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BALL BEARING AND HYBRD VEHICLE 
TRANSMISSION 

TECHNICAL FIELD 

0001. The present invention relates to a ball bearing and a 
hybrid vehicle transmission. 

BACKGROUND ART 

0002 FIG. 42 shows a ball bearing according to a first 
conventional example which is widely used to Support Vari 
ous types of rotating portions. This ball bearing has a con 
struction in which an inner ring 102 having an inner ring 
raceway 101 on an outer circumferential Surface and an outer 
ring 104 having an outer ring raceway on an inner circumfer 
ential Surface are arranged concentrically, and a plurality of 
balls 105 are arranged rollably between the inner ring race 
way 101 and the outer ring raceway 103. 
0003. The plurality of balls 105 are retained rollably in a 
cage 107 shown in FIGS. 43,44. The cage 107 is a crown type 
cage and is formed as a one-piece by injection molding of 
synthetic resin. The cage 107 includes an annular base portion 
108 and a plurality of pockets 109 which are provided in an 
axial end face of the base portion 108. Each pocket 109 is 
formed by a recess portion 110 which is provided in the axial 
end face of the base portion 108 and a pair of elastic pieces 
111 which are disposed at edges of the recess portion so as to 
face each other with a space provided therebetween. Facing 
surfaces of the pair of elastic pieces continue to an inner 
Surface of the recess portion so as to form a spherical recess 
Surface or cylindrical Surface. 
0004. By pushing in the balls 105 individually between the 
pairs of elastic pieces 111 while press expanding the spaces 
defined therebetween by the balls 105, the cage 107 retains 
the balls 105 rollably in the corresponding pockets 109. 
0005. The cage 107 is formed of synthetic resin such as 
nylon 46, nylon 66, polyphenylene sulfide (PPS), polytetra 
fluorine ethylene (PTFE) and polyether ether ketone (PEEK), 
for example. In addition, it is known that toughness and 
mechanical strength can be increased under high-temperature 
environments by adding approximately 10 to 40 mass % 
reinforcement material such as glass fibers (GF) or carbon 
fibers (CF) to these synthetic resins. 
0006. In many cases, ball bearings like this are used under 
severe conditions such as high-temperature, high-speed con 
ditions. For example, in the case of a ball bearing which is 
incorporated in a drive motor for a hybrid vehicle or a rotary 
Supporting portion of an alternator, the ball bearing is used at 
high temperatures (100° C. or higher) and at high speeds 
(rotation speeds of 10000 min' or faster, or 0.6 million or 
larger in dmn value) in many cases. Note that dm of dimn 
denotes bearing pitch circle diameter (in mm), and n denotes 
bearing rotation speed (in min'). In operating conditions like 
this, the cage 107 in the ball bearing rotates at high speeds 
together with lubricating oil or grease present between the 
outer circumferential surface of the inner ring 102 and the 
inner circumferential surface of the outer ring 104. Then, a 
complex force, which is in combination of a force directed 
radially outwards based on a centrifugal force, a restraining 
force based on the revolution of the balls 105 and stirring 
resistance of the lubricating oil or grease, is exerted on the 
cage 107 while it is rotating at high speeds. 
0007. The cage 107 repeats an irregular motion due to such 
a complex force and receives complex stress accompanied by 
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an impact. Consequently, when the bearing continues to oper 
ate under the high-speed operating conditions, the cage 107 is 
elastically deformed or plastically deformed by the action of 
centrifugal force. These deformations tend to be promoted 
easily as the operating temperature increases. As a result, gaps 
between inner surfaces of the pockets 109 and rolling contact 
surfaces of the balls 105 come to vary largely. Further, the 
inner surfaces of the pockets 109 wear due to force exerted 
thereon from the rolling contact surfaces of the balls 105. 
Then, when the gaps become large, the following problems 
are caused. 
0008 Firstly, the cage 107 vibrates finely as the bearing 
rotates, whereby not only is the wear of the pockets 109 
promoted, but also harmful vibration and noise are generated. 
Secondly, the restraint of the cage 107 by the balls 105 is 
released, as a result of which the cage 107 is displaced or 
made eccentric partly or entirely, and part of the cage 107 is 
caused to rub against the inner ring 102 or the outer ring 104. 
0009 For example, the elastic pieces 111 of the pocket 109 
are deformed radially outwards based on the centrifugal force 
(see FIG. 45), and respective outer circumferential surfaces of 
each elastic piece 111 and the inner circumferential surface of 
the outer ring 104 rub against each other. When the outer 
circumferential Surfaces and the inner circumferential Surface 
rub against each other in Such away, there is caused a fear that 
the dragging torque of the bearing increased or the cage 107 
breaks. In addition, when the wear progresses further, the 
cage 107 comes out of the bearing, and the bearing is disas 
sembled, causing a fear that serious damage is made to the 
bearing unit. 
0010. In order to solve these problems, a resin cage includ 
ing a metallic reinforcement member is proposed (see, e.g., 
JP 8-145061 A and JP 9-79265A). Since the rigidity of the 
cage is increased, even when the bearing is used under high 
temperature, high-speed conditions, the aforesaid deforma 
tions are less likely to be generated. 
0011. However, since the metallic reinforcement member 
is provided in the resin cage, the provision of the metallic 
reinforcement member constitutes a cause for an increase in 
the fabrication costs of such a ball bearing. 
0012. As shown in FIG. 46, a second conventional ball 
bearing has an inner ring 201 having an inner ring raceway 
Surface 201a (a raceway groove) on an outer circumferential 
Surface, an outer ring 202 having an outer ring raceway Sur 
face 202a (a raceway groove) on an inner circumferential 
surface, a plurality of balls 203 which are disposed rollably 
between the inner ring raceway surface 201a and the outer 
ring raceway Surface 202a, and a resin crown type cage 204 
which has an annular base portion 204a and pillar portions 
204b provided on an axial end face of the base portion 204 so 
as to project therefrom and each having a claw portion at a 
distal end whereby the balls 203 are individually accommo 
dated in spherical pockets 204c formed between the pillar 
portions 204b. The balls 203 are retained circumferentially at 
given intervals by the crown type cage 204 and revolve 
together with the cage 204. 
0013 When this type of ball bearing is used in a rotating 
portion Such as a transmission of a motor vehicle, a forced 
feed lubrication system in which lubricating oil is supplied by 
a pump or the like is adopted in many cases. Lubricating oil 
flows through an interior of the bearing in an axial direction 
and circulates within the transmission unit for lubrication. 
0014 When this ball bearing is caused to rotate at high 
speeds, as shown in FIGS. 47A and 47B, the pillar portions 
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204b open radially outward about the base portion 204a of the 
crown type cage 204 as an axis of distortion. As a result, the 
contact surface pressure between a radially inner side of the 
spherical pocket 204c in the crown type cage 204 and the ball 
203 is increased, whereby a radially inner portion 204p of the 
pocket 204c wears to be heated largely. 
0015. When the wear of the radially inner portion 204p of 
the pocket 204c progresses, the crown type cage 204 rotates 
with large run-out, and the crown type cage 204 vibrates. 
Further, as shown in FIG. 48, a radially outer side of the crown 
type cage 204 is brought into contact with the inner circum 
ferential surface of the outer ring 202, and the pillar portion 
204b wears, whereby in the worst case, there may be a situ 
ation in which the cage 204 fails. 
0016. On the other hand, as shown in FIGS. 49A and 49B, 
there is a proposal in which a center Oc of the spherical pocket 
204c of the crown type cage 204 is disposed radially outer 
than a center T1 of a radial width of the crown type cage 204, 
that is, assuming that an overall radial width dimension of the 
crown type cage 204 is Q, an inner side width Q1 than the 
center Oc of the spherical pocket 204c is made larger than an 
outer side width Q2 so as to ensure that a ball holding amount 
on the radially inner side becomes larger, thereby making it 
possible to suppress the radially outward warp of the crown 
type cage 204 (see, e.g., JP 5-34317A). 
0017. However, in the ball bearing shown in FIGS. 49A 
and 49B, when the bearing is rotated at high speeds, a suffi 
cient amount of lubricating oil is not Supplied to the radially 
inner side of the spherical pocket 204c due to centrifugal 
force, whereby the radially inner side wears, and finally, the 
warp cannot be Suppressed, leading to a feat that the problem 
is caused by the rotation of the crown type cage 204 with 
run-Out. 

0018. In addition, it is considered that a lubricating oil 
nozzle is disposed close directly to an inner ring 201 side of 
the crown type cage 204 to Supply the lubricating oil into an 
inner circumferential portion thereof. However, as this 
occurs, the lubrication nozzle is necessary separately, and a 
space where to install the lubrication noZZle is also necessary. 

SUMMARY OF INVENTION 

0019. It is an object of the present invention to address one 
or more of the problems described above. 
0020. According to an aspect of the present invention, a 
ball bearing includes an inner ring having a raceway Surface, 
an outer ring having a raceway Surface, a plurality of rolling 
elements rollably disposed between the raceway surface of 
the inner ring and the raceway Surfaces of the outer ring, and 
a resin cage configured to retain the plurality of rolling ele 
ments between the inner ring and the outer ring. The cage is a 
crown type cage having an annular base portion and a plural 
ity of pockets formed in an axial end face of the annular base 
portion, in which the plurality of pockets retains the plurality 
of rolling elements. An axial distance between an axial, posi 
tion of a center of gravity of the cage and a curvature center of 
a spherical or cylindrical inner Surface of each of the pockets 
is 0.6 or more times a radius of curvature of the inner surface. 

