on the other of inner and outer rings (3, 5) to seal the rolling members (7), and in that
the spacer (30A, 30A’, 30B, 30B’) is disposed either between an inner periphery of the magnet (12A, 12A’, 12B,
12B’) and an outer periphery of the inner ring (3) or between an outer periphery of the magnet (12A, 12B) and an
inner periphery of the outer ring (5), and in that either
the magnet (12A, 12A’, 12B, 12B’) in one of the pair of magnetic fluid seals retains the spacer (30A, 30B’) with the
inner ring (3) and the magnet (12A, 12A’, 12B, 12B’) in the other of the pair of magnetic fluid seals retains the spacer
(30B, 30A’) with the outer ring (5), and
the magnets (12A, 12A’, 12B, 12B’) in the pair of magnetic fluid seals (10A, 10B) are magnetized such that magnetic
poles point in the axial direction of the bearing body (40), and the magnet (12A, 12A’) in one of the pair of magnetic
fluid seals (10A, 10B) and the magnet (12B, 12B’) in the other of the pair of magnetic fluid seals (10A, 10B) are
arranged such that sides of the magnets (12A, 12A’, 12B, 12B’) opposed to each other with the rolling members (7)
interposed therebetween have the same magnetic polarity, or
the magnet (12A, 12A’, 12B, 12B’) in each of the pair of magnetic fluid seals (10A, 10B) retains the spacer (30A,
30A’, 30B, 30B’) with the inner or outer ring (3, 5), and is magnetized such that magnetic poles point in the axial
direction of the bearing body (40), and the magnet (12A, 12A’) in one of the pair of magnetic fluid seals (10A, 10B)
and the magnet (12B, 12B’) in the other of the pair of magnetic fluid seals (10A, 10B) are arranged such that sides
of the magnets (12A, 12A’, 12B, 12B’) opposed to each other with the rolling members (7) interposed therebetween
have different magnetic polarities from each other.

2. The magnetic fluid sealed bearing of Claim 1, wherein a step (3a, 5a) is formed on each of the inner and outer rings
(3, 5), and the magnet (12A, 12A’, 12B, 12B’) in each of the pair of magnetic fluid seals (10A, 10B) is disposed in
position in the axial direction when the spacer (30A, 30A’, 30B, 30B’) touches the step (3a, 5a), and an end of the
spacer (30A, 30A’, 30B, 30B’) on the other side retains the magnetic fluid (15) in a clearance with the step (3a, 5a).

3. A fishing reel, comprising the magnetic fluid sealed bearing of Claim 1 or Claim 2 as a support member (101, 101A,
101B) that supports a rotation shaft (134, 140) rotatable.

