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Description

TECHNICAL FIELD

[0001] The seal assembly, the rolling bearing and the
hub unit in accordance with the present invention are
related, for example, to an improvement of the seal as-
sembly for rolling bearing to be incorporated into the ro-
tatable supporting structure of the support device etc. for
the wheels of an automobile or the like.

BACKGROUND

[0002] The rotatable supporting structures of various
types of mechanical devices are assembled with a rolling
bearing such as a ball bearing, a cylindrical roller bearing,
a tapered roller bearing or the like. This kind of a rolling
bearing is provided with a seal assembly for the purpose
of preventing the grease applied inside of this rolling bear-
ing from leaking out of the rolling bearing, and also pre-
venting various types of foreign objects such as rain wa-
ter, mud, dust and the like from entering the inside of the
rolling bearing. Figs. 25 to 27 are prior art, and show
three exemplary structures of the seal assembly provided
at the opening of the end portion of a rolling bearing for
this purpose.
[0003] First, the prior art structure as a first example
illustrated in Fig. 25 is described in JP 10-252762 A, that
forms the closest prior art is according to the preamble
of claim 1 composed of a metal core 5, a slinger 6 and a
sealing member 7. The metal core 5 among these ele-
ments is formed as a generally annular ring having an L-
shaped cross section, and composed of a radially outer
cylindrical portion 9 which can be internally fitted and
fixed to the inner peripheral surface of the end portion of
an outer race 8 and an inner circular ring portion 10 which
is bent inwardly in the radial direction at the inner end
edge of this radially outer cylindrical portion 9 in the axial
direction (the end edge located near the center of the
rolling bearing in the axial direction, i.e., the left end edge
as illustrated in Fig. 25). Also, the above slinger 6 is
formed as an annular ring having an L-shaped cross sec-
tion, and composed of a radially inner cylindrical portion
12 which can be externally fitted and fixed to the outer
peripheral surface of the end portion of an inner race 11
and an outer circular ring portion 13 which is bent out-
wardly in the radial direction at the axially outer end edge
of this inner cylindrical portion 12 (the end edge located
near the opening of the rolling bearing in the axial direc-
tion, i.e., the right end edge as illustrated in Fig. 25). Fur-
thermore, the above sealing member 7 is made of a re-
silient member, for example, an elastomer such as a rub-
ber, and provided with three seal lips 14 to 16, i.e., an
outer, an intermediate and an inner seal lip, whose base
end portion is fixedly connected to the above metal core
5. The outer seal lip 14, which is provided in the most
outer location, has its tip edge to be in slidable contact
with the inner surface of the outer circular ring portion 13

of the slinger 6. On the other hand, the intermediate seal
lip 15 and the inner seal lip 16, which are the remaining
two seal lips, have their tip edges to be in slidable contact
with the outer peripheral surface of the radially inner cy-
lindrical portion 12 of the above slinger 6.
[0004] Also, in the prior art D1 as illustrated in Fig. 25,
the thickness of the outer seal lip 14, which is located in
the outermost position among these three seal lips 14 to
16 of the above sealing member 7, is gradually decreas-
ing from the base end portion to the tip edge. Further-
more, the thickness of the inner seal lip 16, which is lo-
cated in the most inner position, is gradually decreasing
from the base end portion to the tip edge in the same
manner. This inner seal lip 16 is tilted in the direction
such that it goes outwardly in the axial direction of the
rolling bearing toward the tip edge thereof. Also, the in-
termediate seal lip 15 located in the intermediate position
has a thin base end portion, a thin tip edge and a thick
intermediate portion.
[0005] Furthermore, the prior art structure D2 as a sec-
ond example illustrated in Fig. 26 is approximately similar
as that of the above first example illustrated in Fig. 25.
Particularly, in the case of this example, an outer seal lip
14a, which is located in the most outer position among
these three seal lips 14a, 15a and 16, has the nearly
same thickness throughout the entire length from the
base end portion to the tip edge thereof. On the other
hand, the intermediate seal lip 15a located in the inter-
mediate position is designed to have a base end portion
thinner than the tip end portion thereof. In contrast to this,
in the case of the prior art structure as a third example
(D3) illustrated in Fig. 27, the thickness of the outer seal
lip 14 is gradually decreasing from the base end portion
to the tip edge thereof in the same manner as illustrated
in Fig. 25 showing the first example. The other structure
of the third example is similar as that of the second ex-
ample as illustrated in Fig. 26.
[0006] In any prior art structure of the first to third ex-
amples as described above, the opening of the end por-
tion of the rolling bearing is blocked with the slinger 6
slidably contacting the tip edge of the seal lip 14, 14a,
15, 15a or 16 of the sealing member 7. This result in
preventing the grease applied inside of this rolling bear-
ing from leaking out of the rolling bearing, and also pre-
venting various types of foreign matters such as rain wa-
ter, mud, dust and the like from entering the inside of the
rolling bearing.
[0007] There is desired, in the case of the three exem-
plary prior art structures as illustrated in Fig. 25 to Fig.
27, the improvement of the following points. That is, for
example, in the case where the three exemplary prior art
structures are applied to a rolling bearing to be incorpo-
rated into the support device for the wheels of an auto-
mobile, there may occurs a relative tilt between the inner
race 11 with the externally fitted slinger 6 and the outer
race 8 with the internally fitted metal core 5 (misalignment
between the central axes of the respective members 11
and 8) when the automobile takes a rapid turn. If the inner
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and outer races 11 and 8 are relatively tilted, the above
slinger 6 and the metal core 5 move partially close to
each other so that the above respective seal lips 14, 14a,
15, 15a and 16 are excessively compressed. Also, if the
inner race 11 is decentered from the outer race 8 for
some reason, the above respective seal lips 14, 14a, 15,
15a and 16 may be excessively compressed. When the
respective seal lips 14, 14a, 15, 15a and 16 are exces-
sively compressed, the so-called pressing force is in-
creased which is a force urging the tip edge of the seal
lips 14, 14a, 15, 15a and 16 against the slinger 6. Be-
cause of this, the tip edges of the respective seal lips 14,
14a, 15, 15a and 16 tend to wear, and therefore the seal-
ing performance is degraded at the slidably contacting
region between the slinger 6 and the respective seal lips
14, 14a, 15, 15a and 16. Also, in this case, the rotating
torque applied to the rolling bearing increases. Further-
more, if the inner and outer races 11 and 8 are relatively
tilted, the peripheral surfaces of both the inner and outer
races 11 and 8 move partially apart from each other to
decrease pressing force of the seal lips 14, 14a, 15, 15a
and 16 and increase the degree of risk that rain water
and the like enters the inside of the seal assembly. Taking
into consideration this situation, it is thought to increase
the initial interference of the above seal lips 14, 14a, 15,
15a and 16 to increase the above pressing force in whole.
However, in this case, when the inner and outer races
11 and 8 are relatively tilted, the pressing force of the
above seal lips 14, 14a, 15, 15a and 16 can be further-
more increased near the peripheral surfaces thereof
close to each other. Because of this, the tip edges of the
respective seal lips 14, 14a, 15, 15a and 16 would wear,
and therefore the sealing performance would be further-
more degraded. Also, the rotating torque applied to the
rolling bearing would increase.
[0008] In any prior art structure of the three examples
(D1-D3) as described above, the interference between
the slinger 6 and the tip edges of the intermediate seal
lips 15 and 15a and the outer seal lips 14 and 14a is not
suitably controlled. On the other hand, if this interference
is excessive, the tip edges of the above intermediate and
outer seal lips 15, 15a, 14 and 14a tend to wear, and
therefore the sealing performance is degraded in the long
term use at the slidably contacting region between the
slinger 6 and the respective the seal lips 15, 15a, 14 and
14a. Also, in this case, the rotating torque applied to the
rolling bearing (rotational resistance) increases. Con-
versely, if the interference between the slinger 6 and the
tip edges of the above intermediate and outer seal lips
15, 15a, 14 and 14a is excessively small, the pressing
force of the respective seal lips 15, 15a, 14, 14a against
the slinger 6 is excessively decreased. In this manner,
also in the case where the pressing force is excessively
decreased, the sealing performance is degraded at the
respective slidably contacting regions. The inventors of
the present invention therefore considered that the above
interference needs to be controlled within an appropriate
range for the purpose of improving the sealing perform-