0021. According to another aspect of the present inven 
tion, a hybrid vehicle transmission includes the ball bearing 
described above. 
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0022. Other aspects and advantages of the present inven 
tion will be apparent from the following description, draw 
ings and the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 FIG. 1 is a partial sectional view of a ball bearing 
according to a first embodiment of the invention; 
0024 FIG. 2 is a perspective view of a cage of the ball 
bearing in FIG. 1; 
0025 FIG. 3 is a partial sectional view of the cage in FIG. 
2: 
0026 FIG. 4 is a partial sectional view of the ball bearing 
showing a center of the cage in a radial thickness direction 
thereof; 
0027 FIG. 5 is a graph showing a relationship between an 
axial position of a center of gravity of the cage and moment 
acting on the cage; 
0028 FIG. 6 is an explanatory diagram showing an 
example of a radial gap between an inner ring and the cage of 
the ball bearing: 
0029 FIG. 7 is an explanatory diagram showing another 
example of a radial gap between the inner ring and the cage of 
the ball bearing. 
0030 FIG. 8 is an explanatory diagram showing an 
example of an axial distance between an axial end portion and 
the cage of the ball bearing: 
0031 FIG. 9 is an explanatory diagram showing another 
example of an axial distance between the axial end portion 
and the cage of the ball bearing; 
0032 FIG. 10 is a partial sectional view of a ball bearing 
according to a first modified example of the first embodiment; 
0033 FIG. 11 is a partial sectional view of a ball bearing 
according to a second modified example of the first embodi 
ment; 
0034 FIG. 12 is a partial sectional view of a ball bearing 
according to a third modified example of the first embodi 
ment; 
0035 FIG. 13 is a partial sectional view of a ball bearing 
according to a second embodiment of the invention; 
0036 FIG. 14 is a perspective view of a cage of the ball 
bearing in FIG. 13; 
0037 FIG. 15 is apartial sectional view of the cage in FIG. 
14: 
0038 FIG.16 is a partial sectional view of the ball bearing 
of the second embodiment showing a center of the cage in a 
radial thickness direction thereof; 
0039 FIG. 17 is an explanatory diagram showing an 
example of a radial gap between an inner ring and the cage of 
the ball bearing of the second embodiment; 
0040 FIG. 18 is an explanatory diagram showing another 
example of a radial gap between the inner ring and the cage of 
the ball bearing of the second embodiment. 
0041 FIG. 19 is an explanatory diagram showing an 
example of an axial distance between an axial end portion and 
the cage of the ball bearing of the second embodiment; 
0042 FIG. 20 is an explanatory diagram showing another 
example of an axial distance between the axial end portion 
and the cage of the ball bearing of the second embodiment; 
0043 FIG. 21 is a partial sectional view of a ball bearing 
according to a first modified example of the second embodi 
ment; 
0044 FIG. 22 is a partial sectional view of a ball bearing 
according to a second modified example of the second 
embodiment; 
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0045 FIG. 23 is a partial sectional view of a ball bearing 
according to a third modified example of the second embodi 
ment, 
0046 FIG.24 is an explanatory diagram of a configuration 
in which radially inner edge portions of a pocket of the cage 
are chamfered; 
0047 FIG.25 is an explanatory diagram of a configuration 
in which the radially inner edge portions of the pocket of the 
cage are not chamfered; 
0048 FIG. 26 is an explanatory diagram of a configuration 
in which a center of the cage in a radial thickness direction 
thereof coincides with a center of a ball; 
0049 FIG. 27 is a graph showing a relationship between a 
chamfered amount and likelihood of fragment drop; 
0050 FIG.28 is an explanatory diagram showing an angle 
0 formed by a straight line which connects a radially inner 
most contact point between the ball and the pocket with the 
center of the ball and a straight line which passes through the 
center of the ball and intersects the radial direction at right 
angles: 
0051 FIG. 29 is an explanatory diagram showing, in the 
configuration shown in FIG. 24, an angle 0 formed by a 
straight line which connects a radially innermost contact 
point between the ball and the pocket with the center of the 
ball and a straight line which passes through the center of the 
ball and intersects the radial direction at right angles; 
0052 FIG. 30 is a graph showing a relationship between 
the angle 0 and a radial shift amount of the cage; 
0053 FIG.31 is a sectional view of a ball bearing accord 
ing to a third embodiment of the invention; 
0054 FIG.32 is a perspective view showing an example of 
a configuration of a crown type cage; 
0055 FIG. 33A is a diagram showing a configuration in 
which a radial widthwise center of the cage is radially 
inwardly offset from a center of a ball; 
0056 FIG. 33B is a diagram showing a configuration in 
which the center of the cage in the radial thickness direction 
thereof coincides with the center of the ball; 
0057 FIG. 34A is a diagram showing a configuration in 
which an edge of an inner circumferential portion of a spheri 
cal pocket in the cage is rounded; 
0058 FIG. 34B is a diagram showing a configuration in 
which the edge of the inner circumferential portion of the 
spherical pocket in the cage is chamfered; 
0059 FIG. 34C is a diagram showing another configura 
tion in which the edge of the inner circumferential portion of 
the spherical pocket in the cage is chamfered; 
0060 FIG. 35 is a sectional view of a main part of a ball 
bearing of a first modified example of the third embodiment 
of the invention; 
0061 FIG. 36A is a sectional view of a ball bearing 
according to a second modified example of the third embodi 
ment of the invention; 
0062 FIG. 36B is a sectional view of a ball bearing 
according to a third modified example of the third embodi 
ment of the invention; 
0063 FIG. 36C is a sectional view of a ball bearing 
according to a fourth modified example of the third embodi 
ment of the invention; 
0064 FIG. 36D is a sectional view of a ball bearing 
according to a fifth modified example of the third embodi 
ment of the invention; 
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0065 FIG.36E is a sectional view of a ball bearing accord 
ing to a sixth modified example of the third embodiment of 
the invention; 
0066 FIG. 37A is a sectional view of a ball bearing 
according to a seventh modified example of the third embodi 
ment of the invention; 
0067 FIG. 37B is a sectional view of a ball bearing 
according to an eighth modified example of the third embodi 
ment of the invention; 
0068 FIG. 37C is a sectional view of a ball bearing 
according to a ninth modified example of the third embodi 
ment of the invention; 
0069 FIG. 37D is a sectional view of a ball bearing 
according to a tenth modified example of the third embodi 
ment of the invention; 
(0070 FIG. 38 is a sectional view of a ball bearing that is 
used in Test 1 and Test 2: 
(0071 FIG. 39 is a graph showing the results of Test 1: 
0072 FIG. 40 is a graph showing the results of Test 2: 
0073 FIG. 41 is a graph showing the results of Test 3: 
0074 FIG. 42 is a partial sectional view of a ball bearing 
according to a first conventional example: 
(0075 FIG. 43 is a perspective view of a cage of the ball 
bearing in FIG. 42: 
0076 FIG. 44 is a partial plan view of the cage in FIG. 43: 
0077 FIG. 45 is a side view of the cage showing an elastic 
piece which is deformed radially outwards: 
0078 FIG. 46 is a partial sectional view of a ball bearing 
according to a second conventional example: 
007.9 FIG. 47A is an axially sectional view of a cage of the 
second conventional example: 
0080 FIG. 47B is a circumferentially sectional view of the 
cage of the second conventional example: 
I0081 FIG. 48 is a diagram explaining a problematic point 
when the cage of the second conventional example wears; 
I0082 FIG. 49A is a partial sectional view of the cage of the 
second conventional example; and 
I0083 FIG. 49B is apartial sectional view of the cage of the 
second conventional example. 

EMBODIMENTS OF INVENTION 

0084. Hereinafter, embodiments of the invention will be 
described in detail by reference to the drawings. 

Embodiment 1 

I0085 FIG. 1 is a partial sectional view of a ball bearing 
according to a first embodiment of the invention. FIG. 2 is a 
perspective view of a cage of the ball bearing in FIG. 1, and 
FIG. 3 is a partial sectional view of the cage in FIG. 2. 
I0086. As shown in FIG. 1, a ball bearing of the first 
embodiment includes an inner ring 1, an outer ring 2, a plu 
rality of balls 3 (rolling elements) disposed rollably between 
the inner ring 1 and the outer ring 2 and a resin cage 4 for 
retaining the plurality of balls 3 between the inner ring 1 and 
the outer ring 2. A lubricant (for example, lubricating oil or 
grease), not shown) is filled in a bearing space in which the 
balls 3 are disposed between the innerring 1 and the outerring 
2, for initial lubrication, or a lubricant is supplied thereinto. 
Contact Surfaces between raceway Surfaces of the inner ring 1 
and the outer ring 2 and the balls 3 are lubricated by the 
lubricant, ATF, which is one type of lubricating oil, is nor 
mally used as a lubricant. 
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0087 While materials of the inner ring 1 and the outer ring 
2 are not particularly limited, bearing steel such as SUJ2 steel 
is preferable, and in particular, a carburized or carbo-nitrided 
bearing steel is more preferable. It is possible to use a material 
produced by applying a carburizing treatment or a carbo 
nitriding treatment to an alloy steel in which alloy elements 
Such as silicon, manganese, chromium and molybdenum are 
added to a medium carbon steel. In particular, when a bearing 
is used under high-temperature, high-speed conditions, a 
material is preferable in which a carburizing treatment or a 
carbo-nitriding treatment is applied to one of such alloy steels 
which has a larger content of silicon. 
0088. The material of the balls3 is not particularly limited. 
For example, the same bearing steel or alloy steel as the inner 
ring 1 and the outer ring 2, or ceramic can Suitably be used. 
I0089. Next, referring to FIGS. 2 and 3, the structure of the 
cage 4 will be described. The cage 4 is a crown type cage 
which is formed in one-piece by injection molding of resin 
material. The cage 4 includes an annular base portion 10 and 
a plurality of pockets 11 which are provided in an axial end 
face of the base portion 10 for retaining the balls 3 rollably. 
Each pocket 11 is formed by a recess portion 11a which is 
provided in the axial end face of the base portion 10 and a pair 
of elastic pieces 11b which are disposed at edges of the recess 
portion 11a so as to face each other with a space provided 
therebetween. Facing surfaces of the pair of elastic pieces 11b 
continue to an inner Surface of the recess portion 11a so as to 
form a spherical recess Surface or cylindrical Surface. 
0090 Resin material forming the cage 4 is not particularly 
limited, provided that a resin material used has properties 
Such as strength, heat resistance and the like which are nec 
essary for the cage, synthetic resins such as nylon 46, nylon 
66, polyphenylene sulfide (PPS), polytetra fluorine ethylene 
(PTFE) and polyether ether ketone (PEEK) are preferable. A 
resin composition which contains approximately 10 to 40 
mass % of reinforcement material such as glass fibers (GF) or 
carbon fibers (CF) in a resin is particularly preferable, since 
Such a resin composition exhibits high toughness and 
mechanical strength under high temperatures. 
0091 An axial distance A between an axial position of a 
center of gravity G of the cage 4 and a curvature center O11 of 
the spherical or cylindrical inner surface of the pocket 11 is 
0.6 to 0.9 times a radius of curvaturer of the inner surface of 
the pocket 11. With this configuration, even when the ball 
bearing is used at high temperatures (100° C. or higher) and at 
high speeds (rotation speeds of 10000 min' or higher, 0.6 
million or larger in dmn value or 1 million or larger in dimn 
value), the cage 4 is not likely to be deformed. Consequently, 
the ball bearing having the cage 4 can be used preferably 
under high-temperature, high-speed conditions and is prefer 
able as a bearing which rotatably Support a rotating shaft of a 
drive motor or a generator (for example, an alternator) of a 
hybrid vehicle, for example. In addition, since the cage 4 
includes no metallic reinforcement member, the ball bearing 
can be fabricated inexpensively. 
0092 Referring to FIG. 3, a range of the axial distance A 
between the axial position of the center of gravity G of the 
cage 4 and the curvature center O11 of the inner surface of the 
pocket 11 will be described in greater detail. When the ball 
bearing is used under high-temperature, high-speed condi 
tions whereby a large centrifugal force is exerted on the cage 
4, the elastic pieces 11b of the pocket 11 are deformed radially 
outwards. This is because since the elastic pieces 11b are 
constructed in a cantilever-like fashion, the centrifugal force 
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is exerted on the axial position of the center of gravity G of the 
cage 4 as moment with a rigidity center S of the cage 4 acting 
as a fulcrum. The rigidity centerS is situated in a Substantially 
intermediate position between the other end face of the base 
portion 10 (an end face of axial end faces of the base portion 
10 in which no pocket is formed) and a bottom portion of the 
pocket 11. 
0093 Consequently, in case the axial position of the center 
of gravity G of the cage 4 is positioned near the rigidity center 
S, even when a large centrifugal force is exerted on the cage 
4, since the moment becomes Small, warping of the base 
portion 10 can be suppressed which would otherwise be gen 
erated by the radially outward deformation of the elastic 
pieces 11b of the pocket 11. Namely, the generation of a large 
deformation as shown in FIG. 45 in the cage can be sup 
pressed. 
0094 Assuming that the axial distance A between the 
axial position of the center of gravity G of the cage 4 and the 
curvature center O11 of the inner surface of the pocket 11 is 
0.6 to 0.9 times the radius of curvaturer of the inner surface 
of the pocket 11, since the axial position of the center of 
gravity G of the cage 4 and the rigidity center S are positioned 
near to each other, even when the centrifugal force is exerted 
on the cage 4, the radially outward deformation of the elastic 
pieces 11b is Suppressed. As a length between the other axial 
end face of the base portion 10 and the bottom portion of the 
pocket 11, that is, the thickness B of the base portion 10 
increases, the axial position of the center of gravity G of the 
cage 4 shifts to the direction of the other axial end face of the 
base portion 10, and the axial distance A becomes large. 
Namely, the axial position of the center of gravity G of the 
cage 4 approaches the rigidity center S. 
0095. When the axial distance A is less than 0.6 times the 
radius of curvaturer, the moment exerted on the axial position 
of the center of gravity G of the cage becomes large, causing 
a fear that the cage 4 is deformed. On the other hand, when the 
axial distance A is more than 0.9 times the radius of curvature 
r, the width (the axial length) of the cage 4 is increased, and 
when the ball bearing has seal members, there is caused a fear 
that the cage 4 is brought into contact with the seal member. 
In addition, even when the ball bearing has no seal members, 
there is caused a fear that the cage 4 projects outwards from a 
side of the ball bearing. In order to make it more difficult for 
these drawbacks to occur, the axial distance A is preferably 
0.65 to 0.85 times the radius of curvature r, and is more 
preferably 0.75 to 0.85 times the radius of curvaturer. 
0096. Further, as shown in FIG.4, the cage 4 is configured 
such that the center in the radial thickness thereof is posi 
tioned radially inwards than the center of the ball 3. By having 
Such a construction, the rigidity of the cage 4 is increased, 
whereby the deformation of the cage 4 by centrifugal force is 
Suppressed. 
0097. A magnitude of moment based on a centrifugal 
force that would be exerted on the cage when the ball bearing 
is rotated is calculated. The results of calculations are shown 
in FIG. 5. In this graph, an axis of ordinates denotes a mag 
nitude of moment exerted on the cage, while an axis of abscis 
sae denotes a ratio of the axial distance between the axial 
position of the center of gravity of the cage and the curvature 
center of the inner surface of the pocket to the radius of 
curvature of the inner Surface of the pocket (in the graph, 
described as the axial position of the center of gravity of the 
cage). From this graph, the axial distance A is preferably 0.6 
or more times, is more preferably 0.65 or more times and is 
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most preferably 0.75 or more times the radius of curvature of 
the inner Surface of the pocket. In particular, as the dmn value 
increases to 1.13 million and further to 1.7 million, the effect 
of Suppressing the moment becomes more remarkable. 
0098. As described above, the cage 4 is configured such 
that the center in the radial thickness direction thereof is 
positioned radially inwards than the center of the ball 3. In 
addition, as the diameter of the center of the cage 4 in the 
radial thickness direction thereof becomes Smaller, the defor 
mation of the cage 4 is less likely to occur. 
0099. However, when the diameter of the center of the 
cage 4 in the radial thickness direction thereof is too small, 
following problem may occur. 
0100 When hybrid vehicles are used in cold regions, there 
may be a situation in which the temperature of a ball bearing 
for Supporting rotatably a rotating shaft of a drive motor or a 
generator (e.g., an alternator) of a hybrid vehicle is decreased 
to a temperature as low as approximately -40°C. When the 
temperature is so decreased, the resin cage 4 is easier to shrink 
than the metallic inner ring 1, and therefore, a difference 
between an inside diameter of the cage 4 and an outside 
diameter of the inner ring 1 (hereinafter, referred to as a radial 
gap) becomes Zero, causing a fear that the bearing is locked so 
as not to rotate. 

