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(7) ABSTRACT

A sealed rolling bearing in which a rolling member is
disposed in a bearing space formed between an outer race
and an inner race to rotate the outer race and the inner race
relatively to each other, and rotation seal members are
disposed at the both ends of the bearing space in the axial
direction thereof while a stationary seal member is disposed
on the side of the inner race, thereby sealing the bearing
space. The bearing is provided with vent means on the side
of the inner race for approximating a fluid pressure in the
bearing space to an outside fluid pressure by causing the
inside of the bearing space to communicate with the outer
when the state of the fluid in the bearing space and state of
the outside fluid become a predetermined relationship.
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SEALED ROLLING BEARING

[0001] This application claims the benefits of Japanese
Application Nos. 10-227525 and 11-208150 which are
hereby incorporated by reference.

BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention

[0003] The present invention relates to a sealed rolling
bearing for preventing water, or the like, from invading from
outside into the bearing space.

[0004] 2. Related Background Art

[0005] As abearing to be used in an environment in which
it may be splashed with fluid including water, such as a roll
neck bearing of a rolling mill in steel mill equipment, a
sealed rolling bearing provided with a sealing device as
proposed in Japanese Patent Publication No. 60-14933, No.
61-12130, or the like, is used.

[0006] A four-row tapered roller bearing provided with a
seal for hermetically sealing is shown in FIG. 30 as one
example of the sealed rolling bearing. Note that FIG. 30
shows an upper half of the longitudinal cross-section of the
bearing excluding the shaft thereof.

[0007] The sealed roller bearing shown in the same Figure
is provided with a large number of rollers 4, 4, . . . which are
supported by a four-row retainer to be rotatable, in a bearing
space S between the outer races 1, 1, 2 and the inner races
3, 3, so as to enable the rotation of the inner races 3, 3 with
respect to the outer races 1, 1, 2. Further, seal holders 7, 7
are disposed at the both ends of the outer races 1, 1 in the
axial direction thereof, so as to support seals 8, 8, whereby
elastic lips 8a, 8a of the sales 8, 8 are brought into contact
with the outer peripheral surfaces of the inner races 3, 3 at
the both ends in the axial direction thereof. Consequently, it
is possible to retain a lubricating member inside the bearing
space, and to prevent fluid such as water from invading into
the bearing space S.

[0008] FIG. 31 is a view for illustrating the shape of an
intermediate seal 9 which is retained on the inner surface of
a portion in which the inner races 3, 3 are in contact with
each other. This intermediate seal 9 is arranged to prevent
water, or the like, from invading into the bearing space S
chiefly which the roll is attached or detached.

[0009] FIG. 22 shows another example 9' of the interme-
diate seal which has been conventionally used. This inter-
mediate seal 9' has lip portions 94, 9b which are brought into
linear contact with the bottom surfaces 3b, 3b of a recess
formed by the facing portions of the inner races 3, 3. The
contact surface pressure is increased by this linear contact,
thereby sealing the inside and the outside of the bearing.

[0010] [Problems to be solved by the Invention]

[0011] However, the conventional hermetically scaled
rolling bearing mentioned above can not satisfactorily pre-
vent the invasion of water or the like, under a severe
environment with drastic change in temperature.

[0012] For example, when the sealed rolling bearing
shown in FIG. 30 is used as a roll neck bearing for a rolling
mill in steel mill equipment, the number of rotation of the
roll which is supported by this hermetically sealed rolling
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bearing is frequently changed. More specifically, a high-
speed rotation, low idling rotation, and a halt are repeated for
the roll, and the temperature inside the sealed rolling bearing
changes depending on each of the conditions. For this
reason, expansion and contraction of the air or the like in the
bearing space are repeated, the internal air which is
expanded upon the increase in the temperature escapes from
the elastic seals 8, 8 on the end surfaces, and the pressure
inside the sealed rolling bearing becomes negative when the
temperature is decreased for the second time.

[0013] The value of this negative pressure becomes larger
and is maintained longer when the temperature inside the
bearing space S which has been high becomes lower (or a
difference of the temperature is larger), that is, the number
of rotation of the roll which has been rotating at a high speed
becomes smaller (a difference of rotation is larger). These
conditions are shown in FIG. 28A, FIG. 28B and FIG. 28C.
These views respectively show the number of rotation of the
roll, the temperature in the bearing (the temperature inside
the bearing space S), and the internal pressure of the bearing
(the pressure in the bearing space S), with respect to the time
(along the abscissa) in that order.

[0014] Also, when the internal temperature is 100° C. or
higher with a little water existing inside, this water is
expanded as vapor, and a large negative pressure is gener-
ated when the temperature decreases. This negative pressure
accelerates abrasion of the elastic seal lips of the seals 8, 8,
to degrade the function of the seals 8, 8, which is a great
cause of water invasion from the seals 8, 8.

[0015] As described above, it is confirmed that when a
great negative pressure is generated in the bearing space S,
the greater the negative pressure is, the easier the invasion
of external fluid such as water through the lip portion 8a of
the elastic seal becomes. More specifically, as clearly seen
from FIG. 29, the greater the negative pressure is (more to
the left of the abscissa in the figure), the easier the flow of
water into the sealed bearing becomes, thereby increasing an
amount of the mixed water. The easier inflow of water means
a degraded sealing function. In addition, the water inflow
and the degraded sealing function accelerate deterioration of
the lubricant in the bearing space S to degrade the bearing
performance, thereby causing early damage or early peeling-
off.

SUMMARY OF THE INVENTION

[0016] Accordingly, an object of the present invention is to
provide a hermetically sealed rolling bearing capable of
preventing deterioration of a lubricant due to the inflow of
water which may be caused by the negative pressure in the
bearing space, thereby preventing deterioration of the bear-
ing performance, early damage, early peeling-off, etc.

[0017] In order to achieve the above object, there is
provided a hermetically sealed rolling bearing in which
rolling members are disposed in a bearing space formed
between an outer race and an inner race to rotate the outer
race and the inner race relatively to each other, and side seal
members are disposed at the both ends of the bearing space
in the axial direction thereof while a bore seal member is
disposed on the side of the inner race, thereby sealing the
bearing space, characterized in that: there is provided vent
means on the side of the inner race for approximating a fluid
pressure in the bearing space to an outside fluid pressure
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when the state of the fluid in the bearing space and the state
of the outside fluid becomes a predetermined relationship.