Patentansprüche

1. Magnetfluid-abgedichtetes Lager, umfassend: einen Lagerkörper (40), wobei der Lagerkörper (40) einen magneti-
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schen Innenring (3), einen magnetischen Außenring (5) und eine Mehrzahl von magnetischen Rollelementen (7),
die zwischen dem Innenring (3) und dem Außenring (5) rollbar angeordnet sind, umfasst;
ein Paar Magnetfluiddichtungen (10A, 10B), die an jede Seite des Lagerkörpers (40) ganz gehalten sind, entspre-
chend in einer axialen Richtung mit den Rollelementen (7) dazwischen angeordnet, um einen inneren Abschnitt des
Lagerkörpers (40) magnetisch abzudichten, wobei jede des Paares von Magnetfluiddichtungen (10A, 10B), einen
Magneten (12A, 12A’, 12B, 12B’), eine den Magneten (12A, 12A’, 12B, 12B’) haltende polare Platte (14A, 14B) und
Magnetfluid (15), das in einem Raum zwischen dem Innen- oder dem Außenring (3, 5) und dem Magneten (12A,
12A’, 12B, 12B’) gehalten ist, umfasst, und dadurch gekennzeichnet, dass
der Magnet (12A, 12A’, 12B, 12B’) in jeder des Paares von Magnetfluiddichtungen (10A, 10B) an einem des Innen-
und Außenrings (3, 5) mit einem dazwischen angeordneten nichtmagnetischen Abstandshalter (30A, 30A’, 30B,
30B’) angebracht ist und das Magnetfluid (15) an dem anderen des Innen- und Außenrings (3, 5) hält, um die
Rollelemente (7) abzudichten und dadurch, dass
der Abstandshalter (30A, 30A’, 30B, 30B’) entweder zwischen einer inneren Peripherie des Magneten (12A, 12A’,
12B, 12B’) und einer äußeren Peripherie des Innenrings (3) oder zwischen einer äußeren Peripherie des Magneten
(12A, 12B) und einer inneren Peripherie des Außenrings (5) angeordnet ist, und dadurch, dass entweder der Magnet
(12A, 12A’, 12B, 12B’) in einer des Paares von Magnetfluiddichtungen den Abstandshalter (30A, 30B’) mit dem
Innenring (3) hält und der Magnet (12A, 12A’, 12B, 12B’) in der anderen des Paares von Magnetfluiddichtungen
den Abstandshalter (30B, 30A’) mit dem Außenring (5) hält, und
die Magneten (12A, 12A’, 12B, 12B’) in dem Paar von Magnetfluiddichtungen (10A, 10B) so magnetisiert sind, dass
Magnetpole in die axiale Richtung des Lagerkörpers (40) zeigen und der Magnet (12A, 12A’) in einer des Paares
von Magnetfluiddichtungen (10A, 10B) und der Magnet (12B, 12B’) in der anderen des Paares von Magnetfluid-
dichtungen (10A, 10B) so angeordnet sind, dass Seiten der Magnete (12A, 12A’, 12B, 12B’), die sich mit den
dazwischen angeordneten Rollelementen (7) gegenüber liegen, dieselbe magnetische Polarität aufweisen, oder
der Magnet (12A, 12A’, 12B, 12B’) in jeder des Paares von Magnetfluiddichtungen (10A, 10B) den Abstandshalter
(30A, 30A’, 30B’, 30B’) mit dem Innen- oder Außenring (3, 5) hält und so magnetisiert ist, dass Magnetpole in die
axiale Richtung des Lagerkörpers (40) zeigen und der Magnet (12A, 12A’) in einer des Paares von Magnetfluid-
dichtungen (10A, 10B) und der Magnet (12B, 12B’) in der anderen des Paares von Magnetfluiddichtungen (10A,
10B) so angeordnet sind, dass Seiten der Magnete (12A, 12A’, 12B, 12B’), die sich mit den dazwischen angeordneten
Rollelementen (7) gegenüber liegen, voneinander unterschiedliche magnetische Polaritäten aufweisen.

2. Magnetfluid-abgedichtetes Lager nach Anspruch 1, wobei eine Stufe (3a, 5a) an jedem des Innen- und Außenrings
(3, 5) gebildet ist und der Magnet (12A, 12A’, 12B, 12B’) in jeder des Paares von Magnetfluiddichtungen (10A, 10B)
in einer Position in der axialen Richtung angeordnet ist, wenn der Abstandshalter (30A, 30A’, 30B, 30B’) die Stufe
(3a, 5a) berührt, und ein Ende des Abstandshalters (30A, 30A’; 30B, 30B’) an der anderen Seite das Magnetfluid
(15) in einem Raum mit der Stufe (3a, 5a) hält.

3. Angelrolle, umfassend das Magnetfluid-abgedichtete Lager nach Anspruch 1 oder 2 als ein Stützelement (101,
101A, 101B), das einen Rotationsschaft (134, 140) rotierend stützt.