0101 Consequently, the radial gap at a normal tempera 
ture is preferably set so that even when the temperature of the 
bearing is changed from the normal temperature to -40°C. to 
thereby cause the cage 4 and the inner ring 1 to shrink, the 
radial gap does not become Zero. Namely, the radial gap at the 
normal temperature is preferably larger than an amount 
shrinkage of the inside diameter of the cage 4 caused when the 
temperature of the cage 4 changes from the normal tempera 
ture to -40°C. to shrink the cage 4. 
0102 The shrinking amount of the inside diameter of the 
cage 4 can be obtained as a product of the inside diameter of 
the cage 4, the linear expansion coefficient of the material of 
the cage 4 and a temperature variation. The temperature varia 
tion is a difference between the normal temperature and -40° 
C. and, for example, and when the normal temperature is 20° 
C., the temperature variation is 60° C. 
0103. In addition, since the radius of curvature r of the 
inner Surface of the pocket 11 of the cage 4 is slightly larger 
than a radius of the ball 3, the cage 4 may play in the radial 
direction. In case this play amount is too large, the inner 
circumferential Surface of the cage 4 and the outer circum 
ferential Surface of the inner ring 1 are brought into contact 
with each other, causing a fear that the torque of the bearing 
is increased. 
0104 Consequently, the radial gap is preferably larger 
than the radial play amount of the cage 4 so that even when the 
cage 4 radially plays, the inner circumferential Surface of the 
cage 4 is not brought into contact with the outer circumfer 
ential surface of the innerring 1. The radial play amount of the 
cage 4 means a Sum of a maximum distance along which the 
cage can shift in one of radial directions and a maximum 
distance along which the cage can shift in a 180°-degree 
opposite direction to the one radial direction. 
0105. The ball bearing for supporting rotatably the rotat 
ing shaft of the drive motor or the generator (for example, the 
alternator) of the hybrid vehicle is lubricated by lubricating 
oil in many cases. When the ball bearing rotates at high 
speeds, lubricating oil introduced into an interior of the bear 
ing from an opening in an axial end portion of the bearing 
flows radially outwards due to centrifugal force. Therefore, it 

Jun. 16, 2011 

is difficult for the lubricating oil to enter between the inner 
circumferential Surface of the cage 4 and the outer circum 
ferential surface of the inner ring 1, and an insufficient lubri 
cation tends to occur easily (see FIG. 7). As a result, there is 
caused a fear that wear, heat-seizure and skidding occur in the 
cage 4. 
0106 Consequently, the radial gap is preferably 0.15 or 
more times, and is more preferably 0.2 or more times the 
diameter of the ball. By having Such radial gaps, as shown in 
FIG. 6, the lubricating oil can easily enter between the inner 
circumferential Surface of the cage 4 and the outer circum 
ferential surface of the inner ring 1, and hence, the insufficient 
lubrication is made difficult to occur. When generally taking 
these into consideration, the radial gap is preferably 2% to 
10%, and is more preferably 2% to 7% of the outside diameter 
dimension of the inner ring 1 at 20°C. 
0107 As axial end portions of the bearing, there are an end 
portion which faces the axial end face of the base portion 10 
of the cage 4 where the pockets 11 are formed and an end 
portion which faces the other axial end face of the base 
portion 10 of the cage 4 where no pockets 11 are formed. In 
FIGS. 6 and 7, examples are shown in which the lubricating 
oil is introduced into the interior of the bearing from an 
opening in the latter end portion. However, an advantage 
similar to the advantage described above can also be obtained 
even when the lubricating oil is introduced into the interior of 
the bearing from an opening in the opposite end portion, that 
is, from an opening in the former end portion. 
0108. With a construction shown in FIG.9, even when the 
radial gap is ensured sufficiently as is described above, most 
of the lubricating oil is caused to flow radially outwards by 
centrifugal force before the lubricating oil reaches the gap 
defined between the inner circumferential surface of the cage 
4 and the outer circumferential Surface of the inner ring 1, and 
therefore, there may be a fear that an insufficient lubrication 
occurs. Namely, as shown in FIG.9, when an axial length L of 
a space is large which is defined between the axial end portion 
of the bearing and the axial end face of the base portion 10 of 
the cage 4 where no pockets 11 are formed, there may be a 
fear that an insufficient lubrication occurs. 
0109 Consequently, it is preferable that the axial end face 
of the base portion 10 of the cage 4 where no pockets 11 are 
formed is placed close to the axial end portion of the bearing. 
Specifically, when the axial length L is 0.15 or less times the 
diameter of the ball 3, as shown in FIG. 8, the lubricating oil 
is allowed to enter easily between the inner circumferential 
Surface of the cage 4 and the outer circumferential Surface of 
the inner ring 1, whereby a good lubrication is obtained. More 
specifically, the axial length L is preferably 5 mm or smaller 
and is more preferably 2 mm or smaller. However, it is pref 
erable that the cage 4 does not project from an end face of the 
inner ring 1 or the outer ring 2. To make this happen, the axial 
length L is most preferably 0.1 mm or larger and 2 mm or 
Smaller, including a shift amount of the cage 4 due to gaps 
between the pockets 11 and the balls 3. 
0110 FIG. 10 shows a first modified example of the first 
embodiment. As shown in FIG. 10, in order to deal with the 
problem of insufficient lubrication, a lubricant guide 25 may 
be provided near an axial end portion of a bearing for guiding 
a lubricant from an opening in an axial end portion into an 
interior of the bearing. Then, the lubricating oil is allowed to 
enter easily between a inner circumferential Surface of a cage 
4 and an outer circumferential Surface of an inner ring 1, 
whereby an insufficient lubrication is made difficult to occur. 
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In the example shown in FIG. 10, a plate-shaped lubricant 
guide 25 is attached to an axial end face of the bearing, and the 
lubricating oil supplied from the center of a shaft is returned 
by the lubricant guide 25 in a direction directed towards the 
interior of the bearing, whereby the lubricating oil is intro 
duced into the interior of the bearing from the opening in the 
axial end portion of the bearing. 
0111. In addition, a member having the same construction 
as that of the lubricant guide 25 may be provided near the 
opposite axial end portion to the axial end portion where the 
lubricant guide 25 is provided (that is, the axial end portion of 
which the lubricant flows out). The same advantage can also 
be obtained even when the guide members are provided at 
both the axial end portions in the way described above. In 
addition, this lubricant guide 25 can also be made up of a 
general shield plate or a seal. As this occurs, the lubricant 
tends to be introduced easily from a gap between an inner 
circumferential surface of the shield plate or the seal and the 
outer circumferential Surface of the inner ring 1. A seal mem 
ber such as the seal or the seal plate may be provided at both 
the axial ends or may be provided only one of the axial ends. 
0112 FIG. 11 shows a second modified example of the 

first embodiment. In a ball bearing shown in FIG. 11, lubri 
cating oil is introduced into an interior of the bearing from an 
opening in an axial end portion of the bearing (an end portion 
which faces an axial end face of a base portion 10 of a cage 4 
where no pockets 11 are formed) and is then discharged to the 
outside from an opening in the otheraxial end portion (an end 
portion which faces an axial end face of the base portion 10 of 
the cage 4 where pockets 11 are formed). An outside diameter 
at a shoulder portion of an outer ring 2 is larger on a lubricant 
discharge side than on a lubricant introducing side. According 
to this configuration, since the lubricant becomes easy to be 
taken into the interior of the bearing from the opening in the 
axial end portion on the lubricant introducing side of the 
bearing, the amount of lubricant which passes through the 
interior of the bearing is increased. 
0113. As in a third modified example of the first embodi 
ment shown in FIG. 12, also when an outside diameter at a 
shoulder portion of an inner ring 1 is larger on a lubricant 
discharge side than on a lubricant introducing side, the same 
advantage as that described above can be obtained. On both 
the inner ring 1 and an outer ring 2, the outside diameters of 
at the shoulder portions may be set to be larger on the lubri 
cant discharge side than the lubricant introducing side. 
0114. Further, in FIGS. 11 and 12, although the examples 
are shown in which the lubricant is introduced into the interior 
of the bearing from the opening in the end portion on a side 
toward which the axial, end face of the base portion 10 of the 
cage 4 where no pockets 11 are formed faces, the same advan 
tage as that described above can also be obtained when the 
lubricant is introduced into the interior of the bearing portion 
from the opening in the opposite end portion, that is, the 
opening in the end portion on a side toward which the other 
axial end face of the base portion 10 of the cage 4 where the 
pockets 11 are formed faces. 