[0018] Here, in the sealed rolling bearing according to the
present invention, there is provided the vent means on the
inner race side to approximate the fluid pressure in the
bearing space to the fluid pressure outside when the state of
the fluid in the bearing space and the state of the fluid outside
reaches a predetermined relationship. Thus, even if, for
example, the heated sealed rolling bearing is cooled, the
fluid pressure in the bearing space is approximated to the
fluid pressure outside so as not to pull the water or the like
into the bearing space. Also according to the present inven-
tion, the vent mechanism is disposed at a position which is
hardly exposed to external water or the like, compared with
a seal 18 and a seal holder 17 in an embodiment of the
present application shown in FIG. 1, so that the above-
mentioned function can be realized in a simpler and a more
secured manner, than the case in which the vent mechanism
is provided on these members.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 is a longitudinal cross-sectional view for
showing the structure of a rolling bearing according to the
first embodiment of the present invention.

[0020] FIG. 2A is an enlarged cross-sectional view for
illustrating a seal formed between inner races of the sealed
rolling bearing shown in FIG. 1, and FIG. 2B is a view for
illustrating the main portion of this seal.

[0021] FIG. 3A is an enlarged cross-sectional view for
illustrating a seal formed between inner races of a sealed
rolling bearing according to the second embodiment of the
present invention, and FIG. 3B is a view for illustrating the
main portion of the seal.

[0022] FIG. 4 is an enlarged cross-sectional view for
illustrating a seal formed between inner races of a sealed
rolling bearing according to the third embodiment of the
present invention.

[0023] FIG. 5 is an enlarged cross-sectional view for
illustrating a seal formed between inner races of a sealed
rolling bearing according to the fourth embodiment of the
present invention.

[0024] FIG. 6 is an enlarged cross-sectional view for
illustrating a seal formed between inner races of a sealed
rolling bearing according to the fifth embodiment of the
present invention.

[0025] FIG. 7 is a longitudinal cross-sectional view for
showing the structure of a rolling bearing according to the
sixth embodiment of the present invention.

[0026] FIG. 8 is an enlarged cross-sectional view for
illustrating a seal formed between inner races of the sealed
rolling bearing according to the sixth embodiment of the
present invention.

[0027] FIG. 9 is an enlarged cross-sectional view for
illustrating a seal formed between inner races of a sealed
rolling bearing according to the seventh embodiment of the
present invention.

[0028] FIG. 10 is a view for illustrating an operation of
the seal of FIG. 9.
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[0029] FIG. 11 is a view for illustrating the operation of
the seal of FIG. 9.

[0030] FIG. 12A is an enlarged cross-sectional view for
illustrating a seal formed between inner races of a sealed
rolling bearing according to the eighth embodiment of the
present invention; FIG. 12B is a view for showing a part of
FIG. 12A in a state where a seal lip is flexed due to the
centrifugal force; and FIG. 12C is a view for illustrating a
part of the seal seen from the inside in the radial direction.

[0031] FIG. 13 is an enlarged cross-sectional view for
illustrating a seal formed between inner races of a sealed
rolling bearing according to the ninth embodiment of the
present invention.

[0032] FIG. 14 is an enlarged cross-sectional view for
illustrating a seal formed between inner races of a sealed
rolling bearing according to the tenth embodiment of the
present invention.

[0033] FIG. 15 is an enlarged cross-sectional view for
illustrating a seal formed between inner races of a sealed
rolling bearing according to the eleventh embodiment of the
present invention.

[0034] FIG. 16A is an enlarged cross-sectional view for
illustrating a seal formed between inner races of a sealed
rolling bearing according to the twelfth embodiment of the
present invention, and FIG. 12B is a view for illustrating a
part of the seal seen from the inside in the radial direction.

[0035] FIG. 17A is an enlarged cross-sectional view for
illustrating a seal formed between inner races of a sealed
rolling bearing according to the thirteenth embodiment of
the present invention, and FIG. 17B is a view for illustrating
a part of the seal seen from the inside in the radial direction.

[0036] FIG. 18 is an enlarged front view for illustrating a
seal formed between the inner races of the sealed rolling
bearing of the thirteenth embodiment.

[0037] FIG. 19A is an enlarged cross-sectional view for
illustrating a seal formed between inner races of a sealed
rolling bearing according to the fourteenth embodiment of
the present invention, and FIG. 19B is a cross-sectional
view for illustrating an operation of the seal.

[0038] FIG. 20A is an enlarged cross-sectional view for
illustrating a seal formed between inner races of a sealed
rolling bearing according to the fifteenth embodiment of the
present invention, and FIG. 20B is a partial cross-sectional
view of the seal when the bearing is mounted on the shaft.

[0039] FIG. 21 is an enlarged front view for illustrating a
seal formed between inner races of a sealed rolling bearing
of the sixteenth embodiment.

[0040] FIG. 22 is an enlarged partial cross-sectional view
for illustrating a seal of the prior art.

[0041] FIG. 23 is a view for illustrating a seal of the
present invention which is used in a comparative experiment
between the seal of the present invention and that of the prior
art.

[0042] FIG. 24 is a view for illustrating a seal of the prior
art which is used for a comparative experiment between the
seal of the present invention and that of the prior art.
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[0043] FIG. 25 is a graph for showing a result of the
comparative test (in the stopped state).

[0044] FIG. 26 is a graph for showing a result of the
comparative test (in the rotating state).

[0045] FIG. 27 is partial cross-sectional view for illus-
trating an experimental apparatus used in the comparative
experiment.

[0046] FIG. 28A is a graph for showing the number of
rotation, FIG. 28B is a graph for showing the temperature
inside the bearing, and FIG. 29C is a graph for showing the
pressure inside the bearing, respectively for the used time of
the bearing.

[0047] FIG. 29 is a graph for showing the internal pres-
sure of the bearing and an mount of mixed water inside the
bearing, with respect to the sealed rolling bearing of the
prior art.

[0048] FIG. 30 is a view for illustrating the structure of
the sealed rolling bearing of the prior art.

[0049] FIG. 31 is an enlarged view of the main portion of
the intermediate seal shown in FIG. 30.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0050] Embodiments of the present invention will be
described below with reference to the drawings.

[0051] (First Embodiment)

[0052] FIG. 1 shows a longitudinal cross section of a
four-row Tapered roller bearing provided with a seal for
hermetically sealing as a first embodiment of a sealed rolling
bearing according to the present invention. Note that this
view shows an upper part of the longitudinal cross section of
the bearing excluding the shaft thereof.

[0053] The four-row Tapered roller bearing 10 with the
seal for hermetically sealing (hereinafter called the “sealed
rolling bearing”) shown in FIG. 1 comprises outer races 11,
12, 11, inner races 13, 13, a large number of rollers 14, 14,

. . which are disposed between the outer races 11, 11, 12
and the inner races 13, 13, retainers 15, 15, for supporting
these rollers 14, 14, outer race intermediate rings 16, 16
which are disposed between the outer race 12 and the outer
races 11, 11, seal holders 17, 17 which are disposed at the
end portions of the outer races 11, 11, side seals 18, 18
supported by the seal holders 17, 17, and an intermediate
seal 19 retained by a recess 9 which is formed on the inner
diameter surface of a portion in which the pair of inner races
13, 13 are brought into contact.