ance of the respective slidably contacting regions.
[0009] Also, in the case of the second exemplary prior
art structure as illustrated in Fig. 26, since the outer seal
lip 14a has the nearly same thickness throughout the
entire length from the base end portion to the tip edge,
there are the following shortcomings to be improved.
Namely, if the outer seal lip 14a has the nearly same
thickness throughout the entire length in this manner, this
outer seal lip 14a tends to excessively bend at the base
end portion (the root portion) when this outer seal lip 14a
is urged against the slinger 6. When the outer seal lip
14a excessively bends at the base end portion (the root
portion), a large strain is generated near the base end
portion. Because of this, the motion following perform-
ance of the outer seal lip 14a responsive to the surface
movement of the slinger 6 is degraded by the increasing
resistance against the elastic deformation of the sealing
member 7 made of a resilient member such as a rubber
or the like. Also, in this case, since the stress relaxation
occurs in the vicinity of the above base end portion, the
pressing force of the above outer seal lip 14a on the
above slinger 6 is decreased with the elapse of time.
Accordingly, after long term use, the sealing performance
tends to be degraded at the slidably contacting region
between this outer seal lip 14a and the above slinger 6.
[0010] In contrast to this, in the case where the thick-
ness of the outer seal lip 14 is gradually decreasing from
the base end portion to the tip edge as illustrated in Fig.
25 and Fig. 27 showing the first and third examples, from
prior art the strain in the vicinity of the base end portion
can be decreased. However, the strain at the tip end por-
tion of the above outer seal lip 14 is large instead. For
this reason, in the same manner as the above second
example, the motion following performance of the outer
seal lip 14 responsive to the surface movement of the
slinger 6 is degraded, and the pressing force of this outer
seal lip 14 is decreased in the long term use. Also, in this
case, as illustrated in Fig. 27 showing the above third
example, the tip end portion of the outer seal lip 14 tends
to come into surface contact (surface-to-surface contact)
with the inner side surface of the outer circular ring portion
13 constituting the slinger 6. Then, when the tip end por-
tion of the outer seal lip 14 comes into surface contact in
this manner, the surface pressure is greatly decreased
at the contact portion between the tip end portion of this
outer seal lip 14 and the inner side surface of the outer
circular ring portion 13 such that the sealing performance
is easily degraded.
[0011] Also, in practical use of the seal assembly for
the rolling bearing, the slinger 6 rotates with displacement
in the axial and radial directions relative to the sealing
member 7 in accordance with the misalignment of the
respective components, the elastic deformation thereof
and so forth. Because of this, even in the case where the
outer seal lip 14a has the nearly same thickness through-
out the entire length as illustrated in Fig. 26 showing the
above second example, from prior art, the above outer
seal lip 14a can come into surface contact with the inner
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surface of the outer circular ring portion 13 when the slin-
ger 6 moves toward the sealing member 7. Incidentally,
if the entire length of the above outer seal lips 14 and
14a is made small, it is possible to suppress the above
surface-to-surface contact. However, in this case, it be-
comes difficult to secure the sealing performance when
the above slinger 6 moves apart from the above sealing
member 7. Taking into consideration the above situation,
the above outer seal lips 14 and 14a cannot be shortened
so much.
[0012] On the other hand, in the three exemplary prior
art structures (D1-D3) as described above, when a hard
foreign matter is bitten at the slidably contacting region
between the tip edge of the outer seal lips 14 and 14a
and the inner side surface of the outer circular ring portion
13, the abrasion at this slidably contacting region exces-
sively progresses. The sealing performance at the above
slidably contacting region is therefore largely lowered in
a short period of time after the excessive progress of
abrasion. In contrast to this, it is thought to prevent the
above foreign matter from being bitten by increasing the
pressing force of the outer seal lips 14 and 14a onto the
slinger 6. However, in this case, the abrasion of the tip
edge of the outer seal lips 14 and 14a is even more likely
to make it difficult to secure a sufficient sealing perform-
ance. Also, it is thought to provide another seal lip, as a
part of the sealing member 7, projecting from a position
apart from the base end portion of the outer seal lips 14
and 14a for the purpose of preventing foreign matter from
being bitten at the slidably contacting region between the
tip edge of the outer seal lips 14 and 14a and the inner
surface of the outer circular ring portion 13 by means of
this another seal lip. However, the provision of such an-
other seal lip may increase the torque of the rolling bear-
ing and substantially raise the cost of the seal assembly
for the rolling bearing.
[0013] Taking into consideration the above circum-
stances, the present invention is made for the purpose
of improving the sealing performance of a seal assembly.

DISCLOSURE OF THE INVENTION

[0014] The seal assemblies according to the present
invention are set out in the accompanying claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

Fig. 1 is a partly cut away, cross sectional view of a
first example of a seal embodying the present inven-
tion.
Fig. 2 is a partly cut away cross sectional view of the
first example of fig. 1 to show a seal member and
metal core before they are combined with a slinger.
Fig. 3 is a partly cut away, cross sectional view of a
second example embodying the present invention,
similar to Fig. 2.

Fig. 4 is an example of the conventional structure
used for comparison, similar to Fig. 2.
Fig. 5 is a view to show a distribution in the circum-
ferential direction of the pressing force of the inter-
mediate seal lip.
Fig. 6 is a diagram to show a relationship between
the ratio in thickness of the parts of the intermediate
seal lip, and the maximum value of the pressing force
of the intermediate seal lip.
Fig. 7 is a graph to show a distribution in the circum-
ferential direction of the pressing force of the inner
seal lip.
Fig. 8 is a graph to show a relationship between the
ratio in thickness of the parts of the inner seal lip,
and the maximum value of the pressing force of the
inner seal lip.
Fig.9 is a partly cut away, cross sectional view of a
third example embodying the present invention.
Fig. 10 is a graph to show a relationship between
the ratio of interference to diameter, and the pressing
force with respect to the intermediate seal lip.
Fig. 11 is a graph to show a relationship between
the ratio of interference to diameter, and the pressing
force with respect to the outer seal lip.
Fig. 12 is a partly cut away, cross sectional view of
a fourth example embodying the present invention,
similar to Fig. 2.
Fig. 13 is a cross sectional view of part of the as-
sembled structure of the fourth example.
Fig. 14 is a view to show a relationship between the
thickness at three locations of the outer seal lip and
the maximum strain.
Fig.15 is a partly cut away, cross sectional view of a
fifth example embodying the present invention, sim-
ilar to Fig. 2.
Fig. 16 is a cross sectional view of part of the as-
sembled structure of the fifth example.
Fig. 17 is a partly cut away, cross sectional view of
a sixth example embodying the present invention,
similar to Fig. 2.
Fig.18 is a partly cut away, cross sectional view of a
seventh example embodying the present invention.
Fig. 19 is a partly cut away, cross sectional view of
an eighth example embodying the present invention,
similar to Fig. 2.
Fig. 20 is a cross sectional view of part of the as-
sembled structure of the eighth example.
Fig. 21 is cross sectional view to show a hub unit
with a sealing assembly of the present invention in-
stalled in it.
Fig. 22 is a partly cut away, cross sectional view of
a ninth example embodying the present invention.
Fig. 23 is a partly cut away, cross sectional view of
a tenth example embodying the present invention.
Fig. 24 is a partly cut away, cross sectional view of
an eleventh example embodying the present inven-
tion.
Fig. 25 is a cross sectional view of part of a first ex-
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ample of the conventional structure from prior art.
Fig. 26 is a cross sectional view of part of a second
example of the conventional structure from prior art.
A
Fig. 27 is a cross sectional view of part of a third
example of the conventional structure from prior art.

BEST MODE FOR CARRYING OUT THE INVENTION

[0016] Figs. 1 and 2 show a first example of the em-
bodiment of the present invention corresponding to the
first and second. The seal assembly 17 is composed of
a metal core 5, a slinger 6 and a sealing member 7a. The
metal core 5 among these elements is formed in a single
body by punching process, such as press work, and plas-
tic-working process of a metallic plate such as a low-
carbon steel plate. The metal core 5 is formed in a gen-
erally annular ring shape having an L-shaped cross sec-
tion, and composed of a radially outer cylindrical portion
9 which can be internally fitted and fixed to the inner pe-
ripheral surface of the end portion of the outer race 8
(see Fig. 25) of the rolling bearing and an inner circular
ring portion 10 which is bent inwardly in the radial direc-
tion from the end edge at the axially inner end of this
radially outer cylindrical portion 9 (the left edge as illus-
trated in Figs. 1 and 2).
[0017] The above slinger 6 is also integrally formed in
a single body by punching process, such as press work,
and plastic-working process of a metallic plate having an
excellent corrosion resistance such as a stainless steel
plate. The slinger 6 is formed in a generally annular ring
shape having an L-shaped cross section, and composed
of, as the components of the above rolling bearing, a
radially inner cylindrical portion 12 which can be exter-
nally fitted and fixed to the outer peripheral surface of the
end portion of an inner race 11 (see Fig. 25) of the rolling
bearing and an outer circular ring portion 13 which is bent
outwardly in the radial direction from the edge at the ax-
ially outer end of this radially inner cylindrical portion 12
(the right edge as illustrated in Figs. 1 and 2). Meanwhile,
Fig. 2 illustrates the seal assembly 17 before the slinger
6 is engaged with the metal core 5 and the sealing mem-
ber 7a.
[0018] Also, the above sealing member 7a is made of
a resilient member, for example, an elastomer such as
a rubber, and provided with three seal lips 14, 15a and
16a, i.e., an outer, an intermediate and an inner seal lip,
whose base end portion is fixedly connected to the above
metal core 5. The outer seal lip 14, which is provided in
the outermost location, has the tip edge to be in slidable
contact with the inner surface of the outer circular ring
portion 13. On the other hand, the intermediate seal lip
15a and the inner seal lip 16a, which are the remaining
two seal lips, have tip edges to be in slidable contact with
the outer peripheral surface of the inner cylindrical portion
12 of the above slinger 6. Then, at least a location of the
base end portion of the above intermediate seal lip 15a
(the most thin location) is designed to have a thickness