Embodiment 2 

0115 FIG. 13 is a partial sectional view of a ball bearing 
according to a second embodiment of the invention. FIG. 14 
is a perspective view of a cage of the ball bearing in FIG. 13, 
and FIG. 15 is a partial sectional view of the cage in FIG. 14. 
In the description of the second embodiment, the same refer 
ence numerals as those in the first embodiment will be given 
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to the same or like portions to those of the first embodiment. 
In addition, detailed descriptions of similar configurations to 
those of the first embodiment will be omitted. 
0116. A ball bearing in FIG. 13 includes an inner ring 21, 
an outer ring 22, a plurality of balls 3 (rolling elements) 
disposed rollably between the inner ring 21 and the outer ring 
22 and a resin cage 24 for retaining the plurality of balls 3 
between the inner ring 21 and the outer ring 22. A raceway 
Surface 21a (a raceway groove) of the inner ring 21 and a 
raceway Surface 22a (a raceway groove) of the outer ring 22 
are disposed in a position which is offset towards one side (a 
right-hand side in FIG. 13) in the axial direction from axially 
widthwise centers of the inner ring 21 and the outer ring 22. 
Note that an offset amount is not specifically limited. How 
ever, it is preferable that the balls 3 do not project from an 
axial end face of at least one of the inner ring 21 and the outer 
ring 22, even including an axial gap of the ball bearing. 
0117. A lubricant (for example, lubricating oil or grease), 
not shown) is filled in a bearing space in which the balls 3 are 
disposed between the inner ring 21 and the outer ring 22 or a 
lubricant is supplied thereinto. Contact surfaces between the 
raceway Surfaces of the inner ring 21 and the outerring 22 and 
the balls 3 are lubricated by this lubricant. 
0118 While materials of the inner ring 21 and the outer 
ring 22 are not particularly limited, bearing steel Such as SUJ2 
steel is preferable, and in particular, a carburized or carbo 
nitrided bearing steel is more preferable. In addition, it is 
possible to use a material produced by applying a carburizing 
treatment or a carbo-nitriding treatment to an alloy steel in 
which alloy elements such as silicon, manganese, chromium 
and molybdenum are added as required to a medium carbon 
steel. In particular, when a bearing is used under high-tem 
perature, high-speed conditions, a material is preferable in 
which a carburizing treatment or a carbo-nitriding treatment 
is applied to one of such alloy steels which has a larger content 
of silicon. 
0119 Material of the balls3 is not particularly limited. For 
example, bearing steels or ceramics can Suitably be used. 
I0120 Next, referring to FIGS. 14 and 15, the construction 
of the cage 24 will be described. The cage 24 is a crown type 
cage which is formed in one-piece by injection molding of 
resin material. The cage 24 includes an annular base portion 
20 and a plurality of pockets 11 which are provided in an axial 
end face of the base portion 20 for rollably retaining the balls 
3 

I0121 Each pocket 11 is formed by a recess portion 11a 
which is provided in the axial end face of the base portion 20 
and a pair of elastic pieces 11b which are disposed at edges of 
the recess portion 11a. So as to face each other with a space 
provided therebetween. Facing surfaces of the pair of elastic 
pieces 11b continue to an inner Surface of the recess portion 
11a so as to form a spherical recess Surface or cylindrical 
Surface. 
0.122 The cage 24 is disposed so that the pockets 11 face 
the side to which the raceway surfaces 21a, 22a are offset, that 
is, to the right-hand side of FIG. 13, while the base portion 20 
faces an opposite side to the side to which the raceway Sur 
faces are offset (hereinafter, referred to as an opposite side to 
the raceway surfaces offset side). 
I0123. Since the raceway surfaces 21a, 22a are disposed in 
the position which is offset toward one side in the axial 
direction from the axially widthwise centers of the inner ring 
21 and the outer ring 22, a larger space is formed on the 
opposite side to the raceway surfaces offset side (a left-hand 
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side in FIG. 13) in an interior of the bearing than on the 
raceway surfaces offset side. Because of this, when the ball 
bearing has seal members, the base portion 20 of the cage 24 
is made difficult to be brought into contact with the seal 
member. In addition, the base portion 20 of the cage 24 is 
made difficult to project to the outside from an opening in the 
axial end portion of the bearing. Further, compared with a 
case where the raceway Surfaces 21a, 22a are disposed in the 
axially widthwise centers of the inner ring 21 and the outer 
ring 22, the base portion 20 of the cage 24 can be given an 
axially elongated shape (see FIG. 13). With such a shape 
given to the base portion 20, the rigidity of the cage 24 can be 
increased so as to make it difficult for the cage 24 to be 
deformed. 
0124 Resin material forming the cage 24 is not particu 
larly limited, provided that a resin material used has proper 
ties such as strength, heat resistance and the like which are 
necessary for the cage, synthetic resins such as nylon 46, 
nylon 66, polyphenylene sulfide (PPS), polytetra fluorine eth 
ylene (PTFE) and polyether ether ketone (PEEK) are prefer 
able. In addition, a resin composition which contains approxi 
mately 10 to 40 mass % of reinforcement material such as 
glass fibers (GF) or carbon fibers (CF) in a resin is particularly 
preferable, since Such a resin composition exhibits high 
toughness and mechanical strength under high temperatures. 
0.125. An axial distance A between an axial position of a 
center of gravity G of the cage 24 and a curvature center O11 
of the spherical or cylindrical inner surface of the pocket 11 is 
0.6 to 1.2 times a radius of curvaturer of the inner surface of 
the pocket 11. With this configuration, even when the ball 
bearing is used at high temperatures (100° C. or higher) and at 
high speeds (rotation speeds of 10000 min' or higher, 0.6 
million or larger in dmn value or 1 million or larger in dimn 
value), the cage 24 is not likely to be deformed. A remarkable 
effect can be obtained, in particular, under a high speed con 
dition in which the dmn value is 1.1 million or more and under 
an ultra-high speed condition in which the dmn value is 1.5 
million or more. Consequently, the ball bearing can be used 
preferably under high-temperature, high-speed conditions 
and is preferable as a bearing which rotatably Support a rotat 
ing shaft of a drive motor or a generator (for example, an 
alternator) of a hybrid vehicle, for example. In addition, since 
the cage 24 includes no metallic reinforcement member, the 
ball bearing can be fabricated inexpensively. 
0126 Referring to FIG. 15, a range of the axial distance A 
between the axial position of the center of gravity G of the 
cage 24 and the curvature center O11 of the inner surface of 
the pocket 11 will be described in greater detail. When the ball 
bearing is used under high-temperature, high-speed condi 
tions whereby a large centrifugal force is exerted on the cage 
24, the elastic pieces 11b of the pocket 11 are deformed 
radially outwards. This is because since the elastic pieces 11b 
are constructed in a cantilever-like fashion, the centrifugal 
force is exerted on the axial position of the center of gravity G 
of the cage 4 as moment with a rigidity center S of the cage 24 
acting as a fulcrum. The rigidity center S is situated in a 
substantially intermediate position between the other end 
face of the base portion 20 (an end face of axial end faces of 
the base portion 20 in which no pockets are formed) and a 
bottom portion of the pocket 11. 
0127 Consequently, in case the axial position of the center 
of gravity G of the cage 24 is positioned near the rigidity 
center 5, even when a large centrifugal force is exerted on the 
cage 24, since the moment becomes Small, warping of the 
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base portion 20 can be suppressed which would otherwise be 
generated by the radially outward deformation of the elastic 
pieces 11b of the pocket 11. Namely, the generation of a large 
deformation as shown in FIG. 45 in the cage can be sup 
pressed. 
I0128 Assuming that the axial distance A between the 
axial position of the center of gravity G of the cage 24 and the 
curvature center O11 of the inner surface of the pocket 11 is 
0.6 to 1.2 times the radius of curvaturer of the inner surface 
of the pocket 11, since the axial position of the center of 
gravity G of the cage 24 and the rigidity center S are posi 
tioned near to each other, even when the centrifugal force is 
exerted on the cage 24, the radially outward deformation of 
the elastic pieces 11b is suppressed. As a length between the 
other axial end face of the base portion 20 and the bottom 
portion of the pocket 11, that is, the thickness B of the base 
portion 20 increases, the axial position of the center of gravity 
G of the cage 24 shifts to the direction of the other axial end 
face of the base portion 20, and the axial distance A becomes 
large. Namely, the axial position of the center of gravity G of 
the cage 24 approaches the rigidity center S. In addition, since 
the raceway surfaces 21a, 22a are offset, it is possible to 
ensure a large distance for the axial distance A. 
0129. When the axial distance A is less than 0.6 times the 
radius of curvaturer, the moment exerted on the axial position 
of the center of gravity G of the cage 24 becomes large, 
causing a fear that the cage 24 is deformed. On the other hand, 
when the axial distance A is more than 1.2 times the radius of 
curvaturer, the width (the axial length) of the cage 24 is 
increased, and when the ball bearing has seal members, there 
is caused a fear that the cage 24 is brought into contact with 
the seal member. In addition, even when the ball bearing has 
no seal members, there is caused a fear that the cage 24 
projects outwards from a side of the ball bearing. In order to 
make it more difficult for these drawbacks to occur, the axial 
distance A is preferably 0.65 to 1.1 times, more preferably 
0.75 to 1.1 times, and is much more preferably 0.85 to 1.1 
times the radius of curvaturer, and in an operating condition 
in which the dmn value exceeds 1 million, the axial distance 
A is most preferably 0.9 to 1.1 times the radius of curvaturer. 
0.130. A magnitude of moment based on a centrifugal 
force that would be exerted on the cage when the ball bearing 
of the second embodiment is rotated is calculated. The results 
of calculations are the same as those indicated on the graph in 
FIG.5 which shows the results of the calculations made in the 
first embodiment. Namely, as shown in the graph in FIG. 5, 
the axial distance A is preferably 0.6 or more times, and is 
more preferably 0.65 or more times the radius of curvature of 
the pocket. In particular, as the dmn value increases to 1.13 
and 1.7 million, the effect of Suppressing the moment 
becomes more remarkable. 

I0131. As shown in FIG.16, the cage 24 may be configured 
such that the center in the radial thickness direction thereof is 
positioned radially inwards than the center of the ball 3. Since 
the rigidity of the cage 24 is increased by being so con 
structed, the deformation of the cage 24 is Suppressed. 
(0132. In addition, as with the first embodiment, a differ 
ence between an inside diameter of the cage 24 and an outside 
diameter of the inner ring 21 (hereinafter, referred to as a 
radial gap) at the normal temperature may be made larger than 
the shrinking amount of the inside diameter of the cage 24 
when the cage 24 shrinks as a result of the temperature of the 
bearing changing from the normal temperature down to -40° 
C. According to this configuration, even when the cage 24 and 
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the inner ring 21 shrink as a result of the temperature of the 
bearing changing from the normal temperature down to -40° 
C., the radial gap does not become Zero, whereby the bearing 
can be prevented from being made not to rotate as a result of 
being locked. 
0133. In addition, as with the first embodiment, the radial 
gap may be made larger than a play amount of the cage 24. 
According to this configuration, even when the cage 24 radi 
ally plays, an inner circumferential Surface of the cage 24 can 
be prevented from being brought into contact with the outer 
circumferential surface of the inner ring 21. 
0134. In addition, as with the first embodiment, the radial 
gap may be 0.15 or more times, and is more preferably 0.2 or 
more times the diameter of the ball 3. By having such radial 
gaps, the lubricating oil can easily enter between the inner 
circumferential Surface of the cage 24 and the outer circum 
ferential surface of the inner ring 21, and hence, the insuffi 
cient lubrication is made difficult to occur (see FIGS. 17 and 
18). Consequently, as with the first embodiment, the radial 
gap is preferably 2% to 10%, and is more preferably 2% to 7% 
of the outside diameter dimension of the inner ring 21 at 20° 
C 