[0054] The whole outer race is constituted by the single-
low outer races 11, 11 disposed at the both end portions in
the axial direction and the double-low outer race 12 which
is formed by two single-low outer races connected with each
other. Taper surfaces 11a, 11a, 12a are formed on the inner
peripheries of the outer races 11, 11, 12, respectively.

[0055] The whole inner race is constituted by the two
double-row inner races 13, 13 which are aligned in the axial
direction. The outer peripheries of the inner races 13, 13 are
corresponding to the taper surfaces 11a, 12a of the outer
races 11, 12 mentioned above, so as to constitute a bearing
space S with these taper surfaces 11a, 12a. A roll shaft 8 is
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loosely fitted in the inner races 13, 13. That is, the inner
peripheries of the inner races 13, 13 are fitted on the outer
periphery of the roll shaft 8 with a small gap therebetween.
The right and left end portions of the inner races 13, 13 in
the axial direction are extended to be longer than those of the
outer races 11, 11, and lip sliding surfaces 134, 13a which
are in contact with elastic lips 184, 18a of the side seals 18,
18 are formed in these extended portions.

[0056] The four rows of rollers 14, 14, 14, 14 serving as
rolling members are disposed in the above-mentioned bear-
ing space S, and are brought into contact with the taper
surfaces 11a, 12a of the outer races 11, 12 and the outer
peripheral surfaces of the inner races 13, 13. Each of the
rollers 14 is rotated in a predetermined direction when the
inner races 13, 13 are rotated upon rotation of the roll shaft
8, whereby the inner races 13, 13 are smoothly rotated with
respect to the outer races 12, 12.

[0057] The four annular retainers 15, 15, . . . are disposed
in the above-mentioned bearing space S, and each of the
retainers 15 supports a large number of rollers 14, 14, . . . in
the circumferential direction to be rotatable.

[0058] The outer race intermediate rings 16, 16 are formed
to be annular, and are interposed between the double-row
outer race 12 and the single-row outer race 11 on the tip end
(left) side and between the double-row outer race 12 and the
single-row outer race 11 on the base end (right) side,
respectively.

[0059] The seal holders 17, 17 are disposed in the tip end
portion of the outer race 11 on the tip end side (the left one
in FIG. 1), out of the two outer races 11, 11, and in the base
end portion of the outer race 11 on the base end side (the
right one in FIG. 1), respectively, so as to retain the side
seals 18, 18 on the inner peripheral side thereof, respec-
tively.

[0060] The side seals 18, 18 which serve as rotation seal
members are supported on the inner peripheral sides of the
above-mentioned seal holders 17, 17, so as to bring the
elastic lips 18a, 184 into contact with the lip sliding surfaces
134, 13a of the inner races 13, 13 mentioned above, thereby
sealing hermetically the bearing space S of the sealed rolling
bearing 10.

[0061] The intermediate seal 19 serving as a bore seal
member is formed to be annular and is fitted to be retained
in a recess 9 formed on the inner diameter surface side of
surfaces with which the pair of the inner races 13, 13 are
brought into contact to be opposite to each other. In a part
of this intermediate seal 19, there is formed a vent portion
described later (omitted in FIG. 1) for ventilating the air
under an appropriately applied pressure.

[0062] FIG. 2A is a partial enlarged cross-sectional view
for illustrating the portion A in FIG. 1, in order to describe
the structure of the intermediate seal 19. FIG. 2A is an
enlarged view of a cross section of the intermediate seal 19,
while FIG. 2B is an enlarged view of the vent portion of the
intermediate seal 19, seen from the direction indicated by the
arrow C.

[0063] The intermediate seal 19 is comprised of a core
metal 29 for maintaining the shape of the seal, and an elastic
member 39 such as a rubber tightly in contact with the recess
9. Alip 59 having elasticity is extended from the main part
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49 of the elastic member 39. The main part 49 is brought into
contact with the bottom wall and the side wall of the recess
of one of the inner races 13, and the lip 59 is brought into
contact with the side wall of the recess of the other inner race
13. As a result, a gap between the contact surfaces 13¢, 13¢
of the paired inner races 13, 13 is sealed, thereby maintain-
ing the air-tight condition in the bearing space S.

[0064] On the root side of the lip 59, there is formed a vent
hole 69 serving as the vent means. The vent holes 69 may be
formed over the entire periphery of the intermediate seal 19
at appropriate intervals. A partition wall 69a is formed
integrally in a middle part of each vent hole 69. This
partition wall 694 is formed of a thin elastic member, and is
provided with a slit 695 which is extended to the both ends
of the wall through the center thereof. The slit 695 functions
as a valve mechanism and is closed when no pressure
difference is generated between the inside of the bearing (the
bearing space S in FIG. 1) and the outside of the bearing, but
forms a small gap when a pressure difference is generated
between the inside of the bearing and the outside of the
bearing (for example, when the pressure inside the sealed
rolling bearing becomes negative), thereby forming the vent
mechanism. Even if the air volume in the bearing changes
due to a change in temperature inside the bearing during the
operation of the sealed rolling bearing, the air can be sucked
from the outside of the bearing into the bearing or can be
evacuated from the inside of the bearing to the outside of the
bearing by means of a function of the slit 695, whereby the
pressure difference between the inside and the outside of the
bearing can be automatically balanced.

[0065] In addition, the slit 695 is usually closed unless a
considerable pressure is applied, so as to serve to prevent
water or other pollutant from invading into the bearing
through the vent hole 69. Here, the slit 69b is disposed at a
position which is hardly exposed to the water or other liquid,
compared with the case in which the vent hole is formed on
the seal holder 17 or on the side seal 18, so that the invasion
of water or the like into the bearing through the vent hole 69
can be securely prevented.

[0066] Note that the slit 69b as mentioned above is pro-
vided on the intermediate seal 19 for sealing the gap between
the inner races 13, 13, and can approximate the pressure
inside the bearing to the external pressure in a simpler
manner, compared with the case that the housing itself such
as a chock in a case where the sealed rolling bearing is
adopted in a rolling mill, for example, is subjected to some
processing, and can prevent water or the like from invading
into the bearing through the vent hole 69.

[0067] (Second Embodiment)

[0068] A scaled rolling bearing according to a second
embodiment of the invention will be described in the fol-
lowing. Note that the sealed rolling bearing according to the
second embodiment is the same as that according to the first
embodiment shown in FIG. 1, apart from an intermediate
seal 119.

[0069] In the following description of each of the embodi-
ments, identical portion are given the same referential num-
bers and symbols to save redundant description.