d2 satisfying 0.2· d1 � d2 � 0.8· d1, where d1 is the thick-
ness of a location of the tip end portion of the intermediate
seal lip 15a (the most thick location). For example, the
thickness d2 of the location of the above base end portion
is about 0.5 times the thickness d1 of the location of the
above tip end portion (d2 � 0.5· d1) within the above
predetermined range.
[0019] Furthermore, at least a location of the base end
portion of the above inner seal lip 16a (the most thin lo-
cation) is designed to have a thickness D2 satisfying 0.5
· D1 � D2 < D1, where D1 is the thickness of a location
of the tip end portion of the inner seal lip 16a (the most
thick location). For example, the thickness D2 of the lo-
cation of the above base end portion is about 0.6 times
the thickness D1 of the location of the above tip end por-
tion (D2 � 0.6D1) within the above predetermined range.
[0020] Furthermore, in the case of this example, the
above three seal lips 14, 15a and 16a are tilted outwardly
in the axial direction of the above rolling bearing toward
the tip edges thereof respectively. Then, with the tip edge
of the inner seal lip 16a most inwardly located being abut-
ted against the outer peripheral surface of the radially
inner cylindrical portion 12 constituting the above slinger
6, the interference is nearly zero with no or very little
elastic deformation of the above inner seal lip 16a. For
this reason, the inner diameter of the above inner seal
lip 16a in its free state is designed to be almost the same
in size as the outer diameter of the above inner cylindrical
portion 12. For example, in the case of the rolling bearing
for supporting the wheels of an automobile, the outer
diameter D12 of the radially inner cylindrical portion 12 is
about 40 mm to 70 mm, and in this case, the inner diam-
eter R16a of the above inner seal lip 16a in its free state
is regulated to be no smaller than the above outer diam-
eter D12 minus 0.5 mm and no lager than this outer di-
ameter D12 plus 0.2 mm, that is {(D12-0.5 mm) � R16a
� (D12 + 0.2 mm)}.
[0021] In the case of the seal assembly as described
above and the rolling bearing implemented therewith, the
thicknesses d2 and D2 at the base end of the intermediate
seal lip 15a and the inner seal lip 16a are designed to be
small, and the tip edge of this inner seal lip 16a is exter-
nally fitted onto the outer peripheral surface of the radially
inner cylindrical portion 12 constituting the slinger 6 with
almost zero interference. Accordingly, even if the inner
race 11 is tilted or decentered relative to the outer race
8 so that the slinger 6 and the metal core 9 move close
to each other, the tip edges of the respective intermediate
and inner seal lips 15a and 16a well follow the movement
of the surface of the above slinger 6 to limit the variation
of the pressing force of the respective intermediate and
inner seal lips 15a and 16a. Accordingly, it is possible to
obtain a good sealing performance by inhibiting the abra-
sion of these intermediate and inner seal lips 15a and
16a, and inhibit the increase in the rotating torque of the
rolling bearing.
[0022] Furthermore, in the case of this example, all the
three seal lips 14, 15a and 16a inclusive of the above
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inner seal lip 16a are tilted outwardly in the axial direction
of the above rolling bearing toward the tip edges thereof
respectively, and therefore the grease applied inside of
this rolling bearing can adequately be supplied to the
slidably contacting region between the slinger 6 and the
tip edges of the respective seal lips 14, 15a and 16a.
Accordingly, it is possible to maintain the lubrication con-
dition of the respective slidably contacting regions, attain
the lower rotating torque of the rolling bearing, and im-
prove the sealing performance of the above respective
slidably contacting regions by closing the respective sli-
dably contacting regions with a grease. Furthermore,
since the base end portions of all the seal lips 14, 15a
and 16a are located apart from each other, the movement
of each seal lip shall not interfere with the movement of
an adjacent seal lip. Accordingly, since the tip edges of
the above respective the seal lips 14, 15a and 16a sat-
isfactorily follow the movement of the surface of the
above slinger 6, it is possible to attain a more satisfactory
sealing performance and limit the increase in the rotating
torque of the rolling bearing.
[0023] Next, Fig. 3 shows a second example of the
embodiment of the present invention corresponding to
the first and second aspects. In the case of this example,
differing from the first example as described above, an
inner seal lip 16b, which is located in the innermost po-
sition among these three seal lips 14, 15a and 16b con-
stituting a sealing member 7b, is tilted in the direction to
the center of the rolling bearing in the axial direction to-
ward the tip edge thereof. Then, with the tip edge of the
inner seal lip 16b being abutted against the outer periph-
eral surface of the radially inner cylindrical portion 12
constituting the above slinger 6, the interference is nearly
zero with no or very little elastic deformation of the above
inner seal lip 16b. Also, in the same manner as the above
first example, at least a location of the base end portion
of the above inner seal lip 16b (the most thin tip edge
portion) is designed to have a thickness D2 satisfying 0.5
· D1 � D2 < D1, where D1 is the thickness of a location
of the tip end portion of the inner seal lip 16b (the most
thick location).
[0024] In the case of this example, however, differing
from the first example, the inner seal lip 16b is tilted in
the direction to the center of the rolling bearing in the
axial direction toward the tip edge thereof. Because of
this, the grease applied inside of this rolling bearing tends
relatively not to be supplied to the slidably contacting
region between the slinger 6 and the tip edges of the
respective outer and intermediate seal lips 14 and 15a,
and therefore there is the possibility of decreasing the
sealing performance and increasing the rotating torque
of the rolling bearing as compared to the case of the first
example. However, even in the case of this example,
when the inner race 11 is tilted or decentered relative to
the outer race 8 (see Fig. 25) so that the slinger 6 and
the metal core 9 move close to each other, the tip edges
of the respective intermediate and inner seal lips 15a and
16b can satisfactorily follow the movement of the surface