0135 The axial end portion of the bearing may be an end 
portion on a side toward which the axial end face of the base 
portion 20 of the cage 24 where the pockets 11 are formed 
faces or an end portion on the other side toward which the 
other axial end face of the base portion 20 of the cage 24 
where no pockets 11 are formed faces. In FIGS. 17, 18, 
examples are shown in which the lubricating oil is introduced 
into the interior of the bearing from an opening in the latter 
end portion. However, an advantage similar to the advantage 
described above can also be obtained even when the lubricat 
ing oil is introduced into the interior of the bearing from an 
opening in the opposite end portion, that is, from an opening 
in the former end portion. 
0136. With a construction shown in FIG. 20, even when 
the radial gap is ensured sufficiently as is described above, 
most of the lubricating oil is caused to flow radially outwards 
by centrifugal force before the lubricating oil reaches the gap 
defined between the inner circumferential surface of the cage 
24 and the outer circumferential surface of the inner ring 21, 
and therefore, there may be a fear that an insufficient lubri 
cation occurs. Namely, as shown in FIG. 20, when an axial 
length Lofa space is large which is defined between the axial 
end portion of the bearing and the axial end face of the base 
portion 20 of the cage 24 where no pockets 11 are formed, 
there may be a fear that an insufficient lubrication occurs. 
0.137 Consequently, it is preferable that the axial end face 
of the base portion 20 of the cage 24 where no pockets 11 are 
formed is placed close to the axial end portion of the bearing. 
Specifically, as with the first embodiment, when the axial 
length L is 0.15 or less times the diameter of the ball 3, as 
shown in FIG. 19, the lubricating oil is allowed to enter easily 
between the inner circumferential surface of the cage 24 and 
the outer circumferential surface of the inner ring 21, 
whereby a good lubrication is obtained. More specifically, the 
axial length L is preferably 5 mm or Smaller, and is more 
preferably 2 mm or smaller. However, it is preferable that the 
cage 4 does not project from an end face of the inner ring 1 or 
the outer ring 2. To make this happen, the axial length L is 
most preferably 0.1 mm or larger and 2 mm or Smaller, includ 
ing a shift amount of the cage 4 due to gaps between the 
pockets 11 and balls 3. 
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0.138 FIG. 21 shows a first modified example of the sec 
ond embodiment. According to the first modified example of 
the second embodiment, as with the first modified example of 
the first embodiment, a lubricant guide 25 is provided near an 
axial end portion of a bearing for guiding a lubricant from an 
opening in the axial end portion into an interior of the bearing. 
Consequently, the lubricating oil is allowed to enter easily 
between a inner circumferential Surface of a cage 24 and an 
outer circumferential Surface of an inner ring 21, whereby an 
insufficient lubrication is made difficult to occur. In the 
example shown in FIG. 21, a plate-shaped lubricant guide 25 
is attached to an axial end face of the bearing, and the lubri 
cating oil supplied from the center of a shaft is returned by the 
lubricant guide 25 in a direction directed towards the interior 
of the bearing, whereby the lubricating oil is introduced into 
the interior of the bearing from the opening in the axial end 
portion of the bearing. 
0.139. In addition, a member having the same construction 
as that of the lubricant guide 25 may be provided near the 
opposite axial end portion to the axial end portion where the 
lubricant guide 25 is provided (that is, the axial end portion of 
which the lubricant flows out). The same advantage can also 
be obtained even when the guide members are provided at 
both the axial end portions in the way described above. In 
addition, this lubricant guide 25 can also be made up of a 
general shield plate or a seal. As this occurs, the lubricant 
tends to be introduced easily from a gap between an inner 
circumferential surface of the shield plate or the seal and the 
outer circumferential surface of the inner ring 21. A seal 
member such as the seal or the seal plate may be provided at 
both the axial ends or may be provided only one of the axial 
ends. 

0140 FIG. 22 shows a second modified example of the 
second embodiment. In a ball bearing shown in FIG. 22. 
lubricating oil is introduced into an interior of the bearing 
from an opening in an axial end portion of the bearing (an end 
portion on a side toward which an axial end face of a base 
portion 20 of a cage 24 where no pockets 11 are formed faces) 
and is then discharged to the outside from an opening in the 
other axial end portion (an end portion on the other side 
toward which the otheraxial end face of the base portion 20 of 
the cage 24 where pockets 11 are formed faces). According to 
the second modified example of the second embodiment, as 
with the second modified example of the first embodiment, an 
outside diameter at a shoulder portion of an outer ring 22 is 
larger on a lubricant discharge side than on a lubricant intro 
ducing side. Consequently, the lubricant becomes easy to be 
taken into the interior of the bearing from the opening in the 
axial end portion on the lubricant introducing side of the 
bearing, whereby the amount of lubricant which passes 
through the interior of the bearing is increased. 
0.141. As in a third modified example of the second 
embodiment shown in FIG. 23, also when an outside diameter 
at a shoulder portion of an inner ring 21 is larger on a lubricant 
discharge side than on a lubricant introducing side, the same 
advantage as that described above can be obtained. On both 
the inner ring 21 and an outer ring 22, the outside diameters at 
the shoulder portions may be set to be larger on the lubricant 
discharge side than the lubricant introducing side. 
0.142 Further, in FIGS. 22 and 23, although the examples 
are shown in which the lubricant is introduced into the interior 
of the bearing from the opening in the end portion of the 
bearing on a side toward which the axial end face of the base 
portion 20 of the cage 24 where no pockets 11 are formed 
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faces, the same advantage as that described above can also be 
obtained when the lubricant is introduced into the interior of 
the bearing portion from the opening in the opposite end 
portion, that is, from the opening in the other end portion on 
the other side toward which the other axial end face of the 
base portion 20 of the cage 24 where the pockets 11 are 
formed faces. 
0143. As in the first embodiment and the second embodi 
ment, the center of the cage 4, 24 in the radial thickness 
direction thereof is positioned radially inwards than the cen 
ter of the ball 3, as shown in FIG. 25, edge portions (in 
particular, radially inward edge portions) of the inner Surface 
of the pocket 11 tend to have a sharp shape (a sharp edge), and 
when the ball 3 collides thereagainst, there is caused a fear 
that the sharp edge portions are damaged, causing fragments 
to drop. 
0144. When the fragments that have dropped are caught 
between the inner ring 1, 21 and the ball 3 and/or between the 
outer ring 2, 22 and the ball 3, depressions are caused in the 
inner ring 1, 21 and/or the outer ring 2, 22 and the ball 3. 
whereby the life of the bearing is shortened. In addition, when 
the amount of fragments that drop is large, the gaps between 
the inner surface of the pocket 11 and the ball 3 become large, 
whereby there is caused a fear that harmful vibration and 
noise are caused in the bearing. 
0145. In order to deal with these problems, as shown in 
FIG. 24, the edge portions (in particular, the radially inward 
edge portions) are preferably chamfered to form substantially 
flat chamfered portions 11c. When the edge portions are 
chamfered, since the sharp edges are eliminated, there is 
caused almost no fear that fragments drop. In addition, the 
lubricating oil is allowed to be easily taken into the interior of 
the pocket 11 in the cage 4. Consequently, in particular, in a 
bearing that is lubricated by lubricating oil, there is provided 
an advantage that the lubrication performance of the bearing 
is increased by the formation of the chamfered portions 11c. 
0146 When the cage is configured such that the center in 
the radial thickness direction thereof coincides with the cen 
ter of the ball (see FIG. 26), when chamfering is applied in the 
way described above, the shift amount of the cage in the radial 
direction is increased, whereby vibration and noise which are 
harmful to the bearing tend to be generated easily. 
0147 Here, the results of an evaluation will be described 
which are made on likelihood of fragment drops which are 
caused as a result of the sharp edge portions being damaged. 
0148. On bearings in which a center of a cage in a radial 
thickness direction thereofispositioned radially inwards than 
the center of the ball, likelihood of fragment drop by rotation 
was Surveyed by changing variously the amount of chamfer 
ing. Namely, likelihood of fragment drop by rotation was 
Surveyed on bearings in which values resulting when a radial 
distance between the center of the cage in the radial thickness 
direction thereof and the center of the ball is divided by the 
radius of curvature of the inner surface of the pocket (here 
inafter, referred to as an offset amount of the center position 
of the cage) are 0%, 4.3% and 12.9%. The results are shown 
in FIG. 27. 
014.9 The chamfering amount is a value (in %) obtained 
by dividing a radial length M of the chamfered portion 11c by 
the radius of curvature of the inner surface of the pocket 11 
(see FIG. 24). In addition, the likelihood of fragment drop 
means a value of stress exerted on the edge portions of the 
inner surface of the pocket by the contact with the ball and is 
indicated by a relative value based on the value of stress of the 
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bearing in which the offset amount of the center position of 
the cage is 0% and the chamfering amount is 0%. 
0150. It is seen from a graph in FIG. 27 that the offset 
amount of the center position of the cage becomes larger, 
fragments are made more difficult to drop. In addition, in the 
event that the edge portions are chamfered even a little, it is 
effective in preventing the drop of fragments, and it is seen 
that with a chamfering amount of 2.5% or more, fragment are 
made sufficiently difficult to drop. However, when the cham 
fering amount exceeds 5%, on the contrary, there may be a 
situation in which fragments are made easy to drop. Conse 
quently, the chamfering amount is preferably 0.5% to 5%, and 
is more preferably 2.5% to 4.5%. 
0151. When the inside diameter of the cage 4, 24 becomes 
too large for the reason that the radial thickness of the cage 4. 
24 is thin, the radial shift amount (the play amount) of the 
cage 4, 24 is increased, whereby vibration and noise harmful 
to the bearing tend to be caused easily. Consequently, the 
inside diameter of the cage 4 is preferably set to a suitable 
value. 
0152 Then, an imaginary straight line L1 is drawn which 
connects a radially innermost contact point Pin contact points 
between the ball 3 and the inner surface of the pocket 11 and 
the center of the ball3. Then, an inside diameter of the cage 4 
is specified by an angle 0 which is formed by the imaginary 
straight line L1 and a straight line L2 which passes through 
the center of the ball 3 in a direction which intersects a radial 
direction at right angles. As this occurs, in order to reduce the 
radial shift amount of the cage 4, the angle 0 is preferably 25° 
or larger and is more preferably 30° or larger. 
0153. When the edge portions of the inner surface of the 
pocket are chamfered, as shown in FIG. 29, since a radially 
outermost portion of the chamfered portion 11c comes into 
contact with the ball 3, an imaginary line L1 is drawn by 
connecting that portion with the center of the ball 3. In addi 
tion, when the radial position of the cage 4 is positioned 
radially inward of the edge portions of the inner surface of the 
pocket 11 by other means, an imaginary Straight line L1 is 
drawn by connecting a portion which first comes into contact 
with the ball3 when the cage 4 is shifted radially inwards with 
the center of the ball 3. 

0154 Here, the results of an evaluation will be described 
which is made on a relationship between the angle 0 and the 
radial shift amount. Bearings are prepared which are vari 
ously different in ratio of radius of curvature of the inner 
surface of the pocket to radius of the ball (pocket curvature 
radius/ball radius) and the angle 0 and the bearings are inves 
tigated for a radial shift amount of the cage when rotating. 
There are prepared three ratios of pocket radius of curvature/ 
ball radius, which are 101%, 103% and 106%. The results of 
the evaluation are shown in FIG. 30. The radial shift amount 
of the cage is indicated by a ratio to the diameter of the ball 
(cage shift amount/ball diameter (in 96)). 
(O155 It is seen from a graph in FIG.30 that the radial shift 
amount of the cage is Small when the angle 0 is 25 or larger 
and that the radial shift amount of the cage becomes Smaller 
when the angle 0 is 30° or larger. However, in case the angle 
0 formed becomes too large, the cage becomes easy to be 
brought into contact with the outer circumference of the inner 
ring. Consequently, the angle 0 is 50° or Smaller and is more 
preferably 40° or smaller. More specifically, it is preferable 
that the angle 0 stays within the range and as is described 
above, the gap between the inside diameter of the cage and the 
outside diameter of the inner ring is 2% or more and 10% or 
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less of the outside diameter of the inner ring and is more 
preferable that the gap is 2% or more and 7% or less. 
0156 The ball bearings of the first embodiment and the 
second embodiment are Suitable for use as a ball bearing 
which Supports rotatably a rotating shaft of a drive motor or a 
generator (for example, an alternator) of a hybrid vehicle. 
Consequently, a transmission of a hybrid vehicle which incor 
porates the ball bearings of the first embodiment and the 
second embodiment can preferably be used even in high 
temperature, high-speed conditions. 