[0070] FIG. 3 is a view for illustrating the structure of the
intermediate seal 119 for sealing a sealed rolling shaft on the
side of the inner races 13, 13. FIG. 3A is an enlarged
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cross-sectional view of the intermediate seal 119, while
FIG. 3B is a view for illustrating an operation of a vent
portion of the intermediate seal 119.

[0071] The intermediate seal 119 is comprised of a core
metal 129 for maintaining the shape of the seal, and an
elastic member 139 in tight contact with the recess 9. A lip
159 having elasticity is extended from the main part 149 of
the elastic member 139. The main part 149 is brought into
contact with the bottom wall and the side wall of the recess
of one of the inner races 13, and the lip 59 is brought into
contact with the side walls of the other inner race 13. As a
result, a gap between the contact surfaces 13¢, 13¢ of the
paired inner races 13, 13 is sealed, thereby maintaining the
air-tight condition inside the bearing.

[0072] On the tip end side of the lip 159, there are formed
with cut-away portions 169. The cut-away portions 169 may
be formed over the entire periphery of the intermediate seal
119 at appropriate intervals. A partition wall 1694 is formed
on the roll shaft side of each cut-away portion 169. This
partition wall 1694 is formed of a thin elastic member, and
is in tight contact with the side surface of the recess 9 when
no pressure difference is generated between the inside of the
bearing and the outside of the bearing, but is separated a
little from the side surface of the recess when a pressure
difference is generated between the inside of the bearing and
the outside (FIG. 3B), thereby forming a vent mechanism.
Thus, even if the air volume in the bearing changes due to
a change in temperature inside the bearing during the
operation of the sealed rolling bearing, the pressure differ-
ence between the inside and the outside can be automatically
balanced.

[0073] In addition, the partition wall 1694 is usually in
tight contact with the side surface of the recess 9 unless a
considerable pressure is applied, and also serves to prevent
water or other pollutant from invading into the bearing
through the notch 169.

[0074] (Third Embodiment)

[0075] A sealed rolling bearing according to a third
embodiment of the invention will be described below with
reference to FIG. 4. Note that the sealed rolling bearing
according to the third embodiment is the same as that
according to the first embodiment, apart from an interme-
diate seal 219.

[0076] FIG. 4 is an enlarged cross-sectional view for
illustrating the structure of the intermediate seal 219 for
sealing the sealed rolling shaft on the side of the inner races
13, 13.

[0077] The intermediate seal 219 is comprised of a core
metal 229 for maintaining the shape of the seal, and an
elastic member 239 in tight contact with the recess 9. A lip
259 having elasticity is extended from the main part 249 of
the elastic member 239. The main part 249 is brought into
contact with the bottom wall and the side wall of the recess
of one of the inner races 13, and the lip 259 is brought into
contact with the side wall of the recess of the other inner race
13. As a result, a gap between the contact surfaces 13¢, 13¢
of the paired inner races 13, 13 is sealed, thereby maintain-
ing the air-tight condition inside the bearing.

[0078] On the root side of the lip 259, there are formed
vent holes 269. The vent holes 269 may be formed over the
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entire periphery of the intermediate seal 219 at appropriate
intervals. This vent hole 269 is formed to be transparent and
has no partition wall on which a slit serving as a valve
mechanism is not formed. Even if the vent mechanism is
formed by the vent hole 269 and the air volume inside the
bearing changes due to a change in temperature inside the
bearing, the air can be sucked from the outside of the bearing
into the bearing or can be evacuated from the inside of the
bearing to the outside of the bearing, whereby the pressure
difference between the inside and the outside of the bearing
can be automatically balanced.

[0079] Taking into consideration the fact that the sealed
rolling bearing according to the third embodiment is used in
an environment into which water or the like hardly invade
from the side of the inner races 13, 13, only the vent hole 269
itself is disposed at a position which is hardly exposed to
water or the like directly, but no slit is formed to serve as the
vent mechanism.

[0080] (Fourth Embodiment)

[0081] A sealed rolling bearing according to a fourth
embodiment of the invention will be described below with
reference to FIG. 5. Note that the sealed rolling bearing
according to the fourth embodiment is the same as that
according to the first embodiment, apart from portions
described below.

[0082] FIG. 5 is an enlarged cross-sectional view for
illustrating the structure of a portion in which the inner races
113, 113 for forming the sealed rolling bearing are brought
into contact with each other and the structure of an inter-
mediate seal 319.

[0083] In the vicinity of the contact surface 113c of each
inner race 113, there is formed a vent hole 113e. The vent
holes 113e may be formed over the entire periphery of the
inner race 113 at appropriate intervals.

[0084] The intermediate seal 319 is comprised of a core
metal 329 for maintaining the shape of the seal, and an
elastic member 339 in tight contact with the recess 9. A lip
359 having elasticity is extended from the main part 349 of
the elastic member 339. The main part 349 is brought into
contact with the bottom wall and the side wall of the recess
of one of the inner races 13, and the lip 359 is brought into
contact with the side wall of the recess of the other inner race
113. A gap between the contact surfaces 113¢, 113c of the
paired inner races 113, 113 is sealed, thereby maintaining the
air-tight condition inside the bearing. Note that the lip 359
has no vent hole.

[0085] In this embodiment, a vent mechanism is consti-
tuted by vent holes 113¢, 113e formed through the inner
races 113, 113. Thus, even if the air volume in the bearing
changes due to a change in temperature inside the bearing,
the air can be sucked from the outside of the bearing into the
bearing or can be evacuated from the inside of the bearing
to the outside of the bearing, whereby the pressure difference
between the inside and the outside of the bearing can be
automatically balanced. Each vent hole 113¢, 113¢ may be
provided with a proper valve mechanism as well as a proper
thin portion wall which gas can pass through but fluid can
not.
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[0086] (Fifth Embodiment)

[0087] A sealed rolling bearing according to a fifth
embodiment of the invention will be described below with
reference to FIG. 6. Note that the sealed rolling bearing
according to the fifth embodiment is the same as that
according to the first embodiment, apart from an interme-
diate seal 419.

[0088] FIG. 6 is an enlarged cross-sectional view for
illustrating the structure of the intermediate seal 419 for
sealing a sealed rolling shaft on the side of the inner races
13, 13.

[0089] The intermediate seal 419 is comprised of a core
metal 429 for maintaining the shape of the seal, and an
elastic member 439 in tight contact with the recess 9. A pair
of lips 459, 559 having elasticity are extended from the main
part 449 of the elastic member 439. The lip 459 is brought
into contact with the side wall of the recess 9, and the lip 559
is brought into contact with the bottom surface of the recess
9.

[0090] The lips 459, 559 are provided with vent holes 469,
569, respectively. These vent holes 469, 569 may be formed
over the entire peripheries of the lips 459, 559 at appropriate
intervals.

