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(64) A crown-shaped cage for a radial bearing

(57) Pockets (11) for receiving balls (15) have their entrances (14) axially on one side of a cage and are spaced from each
other at regular intervals in a circumferential direction by partition walls (12). Each wall has engagement portions (12a) in
an inside part thereof and at opposing sides thereof towards respective pockets, which portions serve to engage and stop
the ball in radial and axial directions. In each wall a relief space (13) is provided to allow deflection of the wall when a ball is
inserted into the pocket. The presence of the relief spaces (13) and the engagement portions (12a) means that the cage
can be made of a plastics material, such as PPS or PEEK, which offers excellent heat resistance but low flexibility.
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A CROWN SHAPED CAGE FOR A RADIAL BEARING

The present invention relates to a crown-shaped
cage which is used, for example, in a deep groove ball
bearing, and particularly to a crown-shaped cage which is
able to positively hold balls inserted easily in its pockets
using the elasticity of its component material, and can,
particularly, insert the balls in the pockets even when it
is made of a material with nominal flexibility.

When made of plastics, bearing cages can be made
lightweight and can be manufactured using monolithic molding
processes offering higher mass productivity, and the flexi-
bility of the plastics can be used for press insertion of
each ball in the respective pocket. For these reasons,
plastics are widely used for crown-shaped cages. And, nylon
is widely used as plastic material mainly because it pro-
vides sufficient flexibility to cages.

However, demand has risen in recent years for
bearings which can be used in high temperature environments,
resulting directly in growing demand for cages with high
heat resistance. Various plastics with higher heat resis-
tance than nylon, including polyphenylene sulfide (hereiﬁaf-
ter referred to as PPS), polyether ether ketone (hereinafter
referred to as PEEK), and other plastics with resistance to
heat of 200 °C or more, have therefore been tested recently
for their suitability as a material for crown-shaped cages.

PPS and PEEK, however, are less flexible than nylon.
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A conventional crown-shaped cage has multiple
pockets that are open On both ends in the radial direction
and open oOn one side in the axial direction. gach of
entrances to the pockets;, which are open in the axial
direction as described above, is smaller in width in the
circumferential direction than the diameter of each ball by
a given dimension. Insertion of a ball into its pocket 1is
performed by pressing the ball from the entrance in the
axial direction, flexibly forcing the walls, which are on
both sides of the entrance to form the pocket, out in the
circumferential direction. After the pall is completely
inserted, the entrance returns to the original width,
thereby holding the inserted pall in the axial direction.
when all balls are inserted in such a way in their respec-
tive pockets, the balls are held at specified regular
intervals in the circumferential direction.

since the construction of the conventional crown-
shaped cage as described above is such that walls on both
sides of an entrance are simply spread flexibly in the
circumferential direction when & ball is inserted in the
axial direction into the cage, the entire walls must give OT
deflect flexibly when the pocket is opened. When the cage
is constructed of nylon or & similar flexible material, the
walls can Dbe elastically deformed in the circumferential
direction to expand the entrance to the diameter of the ball

so that the ball can be inserted. However, when the cage is
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made from PPS or PEEK, materials with excellent heat resis-
tance but much less flexibility, the entrance cannot be
spread to the diameter of the ball and it is therefore‘no£

possible to insert the ball into the pocket.

Therefore, the object of the present invention is
to provide a crown-shaped cage which assures an elastic and
easy insertion of balls into pockets even when the cage is
made of a plastic material with high temperature resistance
but nominal flexibility such as PPS, PEEK or the like, in
order to make it possible to use a bearing with the cage
made of such plastics under a high temperature condition.