Embodiment 3 

0157 FIG. 31 shows a ball bearing according to a third 
embodiment of the invention. As shown in FIG. 31, this ball 
bearing includes an inner ring 31 having a raceway Surface 1 a 
(a raceway groove) on an outer circumferential Surface 
thereof, an outer ring 32 having a raceway Surface 2a (a 
raceway groove) on an inner circumferential Surface thereof, 
a plurality of balls (steel balls) 3 which are disposed rollably 
between the raceway surface 1a of the inner ring 31 and the 
raceway Surface 2a of the outer ring 32, a resin crown type 
cage 34 for retaining the balls 3 at given intervals in a circum 
ferential direction, and an annular lubricant guide 5 made of 
a thin plate and provided at an axial end face side of the inner 
ring 31 and the outer ring 32. 
0158. As shown in FIG. 32, the crown type cage 34 
includes an annular base portion 4a, a plurality of pillar 
portions 4b which are provided on an axial end face of the 
base portion 4a so as to project therefrom so as to be aligned 
at given intervals and spherical pockets 4c each having a 
spherical internal Surface secured between the adjacent pillar 
portions 4b. The crown type cage 34 retains the balls 3 at 
given intervals in the circumferential direction by accommo 
dating the balls 3 individually in the corresponding spherical 
pockets 4c. 
0159. As examples of resins of which the crown type cage 
34 is formed, there are raised polyamide based resins such as 
nylon 46 and nylon 66, polybutylene terephthalate, polyphe 
nylene sulfide (PPS), polyamide-imide (PAI), thermoplastic 
polyimide, polyether ether ketone (PEEK), polyether mytril 
(PEN) and the like. In addition, the rigidity and dimension 
accuracy of the crown type cage 34 can be increased by 
adding as required 10 to 40 wt % fabric filler (for example, 
glass fibers or carbon fibers) to the aforesaid resins. 
0160 The crown type cage 34 is preferably fabricated 
through injection molding with a multiple-gate mold. By 
adopting this fabrication method, the dimension accuracy of 
the crown type cage 34 can be increased compared with a 
fabrication using a single-gate mold. In addition; by being 
fabricated with the multi-gate mold, since a weld portion can 
be offset from a pocket bottom which constitutes a weakest 
portion of the cage, a reduction in strength due to the weld 
portion can be prevented. 
0161 This ball bearing is used under an environment in 
which lubricating oil for lubricating an interior of the bearing 
is supplied from an axial side S1 relative to the balls 3 and is 
discharged from the other axial side S2 relative to the balls 3. 
The crown type cage 34 is disposed so that the base portion 4a 
faces the lubricating oil supply side S1 which is the axial side, 
and the lubricating oil so Supplied is guided to sliding portions 
between the balls 3 and the cage 34. 
0162 The lubricant guide 5 is tightened at the lubricating 

oil supply side of the outer ring 32. The lubricant guide 5 is 
fixed to the outer ring by bringing an outer circumferential 
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end 5a into engagement with an engagement groove 2b 
formed in a shoulder portion to a side of the outer ring race 
way Surface 2a of the outer ring 32, and a lubricant guide 
portion 5b is allowed to extend towards a shoulder portion 1b 
to a side of the inner ring raceway Surface 1a of the inner ring 
31. An annular opening portion 51 into which the lubricating 
oil is supplied is formed between an inner circumferential 
portion 5c of the lubricant guide 5 and an outer circumferen 
tial portion of the shoulder portion 1b of the inner ring 31. 
0163. In this case, a tapered cutout 1c is provided at the 
shoulder portion 1b of the inner ring 31 which faces the inner 
circumferential portion 5c of the lubricant guide 5, and the 
annular opening portion into which the lubricating oil is Sup 
plied is formed between an outer circumferential of the 
tapered cutout 1c and the inner circumferential portion 5c of 
the lubricant guide 5. This tapered cutout 1c extends further 
axially inwards than a bottom of the spherical pocket in the 
crown type cage 34 So as to enhance the lubricating oil flow 
into the bearing. 
(0164. As shown in FIG.33A, a radial widthwise center 4h 
of the crown type cage 34 is offset toward the radially inner 
side of the bearing than a center O3 of the ball 3 in order to 
increase the holding amount of the ball 3. In this way, when 
the crown type cage 34 is offset towards the radially inner side 
to increase the holding amount of the ball 3, compared with a 
case in which the center of the radial width of the cage 34 
coincides with the center of the ball 3 (see FIG.33B), a radial 
gap e2 between an edge 4e of an inner circumferential portion 
of the cage 34 and the ball 3 can be made smaller than a gap 
e1 in FIG. 33B when the crown type cage 34 is expanded 
outwards by centrifugal force. Consequently, a radially out 
ward deformation of the cage 34 can be suppressed to a small 
level, as a result of which a warp can be suppressed further so 
as to prevent the contact of the cage 34 with the outer ring 32 
than a case where the holding amount is small as in FIG. 33. 
0.165 An outside diameter surface of the inner ring 31 
functions as a guide for rotation of the cage 34 by reducing a 
distance between the outside diameter surface of the inner 
ring 31 and an inner circumferential portion of the cage 34. So 
as to Suppress the radial play of the cage 34, whereby an effect 
can be expected which prevents the rotation of the cage 34 
with run-out. Note that when the bearing is rotating normally, 
the cage 34 is guided by the balls and the cage 34 is prevented 
from being brought into contact with the inner ring 31, and 
therefore, there is caused no such situation in which bearing 
torque is increased. In addition, when a force Such as an 
impact force is exerted abruptly on the cage 34, although there 
is a possibility that the cage 34 and the inner ring 31 come into 
contact with each other, even in Such a case, compared with a 
case where the cage 34 contacts the outer ring 32, the increase 
in bearing torque is allowed to remain at a small level. In 
particular, when the bearing is used under conditions where 
an impact force is exerted thereon, the guide of the cage 34 
may be switched from the ball guide to an inner ring guide. 
0166 Further, as shown in FIG. 34A, the edge 4e of the 
inner circumferential portion of the spherical pocket 4c is 
rounded. As described above, when the inside diameter of the 
cage 34 becomes Small, as indicated by imaginary lines in 
FIG. 34A, the edge 4e of the inner circumferential portion of 
the spherical pocket 4c becomes sharp, and this portion tends 
to weareasily. Then, the wear can be prevented by the edge 4e 
being rounded in section. As shown in FIGS. 34B and 34C. 
the edge 4e may be chamfered, and as this occurs, partial 
rounding or chamfering may be applied only to a bottom of 
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the spherical pocket 4c or distal ends of claws. In addition, as 
shown in FIG.34C, when a cylindrical chamfering is applied, 
compared with the rounding and chamfering shown in FIGS. 
34A and 34B, an injection mold can be fabricated easily and 
costs for fabrication can be suppressed, which is preferable. 
0167. In addition, as shown in FIG. 31, in the ball bearing 
in the third embodiment, the centerO3 of the ball3 is offset by 
a suitable dimension closer to the lubricating oil discharge 
side than the center position C of the inner ring 31 and the 
outer ring 32. When the position of the ball 3 is offset towards 
the discharge side 52 of the lubricating oil in the way 
described above, the axial distance between the lubricant 
guide 5 disposed at the supply side S1 of the lubricating oil 
and the ball 3 is expanded. Consequently, a large thickness 
can be ensured accordingly for a bottom thickness J (a thick 
ness of the base portion 4a) of the spherical pocket 4c of the 
crown type cage 34. In this way, when the bottom thickness J 
of the spherical pocket 4c of the cage 34 is increased, the 
rigidity of the crown type cage 34 can be increased accord 
ingly, whereby the effect of Suppressing the warping by the 
centrifugal force is increased. 
0168. In addition, a bent wall 5d., which is bent towards the 
interior of the bearing, is provided at an inner circumferential 
portion of the lubricant guide 5. When the bent wall 5d 
extending towards the interior of the bearing is provided, the 
lubricating oil that has flowed in from the annular opening 
portion 51 is guided to the bent wall portion 5d so as to be 
directed towards the inner circumferential portion of the 
crown type cage 34 without being directed radially outward 
by centrifugal force right after the introduction into the annu 
lar opening portion 51, whereby the lubricating oil is allowed 
to positively flow into portions needing lubrication. 
0169. Additionally, an inside diameter Ds of the inner 
circumferential portion 5c of the lubricant guide 5 is equal to 
or smaller than a revolution diameter PCD of the ball 3 and is 
more preferably an inside diameter Dh of the crown type cage 
34. 

0170 A shortest distance y between the outer circumfer 
ential portion of the inner ring 31 and the inner circumferen 
tial portion 5c of the lubricant guide 5 which define the 
annular opening portion 51 is set to 9% or more of a diameter 
Dw of the ball 3 and is more preferably 11% or more. In this 
case, assuming that the inside diameter of the lubricant guide 
5 is Ds and the outside diameter of the shoulder portion 1b of 
the inner ring 31 is D1, the shortest distance y is 