[0091] Ina middle part of each of the vent holes 469, 569,
there is formed a partition wall 469a or 569a. Each of these
partition walls 469a, 569a is formed of a thin elastic
member, and is provided with a slit which is extended to the
both ends of the wall through the center thereof and is
similar to that shown in FIG. 2B, thereby constituting a vent
mechanism. In the case of this embodiment, a plurality of
lips 459, 559 are provided for sealing to enhance the
preventing function of invasion of water or the like. Here,
since the positions of the vent holes 465, 569 provided on the
lips 459, 559 are relatively deviates from each other, there is
less possibility of invasion of water or the like into the
bearing through the both vent holes 469, 569.

[0092] (Sixth Embodiment)

[0093] A sealed rolling bearing according to a sixth
embodiment of the invention will be described below with
reference to FIGS. 7 and 8. Note that in the sealed rolling
bearing according to the sixth embodiment, the inner races,
the intermediate seal, etc., which forms the sealed rolling
bearing of the first embodiment are modified to have other
structures.

[0094] FIG. 7 shows a longitudinal cross section of a
four-row tapered roller bearing provided with a seal for
sealing as the sixth embodiment of a sealed rolling bearing
according to the present invention. Note that this view shows
an upper part of the longitudinal cross section of the bearing
excluding the shaft thereof. Note that the four-row tapered
bearing according to the sixth embodiment has the same
structure as that shown in FIG. 1, apart from portions
opposite to each other of the inner races 613, 613 and the
structure of an intermediate seal 619 provided therein.
Structural portions identical to those shown in FIG. 1 will
be indicated only by the referential numerals and symbols
and detailed description thereof will be omitted. Only the
structural portions which are different from those in FIG. 1
will be described below.
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[0095] In the sixth embodiment, a recess 609 (see FIG. 8)
is formed on the outer diameter side of surfaces with which
a pair of inner races 613, 613 are brought into contact with
each other in an opposite manner, and the annular interme-
diate seal 619 is fitted in this recess 609 to be retained. A
vent portion (omitted in the drawing) for ventilating the air
under an appropriately applied pressure is formed in a part
of this intermediate seal 619.

[0096] FIG. 8 is an enlarged cross-sectional view of the
part A in FIG. 7, for illustrating the structure of the inter-
mediate seal 619 for hermetically sealing the sealed rolling
bearing on the inner diameter sides of the inner races 613,
613.

[0097] The intermediate seal 619 is comprised of the main
body 6194 and a pair of annular protrusions 6195, 619¢ both
extended from the outer periphery thereof in the axial
direction. The main body 6194 is sandwiched by and
between the end surfaces 613c, 613c of the paired inner
races 613, 613 to be retained. O-rings 600, 600 for sealing
are disposed between the lower surfaces of the annular
protrusions 6195, 619¢ and the bottom surfaces of recesses
609 formed on the paired inner races 613, 613. The inside
and the outside of the both inner races 613, 613 arc scaled
by these O-rings 600. 600, thereby maintaining the air-tight
condition inside the bearing.

[0098] A part of the intermediate seal 619 which is
approximated to one end surface 613c¢ of the main body
619a of the seal is provided with a longitudinally elongated
space 6194 which is obtained by cutting away a part of the
main body 619a. The spaces 619d may be formed over the
entire periphery of the bearing. This space 6194 communi-
cates with the outside of the bearing or the inner peripheries
of the inner races 613, 613, so as to temporarily store the
water or the like which had invaded from the inner periph-
eral sides of the inner races 613, 613, thereby preventing
invasion of the water or the like into the bearing. A vent hole
619f is extended substantially from the center of this space
6194 to reach the inside of the bearing, that is, the outer
periphery of the main body 619a.

[0099] The vent hole 619f formed on the main body of the
intermediate seal 619 is arranged to suck the air from the
outside of the bearing into the bearing, or to evacuate the air
from the inside of the bearing to the outside, so as to balance
a pressure difference between the inside and the outside of
the bearing. The vent hole 619f may be provided with
suitable valve means or a suitable portion wall which
permits gas to pass but does not permit fluid to pass.

[0100] (Seventh Embodiment)

[0101] A sealed rolling bearing according to a seventh
embodiment of the invention will be described below. Note
that the sealed rolling bearing according to the seventh
embodiment is the same as that according to the first
embodiment, apart from an intermediate seal 719.

[0102] FIG. 9 is an enlarged cross-sectional view for
illustrating the structure of the intermediate seal 719 for
sealing a sealed rolling shaft on the side of the inner races
13, 13.

[0103] The intermediate seal 719 is comprised of an
annular support member 729 having a U-shaped cross
section, and a pair of lips 759, 759 formed of elastic
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members which are fixedly provided in bent portions 7294,
729a formed at the both ends of the annular support member
729. The tip ends of the both lips 759, 759 are brought into
contact with the side surfaces of the recess 9, and a gap
between the contact surfaces 13c, 13c of the paired inner
races 13, 13 is sealed, whereby the air-tight condition inside
the bearing can be maintained.

[0104] FIG. 10 is an enlarged cross-sectional view corre-
sponding to FIG. 9, for showing the heated state of the
intermediate seal 719. As clearly seen from the drawing,
when the annular support member 729 is heated, the bent
portions 729a, 7294 of the annular support member 729 are
further bent so that the lips 759, 759 supported by the bent
portions 7294, 729a are separated from the side surfaces of
the recess 9. As a result, the air can be sucked from the
outside of the bearing into the bearing, or can be evacuated
from the inside of the bearing to the outside, so as to
automatically balance a pressure difference between the
inside and the outside of the bearing. Note that when the
annular support member 729 returns to the normal tempera-
ture, the shape thereof returns to its original one, and the lips
759, 759 presses the side surfaces of the recess 9. Conse-
quently, the inside and the outside of the bearing can be
sealed.

[0105] FIG. 11 is a view for illustrating the structure of the
annular support member 729. This annular support member
729 is formed by bonding plate members 7294, 729¢ of
shape memory alloys having set temperatures together. The
bent portions 729a, 729a are in a state of being bent
substantially at right angles, as indicated by the solid lines,
when the annular support member 729 is at the normal
temperature. On the other hand, when the annular support
member 729 becomes at a high temperature, the bent por-
tions 729a, 7294 are further bent at acute angles, as indicated
by the dotted lines. Further, when the annular support
members 729 return to the normal temperature, the bent
portions 729a, 7294 return to their original positions indi-
cated by the solid lines.

[0106] In the above description, a member which is
obtained by bonding the plate members 7294, 729¢ of shape
memory alloys together is used as the annular support
member 729. However, it is possible to use a bimetal
member, instead, which is obtained by bonding materials
having different coefficients of linear expansion. In this case,
with an increase in temperature inside the sealed rolling
bearing, the bimetal can be bent to remove the pressure
difference between the inside and the outside of the bearing.