In order to achieve the above object, a crown-
shaped cage for a radial bearing of the present invention
has partition walls for forming a plurality of pockets for
accommodating balls, said pockets being spaced from each
other at regular intervals in a circumferential direction,
and respective entrances of the pockets for the balls being
provided axially on one side of the cage. Each of said
partition walls has engagement portions in an inside part
thereof at positions opposite the pockets on both sides
thereof. The engagement portions on both sides of each of
the pockets are to be engaged with each ball so as to stop
the ball in radial and axial directions. There are provided
relief spaces in the partition walls for allowing deflection
caused in the partition walls when the balls are inserted in

the pockets.
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The crown-shaped cage according to the present
invention operates as follows.

This crown-shaped cage is used in a radial bear-
ing. Paying attention to a single ball, the engagement
portions provided on both sides of the inside part of a
pocket stops the ball in the radial and axial directions.
Thus, when all balls are disposed between the races of inner
and outer rings and are held in the respective pockets of
the cage, reversely the crown-shaped cage is stopped against
the balls in the radial and axial directions by the
engagement portions, and is supported in the radial and
axial directions by the balls at a specified gap to inside
and outside rings of the bearing in the radial direction.
The balls inserted into the pockets are also held at regular
intervals in the circumferential direction in such a way
that they can turn.

The balls are inserted in the axial direction into
the pockets through the pocket entrances which cpen elasti-
cally. When the balls are relatively inserted in the axiai
direction, the engagement portions spread elastically to the
diameter of the balls. 1In adcdition to the presence of the
relief space for allowing the deflection caused in the
partition wall when the balls are inserted, the engagement
portions are provided in the inside part of the partition
walls facing the pocket. As such, instead of expanding by

moving only in the circumferential direction as occurs with



a conventional cage, the walls of the crown-shaped cage of
the present invention are able to expand with compound
movement in the circumferential and radial directions.
Thus, even when the crown-shaped cage is manufactured from a
plastic material such as PPS, PEEK, polysulfone, polyether
sulfone, polyether imide, polyamide imide or the like which
offers excellent heat resistance but low flexibility and
therefore does not enable insertion of a ball into a pocket
in a conventional crown-shaped cage, easy insertion of
balls into the pockets is realized by easily and flexibly
expanding the walls, which include the engagement portions,
to the ball diameter. After the ball is once inserted into
the pocket, the elastically restored engagement portions
stops the ball in the axial direction, and thus positively

prevents the cage from escaping.

The present invention will become more fully
understood from the detailed description given hereinbelow
and the accompanying drawings which are given by way of
illustration only, and thus are not limitative of the

present invention, and wherein:

Fig. 1 is a cross sectional view in the axial
direction of an embodiment of a crown-shaped cage according

to the present invention;

Fig. 2 is a view taken in the direction of the

arrow II in Fig. 1;



Figs. 3 and 4 are cross sectional views taken in
the directions of the arrows III-III and IV-IV, respective-
ly, of Fig. 2;

Fig. 5 is a cross sectional view in the axial
direction of another embodiment;

Fig. § is a view taken in the direction of the
arrow VI in Fié. 5

Figs. 7 and 8 are views taken in the directions of

the arrows VII-VII and VIII-VIII, respectively, in Fig. 6.

Fig. 1 shows a cross sectional view of a crown-
shaped cage according to the present invention. This crown-
shaped cage is made of plastics such as PPS, PEEK,
polysulfone, polyether sulfone, polyether imide, polyamide
imide, or the like, either of which has resistance to heat
of 200 °C or more. This cage is provided with a plurality
of pockets 11 at regular intervals in the circumferential
direction. Each of the pockets 11 is open on both ends in
the radial direction and is open on one side 10 in the axial
direction, thus constructing a pocket entrance. As shown in
Figs. 1 and 2, recesses 13, which are open on both ends in
the radial direction and are open on the one side 10, are
provided at approximately the center of partition walls 12
between the pockets 11 in the circumferential direction.

mhe recesses 13 have a depth d in the axial direction
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approximately equal to the depth of the pockets 11 from the
one side 10, and a width w in the circumferential direction.
As shown in Fig. 2, the partition walls 12 are divided in
the circumferential direction into two approximately equal
cantilever-shaped portions 12a forming a tuning fork shape
by the recesses 13. The recesses 13 provide relief spaces
for flexible expansion or deflection of the cantilever-
shaped portions 12a when balls are inserted into the pockets
11 as will be described hereinbelow.