0171 According to the ball bearing of the third embodi 
ment, since the annular opening portion 51 is formed at the 
axial supply side between the inner circumferential portion5c 
of the lubricant guide 5 fixed to the outer ring 32 and the outer 
circumferential portion of the innerring 31, the lubricating oil 
can be introduced into the interior of the bearing from the 
annular opening portion 51. Then, the lubricating oil that 
flows into the interior of the bearing flows into the sliding 
portions between the balls 3 and the crown type cage 34 by 
centrifugal force after having flowed towards the radially 
inner side of the cage 34 and is discharged to the outside of the 
bearing from an annular opening opened at the axial dis 
charge side between the inner and outer rings 1, 2 in Such a 
state that the flow rate is increased further by centrifugal 
force. Note that arrows in FIG. 31 indicate the flow of lubri 
cating oil. 
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0172. In this way, since the lubricating oil supplied into the 
interior of the bearing flows into the sliding portions between 
the balls 3 and the crown type cage 34 from the radially inner 
side of the cage 34 by centrifugal force, the wear of the cage 
34 can be suppressed which is caused by the sliding of the 
balls 3 on the cage 34 which tends to be generated easily when 
rotating at high speeds without employing a device Such as a 
lubrication nozzle which requires extra space and cost. As a 
result, the rotation of the crown type cage 34 with run-out can 
be prevented, thereby making it possible to realize a long life 
of the bearing. In addition, since the lubricating oil can be 
discharged to the outside of the bearing in Such a state that the 
flow rate is increased by centrifugal force, the ingress and 
egress of lubricating oil can be implemented effectively, 
thereby making it possible to prevent the increase in both 
temperature and torque of the bearing. 
0173. In addition, since the resin crown type cage 34 can 
be injection molded, cages can be mass produced, and hence, 
lubricating conditions can be improved while Suppressing 
costs. The ball-guided crown type cage 34 can contribute to 
the reduction in torque. 
0.174. Additionally, by making the inside diameter Ds of 
the lubricant guide 5 equal to or smaller than the inside 
diameter Dh of the crown type cage 34, the lubricating oil that 
has entered the interior of the bearing from the annular open 
ing portion 51 can flow in towards the radially inner side of 
the crown type cage 34 in a more ensured fashion. In addition, 
an excessive lubricant can be prevented from entering the 
interior of the bearing. 
(0175 Since the radial widthwise center 4h of the crown 
type cage 34 is offset towards the radially inner side of the 
bearing from the center O3 of the ball 3, the holding amount 
of the balls 3 by the crown type cage 34 can be increased, 
whereby the warp of the crown type cage 34 can be sup 
pressed. 
(0176). In addition, since the centerO3 of the ball3 is offset 
to the discharge side S2 of the lubricating oil, a large distance 
can be secured between the lubricant guide 5 disposed at the 
supply side S1 of the lubricating oil and the ball 3. Conse 
quently, due to the space between the ball 3 and the lubricant 
guide 5 being expanded, the axial thickness of the base por 
tion 4a of the crown type cage 34 facing the Supply side S1 of 
the lubricating oil, that is, the bottom thickness J of the spheri 
cal pocket 4c can be increased. As a result, the rotation of the 
crown type cage 34 with run-out can be Suppressed. 
0177 Additionally, since the tapered cutout 1c is provided 
at the shoulder portion 1b of the inner ring 31 which is 
situated on the side where the lubricant guide 5 is disposed, 
the inside diameter Ds of the lubricant guide 5 can made 
Small, while ensuring that the annular opening portion 51 into 
which the lubricating oil flows is kept slightly larger. As a 
result, the lubricating oil can be introduced towards the radi 
ally side of the crown type cage 34 in an ensured fashion, 
facilitating the introduction of the lubricating oil to the sliding 
portions between the spherical pockets 4c and the balls 3. 
0178. In addition, since the bent wall 5d extending towards 
the interior of the bearing is provided at the inner circumfer 
ential portion 5c of the lubricant guide 5, the lubricating oil 
that flows in from the annular opening portion 51 secured 
between the inner circumferential portion 5c of the lubricant 
guide 5 and the outer circumferential portion of the inner ring 
31 can be guided positively in the direction of the inner 
circumferential portion of the crown type cage 34 by over 
coming the centrifugal force. 
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0179 Additionally, since the edges 4e of the inner circum 
ferential portion of the spherical pocket 4c of the crown cage 
34 are chamfered or rounded, even when the edges 4e are 
brought into contact with the ball 3, the concentration of 
stress on the cage side 34 can be relaxed, thereby making it 
possible to reduce the wear of the cage 34. In particular, when 
the inside diameter of the crown type cage 34 is reduced, 
while the edges 4e become sharp, by chamfering or rounding 
the edges 4; a reduction in wear can be realized. 
0180. In addition, since the inside diameter Ds of the lubri 
cant guide 5 is equal to or Smaller than the revolution diameter 
PCD of the ball 3 and is more preferably equal to or smaller 
than the inside diameter of the crown type cage, it becomes 
possible to increase the performance of sending the lubricat 
ing oil to the portions requiring lubrication by the lubricant 
guide 5, thereby making it possible to improve the lubricating 
conditions of the bearing. In particular, when the shortest 
distance y between the outer circumferential portion of the 
inner ring 31 and the inner circumferential portion 5c of the 
lubricant guide 5 is 9% or more of the diameter Dw of the ball 
3, a reduction in rotation of the crown type cage 34 with 
run-out can be realized. Further, when the shortest distancey 
between the outer circumferential portion of the inner ring 31 
and the inner circumferential portion 5c of the lubricant guide 
5 is 11% or more of the diameter Dw of the ball3, a reduction 
in rotation of the crown type cage 34 with run-out can be 
realized in a more ensured fashion. 
0181 FIG. 35 shows a ball bearing according to a first 
modified example of the third embodiment. In this ball bear 
ing, a through hole 5e which allows for the passage of lubri 
cating oil is provided near an outer circumference of a lubri 
cant guide 5 which is situated further radially inwards than an 
inner circumferential portion of an outer ring 32. By adopting 
this configuration, since the lubricating oil can freely escape 
through the through hole Se provided near the outer circum 
ference of the lubricant guide 5, the replacement efficiency of 
lubricating oil can be increased in a region R in an interior of 
the bearing which is situated on an outer circumferential side 
of the interior of the bearing, thereby making it possible to 
prevent the portion in question from being heated. The other 
configurations and advantages are similar to those of the third 
embodiment. 
0182 FIGS. 36A to 36E show ball bearings according to a 
second modified example to a sixth modified example of the 
third embodiment, respectively. Note that these modified 
examples have the same configurations and advantages as 
those of the third embodiment except portions that will be 
described below. 
0183. A ball bearing according to the second modified 
example shown in FIG. 36A has a stepped cutout 1d formed 
at a shoulder portion 1b of an inner ring 31 in place of the 
tapered cutout 1c. 
0184. A ball bearing according to the third modified 
example shown in FIG.36B has a stepped cutout 1d formed at 
a shoulder portion 1b of an inner ring 31 in place of the 
tapered cutout 1c. Further, a bent wall 5d extends as far as a 
position where it enters a circumferential side of a base por 
tion 4a of a crown type cage 34. 
0185. A ball bearing according to the fourth modified 
example shown in FIG.36C has a stepped cutout 1d formed at 
a shoulder portion 1b of an inner ring 31 in place of the 
tapered cutout 1c. However, a lubricant guide 5 has no bent 
wall 5d. In this case, since no bent wall 5d is present, lubri 
cating oil that flows in from an annular opening portion 51 
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tends to be directed in an outside diameter direction by cen 
trifugal force. However, since kinetic energy is given to the 
lubricating oil at a point in time when the lubricating oil flows 
into an interior of the bearing from the annular opening por 
tion 51, the lubricating oil can satisfactorily be guided to the 
inner circumferential portion of the crown type cage 34. 
0186. A ball bearing according to the fifth modified 
example shown in FIG. 36D has a configuration in which no 
cutout is formed at a shoulder portion 1b of an inner ring 31, 
and an inner circumferential portion of a crown type cage 34 
lies close to an outside diameter surface of the inner ring 31. 
In addition, a lubricant guide 5 has no bent wall 5d. 
0187. A ball bearing according to the sixth modified 
example shown in FIG. 36E has a configuration in which no 
cutout is formed at a shoulder portion 1b of an inner ring 31. 
In addition, a crown type cage 34 is used in which a center of 
a radial width of the cage 34 coincides with the center of a ball 
3, so that the contact of an inner circumferential portion of the 
crown type cage 34 with an outside diameter Surface of the 
inner ring 31 is suppressed. In addition, the inside diameter of 
a lubricant guide 5 becomes Smaller than an inside diameter 
of the cage 34 by employing the cage 34, facilitating the 
passage of lubricating oil between an inner circumferential 
side of the cage 34 and the inner ring 31. 
0188 FIGS. 37A to 37D show ball bearings according to 
seventh to tenth modified examples of the third embodiment, 
respectively. For example, in the third embodiment, while the 
lubricant guide 5 is attached directly to the shoulder portion of 
the outer ring 32, as in the seventh and eighth modified 
examples shown in FIGS. 37A and 37B, respectively, a side 
plate 35, 45 may be provided on an external surface of an 
outer ring 32, and an annular projecting portion35a provided 
on the side plate 35 or the side plate 45 itself may be used as 
a lubricant guide. In addition, as in the ninth and tenth modi 
fied examples shown in FIGS. 37C and 37D, respectively, an 
inwardly facing flange portion 55, 65 may be provided on a 
housing 50, 60 to which an outer ring 32 is fixed so as to face 
inwards, and an annular projecting portion 35a provided on 
the flange portion 55 or the flange portion 65 itself may be 
used as a lubricant guide. 
0189 By adopting this configuration, the number of com 
ponents can be reduced. In addition, the step of crimping the 
outer circumferential end of the lubricant guide into the 
engagement groove in the outer ring can also be omitted, 
whereby costs are reduced. In addition, in the seventh to tenth 
modified examples, compared with the configuration in 
which the lubricant guide is fixed to the outer ring 32, a space 
can easily be provided at one axial side between an inner ring 
31 and the outer ring 32, thereby making it possible to 
increase the thickness of a base portion 4a of a cage 34. 
0190. Further, in the third embodiment, while the shield 
plate, which is not in contact with the outer circumferential 
surface of the shoulder portion 1b of the inner ring 31 is used 
as the lubricant guide, in the case of a contact seal is used, a 
Supply hole may be provided on an inner circumferential 
portion side of the lubricant guide. 
0191 In addition, as cages to which the invention can be 
applied, the invention can also be applied to other cages 
which include a ribbon type pressed cage and a duplex cage 
made by bringing two members into engagement with each 
other. 
0.192 Next, an example of a test for measuring a radial 
play of a cage will be described by using a ball bearing shown 
in FIG. 38. This ball bearing has substantially the same con 
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figuration as that of the ball bearing according to the fourth 
modified example shown in FIG. 36C. In Test 1, an outside 
diameter D1 of an end portion of a shoulder portion 1b of an 
inner ring 31 is changed, and in Test 2, an inside diameter DS 
of a lubricant guide 15 is changed. 
0193 <Test 1> 
0194 In Test 1, as an index of wear loss, an increased 
amount of a radial play of a cage as compared with a new cage 
was Surveyed while changing y/Dw (gap/ball diameter) by 
changing the outside diameter D1 of the end portion of the 
shoulder portion 1b of the inner ring 31 with the inside diam 
eter Ds of the lubricant guide 15 fixed at 51.8 mm. The 
configuration of the bearing and testing conditions were as 
follows. 
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this fact that wheny/Dw is 9% or larger and is preferably 11% 
or larger, a large effect can be obtained on the reduction of 
rotation with run-out of the ball bearing. In addition, when 
y/Dw is 3% or smaller, an annular opening portion 51 is so 
narrow that lubricating oil cannot be supplied sufficiently, 
resulting in heat-seizure of the bearing. 
0210 <Test 2> 
0211. In Test 2, in a ball bearing as shown in FIG.38, as an 
index of wear loss, an increased amount of a radial play of a 
cage as compared with a new cage was Surveyed while chang 
ing the inside diameter Ds of a lubricant guide 15 with an 
outside diameter D1 of an inner ring 31 fixed at 48.4 mm. 
However, y/Dw was set to be 11% or more at which the 

(0195 <Configuration of Bearing> starting time of rotation with run-out of the bearing stayed in 
(0196. Bearing Type: 6909 (PCD=56.5 mm) the Saturation region at all times in Test 1. The configuration 
0.197 Ball Diameter: 6.7 mm of the bearing and testing conditions were the same as those of 
0198 Cage: Crown Type Cage having Spherical Pockets Test 1. 
(0199 Cage Material Nylon 46 reinforced with 25% Glass 0212. The results of the test are shown in Table 2 and in 
Fibers FIG. 40. 

TABLE 2 

Annular Plate Opening Radial Play of Cage 
Inside Diameter Amount (mm) (Difference from 

(mm) (mm) y/Dw New Product) Remarks 

61.5 6.6 97 1.21 Outer Ring Inside Diameter 
59.0 5.3 79 1.23 
56.6 4.1 60 O.90 Bearing PCD 
54.0 2.8 41 O.20 
51.8 1.7 25 O.O7 Cage Inside Diameter 
SO.O O.8 12 O.O6 

0200 Distance Db between Base Portion of Cage and 0213. It is seen from the results of the wear test shown in 
Lubricant Guide Portion of Lubricant Guide: 1 mm 
0201 Cage Inside Diameter: 51.8 mm 
0202 <Testing Conditions 
0203 Rotation speed: 30000 rpm 
0204 Temperature of Lubricating Oil Supplied: 120° C. 
0205 Lubrication Method Supply of Mineral Oil of VG24 
through Forced Lubrication (0.1 L/min) 
0206 Load: 2500 N. 
0207 Testing Time: 20 Hr 
0208. The results of the test are shown in Table 1 and in 
FIG. 39. 

TABLE 1. 