[0107] Note that the roll shaft 8 which is supported by the
inner races 13, 13 is drawn out of the inner races 13, 13 for
every several hours to every day to be exchanged. In this
case, the inner diameter surfaces of the inner races 13, 13
may be exposed and may be subjected to high hydraulic
pressure cleansing. In the case of the intermediate seal 719
of the seventh embodiment, since the lips 759, 759 and the
inner races 13, 13 are usually closed when the roll shaft 8 is
exchanged, the invasion of water or the like can be securely
prevented.

[0108] Also, in the above description, the lips 759, 759 are
arranged to be separated from the side surfaces of the recess
9. However, it is not always necessary to completely sepa-
rate the lips 759, 759 from the side surfaces of the recess 9.
For example, if a contact pressure with which the lips 759,
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759 press the side surfaces of the recess 9 is adjusted by
using deformation of the annular support member 729, both
the sealing function and the ventilating function can be
provided, so that when the sealing function is degraded,
generation of a negative pressure inside the bearing can be
prevented to some extent.

[0109] In addition, it is possible to provide a seal portion
of various kind of material which is deformed upon a change
in temperature, so as to adjust the atmospheric pressure
inside and outside the bearing by stopping or degrading the
sealing function upon the increase in temperature of the
bearing.

[0110] (Eighth Embodiment)

[0111] A sealed rolling bearing according to an eighth
embodiment of the invention will be described below with
reference to FIG. 12. Note that the sealed rolling bearing
according to the eighth embodiment is the same as that
according to the first embodiment, apart from an interme-
diate seal 819.

[0112] FIG. 12 is an enlarged cross-sectional view for
illustrating the structure of the intermediate seal 819 for
sealing a sealed rolling shaft on the side of the inner races
13, 13.

[0113] The intermediate seal 819 is comprised of a core
metal 829 for maintaining the shape of the seal, and an
elastic member 839 which is in tight contact with the side
walls and the bottom wall of the recess 9 of one of the inner
races 13. One lip 8395 having elasticity is extended from the
main part 849 of the elastic member 839. The lip 8385 is
brought into contact with the side surface of the recess 9 of
the other inner race 13 toward the inside of the bearing.

[0114] When the lip 8395 is brought into contact with the
side wall of the recess inward as described so as to generate
the negative pressure inside the bearing, or when the inner
races are rotated upon driving of the apparatus, the lip is
casily flexed due to the centrifugal force, to exhibit the
ventilating function (see FIG. 12B).

[0115] The lip 8396 may be provided with slits 839c¢ over
the entire periphery thereof at proper positions in the axial
direction, as shown in FIG. 12C, or, instead of the slits, may
be provided with portions having different rigidity so as to
adjust the degree of the enhanced ventilating function when
the negative pressure is generated or when the bearing is
driven.

[0116] (Ninth Embodiment)

[0117] A sealed rolling bearing according to a ninth
embodiment of the invention shown in FIG. 13 is provided
with a recess 609 which is formed on the outer diameter
surface side of the facing surfaces of the inner races 613,
613'. The facing surfaces other than the recess 609 are
brought into contact with each other. An intermediate seal
919 having the same structure as the intermediate seal 819
shown in FIG. 12 is provided in the recess 609. The third
embodiment has the same structure as those of the first and
sixth embodiments, apart from the inner races 613', 613' and
the intermediate seal 919.

[0118] In the ninth embodiment, the intermediate seal has
a core metal 929, and the main body of the seal is brought
into contact with the side wall and the bottom wall of the
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recess of the left inner race 613'. A seal lip 9395 protruding
from the main body 919a of the intermediate seal 919 is
brought into pressure contact with the side wall of the recess
609 of the right inner race 613' toward the inside of the
bearing.

[0119] Ttis possible to provide slits in the same manner as
in the eighth embodiment, or portions having different
rigidity also on the lip 939b of the intermediate seal 919
according to the ninth embodiment.

[0120] A function of the intermediate seal in the ninth
embodiment is the same as that of the seal of the sixth
embodiment shown in FIG. 7.

[0121] (Tenth Embodiment)

[0122] FIG. 14 shows a tenth embodiment of the inven-
tion. The tenth embodiment has the same structure as that of
the rolling bearing of the sixth embodiment, apart from an
intermediate seal thereof. Inner races 613, 613 of this
embodiment are arranged to form a recess 609 on the facing
surfaces of the inner races on the outer diameter side, with
a predetermined gap between the facing surfaces.

[0123] An annular intermediate seal A19 takes a bilateral
symmetrical form having portions A39b, A39¢ which are
extended from the main body portion A39a through the
recess 609 of the both inner races toward the both ends in the
axial direction, and a portion A394 which is brought into
contact with the facing surfaces of the inner races 613, 613
and is extended through the gap in the axial direction.

[0124] Recesses A39e, A39f are respectively formed on
the main body A39a of the intermediate seal to face the
bottom wall of the recess of the inner races 613, 613, and
elastic seal A39g, A39/ are fixedly provided there. Lips
A39i, A39j which are integrally formed with the elastic seals
are brought into contact with the bottom surfaces of the
recess of the inner races 613, 613 toward the inside the
bearing.

[0125] A function of this intermediate seal A39 is the same
as that of the sixth embodiment.

[0126] (Eleventh Embodiment)

[0127] The structure of a rolling bearing shown in FIG. 15
according to an eleventh embodiment of the invention is the
same as that shown in FIG. 1, apart from an intermediate
seal B19 thereof. More specifically, according to the elev-
enth embodiment, the structures of the inner races 13, 13 are
the same as those shown in FIG. 1. The eleventh embodi-
ment is different from the first embodiment only in that a lip
B19b of the intermediate seal B19 has a vent portion B19¢
formed of a material which transmits only gases, but no
liquid, instead of the slit 695 of the vent hole 69 which is
provided on the intermediate seal 19 of the first embodiment
shown in FIG. 2.

[0128] (Twelfth Embodiment)

[0129] The structure of a rolling bearing according to a
twelfth embodiment shown in FIGS. 16A and 16B is the
same C19 as that shown in FIG. 1, apart from an interme-
diate seal thereof.

[0130] The intermediate seal C19 of the twelfth embodi-
ment is different from that of the first embodiment only in
the position of a vent hole. In the twelfth embodiment, the



US 2001/0002939 Al

intermediate seal C19 is comprised of an elastic member
C39 and a core metal C29. The elastic member C39 is
integrally formed with a main body C39a and a lip 395. A
vent hole C39C is formed in the main body C39a, and a
cross-shaped slit C39¢ is formed on a partition wall C394 on
the bottom of the vent hole.