As shown in Figs. 2, 3 and 4, each pocket 1l
consists of two parts: an outside part 1 and an inside part

-

As shown in Figs. 2 and 3, the outside part 1 of each
pocket 11 is defined by a cylindrical surface lla extending
in the radial direction of the cage and a pair of planes 11b
continued from the cylindrical surface 1lla in the axial
direction so as to form a U-shape surface together with the

cylindrical surface lla. The cylindrical surface lla has &
radius of R1 from the center O of the pocket 11, and the
planes 11b are parallel to the axial direction and separated
by a distance 2R1.

On the other hand, as shown in Figs. 2 and 4, the
inside part 2 of each pocket 11 1is formed by spherical
surface llc with a radius R1 from the center O of the pocket
11, and by cylindrical surfaces 11ld extending in the axial

direction with a radius R2, the axis of which passes the

center 0 of the pocket 1l.
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Regarding the inside part 2 of the pocket 11, the
radius R1 of the spherical surface 1llc is slightly larger
than the radius R of a ball 15 indicated by a dotted line B
as shown in Fig. 2. Furthermore, the radius R2 (see Fig. 2)
of the cylindrical surface 11d extending in the axial
direction is a given dimension smaller than the radius R of
the ball 15. Thus, because the radius R2 of the cylindrical
surfaces 11d forming an entrance 14 to the pocket 11 in the
inside part 2 is smaller than the radius R1 of the spherical
surface llc, the angle formed between ends of the spherical
surface 1llc shown in Fig. 4 as ¥ is greater than 180°.
Parts, indicated by A, A in Figs. 2 and 4, between end
portions 1llc-1 of the spherical surface ilc, which are the
portions over 180°, and the end surfaces 10 opposite the
portions 1llc-1 in the axial direction form claw-shaped
engagement portions 16. The engagement between these
engagement portions 16 and the balls 15 holds the balls to
the cage, and at the same time holds the cage to the balls,
in both the axial and radial directions, as describéd
hereinafter.

When the balls 15 are fit between the raceé of
inner and outer rings (not shown in the figures) and held in
the pockets 11 as shown by the dotted line B in Fig. 1, the
crown-shaped cage stops the balls 15 in the axial direction
by the portions 1lc-1 of the spherical surfaces l1lc. 1In

other words, the cage is stopped in the axial direction by
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the engagement between the portions llc-1 and the balls 15
and thus supported in the axial direction. The balls 15 are
prevented from slipping out in the axial diréction from the
respective entrances of the pockets 11 by the engagement in
the axial direction, shown by an arrow X in Fig. 1, with the
portions 1llc-1 of the spherical surfaces 1llc which exceed
180° (see Fig. 4). At the same time, the crown-shaped cage
is prevented from being disconnected from the balls 15 and
slipping off in the axial direction by that engagement.
While the crown-shaped cage is thus held in the axial
direction, it is also held in the radial direction to the
balls 15 by the spherical surfaces llc and supported in the
radial direction by the balls 15. The crown-shaped cage is
thus positioned with a given gap to +he inner and outer
rings.