of the above slinger 6 to limit the variation of the pressing
force of the respective intermediate and inner seal lips
15a and 16b. Accordingly, although being inferior to the
performance of the first example, it is also possible to
attain a satisfactory sealing performance and limit the
increase in the rotating torque of the rolling bearing by
inhibiting the abrasion of the respective intermediate and
inner seal lips 15a and 16b.
[0025] The structures and the functionality of the other
members are similar to those of the first example as de-
scribed above, and therefore redundant explanation is
not repeated while like reference numbers indicate func-
tionally similar elements.
[0026] Next, the result of a first simulation conducted
by the inventors for confirming the advantages of this
example will be explained. This first simulation was con-
ducted to investigate the influence of the thickness of the
base end portions of the intermediate seal lip and the
inner seal lip upon the pressing forces of the respective
seal lips by the use of the conventional structure as illus-
trated in Fig. 4 and the structure illustrated in Figs. 1 to
2 as described above.
[0027] Meanwhile, in the conventional structure as il-
lustrated in Fig. 4, the ratio d2’/d1’ of the thickness d2’ of
the location of the base end portion of the intermediate
seal lip 15b (the most thick location) to the thickness d1’
of the location of the tip end portion of the intermediate
seal lip 15b (the most thin location) was 1.5, and the ratio
D2’/D1’ of the thickness D2’ of the location of the base
end portion of the inner seal lip 16c (the most thick loca-
tion) to the thickness D1’ of the location of the tip end
portion of the inner seal lip 16c (the most thin location)
was 1.2. In contrast to this, in the case of the structure
according to Figs. 1 to 2 as described above, the ratio
d2/d1 of the thickness d2 of the location of the base end
portion of the intermediate seal lip 15a (the most thin
location) to the thickness d1 of the location of the tip end
portion of the intermediate seal lip 15a (the most thick
location) was 0.5, and the ratio D2/D1 of the thickness D2
of the location of the base end portion of the inner seal
lip 16a (the most thin location) to the thickness D1 of the
location of the tip end portion of the inner seal lip 16a
(the most thick location) was 0.6. Then, with the slinger
6 being tilted relative to the metal core 5 at a predeter-
mined angle in the above conventional structure and the
structure, the finite element method was applied for ob-
taining the distribution of the pressing force of the inter-
mediate seal lips 15a and 15b and the inner seal lips 16a
and 16c in the circumferential direction of the respective
slidably contacting regions.
[0028] First, Fig. 5 shows the result of simulation con-
ducted by the inventors with the intermediate seal lips
15a and 15b. Meanwhile, in Fig. 5, the abscissa shows
the location in the circumferential direction of the slidably
contacting region between the peripheral surface of the
slinger 6 and the tip edges of the intermediate seal lips
15a and 15b, and the ordinate shows the pressing forces
of the above intermediate seal lips 15a and 15b. Also,
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the numerical values of this ordinate are values relative
to the average value of the pressing force of the interme-
diate seal lip 15b of the conventional structure with the
slinger 6 being not tilted relative to the metal core 5. Also,
in the same figure, the pressing forces of the intermediate
seal lips 15a and 15b with the slinger 6 being tilted relative
to the metal core 5 at the above predetermined angle are
plotted respectively by a solid line and by a broken line
according to the conventional structure. Incidentally, the
one-dot chained line shows the pressing force with the
slinger 6 being not tilted relative to the metal core 5 ac-
cording to the conventional structure.
[0029] As apparent from the result of simulation as il-
lustrated in Fig. 5, when the slinger 6 was tilted relative
to the metal core 5 in the conventional structure, the
pressing force varied in the range of about 0.6 to about
1.4 in the circumferential direction of the slidably contact-
ing region. In contrast to this, in the case of the structure,
the above pressing force varied in the range of about 0.8
to about 1.2. As apparent from the results, even when
the slinger 6 is tilted relative to the metal core 5, it is
possible to reduce the difference between the maximum
value and the minimum value of the pressing force of the
intermediate seal lip 15a.
[0030] Also, Fig. 6 shows the result of obtaining the
relationship between the maximum value of the pressing
force and the thickness of the base end portion of the
intermediate seal lip 15a or 15b. In the same figure, the
abscissa shows the ratio d2/d1 (d2’/d1’) between the thick-
ness d2 (d2’) of the base end portion and the thickness
d1 (d1’) of the tip end portion of the intermediate seal lips
15a and 15b, and the ordinate shows the maximum value
of the pressing force the intermediate seal lips 15a and
15b. Also, the arrow "a" indicates the range of the above
ratio d2/d1 (d2’/d1’)
[0031] As apparent from the result of simulation as il-
lustrated in Fig. 6, if the above ratio d2/d1 (d2’/d1’) exceeds
0.8, the maximum value of the above pressing force
quickly increases. This results not only in excessively
increasing the rotating torque of the rolling bearing but
also in increasing the strain of the sealing member,
whose operating life is thereby shortened. In contrast to
this, in the case where the above ratio d2/d1 (d2’/d1’) falls
within 0.8, the maximum value of the above pressing
force can be maintained low. However, if the above ratio
d2/d1 (d2’/d1’) falls below 0.2, the above pressing force
becomes too small and therefore the sealing perform-
ance of the rolling bearing is degraded. For this reason,
various types of foreign matters such as rain water, mud,
dust and the like tend to enter the inside of the rolling
bearing. Namely, if the above ratio d2/d1 (d2’/d1’) falls
below 0.2, the thickness of the base end portion of the
intermediate seal lip becomes too small to obtain a nec-
essary sealing performance even by increasing in some
degree the contact area between the tip end portion of
this intermediate seal lip and the outer peripheral surface
of the slinger.
[0032] Next, Fig. 7 shows the result of simulation for

obtaining the circumferential distribution of the pressing
force of the inner seal lips 16a and 16c. The relationship
between the ordinate and the abscissa in this Fig. 7 is
the same as that of the intermediate seal lips 15a and
15b illustrated in Fig. 5. In this case, the pressing forces
of the above inner seal lips 16a and 16c with the slinger
6 being tilted relative to the metal core 5 at the predeter-
mined angle are plotted respectively by a solid line and
by a broken line according to the conventional structure.
Incidentally, the one-dot chained line shows the pressing
force with the slinger 6 being not tilted relative to the metal
core 5 in the structure. As apparent from Fig. 7, since the
tip edge of the inner seal lip 16a comes in contact with
the outer peripheral surface of the slinger 6 with approx-
imately zero interference, the pressing force of the above
inner seal lip 16a becomes approximately zero with the
slinger 6 being not tilted relative to the metal core 5. Also,
when the slinger 6 is tilted relative to the metal core 5 at
a predetermined angle, if the maximum value of the
pressing force of the inner seal lip 16c is 1 in the case of
the above conventional structure, the maximum value of
the pressing force of the inner seal lip 16a becomes sig-
nificantly small as about 0.1 in the structure.
[0033] Also, Fig. 8 shows the result of obtaining the
relationship between the thickness of the base end por-
tion of the inner seal lip 16a or 16c and the maximum
value of the pressing force. In the same figure, the rela-
tionship between the abscissa and the ordinate is the
same as illustrated in Fig. 6. Also, the arrow "b" indicates
the range of the ratio D2/D1 (D2’/D1’) between the thick-
ness D2 (D2’) of the base end portion and the thickness
D1 (D1’) of the tip end portion of the inner seal lips 16a
and 16c As apparent from the result as illustrated in Fig.
8, if the above ratio D2/D1 (D2’/D1’) is no smaller than
1.0, the maximum value of the above pressing force
quickly increases. This results not only in excessively
increasing the rotating torque of the rolling bearing but
also in increasing the strain of the sealing member,
whose operating life is thereby shortened. In accordance
with the experiment conducted by the inventors of the
present invention, when the above ratio D2/D1 (D2’/D1’)
was at least 1.0, the abrasion of the inner seal lip be-
comes significant to shorten the life thereof. In contrast
to this, in the case where the above ratio D2/D1 (D2’/D1’)
is smaller than 1.0, the maximum value of the above
pressing force can be maintained low. However, if the
above ratio D2/D1 (D2’/D1’) is smaller than 0.5, thickness
of the above inner seal lips 16a and 16c becomes ex-
cessively small to significantly decrease the strength.
[0034] From the result of the simulation and the exper-
iments, it was confirmed that the advantages as de-
scribed above can be obtained. Also, it was confirmed
that the strength of the inner seal lips 16a and 16b can
be secured in accordance with the present example.
[0035] Next, Fig. 9 shows a third example of the em-
bodiment of the present invention corresponding to the
first and second aspects. Meanwhile, in Fig. 9, the slinger
6 as an annular member and the sealing member 7c are
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illustrated in the respective free states, partially overlap-
ping each other, and the illustration does not correspond
to an actual assembled condition. In the case of this ex-
ample, among these three seal lips 14a, 15a and 16d
constituting the above sealing member 7c, i.e., an outer,
an intermediate and an inner seal lip, the outer seal lip
14, which is located in the outermost position is tilted
outwardly in the radial direction of the rolling bearing to-
ward the tip edge thereof. Also, the intermediate seal lip
15a located in the intermediate position and the inner
seal lip 16d located in the innermost position are tilted
outwardly in the axial direction of the above rolling bear-
ing toward the tip edges thereof respectively. Also, in the
case of this example, this inner seal lip 16d has the nearly
same thickness throughout the entire length from the
base end portion to the tip edge. Incidentally, in the case
of this example, the above outer seal lip 14 corresponds
to the axially oriented seal lip of the second aspect, and
the above inner seal lip 16d corresponds to the radially
oriented seal lip of the first aspect.
[0036] Then, in the case of this example, the thickness
d2 of the base end portion of the above intermediate seal
lip 15a is smaller than the thickness d1 of the tip end
portion of this intermediate seal lip 15a (d2 < d1). Also,
the interference between the intermediate seal lip 15a
and the slinger 6 as well as the interference between the
outer seal lip 14 and the slinger 6 are controlled within
the respective predetermined range. That is, in the case
of this example, the diametrical interference between the
tip edge of the above intermediate seal lip 15a and the
outer peripheral surface of the radially inner cylindrical
portion 12 constituting the slinger 6 is designed to be L1
in the radial direction of this radially inner cylindrical por-
tion 12. Also, the interference between the tip edge of
the above intermediate seal lip 14 and inner surface of
the outer circular ring portion 13 constituting the slinger
6 is designed to be L2 in the axial direction of this outer
circular ring portion 13. Furthermore, the diameter of the
fitting portion between the outer peripheral surface of the
inner race 11 and the inner peripheral surface of the ra-
dially inner cylindrical portion 12 is designed to be R.
Then, in this case, the respective dimensions are deter-
mined in order that 0.010 � L1/R � 0.020 and 0.008 �
L2/R � 0.015.
[0037] In the case of the seal assembly according to
the present example as described above and the rolling
bearing implemented therewith, the sealing performance
can be improved by suitably controlling the interference
of the respective outer and intermediate seal lips 14 and
15a. Because of this, it is possible to prevent the grease
applied inside of the rolling bearing from leaking out and
various types of foreign matters such as rain water, mud,
dust and the like from entering the inside of the rolling
bearing. Furthermore, the rotating torque of the rolling
bearing is prevented from excessively increasing.
[0038] The structures and the functionality of the other
members are similar to those of the first example as il-
lustrated in Figs. 1 and 2. Also, this example can be prac-