Revendications

1. Palier étanche à fluide magnétique, comprenant : un corps de palier (40), le corps de palier (40) comportant une
bague interne magnétique (3), une bague externe magnétique (5), et une pluralité d’organes roulants magnétiques
(7) disposés de manière à pouvoir rouler entre la bague interne (3) et la bague externe (5) ;
une paire de joints d’étanchéité à fluide magnétique (10A, 10B) retenus d’un seul tenant de chaque côté du corps
de palier (40) respectivement dans une direction axiale avec les organes roulants (7) interposés entre eux de manière
à sceller magnétiquement une partie interne du corps de palier (40), où chacun de la paire de joints d’étanchéité à
fluide magnétique (10A, 10B) comporte un aimant (12A, 12A’, 12B, 12B’), une plaque polaire (14A, 14B) retenant
l’aimant (12A, 12A’, 12B, 12B’), et un fluide magnétique (15) retenu dans un jeu entre les bagues interne et externe
(3, 5) et l’aimant (12A, 12A’, 12B, 12B’), et caractérisé en ce que
l’aimant (12A, 12A’, 12B, 12B’) dans chacun de la paire de joints d’étanchéité à fluide magnétique (10A, 10B) est
fixé à l’une des bagues interne et externe (3, 5) avec un espaceur non magnétique (30A, 30A’, 30B, 30B’) interposé
entre eux et retient le fluide magnétique (15) sur l’autre des bagues interne et externe (3, 5) pour sceller les organes
roulants (7), et en ce que
l’espaceur (30A, 30A’, 30B, 30B’) est disposé soit entre une périphérie interne de l’aimant (12A, 12A’, 12B, 12B’)
et une périphérie externe de la bague interne (3) soit entre une périphérie externe de l’aimant (12A, 12B) et une
périphérie interne de la bague externe (5), et en ce que soit
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l’aimant (12A, 12A’, 12B, 12B’) dans l’un de la paire de joints d’étanchéité à fluide magnétique retient l’espaceur
(30A, 30B’) avec la bague interne (3) et l’aimant (12A, 12A’, 12B, 12B’) dans l’autre de la paire de joints d’étanchéité
à fluide magnétique retient l’espaceur (30B, 30A’) avec la bague externe (5), et
les aimants (12A, 12A’, 12B, 12B’) dans la paire de joints d’étanchéité à fluide magnétique (10A, 10B) sont magnétisés
de sorte que les pôles magnétiques pointent dans la direction axiale du corps de palier (40), et l’aimant (12A, 12A’)
dans l’un de la paire de joints d’étanchéité à fluide magnétique (10A, 10B) et l’aimant (12B, 12B’) dans l’autre de
la paire de joints d’étanchéité à fluide magnétique (10A, 10B) sont agencés de sorte que les côtés des aimants
(12A, 12A’, 12B, 12B’) opposés les uns aux autres avec les organes roulants (7) interposés entre eux aient la même
polarité magnétique, soit
l’aimant (12A, 12A’, 12B, 12B’) dans chacun de la paire de joints d’étanchéité à fluide magnétique (10A, 10B) retient
l’espaceur (30A, 30A’, 30B, 30B’) avec la bague interne ou externe (3, 5), et est magnétisé de sorte que les pôles
magnétiques pointent dans la direction axiale du corps de palier (40), et l’aimant (12A, 12A’) dans l’un de la paire
de joints d’étanchéité à fluide magnétique (10A, 10B) et l’aimant (12B, 12B’) dans l’autre de la paire de joints
d’étanchéité à fluide magnétique (10A, 10B) sont agencés de sorte que les côtés des aimants (12A, 12A’, 12B,
12B’) opposés les uns aux autres avec les organes roulants (7) interposés entre eux aient des polarités magnétiques
différentes les uns des autres.

2. Palier étanche à fluide magnétique de la revendication 1, dans lequel un gradin (3a, 5a) est formé sur chacune des
bagues interne et externe (3, 5), et l’aimant (12A, 12A’, 12B, 12B’) dans chacun de la paire de joints d’étanchéité
à fluide magnétique (10A, 10B) est disposé en position dans la direction axiale lorsque l’espaceur (30A, 30A’, 30B,
30B’) touche le gradin (3a, 5a), et une extrémité de l’espaceur (30A, 30A’, 30B, 30B’) de l’autre côté retient le fluide
magnétique (15) dans un jeu avec le gradin (3a, 5a).

3. Moulinet de pêche, comprenant le palier étanche à fluide magnétique de la revendication 1 ou la revendication 2
en tant qu’organe de support (101, 101A, 101B) qui supporte un arbre de rotation (134, 140) pouvant tourner.



EP 2 979 545 B1

16



EP 2 979 545 B1

17



EP 2 979 545 B1

18



EP 2 979 545 B1

19



EP 2 979 545 B1

20



EP 2 979 545 B1

21



EP 2 979 545 B1

22



EP 2 979 545 B1

23



EP 2 979 545 B1

24



EP 2 979 545 B1

25



EP 2 979 545 B1

26



EP 2 979 545 B1

27



EP 2 979 545 B1

28



EP 2 979 545 B1

29



EP 2 979 545 B1

30



EP 2 979 545 B1

31



EP 2 979 545 B1

32



EP 2 979 545 B1

33



EP 2 979 545 B1

34

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP S57033222 B [0010]
• JP 2013228044 A [0010]

• JP H0276224 U [0010]
• JP H1066295 A [0010]


	bibliography
	description
	claims
	drawings
	cited references