In the crown-shaped cage as thus described, when a
ball 15 is inserted in the axial direction to a pocket 11,
the pair of cantilever-shaped portions 12a provided on both
sides in the circumferential direction of the entrance 14 to
the pocket 11 are pressed by the ball 15, and the engagement
portions 16 are expanded elastically to a point enabling the
passage of the Ball 15. Because the recesses 13 are provid-
ed in the partition walls 12 on both sides of the pocket in
this crown-shaped cage, it is not the whole of the partition
walls 12 but only part of the partition walls 12, specifi-

cally the cantilever-shaped portions 12a that flex.
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The depth d and width w of the recesses 13 are
determined to be of appropriate dimensions with considera-
tion given to the flexibility of the material of the cage,
and the flexibility of the portions 1l2a is adjusted to an
appropriate amount as required for the insertion of the
balls 15. The recesses 13 serve as relief spaces into which
the cantilever-shaped portions 12a can give. As described
above, the engagement portions 16 are provided in the inside
part, and the cantilever-shaped portions 1l1l2a move with a
compound action of flexure in the circumferential and radial
directions instead of spreading with movement only in the
circumferential direction as occurs with the partition walls
of a conventional cage, and are thus able to expand by a
greater amount (see a dotted line C in Fig. 2). Thus, the
cantilever-shaped portions 1l2a and engagement portions 16 in
this crown-shaped cage can easily and smoothly deflect
elastically to a position enabling passage of the ball 15
though the crown-shaped cage is made of PPS or PEEK, materi-
als with flexibility so small that insertion of the bali
into the pocket would not be possible with a crown-shaped
cage of conventional construction. Therefore, the ball 15
can be flexibly inserted into the pocket 11 with ease.

The crown-shaped cage to which insertion of all
balls 15 to the pockets 11 has been completed is held in the
axial direction as shown by the arrow in Fig. 1 to each ball

15 by the engagement portions 16 of the cantilever-shaped
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portions 12a of the partition walls 12 which have elastical-
ly recovered to their original positions, and removal of the
cage is positively prevented. The crown-shaped cage holds
the balls 15 inserted in the pockets 11 at regular intervals
in the circumferential direction such that the balls 15 can
rotate smoothly.

It is to be noted that because the cantilever-
shaped portions 12a on both sides of the pockets 1l are able
to easily expand with compound movement in the circumferen-
tial and radial directions as described above, it is
possible to remove this crown-shaped cage from a mold by
removing cores in a die corresponding to the recesses 13 and
the pockets 11 successively in the axial direction, and the
cage can thus be manufactured by monolithic molding. In
addition, the cage can also be monolithically molded by
removing the cores for the recesses 13 in the axial direc-
tion, and those for the pockets 11 in the radial direction.

Thus, because the crown-shaped cage has recesses
13 in the partition walls 12, the flexibility of the canti-
lever-shaped portions l12a can be adjusted by appropriately
selecting the shape and dimensions (depth d, width w) of the
recesses 13 according to the flexibility of the material,
and these recesses 13 can be used as the relief area for the
expansion of the portions 12a when the balls 15 are insert-
ed. In addition, because the engagement portions 16 which

stop against the ball 15 iIn the axial direction and the
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radial direction are provided on the inside diameter side of
the cantilever-shaped portions 12a, when the ball is insert-
ed in the axial direction into the pocket 11, the cantile-
ver-shaped portions 12a on both sides of the pocket 11 can
be expanded flexibly with a compound movement in both the
circumferential and radial directions instead of only in the
circumferential direction as do the partition walls in &
conventional crown-shaped cage. Therefore, even if the
crown-shaped cage is manufactured from PPS, PEEK, or &
similar material such as polysulfone, polyether sulfone,
polyether imide, oT polyamide imide with excellent high
temperature resistance but small flexibility, the engagement
portions 16 can easily expand to a position enabling passage
of the ball 15, and the ball 15 can be easily and positively
inserted into the pocket 11. Therefore, using this crown-
shaped cage, a high temperature resistant, and therefore, a
high speed ball bearing can be achieved. 7

Figs. 5, 6/ 7 and 8 show a modification of the
engagement portions 16 of the above-described embodiment.
Other parts than the engagement portions are designated by
the same reference numerals as in the above embodiment and
description on those same parts will be omitted. Figs. 5,
6, 7 and 8 correspond to Figs. 1, 2, 3, and 4, respectively,
though Fig. 5 shows the essential section only.