ticed in combination with the first example as described
above. Meanwhile, although not shown in the figure, it
will be appreciated in the case of the second example
that the inner seal lip may be tilted in the direction to the
axial center of the rolling bearing toward the tip edge
thereof.
[0039] Next, the result of a second simulation conduct-
ed by the inventors of the present invention for confirming
the advantages of this example will be explained. In this
second simulation, first, the pressing force of the inter-
mediate seal lip 15a of the above structure of the third
example as illustrated in Fig. 9 was obtained with varying
values of the ratio L1/R of the diametrical interference L1
between the tip edge of the intermediate seal lip 15a and
the outer peripheral surface of the radially inner cylindri-
cal portion 12 to the diameter R of the fitting portion be-
tween the outer peripheral surface of the inner race 11
and the inner peripheral surface of the radially inner cy-
lindrical portion 12. The result of simulation as conducted
in this manner is shown in Fig. 10. Meanwhile, in Fig. 10,
the abscissa and the ordinate show the above ratio L1/R
and the pressing force of the intermediate seal lip 15a
respectively. Also, the numerical values of this ordinate
are values relative to, as a reference value, the pressing
force when the above ratio L1/R was 0.015. Also, the
arrow "c" indicates the range of the above ratio L1/R in
accordance with the first aspect of the present invention.
As apparent from the result of simulation as illustrated in
Fig. 10, if the above ratio L1/R is smaller than 0.010, the
pressing force of the intermediate seal lip 15a quickly
decreases. In contrast to this, if the above ratio L1/R is
0.010 or larger, the pressing force of the intermediate
seal lip 15a can be sufficiently secured, that is 0.8 or
larger. Also, in accordance with the durability test con-
ducted by the inventors of the present invention, with the
above ratio L1/R being smaller than 0.010, the pressing
force excessively decreased to shorten the life of the seal,
and therefore water easily entered the inner space of the
rolling bearing. On the other hand, when the above ratio
L1/R exceeds 0.020, the maximum strain of the sealing
member 7c increases to 15 %, and in addition to this, the
pressing force becomes excessively large to increase
the abrasion between the intermediate seal lip 15a and
the slinger 6 and, to shorten the life of the seal than length-
ening it.
[0040] Also, in the above simulation, the finite element
method was applied for obtaining the pressing force of
the outer seal lip 14 of the above structure of the third
example as described above with varying values of the
ratio L2/R of the interference L2 between the tip edge of
the outer seal lip 14 and the inner surface of the radially
outer circular ring portion 13 to the diameter R of the
above fitting portion. The result of simulation as conduct-
ed in this manner is shown in Fig. 11. Meanwhile, in Fig.
11, the abscissa and the ordinate show the above ratio
L2/R and the pressing force of the above outer seal lip
14 respectively. Also, the numerical values of this ordi-
nate are values relative to, as a reference value, the
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pressing force when the above ratio L2/R was 0.010. Al-
so, the arrow "d" indicates the range of the above ratio
L2/R in accordance with the first aspect of the present
invention. As apparent from the result of simulation as
illustrated in Fig. 11, if the above ratio L2/R is smaller
than 0.008, the pressing force of the outer seal lip 14
quickly decreases. In contrast to this, if the above ratio
L2/R is at least 0.008, the pressing force of the above
outer seal lip 14 can be sufficiently secured to be 0.9 or
larger. Also, in accordance with the durability test con-
ducted by the inventors of the present invention, the
pressing force excessively decreased with the above ra-
tio L2/R being smaller than 0.008 to shorten the life of
the seal, and therefore water easily entered the inner
space of the rolling bearing. On the other hand, when the
above ratio L2/R exceeds 0.015, the maximum strain of
the sealing member 7c increases to 15 %, and in addition
to this, the pressing force becomes excessively large to
increase the abrasion between the outer seal lip 14 and
the slinger 6 and to shorten the life of the seal than length-
ening it. From the results of the simulation and the dura-
bility test as described above, the advantages of this ex-
ample have been confirmed.
[0041] Next, Figs. 12 and 13 show a fourth example
embodying the present invention corresponding to the
second aspect. In the case of this example, an inner seal
lip 16d, which is located in the innermost position among
these three seal lips 14b, 15a and 16d constituting a seal-
ing member 7d, is designed to have the nearly uniform
thickness throughout the entire length from the base end
portion to the tip edge. Particularly, in the case of this
example, the outer seal lip 14b, which is located in the
outermost position among these three seal lips 14b, 15a
and 16d, is designed to have a base end portion, an in-
termediate portion and a tip end portion. Hence, in the
case of this example, a phantom line segment "s" is des-
ignated such that it passes the center in the thickness
direction throughout the entire length of the above outer
seal lip 14b. Then, a point C is designated such that it is
located in the center point between the base and tip ends
A and B of this phantom line so that the length therefrom
to the base end A is equal to the length therefrom to the
tip end B. Also, the thickness of the above outer seal lip
14b is assumed to be t1 at the base end A, t2 at the center
point C and t3 at the tip end B. Then, in this case, the
respective thicknesses t1, t2 and t3 of the above outer
seal lip 14b satisfy 0.70 < t2/t1 < 0.85 and 0.35 < t3/t1 <
0.65. Incidentally, while the above outer seal lip 14b may
be provided with a notch, a projection or the like for sev-
eral reasons, the above thicknesses t1, t2 and t3 are de-
fined on the assumption that such a notch, a projection
or the like does not exist.
[0042] In the case of this example as constructed, the
strain generated in the outer seal lip 14b can be reduced,
and therefore it is possible to maintain the pressing force
of this outer seal lip 14b to the slinger 6 constant in the
long term use. Because of this, in accordance with the
structure of this example, the improved sealing perform-

ance can be maintained in the long term use. Also, even
when the inner race is tilted relative to the outer race, the
outer seal lip 14b can satisfactorily follow the movement
of the slinger 6 so that the sealing performance can be
improved. The structures and the functionality of the oth-
er members are similar to those of the first example as
illustrated in Figs. 1 and 2, and therefore redundant ex-
planation is not repeated.
[0043] Next, the result of a third simulation conducted
by the inventors of the present invention to confirm the
advantages of this example will be explained. In this third
simulation, the finite element method was applied for ob-
taining the maximum strain generated in the outer seal
lip 14b on the basis of the ratio t2/t1 of the thickness t2 at
the center point C to the thickness t1 at the base end A
and the ratio t3/t1 of the thickness t3 at the tip end B to
the thickness t1 at the base end A. Meanwhile, this sim-
ulation was performed by assigning 60 mm to the inner
diameter d12 of the radially inner cylindrical portion 12
constituting the slinger 6, 80 mm to the outer diameter
D9 of the radially outer cylindrical portion 9 constituting
the metal core 5, and 4 mm to the entire width L17 of the
seal assembly 17 after assembling. Also, 0.8 mm was
assigned to the interference in the axial direction of the
outer seal lip 14b with the inner surface of the outer cir-
cular ring portion 13 constituting the above slinger 6. The
maximum strain generated in this outer seal lip 14b was
then obtained with varying values of the thicknesses t1,
t2 and t3 at the respective positions of this outer seal lip
14b on the assumption that the pressing force of this
outer seal lip 14b (the force to urge the tip edge against
the outer circular ring portion 13) is not changed.
[0044] Fig. 14 shows the result of simulation conducted
in this manner. Meanwhile, in Fig. 14, the numeral asso-
ciated with each curve indicates the ratio of the maximum
strain generated in the above outer seal lip 14b. This ratio
was obtained by assigning "1" to the maximum strain
generated in the outer seal lip 14b when the thickness t1
at the base end A, the thickness t2 at the center point C
and the thickness t3 at the tip end B were set equal to
each other under the condition as assumed above. Also,
in the same figure, the arrow "e" indicates the range of
the ratio t2/t1 of the above outer seal lip 14b. Furthermore,
the arrow "f" indicates the range of the ratio t3/t1 of the
above outer seal lip 14b. As apparent from the result of
simulation as illustrated in Fig. 14, if the above ratios t2/t1
and t3/t1 fall within the ranges 0.70<t2/t1<0.85 and
0.35<t3/t1<0.65, it is possible to minimize the maximum
of strain generated in the above outer seal lip 14b.
[0045] Next, Figs. 15 and 16 show a fifth example of
the embodiment of the present invention corresponding
to the second aspect. In the case of this example, the
thickness of the inner seal lip 16d constituting the sealing
member 7e is designed to have the nearly same thick-
ness throughout the entire length from the base end por-
tion to the tip edge. Also, the thickness of the outer seal
lip 14c, that is an axially oriented seal lip, is gradually
decreasing from the base end portion to the tip edge.
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Then, a projection 18 having a sharp end is formed
around the entire circumference on the side surface of
the tip end portion of this outer seal lip 14c which is on
the radially inward side in the free state thereof. The tip
edge of this projection 18 is abutted to the inner surface
of the outer circular ring portion 13 of this slinger 6 when
the slinger 6 and the sealing member 7e on the metal
core 5 as a support member are engaged by moving
them close to each other as illustrated in Fig. 16. In the
case of this example, since the above projection 18 is
provided, even if the thickness of the tip end portion of
the above outer seal lip 14c is relatively small or even
when the slinger 6 and the sealing member 7e on the
metal core 5 are located excessively close to each other
in the axial direction as illustrated in Fig. 16, the tip end
portion of the above outer seal lip 14c is prevented from
being in surface-to-surface contact with the inner surface
of the outer circular ring portion 13 to improve the sealing
performance.
[0046] The structures and the functionality of the other
members are similar to those of the first example as il-
lustrated in Figs. 1 and 2, and therefore redundant ex-
planation is not repeated.
[0047] Next, Figs. 17 and 18 show a sixth and a sev-
enth example of the embodiment of the present invention
corresponding to the second aspect. In the case of this
example, the thicknesses of the outer seal lips 14e and
14f as the axially oriented seal lip are gradually increased
toward the tip edge from a position of the intermediate
portion closer to the tip end to prevent the tip end portion
of these outer seal lips 14e and 14f from being exces-
sively small in the thickness dimension, so that the thick-
ness dimension of the tip end portions of the outer seal
lips 14e and 14f can be secured even after abrasion.
[0048] Namely, in the case of the sixth example as
illustrated in Fig. 17, the thickness dimension of this outer
seal lip 14e is gradually increased toward the tip edge of
the above outer seal lip 14e from a point P in the inter-
mediate portion of the seal lip 14a. The point P is located
at a location displaced a little to the tip end of the seal lip
14a from the center of the intermediate portion on the
surface, which is one of the opposite surfaces of the outer
seal lip 14e, that is opposed to the outer circular ring
portion 13 of the slinger 6 in its use condition and that is
located on the radially inner side in its free state. Also, in
the case of the seventh example as illustrated in Fig. 18,
the thickness of the outer seal lip 14f is gradually in-
creased toward the tip edge of the above outer seal lip
14f from this point P similar as that of the above sixth
example and from a point Q located in the opposite sur-
face of the outer seal lip 14f approximately corresponding
to the point P of the sixth example as described above.
Meanwhile, the chained lines of the outer seal lips 14e
and 14f drawn in Figs. 17 and 18 indicate the profiles of
the cross sections in the case where the thicknesses are
not increased toward the tip edges from the points P and
Q. The reason of increasing the thicknesses of the tip
edges of the outer seal lips 14e and 14f is as follows.