[0131] The ventilating function according to the twelfth
embodiment is the same as that of the first embodiment and
that of the eleventh embodiment. In addition, according to
the present embodiment, since the vent hole is not formed in
the lip portion, an adverse influence of the vent hole on the
performance of the lip can be avoided.

[0132] TInstead of having the slit C39e, the partition wall
C39d may be made of a material which transmits only gases
and no liquid as shown in FIG. 15.

[0133] (Thirteenth Embodiment)

[0134] The structure of a rolling bearing according to a
thirteenth embodiment shown in FIG. 17 is the same as that
shown in FIG. 1, apart from an intermediate seal D19.

[0135] The intermediate seal D19 of the thirteenth
embodiment is comprised of a core metal D29 and an elastic
member D39. The elastic member D39 is integrally formed
with a main body D39a and a lip D395 which is protruded
from the main body. The main body D30g is urged upon the
side wall and the bottom wall of the recess 9 of the left inner
race 13, and the tip end of the lip D395 is urged upon the side
walls of the recess 9 of the right inner race 13 outward the
outside of the bearing.

[0136] In the thirteenth embodiment, there are respec-
tively formed between the main body D39a of the elastic
member D39 and the bottom wall and the side walls of the
recess 7 of the left inner race 13 axial slits D39¢ and radial
slits D394 at proper intervals over the entire periphery
thereof. The slit D39¢ and the slit D39d communicate with
each other, to form a vent portion. The axial slit D39¢ and
the radial slit D39d are preferably provided with a little
phase shift therebetween.

[0137] FIG. 18 is a schematic view of this intermediate
seal D39, seen from the left side in FIG. 17, for illustrating
one of the plural axial slits D39¢ and one of the plural radial
slits D394.

[0138] The function of the thirteenth embodiment is the
same as that of the first embodiment.

[0139] In addition, it is possible to form interception ribs
D39¢ projected radially outwardly in the main body D39a of
the elastic member of the intermediate seal D19 at several
positions in the circumferential direction so as to intercept
between the radial slit D39 and the axial slit D39C at the
outer periphery of the seal, thereby setting a longer flow
path. Consequently, the function of preventing invasion of
water or other foreign substances through the slit D39d can
be enhanced.

[0140] Tt is also possible to provide a valve with a slit, like
in the first embodiment shown in FIG. 2, or a filter member
to transmit only gases but no fluid, like in the eleventh
embodiment shown in FIG. 15, in the flow path of a vent
mechanism which includes the axial slits D39¢ and the
radial slits D39e.
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[0141] (Fourteenth Embodiment)

[0142] A rolling bearing of a fourteenth embodiment
shown in FIG. 19 is the same as that of the first embodiment,
except an intermediate seal E19.

[0143] The intermediate seal E19 in the fourteenth
embodiment has a bilateral symmetrical structure, com-
prised of a pair of annular core metal members E29a, E29b
which are made of bimetal or shape memory alloy and
separated from each other bilaterally and symmetrically, and
an annular elastic member E39. The elastic member E39 has
a radially-outward annular protrusion E39b at the center
thereof protruded in the axial direction from the main body
E39a. The radially-outward annular protrusion E39a has a
flat outer peripheral surface. Annular lip portions E39b,
E39c are formed at the both ends in the axial direction to be
outward over the entire periphery from the main body E39a
of the elastic member E39. The axial annular lip portions
E39¢, E39d are urged upon the side walls of the recess
formed by the inner races 13, 13, respectively, at the tapered
tip ends thereof, at the normal temperature during non-
operation time of the bearing, as shown in FIG. 19A,
thereby securely preventing water or other foreign sub-
stances from invading into the bearing.

[0144] The intermediate seal E19 of the fourteenth
embodiment is inclined as a whole, as shown in FIG. 19B,
due to the function of the core metals E29a, E29b made of
bimetal or shape memory alloy, when the bearing tempera-
ture is increased during the operation, whereby the venti-
lating function can be enhanced to remove the pressure
difference between the inside and the outside of the bearing.

[0145] (Fifteenth Embodiment)

[0146] A rolling bearing of a fifteenth embodiment shown
in FIG. 20 is the same as that of the first embodiment, apart
from an intermediate seal F19.

[0147] According to the fifteenth embodiment, the inter-
mediate seal F19 which is fitted with pressure in a recess
between the facing surfaces of the inner races 13, 13, is
comprised of an annular core metal F29 and an annular
elastic member F39. The annular elastic member F39 is
comprised of a main body F39a which is urged upon the
bottom wall and the side wall of the recess of the left inner
race 13 and a lip portion F39b protruding from the main
body. A central downward bent portion of the lip portion
F39b takes an inner position in the radial direction than the
inner diameter surfaces of the inner races 13, 13 in the
normal state, that is, in a state where the rolling bearing is
removed from the roller shaft 8 as shown in FIG. 20A. On
the other hand, the tip end of the lip is urged upon the side
walls of the recess of the right inner race 13 to be tightly
sealed, thereby preventing water or other foreign substances
from invading from the inner diameter side into the bearing.
In this intermediate seal F19, when the rolling bearing is
assembled in the shaft 8, as shown in FIG. 20B, the inner
diameter surface of the lip F39b' is pushed onto the outer
peripheral surface of the shaft 8 to be flexed outward in the
radial direction, so that the tip end of the lip is separated
from the side walls of the recess of the right inner race 13
to enhance the ventilating function.
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[0148] (Sixteenth Embodiment)

[0149] A rolling bearing of a sixteenth embodiment of the
invention shown in FIG. 21 is the same as that of the first
embodiment shown in FIG. 1, apart from an intermediate
seal G19.

[0150] According to the sixteenth embodiment, the inter-
mediate seal G19 which is provided in a recess formed
between the facing surfaces of the right and left inner races
13, 13 has a bilateral symmetrical structure, and is com-
prised of an annular elastic member G39 and a retaining
member G29 which is made of, for example, a coil spring
fitted in an annular recess at the center of the inner diameter
of the annular elastic member G39. This retaining member
presses the elastic member toward the outer diameter by its
elasticity.

[0151] The elastic member G39 has an outer peripheral
surface G394 having the same diameter, and is brought into
face-to-face pressure contact with the bottom wall surface of
the recess between the inner races 13, 13 at the outer
peripheral surface, so as to seal the inside and outside of the
bearing. The right and left side portions G39¢, G394 of the
elastic member G39 are arranged not to be brought into
contact with the side walls of the recess between the right
and left inner races 13, 13. The elastic member G39 may be
made from synthetic rubber such as NBR or FKM or
synthetic resin such as polyamide resin.