Inner Ring Opening Radial Play of Cage 
Outside Diameter Amount (mm) (Difference from 

(mm) (mm) y/Dw New Product) 

514 O.2 3 heat-seizure 
51.2 O.3 5 1.13 
SO.8 O.S 7 O.61 
SO.6 O6 9 O.18 
SO.4 0.7 10 O.O6 
49.8 1.O 15 O.04 
48.4 1.7 25 O.O7 

0209. It is seen from the results of the wear test shown in 
FIG. 39 that wheny/Dw is 9% or larger, the improvement in 
starting time of rotation with run-out of the bearing comes 
almost to a saturation, and when y/Dw is 11% or larger, the 
improvement in starting time of rotation with run-out of the 
bearing comes completely to a saturation. It is verified from 

FIG. 40 that the wear loss starts to decrease somewhen at a 
pint in time when the inside diameter of the lubricant guide 
starts to be lowered to and beyond the PCD of the bearing. It 
can be considered that this is because lubricating oil is made 
difficult to flow into a cage 34 and much of the lubricating oil 
then starts to flow to a radially inner side of the cage 34. This 
effect conies almost to a saturation when the inside diameter 
Ds of the lubricant guide 15 is lowered to and beyond the 
inside diameter Oh of the cage 34. It is seen from these facts 
that the inside diameter Ds of the lubricant guide 15 should be 
equal to or smaller than the PCI) of the bearing and be pref 
erably equal to or smaller than the inside diameter Oh of the 
cage 34. 
0214) <Test 3> 
0215 Next, heat generation amounts were compared by 
changing only the radius of curvature R of the grooves in the 
raceway Surfaces of the inner ring and the outer ring in the 
dimensions of the bearing in the bearings used in Test 1 which 
indicated the Smallest play amount, the outside diameter of 
the inner ring being 49.8 mm, the opening amount being 1.0 
mm, and y/Dw of the bearing being 15%, respectively. The 
results of Test 3 are shown in FIG. 41. In a graph in FIG. 41. 
an axis of abscissae denotes Ri radius of curvature R of 
groove in raceway Surface of inner ring/ball diameter, and an 
axis of ordinates denotes a ratio of heat generation amounts 
when a heat generation amount when Re-radius of curvature 
of groove in raceway surface of outer ring/ball diameter=0.52 
and Ri-0.52 is referred to as 1.0. It is seen from the test results 
shown in FIG. 41 that irrespective of radius of curvature R of 
the groove in the raceway Surface of the outer ring, it is 
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favorable when the radius of curvature R of the groove in the 
raceway Surface of the innerring is equal to or larger than 53% 
(Rie0.53), in which not much heat is generated. 
0216. Thus, while the embodiments and the modified 
examples thereof have been described, the invention is not 
limited to the embodiments and the modified examples 
thereof, and hence, it is obvious to those skilled in the art to 
which the invention pertains that various alterations and 
modifications can be made thereto without departing from the 
spirit and scope of the invention. For example, the materials, 
shapes, dimensions, numbers and disposition locations can be 
altered or modified as required. 
0217. In addition, the characteristics of the embodiments 
and the modified examples thereof may be combined 
together. 
0218. Additionally, in the embodiments and the modified 
examples thereof, while the deep groove ball bearing is 
described as the ball bearing to which the invention is applied, 
the invention can be applied to other various types of ball 
bearings (for example, angular contact ball bearings and self 
aligning ball bearings). 

INDUSTRIAL APPLICABILITY 

0219. The invention provides the ball bearing which can 
Suitably be used even under high-temperature, high-speed 
conditions and a hybrid vehicle transmission. 

1. A ball bearing comprising: 
an inner ring comprising a raceway surface; 
an outer ring comprising a raceway Surface; 
a plurality of rolling elements rollably disposed between 

the raceway Surface of the inner ring and the raceway 
Surfaces of the outer ring; and 

a resin cage configured to retain the plurality of rolling 
elements between the inner ring and the outer ring, 

wherein the cage is a crown type cage comprising an annu 
lar base portion and a plurality of pockets formed in an 
axial end face of the annular base portion, the plurality of 
pockets retaining the plurality of rolling elements, and 

wherein an axial distance between an axial position of a 
center of gravity of the cage and a curvature center of a 
spherical or cylindrical inner Surface of each of the pock 
ets is 0.6 or more times a radius of curvature of the inner 
Surface. 

2. The ball bearing as set forth in claim 1, wherein a center 
of the cage in a radial thickness direction is situated radially 
inwards than a center of each of the rolling elements. 

3. The ball bearing as set forth in claim 2, wherein the axial 
distance between the axial position of the center of gravity of 
the cage and the curvature center of the inner Surface of each 
of the pockets is 0.9 or less times the radius of curvature of the 
inner Surface. 

4. The ball bearing as set forth in claim3, wherein the axial 
distance is 0.65 to 0.85 times the radius of curvature of the 
inner Surface. 

5. The ball bearing as set forth in claim 1, wherein the 
raceway Surface of the inner ring and the raceway Surface of 
the outer ring are disposed in a position which is offset 
towards one side in an axial direction from axial widthwise 
centers of the inner ring and the outer ring, and 

wherein the axial distance between the axial position of the 
center of gravity of the cage and the curvature center of 
the inner surface of each of the pockets is 1.2 or less 
times the radius of curvature of the inner surface. 
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6. The ball bearing as set forth in claim 5, wherein the axial 
distance is 0.65 to 1.1 times the radius of curvature of the 
inner Surface. 

7. The ball bearing as set forth in claim 2, wherein a 
difference between an inside diameter of the cage and an 
outside diameter of the inner ring is larger than an amount of 
shrinkage of the inside diameter of the cage caused when the 
cage shrinks due to a temperature change from a normal 
temperature to -40°C. 

8. The ball bearing as set forth in claim 2, wherein a 
difference between an inside diameter of the cage and an 
outside diameter of the inner ring is larger than a radial play 
amount of the cage. 

9. The ball bearing as set forth in claim 2, wherein a 
difference between an inside diameter of the cage and an 
outside diameter of the inner ring is 0.15 or more times a 
diameter of the rolling element. 

10. The ball bearing as set forth in claim 2, wherein a 
difference between an inside diameter of the cage and an 
outside diameter of the inner ring is 0.2 or more times a 
diameter of the rolling element. 

11. The ball bearing as set forth in claim 1, further com 
prising a lubricant guide fixed to the outer ring to guide a 
lubricant into an interior of the ball bearing from an opening 
between an axial end portion of the innerring and an axial end 
portion of the outer ring. 

12. The ball bearing as set forth in claim 1, wherein an axial 
length of a space defined between an opening between an 
axial end portion of the inner ring and an axial end portion of 
the outer ring and the other axial end face of the annular base 
portion is 0.15 or less times a diameter of the rolling element. 

13. The ball bearing as set forth in claim 1, wherein each of 
the pockets comprises a chamfered portion formed by cham 
fering an edge portion of the inner Surface. 

14. The ball bearing as set forth in claim 13, wherein a 
radial length of the chamfered portion is 2.5% or more of the 
radius of curvature of the inner surface. 

15. The ball bearing as set forth in claim 1, wherein, with 
respect to each of the pockets, an angle formed by a straight 
line connecting a contact point where the rolling element 
retained by the pocket and the inner surface of the pocket are 
brought into contact with each other on a radially innermost 
side and a center of the rolling element and a straight line 
passing through the center of the rolling element perpendicu 
larly to a radial direction is 25 or larger. 

16. The ball bearing as set forth in claim 15, wherein the 
angle is 30° or larger. 

17. The ball bearing as set forth in claim 1, wherein the ball 
bearing is lubricated by lubricating oil. 

18. The ball bearing as set forth in claim 1, wherein lubri 
cant is introduced into an interior of the ball bearing from an 
opening between an axial end portion of the inner ring and an 
axial end portion of the outer ring and is discharged outside 
the ball bearing from an opening between the other axial end 
portion of the inner ring and the other axial end portion of the 
outer ring, and wherein outside diameters of shoulder por 
tions of at least one of the inner ring and the outer ring are 
larger on a lubricant discharge side than on a lubricant intro 
ducing side. 

19. The ball bearing as set forth in claim 1, wherein the ball 
bearing is used under conditions in which a bearing tempera 
ture is 100° C. or higher and admin value is 0.6 million or 
greater. 
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20. The ball bearing as set forth in claim 19, wherein the 
ball bearing is used under conditions in which the dmn value 
is 1 million or greater. 

21. The ball bearing as set forth in claim 1, wherein the ball 
bearing is incorporated in a rotary Supporting portion of a 
drive motor or a generator for a hybrid vehicle. 

22. A hybrid vehicle transmission comprising the ball bear 
ing as set forth in claim 21. 

23. A ball bearing comprising: 
an inner ring comprising a raceway Surface on an outer 

circumferential surface thereof; 
an outer ring comprising a raceway Surface on an inner 

circumferential surface thereof; 
a plurality of balls rollably disposed between the raceway 

Surface of the inner ring and the raceway Surface of the 
outer ring; 

a cage configured to retain the plurality of balls at intervals 
in a circumferential direction; and 

an annular lubricant guide fixed to an axial end portion of 
the outer ring and extending towards a shoulder portion 
of the inner ring, 

wherein an annular opening portion is formed between an 
inner circumferential portion of the lubricant guide and 
the outer circumferential surface of the inner ring to 
Supply lubricating oil into an interior of the ball bearing, 
and 

wherein the ball bearing is used under an environment in 
which the lubricating oil is Supplied from one side in an 
axial direction with respect to the balls and is discharged 
from the other side in the axial direction with respect to 
the balls. 

24. The ball bearing as set forth in claim 23, wherein the 
cage is a crown type cage comprising a base portion and a 
plurality of pillar portions protruded on an axial end face of 
the base portion, the balls being accommodated in spherical 
pockets formed between the pillar portions, 

wherein the base portion of the cage is disposed to face the 
one side in the axial direction, and 
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wherein a radial widthwise center of the cage is offset 
radially inwards than a center of each of the balls. 

25. The ball bearing as set forth in claim 23, wherein a 
center of each of the balls is offset toward the other side in the 
axial direction than axial widthwise centers of the inner ring 
and the outer ring. 

26. The ball bearing as set forth in claim 23, wherein the 
shoulder portion of the inner ring that faces the inner circum 
ferential portion of the lubricant guide comprises at least one 
of a tapered cutout portion and a stepped cutout portion. 

27. The ball bearing as set forth in claim 23, wherein the 
inner circumferential portion of the lubricant guide comprises 
a bent wall which is bent toward the interior of the bearing. 

28. The ball bearing as set forth in claim 23, wherein an 
edge of an inner circumferential portion of the spherical 
pocket of the cage is chamfered or rounded. 

29. The ball bearing as set forth in claim 23, wherein an 
inside diameter of the lubricant guide is equal to or Smaller 
than a revolution diameter of the balls. 

30. The ball bearing as set forth in claim 29, wherein the 
inside diameter of the lubricant guide is equal to or Smaller 
than an inside diameter of the cage. 

31. The ball bearing as set forth in claim 23, wherein a 
shortest distance between the outer circumferential portion of 
the inner ring and the inner circumferential portion of the 
lubricant guide which form the annular opening portion is 9% 
or more of a diameter of the ball. 

32. The ball bearing as set forth in claim 31, wherein the 
shortest distance is 11% or more of the diameter of the ball. 

33. The ball bearing as set forth in claim 31, wherein the 
lubricant guide and a housing to which the outer ring is fixed 
are formed as a one-piece structure. 

34. The ball bearing as set forth in claim 23, wherein a 
through hole permitting the lubricating oil to pass through is 
formed in a portion of the lubricant guide which is near an 
outer circumference thereof and lies radially inwards than an 
inner circumferential portion of the outer ring. 

c c c c c 