[0049] It is considered as the cause of the degradation
of the sealing performance of the above outer seal lips
14e and 14f that foreign matters enter the slidably con-
tacting region between the outer circular ring portion 13
of the slinger 6 and the surface of the tip edge of this
outer seal lip 14e or 14f that is located on the radially
inner side in its free state to cause the abrasion in the
side surface of this outer circular ring portion 13 and in
the tip edge of this outer seal lip 14e or 14f so as to
decrease the pressing force of these outer seal lips 14e
and 14f. In the case of this example, since the tip edges
of this outer seal lips 14e and 14f are made thick, the
decrease in the pressing force and the fatigue of these
outer seal lips 14e and 14f can be suppressed even if
foreign matters enter the slidably contacting region be-
tween the tip edges of the outer seal lips 14e and 14f and
the side surface of the above outer circular ring portion
13 to cause the abrasion of the side surface of the outer
circular ring portion 13 and the tip edges of this outer seal
lip 14e and 14f. Incidentally, it is possible to combine the
structure of the outer seal lips 14e and 14f according to
this example with the structures of the respective inter-
mediate and inner seal lips according to the first to fifth
examples as described above.
[0050] The structures and the functionality of the other
members are similar to those of the first example of the
prior art structure (D1) as illustrated in Fig. 25, and there-
fore redundant explanation is not repeated, while like ref-
erence numbers indicate functionally similar elements.
[0051] Next, Figs. 19 and 20 show an eighth example
of the embodiment of the present invention correspond-
ing to the second aspect. In the case of this example, the
thickness of the inner seal lip 16d constituting the sealing
member 7f is designed to have the nearly same thickness
throughout the entire length from the base end portion
to the tip edge. Also, the thickness of the outer seal lip
14d is gradually decreasing from the base end portion to
the tip edge. Furthermore, an auxiliary seal lip 19 is pro-
vided on the radially outer end of the tip edge of this outer
seal lip 14d to project from this tip edge. Then, when the
slinger 6 and the sealing member 7f on the metal core 5
as a support member are engaged as illustrated in Fig.
20, the tip edge of the above auxiliary seal lip 19 comes
in slidably contact with the inner surface of the outer cir-
cular ring portion 13, as well as the radially inner edge
of the tip end portion of the above outer seal lip 14d which
is radially inwardly displaced from the above auxiliary
seal lip 19 comes in slidably contact with the inner surface
of the outer circular ring portion 13.
[0052] In the structure according to this example, by
virtue of the above auxiliary seal lip 19, it is possible to
prevent foreign matters from entering the slidably con-
tacting region between the radially inner end of the tip
end portion of the above outer seal lip 14d and the inner
surface of the above outer circular ring portion 13. Be-
cause of this, the abrasion of this slidably contacting re-
gion can be suppressed by preventing hard foreign mat-
ters from being bitten by this slidably contacting region.
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Accordingly, in the case of this example, the sealing per-
formance can be improved. In addition to this, since the
above auxiliary seal lip 19 is formed to project from the
tip edge of the above outer seal lip 14d, the cost does
not substantially rise. Meanwhile, the above auxiliary seal
lip 19 sufficiently works as long as it prevents the entrance
of foreign matters, and therefore the pressing force of
this auxiliary seal lip 19 need not be large. Because of
this, it is possible to make small or null the abrasion at
the slidably contacting region between the tip edge of
this auxiliary seal lip 19 and the inner surface of the above
outer circular ring portion 13. Also, even if there is some
abrasion at this slidably contacting region, no influence
thereof is exerted upon the sealing performance of the
slidably contacting region between the radially inner end
of the tip edge of the above outer seal lip 14d and the
inner surface of the outer circular ring portion 13. Also,
since the pressing force of the above auxiliary seal lip 19
can be small, it is possible to prevent the pressing force
of the above outer seal lip 14d from decreasing because
of the provision of this auxiliary seal lip 19.
[0053] Incidentally, the seal assembly and the rolling
bearing implemented therewith can be applied to the
case where either the inner or outer race constituting the
rolling bearing rotates at the time of use. Also, the seal
assembly and the rolling bearing can be used in a hub
unit by fitting and fixing the inner race onto the outer pe-
ripheral surface of the hub of the hub unit which supports
the wheel, and by fitting and fixing the outer race into the
supporting hole of a knuckle of the suspension of a motor
vehicle. Also, in this case, the outer peripheral surface
of the above outer race may be formed with a fixed side
flange to be fixed to the end surface of the above knuckle.
Furthermore, as illustrated in Fig. 21, the seal assembly
17 is implemented in a hub unit in which an inner race
11a having an inner raceway 21a in its outer peripheral
surface is externally fitted and fixed onto the outer pe-
ripheral surface of the inner end of a hub 20, and an inner
raceway 21b is formed on the outer peripheral surface
of the intermediate portion of the above hub 20 in the
location apart from this inner race 11a. Incidentally, in
the case of the hub unit as shown in Fig. 21, a fixed side
flange 23 to be fixed to the end surface of the knuckle 22
is formed on the outer peripheral surface of the outer
race 8a. Also, a rotation side flange 34 for fixing a wheel
thereto is formed on the outer peripheral surface of the
above hub 20 at a location displaced a little to the outer
end thereof.
[0054] Also, in the respective examples as described
above, it is possible to externally fit and fix the slinger 6
constituting the seal assembly 17 onto the outer periph-
eral surface of the hub 20 constituting the above hub unit,
in place of the inner races 11 and 11a (Figs. 9 and 19).
[0055] Next, Fig. 22 shows a ninth example of the em-
bodiment of the present invention corresponding to the
second and third aspects. In the case of this example,
while the base end portion of a first sealing member 24
is securely connected to the radially inner end of a first