[0152] In the sixteenth embodiment, the intermediate seal
G19 and the inner races 13, 13 are brought into contact with
each other in a face-to-face manner, whereby a contact
surface pressure is decreased to thereby obtain an enhanced
ventilating function.

[0153] Description will be made below on a comparative
test between a structure in which the seal is comprised of an
intermediate seal member and inner race surfaces brought
into face-to-face contact with each other, as shown in FIG.
21, and a structure in which the seal is comprised of a seal
lip of the intermediate seal member and the inner race
surfaces brought into linear contact with each other, as in the
conventional example shown in FIG. 22.

[0154] FIG. 27 is a schematic partial cross-sectional view
of an apparatus used in this comparative test. The test
apparatus has a sealed housing T2 which is fixed to a table
T1. A rotary shaft T3 is supported through a bearing T4 in
the central part of the sealed housing T2. Two race members
T13, T13 which are corresponding to the inner races of the
rolling bearing of the present invention are aligned in the
axial direction on the outer periphery of the rotary shaft
through a flange TS which is integrally assembled with the
rotary shaft. A recess T9 is formed in the inner diameter
portions of the facing surfaces of the race members. A
chamber on the inner diameter side formed between the race
members T13, T13, and the rotary shaft T3, and the housing
T2 is separated from an inner surface of the housing T2 and
a room corresponding to the inside of the bearing formed
outside the race members T13, T13, with a seal member T15
therebetween. The recess T9 is provided with a communi-
cation hole between the room corresponding to the inside of
the bearing and the inner diameter side chamber. The
chamber TA on the inner diameter side is opened to the air,
while the room TS corresponding to the inside of the bearing
communicates with a pressure adjusting member.
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[0155] The test is performed by fitting a face-to-face
contact intermediate seal which is corresponding to the
intermediate seal of the sixteenth embodiment of the present
invention shown in FIG. 23 which is subjected to the test
and a linear-contact seal corresponding to the seal of the
conventional example shown in FIG. 22 into the recess T9
formed between the facing surfaces of the two race members
T13, T13.

[0156] FIG. 25 and FIG. 26 show test results of the
ventilating function of the intermediate seal of the present
invention shown in FIG. 23 and that of the intermediate seal
of the prior art shown in FIG. 24. The experiment is to
observe and compare internal pressure changes (the venti-
lating functions) by making a pressure in the room corre-
sponding to the inside of the bearing to be negative in
advance. The broken line in the drawing indicates the
change according to the conventional art and the solid line
indicates the change according to the present invention. In a
stationary state shown in FIG. 25, a difference between the
both cases is not generated. However, at the time of rotation,
the pressure is restored to the atmospheric pressure for 1000
seconds or around in case of the face-to-face contact seal.
On the other hand, the pressure is hardly restored to the
atmospheric pressure when 3000 seconds have elapsed in
case of the linear-contact seal. It can be understood that the
ventilating function is conspicuously enhanced by the face-
to-face contact seal.

[0157] As described above, according to the present
invention, there is provided on the side of the above-
mentioned inner races the vent means which approximates
the fluid pressure inside the bearing space to the outside fluid
pressure by causing the air in the bearing space to commu-
nicate with the outside air when a difference between the
fluid pressure in the bearing space and the outside fluid
pressure becomes a predetermined value or more. Conse-
quently, if, for example, the heated sealed rolling bearing is
cooled, the fluid pressure in the bearing space is approxi-
mated to the outside fluid pressure, so that water or the like
are not taken into the bearing space.

What is claimed is:

1. A sealed rolling bearing in which a rolling member is
disposed in a bearing space formed between an outer race
and an inner race to rotate said outer race and said inner race
relatively to each other, and side seal members are disposed
at the both ends of said bearing space in the axial direction
thereof while a bore seal member is disposed on the side of
said inner race, thereby sealing said bearing space, charac-
terized in that: there is provided vent means on the side of
said inner race for approximating a fluid pressure in said
bearing space to an outside fluid pressure when state of said
fluid in said bearing space and state of said outside fluid
become a predetermined relationship.

2. A sealed rolling bearing according to claim 1, wherein
said inner race consists of two inner race elements adjacent
in the axial direction, an intermediate seal is disposed
between these two inner race elements, and said vent means
is disposed on said seal.

3. A sealed rolling bearing according to claim 2, wherein
said seal is provided with a valve with slit.

4. A sealed rolling bearing according to claim 2, wherein
said seal consists of a seal main body and a seal lip integrally
formed with said seal main body as a unitary structure, and
a valve with a slit capable of causing the inside of the
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bearing to communicate with the outside thereof is formed
on said seal main body or the seal lip.

5. A sealed rolling bearing according to claim 2, wherein
said vent means comprises a shape memory alloy or a
bimetal, and said seal is deformed by an increase of tem-
perature to cause the inside of the bearing to communicate
with the outside.

6. A sealed rolling bearing according to claim 2, wherein
said vent means is formed of a material for transmitting gas
and not transmitting liquid.

7. A sealed rolling bearing according to claim 2, wherein
said seal consists of a seal main body and a seal lip integrally
with said seal main body as a unitary structure, said seal lip
has a part with the diameter smaller than the inner diameter
of said inner race element in the natural condition, and, when
said bearing is assembled in a shaft, said part with the
smaller diameter is brought into contact with said shaft to
flux said seal lip, thereby changing the ventilating perfor-
mance.

8. A sealed rolling bearing according to claim 2, wherein
said seal consists of a seal main body and a seal lip integrally
with said seal main body as a unitary structure, said seal lip
is brought into contact with said inner race elements toward
the inside of the bearing, and the inside of the bearing is
caused to communicate to the outside when a negative
pressure of not less than a predetermined value is generated
in said bearing or when a centrifugal force is caused by
rotation of said inner race.
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9. A sealed rolling bearing according to claim 2, wherein
said seal consists of a seal main body and a seal lip integrally
with said seal main body as a unitary structure, and a slit for
adjusting the vent is disposed on said seal lip in the axial
direction thereof.

10. Asealed rolling bearing according to claim 2, wherein
said seal has elasticity and is brought into face-to-face
contact with said two inner race elements so as to seal the
inside and the outside of the bearing.

11. A sealed rolling bearing according to claim 1, wherein
said inner race consists of two inner race elements adjacent
in the axial direction thereof, an intermediate seal is dis-
posed between these two inner race elements, and a hole for
ventilation is formed in the vicinity of said intermediate seal
between said inner race elements.

12. Asealed rolling bearing according to claim 1, wherein
said inner race consists of two inner race elements adjacent
in the axial direction thereof, an intermediate washer is
disposed between these two inner race elements, and a hole
for ventilation is formed on said intermediate washer for
causing the inside of the bearing to communicate with the
outside when the negative pressure is generated in the
bearing.