According to the modification shown in Figs. 5, 6,

7 and 8, engagement portions 26 of the partition walls 11
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are defined by end portions 2lc-1 over 180° of the spherical
surface llc and cylindrical surfaces 21d, wherein both the
end portions 2lc-1 and the cylindrical surfaces 21d, and
therefore the engagement portions 26 extend more outwardly
in the radial direction than the center O of the pocket, as
shown in Figs. 6 and 7. This offers an advantage that the
ball 15 is prevented from slipping off radially outwardly,
in addition to the advantages of the above embodiment. As a
result, escape of the ball 15 from the pocket 1l both in
radial directions (indicated by arrows in Fig. 6) and in the
axial direction is prevented. This is a very advantageous
feature when balls 15 are inserted into the pockets 11 of
the cage in advance prior to the assemblage into a bearing,
because the balls 15 do not slip off the pockets in any
direction.

The engagement portions are not limited in their
construction to those defined by the spherical and cylindri-
cal surfaces as described above, but may have any shape
which similarly holas the ball in the axial and radial
directions. The material of the crown-shaped cage shall, of
course, also not be restricted to the plastic materials
recited above.

The present invention being thus described, it
will be obvious that the same may be varied in many ways.
Such variations are not to be regarded as a departure from

the scope of the invention, and all such
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modification

are intended to be included with

ing claims.

s as would be obvious to one ski

l1led in the art

in the scope of the follow-

»
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CLAIMS

1. A crown-shaped cage for a radial bearing, comprising
partition walls defining a plurality of pockets for
accommodating balls, said pockets being spaced from each
other at regular intervals in a circumferential
direction, and respective entrances of the pockets for
the balls being provided axially on one side of the
cage, each of said partition walls having engagement
portions in an inside part thereof and at opposing sides
thereof towards respective pockets, these engagement
portions being engagable with each ball so as to stop
the ball in radial and axial directions, and relief
spaces provided in the partition walls to allow
deflection of the partition walls when the balls are

inserted into the pockets.

2. A cage as claimed in claim 1 which is made of

polyphenylene sulfide.

3. A cage as claimed in claim 1 which is made of

polyether ether ketone.

4. A cage as claimed in claim 1, wherein each of the
partition walls is divided into two cantilever-shaped

portions with a relief space interposed therebetween,
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the relief space being a recess open at opposite ends in

the radial direction and open at said one side of the

cage.

5. A cage as claimed in claim 4 wherein an outside part
of each pocket is substantially of U-shape, being
defined by a cylindrical surface formed around an axis
passing through a centre of the pocket in a radial
direction and a pair of planes extending from each end
of the cylindrical surface in parallel with the axial
direction of the cage, and an inside part of each pocket
is defined by a spherical surface formed around the
centre of the pocket and a cylindrical surface formed
around the axis passing through the centre of the pocket
in the axial direction, the radius of the cylindrical
surface of the inside part being smaller than that of
the spherical surface so that both ends of the spherical
surface are positioned nearer to the entrance of the
pocket than an imaginary plane containing the centre of
the pocket and perpendicularly intersect the axial
direction, in which respect said cylindrical surface of
the inside part and both end portions of the spherical
surface which project from the imaginary plane toward
the entrance of the pocket form the engagement

portions.

6. A cage as claimed in claim 1, 4 or 5, which is made

»»
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of plastics with high temperature resistance.

7. A crown-shaped cage as claimed in claim 5, wherein
both the end portions of the spherical surface and the
cylindrical surfaces of the inside part of each pocket
extend outwardly in the radial direction further than
the centre of the pocket so that the engagement portions
extend ouwardly in the radial direction further than the

centre of the pocket.

8. A crown-shaped cage for a radial bearing
substantially as hereinbefore described with reference
to and as illustrated by Figs. 1 to 4, or Figs. 5 to 8

of the accompanying drawings.
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