metal core 29 having an L-shaped cross section and in-
ternally fitted and fixed to the end portion of the outer
race, the base end portion of a second sealing member
25 is securely connected to the radially outer end of a
second metal core 30 having an L-shaped cross section
and externally fitted and fixed to the end portion of the
inner race. Then, the first sealing member 24 fixed to the
above first metal core 29 is formed with an inner seal lip
26 which is a radially oriented seal lip, and the tip edge
of this inner seal lip 26 comes in slidably contact with the
outer peripheral surface of the radially inner cylindrical
portion 12 constituting the above second metal core 30.
On the other hand, the second sealing member 25 fixed
to the above second metal core 30 is formed with an
intermediate seal lip 27 which is an axially oriented seal
lip and an outer seal lip 28. The outer seal lip 28 among
them is located in a radially outer position than the above
intermediate seal lip 27. Then, while the tip edge of this
intermediate seal lip 27 is arranged to come in slidably
contact with a radially intermediate portion of the axially
oriented outer surface of the inner circular ring portion
10 constituting the above first metal core 29, the tip edge
of the above outer seal lip 28 is arranged to come in
slidably contact with the inner peripheral surface of the
radially outer cylindrical portion 9 constituting the above
first metal core 29.
[0056] Then, the predetermined relationship is estab-
lished between two interferences, i.e., the radial interfer-
ence in the radial direction of the inner cylindrical portion
12 between the tip edge of the above inner seal lip 26
and the outer peripheral surface of the inner cylindrical
portion 12 constituting the above second metal core 30,
and the axial interference in the axial direction of the inner
circular ring portion 10 between the tip edge of the above
intermediate seal lip 27 and the outer surface of the inner
circular ring portion 10 constituting the above first metal
core 29. Furthermore, in the case of this example, the
thickness t1 of the base end portion of the above inter-
mediate seal lip 27, the thickness t2 of the intermediate
portion thereof and the thickness t3 of the tip end thereof
satisfy 0.70 < t2/t1 < 0.85 and 0.35 < t3/t1 < 0.65.
[0057] The structures and the functionality of the other
members are similar to those of the third example as
illustrated in Fig. 9 and those of the fourth example as
illustrated in Figs. 12 and 13, and therefore redundant
explanation is not repeated.
[0058] Meanwhile, it is possible to practice the inven-
tions according to the third aspect with two sealing mem-
bers respectively having a seal lip (s) joined to separate
metal cores as described above.
[0059] Next, Fig. 23 shows a tenth example of the em-
bodiment of the present invention corresponding to the
third aspect. The seal assembly 17a in accordance with
this example is used to seal between the inner peripheral
surface of the outer end portion of the outer race 8a and
the intermediate outer peripheral surface of the hub 20
constituting the hub unit as described in Fig. 21, and com-
posed of a metal core 5 which can be internally fitted and
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fixed to the outer peripheral surface of the end portion of
this outer race 8a and a sealing member 7g made of a
resilient material with its base end portion attached to
this metal core 5. Then, this sealing member 7g is pro-
vided with three seal lips 31 to 33 having tip edges ar-
ranged to come in slidably contact with the outer periph-
eral surface of the above hub 20. The outer seal lip 31
located in the outermost position and the intermediate
seal lip 32, in an intermediate position, among these seal
lips 31 to 33, are arranged to have their tip edges come
in slidably contact with a side surface inwardly oriented
in the axial direction of the rotation side flange 34 provid-
ed on the outer peripheral surface of the above hub 20.
Also, the inner seal lip 33, which is located in the inner-
most position, is arranged to have its tip edge come in
slidably contact with the outer peripheral surface of the
intermediate portion of the above hub 20. Then, in the
case of this example, the predetermined relationship in
thickness is established among the base end portion, the
tip end and the intermediate portion of each of the above
outer seal lip 31 and the intermediate seal lip 32.
[0060] The structures and the functionality of the other
members are similar to those of the fourth example as
illustrated in Figs. 12 and 13, and therefore redundant
explanation is not repeated.
[0061] Next, Fig. 24 shows an eleventh example of the
embodiment of the present invention corresponding to
the second aspect. The seal assembly 17b according to
this example is provided with a first seal ring 35 and a
second seal ring 36. The first seal ring 35 is provided with
a first metal core 37, and a first sealing member 38 with
a portion being securely connected to this first metal core
37, an intermediate seal lip 39 and an inner seal lip 40
which are formed at radially inwardly displaced locations
of this first sealing member 38. Also, the above second
seal ring 36 is provided with a second metal core 41, a
second sealing member 42 having a portion securely
connected to this second metal core 41, and an outer
seal lip 43 formed at a radially outwardly displaced loca-
tion of this second sealing member 42.
[0062] Also, while the radially outer end of the above
first seal ring 35 is engaged with an engaging groove 44
formed in the inner peripheral surface of the end portion
of the outer race 8, the radially inner end of the above
second seal ring 36 is engaged with an engaging groove
45 formed in the outer peripheral surface of the inner
race 11. In this state, the above first seal ring 35 and the
second seal ring 36 are located opposed to each other
in the axial direction. Then, the tip edge of the interme-
diate seal lip 39 of this first seal ring 35 is arranged to
come in slidably contact with the radially inwardly orient-
ed side surface of the second metal core 41 constituting
the above second seal ring 36. Also, while the tip edge
of the inner seal lip 40 of the above first seal ring 35 is
arranged to come in slidably contact with the outer pe-
ripheral surface of the above inner race 11, the tip edge
of the outer seal lip 43 of the above second seal ring 36
is arranged to come in slidably contact with the inner

peripheral surface of the above outer race 8. By this con-
figuration, the space between the outer peripheral sur-
face of the end portion of the above inner race 11 and
the inner peripheral surface of the end portion of the outer
race 8 is tightly closed.
[0063] Then, in the case of this example, the predeter-
mined relationship in thicknesses is established among
the base end portion, the tip end and the intermediate
portion of the above intermediate seal lip 39.
[0064] The structures and the functionality of the other
members are similar to those of the fourth example as
illustrated in Figs. 12 and 13, and therefore redundant
explanation is not repeated.
[0065] Incidentally, it is also possible to practice the
inventions according to the third aspect as a seal assem-
bly having the structure in which two seal rings are locat-
ed opposed to each other in the axial direction as de-
scribed above.

INDUSTRIAL APPLICABILITY

[0066] Since the present invention is constructed and
operated as mentioned above, it is possible to realize a
seal assembly for rolling bearing having an excellent
sealing performance and high durability. For this reason,
it is possible to prevent various types of foreign matters
such as rain water, mud, dust and the like from entering
the inside of the rolling bearing, and thereby to improve
the durability of the rolling bearing.

Claims

1. A seal assembly to be incorporated in a rolling bear-
ing comprising an inner race (11) having an outer
peripheral surface formed with an inner raceway, an
outer race (8) having an inner peripheral surface
formed with an outer raceway, and a plurality of roll-
ing members provided between the inner raceway
and outer raceway for relative rotation between the
inner race (11) and outer race, (8) the sealing as-
sembly having a circular-ring shaped metal core (5),
a circular-ring shaped annular member (6), a seal
member (7), an axially oriented seal lip and a radially
oriented seal lip to cover the space between the outer
peripheral surface at the end of the inner race (11)
and the inner peripheral surface at the end of the
outer race, (8) the metal core (5) having a radially
outer cylindrical portion (9) fitted and fixed into the
inner peripheral surface at the end of the outer race
(8) and an inner circular ring portion bent radially
inwards from the axially inner end edge of the radially
outer cylindrical portion, the annular member (6) hav-
ing a radially inner cylindrical portion (12) fitted and
fixed onto the outer peripheral surface at the end of
the inner race (11) and an outer circular ring portion
(13) bent radially outwards from the axially outer end
edge of the radially inner cylindrical portion (12), the
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seal member being made of a resilient material and
having a portion connected and fixed to at least one
of the metal core (5) and annular member (6), the
axially oriented seal lip being provided in a portion
of the seal member (7) and having its tip edge come
into sliding contact with the axially oriented sidle sur-
face of a rotational member which rotates relative to
the metal core (5) or annular member to which the
seal member (7) is fixed, the radially oriented seal
lip being provided in a portion of the seal member
(7) and having its tip edge come into sliding contact
with the radially oriented peripheral surface of the
rotational member which rotates relative to the metal
core (5) or annular member to which the seal mem-
ber (7) is fixed, the seal assembly being character-
ized in that provided that the radially oriented seal
lip has a base end and tip edge such that the thick-
ness of the base end in at least part thereof is smaller
than the thickness of the tip edge, and in that pro-
vided that L1 is the radial interference of the rotational
member having the radially oriented peripheral sur-
face, between the tip edge of the radially oriented
seal lip and the radially oriented peripheral surface,
that L2 is the axial interference of the rotational mem-
ber having the axially oriented side surface, between
the tip edge of the axially oriented seal lip and the
axially oriented side surface, and that R is the diam-
eter of the fitting portion between the outer peripheral
surface of the inner race (11) and the radially inner
cylindrical portion, (12) the relations of 0.010� L1 /
r� 0.020 and 0.008� L2 / R� 0.015 are satisfied.

2. A rolling bearing having at least one seal assembly
of claim 1 installed therein.

3. A hub unit having at least one seal assembly of claim
1 installed therein, wherein the inner race is a hub
for fixing a wheel thereto.

Patentansprüche

1. Dichtungsbaugruppe, die in ein Wälzlager einzubau-
en ist, umfassend einen inneren Laufring (11) mit
einer Außenumfangsfläche, die mit einer inneren
Laufbahn ausgebildet ist, einen äußeren Laufring (8)
mit einer Innenumfangsfläche, die mit einer äußeren
Laufbahn ausgebildet ist, und mehrere Wälzelemen-
te, die zwischen der inneren Laufbahn und der äu-
ßeren Laufbahn für eine relative Drehung zwischen
dem inneren Laufring (11) und dem äußeren Lauf-
ring (8) vorgesehen sind, wobei die Dichtungsbau-
gruppe einen ringförmig geformten Metallkern (5),
ein ringförmig geformtes kranzförmiges Element (6),
ein Dichtungselement (7), eine axial ausgerichtete
Dichtungslippe und eine radial ausgerichtete Dich-
tungslippe zum Abdecken des Raums zwischen der
Außenumfangsfläche am Ende des inneren Lauf-

rings (11) und der Innenumfangsfläche am Ende des
äußeren Laufrings (8) aufweist, wobei der Metallkern
(5) einen radial äußeren zylindrischen Abschnitt (9)
hat, der in die Innenumfangsfläche am Ende des äu-
ßeren Laufrings (8) eingepasst und befestigt ist, und
einen inneren ringförmigen Abschnitt, der von der
axial inneren Endkante des radial äußeren zylindri-
schen Abschnitts radial einwärts gebogen ist, wobei
das kranzförmige Element (6) einen radial inneren
zylindrischen Abschnitt (12) hat, der auf die Außen-
umfangsfläche am Ende des inneren Laufrings (11)
eingepasst und befestigt ist, und einen äußeren ring-
förmigen Abschnitt (13), der von der axial äußeren
Endkante des radial inneren zylindrischen Ab-
schnitts (12) radial nach außen gebogen ist, wobei
das Dichtungselement aus einem elastischen Mate-
rial hergestellt ist und einen Abschnitt aufweist, der
mit zumindest einem von dem Metallkern (5) und
dem kranzförmigen Element (6) verbunden und be-
festigt ist, wobei die axial ausgerichtete Dichtungs-
lippe in einem Abschnitt des Dichtungselements (7)
vorgesehen ist und ihr Spitzenrand mit der axial aus-
gerichteten Seitenfläche eines Rotationselements in
Gleitkontakt kommt, das sich relativ zum Metallkern
(5) oder kranzförmigen Element dreht, an dem das
Dichtungselement (7) befestigt ist, wobei die radial
ausgerichtete Dichtungslippe in einem Abschnitt des
Dichtungselements (7) vorgesehen ist und ihr Spit-
zenrand mit der radial ausgerichteten Umfangsflä-
che des Rotationselements in Gleitkontakt kommt,
das sich relativ zum Metallkern (5) oder kranzförmi-
gen Element dreht, an dem das Dichtungselement
(7) befestigt ist, wobei die Dichtungsbaugruppe da-
durch gekennzeichnet ist, dass unter der Voraus-
setzung, dass die radial ausgerichtete Dichtungslip-
pe ein Basisende und einen Spitzenrand hat, so dass
die Dicke des Basisendes in zumindest einem Teil
desselben kleiner als die Dicke des Spitzenrands ist,
und dadurch, dass unter der Voraussetzung, dass
L1 die radiale Interferenz des Rotationselements mit
der radial ausgerichteten Umfangsfläche zwischen
dem Spitzenrand der radial ausgerichteten Dich-
tungslippe und der radial ausgerichteten Umfangs-
fläche ist, dass L2 die axiale Interferenz des Rotati-
onselements mit der axial ausgerichteten Seitenflä-
che zwischen dem Spitzenrand der axial ausgerich-
teten Dichtungslippe und der axial ausgerichteten
Seitenfläche ist, und dass R der Durchmesser des
Einpassungsabschnitts zwischen der Außenum-
fangsfläche des inneren Laufrings (11) und des ra-
dial inneren zylindrischen Abschnitts (12) ist, die Be-
ziehungen 0,010≤ L1 /r≤ 0,020 und 0,008 ≤ L2/ R≤
0,015 erfüllt sind.

2. Wälzlager mit zumindest einer Dichtungsbaugruppe
nach Anspruch 1, die in ihm eingebaut ist.

3. Nabeneinheit mit zumindest einer Dichtungsbau-
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gruppe nach Anspruch 1, die in dieser eingebaut ist,
wobei der innere Laufring eine Nabe zum Befestigen
eines Rads an derselben ist.

Revendications

1. Un ensemble d’étanchéité destiné à être intégré à
un palier à roulement comprenant une bague de rou-
lement intérieure (11) ayant une surface périphéri-
que extérieure formée avec un chemin de roulement
intérieur, une bague de roulement extérieure (8)
ayant une surface périphérique intérieure formée
avec un chemin de roulement extérieur, et plusieurs
éléments rotatifs se trouvant entre le chemin de rou-
lement intérieur et le chemin de roulement extérieur
pour la rotation relative entre la bague de roulement
intérieure (11) et la bague de roulement extérieure
(8), l’ensemble d’étanchéité ayant un noyau métal-
lique en forme de bague circulaire (5), un élément
annulaire (6) en forme de bague circulaire, un élé-
ment d’étanchéité (7), une lèvre d’étanchéité à orien-
tation axiale et une lèvre d’étanchéité à orientation
radiale pour couvrir l’espace entre la surface péri-
phérique extérieure à l’extrémité de la bague de rou-
lement intérieure (11) et la surface périphérique in-
térieure à l’extrémité de la bague de roulement ex-
térieure (8), le noyau métallique (5) étant muni d’une
partie cylindrique radialement extérieure (9) fixée
dans la surface périphérique intérieure à l’extrémité
de la bague de roulement extérieure (8) et une partie
bague circulaire intérieure courbée radialement vers
l’intérieur à partir du bord de l’extrémité axialement
intérieure de la partie cylindrique radialement exté-
rieure, l’élément annulaire (6) étant muni d’une partie
cylindrique radialement intérieure (12) fixée sur la
surface périphérique extérieure à l’extrémité de la
bague de roulement intérieure (11) et une partie ba-
gue circulaire extérieure (13) courbée radialement
vers l’extérieur à partir du bord de l’extrémité axia-
lement extérieure de la partie cylindrique radiale-
ment intérieure (12), l’élément d’étanchéité étant fa-
briqué dans un matériau élastique et ayant une partie
connectée et fixée au noyau métallique (5) et/ou à
l’élément annulaire (6), la lèvre d’étanchéité à orien-
tation axiale se trouvant dans une partie de l’élément
d’étanchéité (7) et ayant le bord de sa pointe en con-
tact coulissant avec la surface latérale à orientation
axiale d’un élément rotatif qui tourne par rapport au
noyau métallique (5) ou un élément annulaire sur
lequel l’élément d’étanchéité (7) est fixé, la lèvre
d’étanchéité à orientation radiale se trouvant dans
une partie de l’élément d’étanchéité (7) et ayant le
bord de sa pointe en contact coulissant avec la sur-
face périphérique à orientation radiale de l’élément
rotatif qui tourne par rapport au noyau métallique (5)
ou l’élément annulaire sur lequel l’élément d’étan-
chéité (7) est fixé, l’ensemble d’étanchéité se carac-

térisant par le fait que la lèvre d’étanchéité à orien-
tation radiale possède une extrémité de base et un
bord de pointe tels que l’épaisseur de l’extrémité de
base dans au moins une partie est inférieure à
l’épaisseur du bord de pointe, et en ce que si L1 est
l’interférence radiale de l’élément rotatif ayant la sur-
face périphérique à orientation radiale, entre le bord
de pointe de la lèvre d’étanchéité à orientation ra-
diale et la surface périphérique à orientation radiale,
L2 est l’interférence axiale de l’élément rotatif ayant
la surface latérale à orientation axiale, entre le bord
de pointe de la lèvre d’étanchéité à orientation axiale
et la surface latérale à orientation axiale, et R est le
diamètre de la partie de connexion entre la surface
périphérique extérieure de la bague de roulement
intérieure (11) et la partie cylindrique radialement
intérieure, (12) les rapports de 0,010 � L1 / r � 0,020
et 0,008 � L2/R� 0,015 sont satisfaits.

2. Un palier à roulement sur lequel au moins un en-
semble d’étanchéité décrit à la revendication 1 est
posé.

3. Une unité de moyeu sur laquelle au moins un en-
semble d’étanchéité décrit à la revendication 1 est
posé, dans lequel la bague de roulement intérieure
est un moyeu destiné à recevoir une roue.
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