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Abstract: Background: Rolling bearings are widely used as core components in mechanical
equipment. Most bearings are equipped with a cage. However, when bearings work under condi-
tions of large load and high speed, the cage will produce violent friction and collision between the
rolling body and the rings of the bearing, which will reduce the stability of the bearing operation
and even fracture the cage. Bearing cage significantly impacts the rotational accuracy and life of
the bearing. Therefore, in recent years, many scholars have begun researching cageless rolling
bearings. The cageless rolling bearing eliminates the various adverse effects brought about by the
cage and reduces the weight of the bearing. However, the bearing structure must be reasonably de-
signed to eliminate the reverse friction between adjacent rolling elements in cageless cases. There-
fore, it is essential to design the structure of cageless rolling bearings and study their performance.

Objective: By analyzing and summarizing the research on cageless rolling bearings in recent
years, the current problems and the future development of cageless rolling bearings are analyzed
to provide a reference for researchers in the related fields.

Method: This paper reviews representative patents related to cageless rolling bearings, discusses
the structure and performance of various cageless rolling bearings, and analyzes their advantages
and disadvantages, mainly including full complement cageless bearings, isolation element bear-
ings, and special cageless bearings. Each type of bearing is analyzed through ball bearings and
roller bearings.

Results: Through the analysis of the related patents on cageless rolling bearings, it is found that
the main problems affecting the development of cageless rolling bearings are the irregular colli-
sion of rolling elements with each other, the friction between rolling elements and the adjacent ele-
ments, and the difficulty in machining the particular shape isolation and raceway. Future research
focuses on how to improve the service performance of cageless rolling bearings comprehensively
so that they can work under high speed and heavy load.

Conclusion: Cageless rolling bearings simplify the bearing structure to increase the number of
rolling elements. Therefore, the capacity of the rolling bearing is improved. The internal bearing
friction can be reduced through structural innovation design. Cageless rolling bearings have broad
development prospects

Keywords: Cageless rolling bearings, full complement cageless bearings, isolation element bearings, special cageless bear-

ings, friction, load-carrying capacity.

1. INTRODUCTION

As a core mechanical equipment component, rolling
bearings support rotating parts and reduce friction loss.
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In recent years, the development needs of aerospace, rail
transportation, wind power generation, CNC machine tools,
and other high-end technologies have driven the develop-
ment of rolling bearing technology [1-4]. The internal heat
source of the traditional bearing comes from the friction be-
tween the rolling element and the raceway, the friction be-
tween the cage and the guide surface of the ring, and the fric-
tion between the cage and the rolling element. However, the
frictional loss ratio between the cage, the rolling element,
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and the surface of the ring is the largest [5-7]. To eliminate
the adverse effects produced by the bearing cage, scholars at
home and abroad conduct relevant research on cageless
rolling bearings [8-13].

As a new type of non-standard rolling bearings, cageless
rolling bearings discard the cage traditionally, avoiding the
frictional resistance between the cage and rolling bodies,
raceways, and guiding surfaces. The structure of cageless
rolling bearings can be filled with a more significant number
of rolling elements so that the load on a single rolling ele-
ment is small and the bearing capacity is improved. Because
of its good bearing performance, it has been widely used in
the low-speed and heavy-duty industry [14, 15]. Full comple-
ment cylindrical roller bearings can be seen in wheel hubs
and reducers [16] as well as on automobile transmissions
[17, 18]. Cageless rolling bearings have the advantages of
long service life and simple structure and are often used as
backup bearings for active magnetic bearing systems [19,
20]. The research of cageless rolling bearings is an essential
theme for global bearings to move towards lightweight, fric-
tion reduction, low energy consumption, and economy [21].

This paper is organized as follows: Firstly, it describes
the classification of cageless rolling bearings and the current
status of research. Secondly, it introduces various representa-
tive patents related to cageless rolling bearings. Thirdly, the
main problems in the research and development of cageless
rolling bearings are analyzed and summarized. Finally, the
development of cageless rolling bearings is summarized,
and the possible future direction is viewed.

2. CLASSIFICATION AND RESEARCH STATUS OF
CAGELESS ROLLING BEARINGS

At present, the research of scholars at home and abroad
on cageless rolling bearings is mainly categorized into the
following three types: (1) Increasing the number of rolling el-
ements while discarding the cage and spreading the rolling
elements all over the bearing raceway, that is, full comple-
ment cageless bearings [22-27]. (2) Retaining the critical
part of the cage structure for separating adjacent rolling
bodies to realize cage discretization, that is, new isolation el-
ement bearings [28-31]. (3) Structural deformation of the in-
ner and outer raceways of the bearing to limit the free move-
ment of the rolling elements, that is special cageless bear-
ings [32, 33].

2.1. Full Complement Cageless Bearings

Full complement bearings are filled with as many rolling
elements as possible, which is more than the number of
rolling elements in the same type and size of caged bearings
[34-39], so they can withstand greater radial and axial loads,
and improve the load distribution, which makes them more
suitable for some high load conditions [40-42]. As shown in
Fig. (1), the full complement cageless cylindrical bearing
has the advantages of simple structure, high stiffness, and
high rotational accuracy. As shown in Fig. (2), the full com-
plement cageless deep groove ball bearings are filled with
balls and can bear about 1.5 times the load of bearings with
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cages. High-temperature full complement deep groove ball
bearings can work generally at about 300°C. It is widely
used in metallurgy, kiln, glass, paint spraying equipment,
and other high-temperature operation machinery. However,
the clearance of this bearing is much larger than that of ordi-
nary bearings, so it is not suitable for medium- and high-
-speed running occasions; there are limitations to its use. On
the other hand, an increase in the number of rolling elements
in a cageless bearing often leads to an increase in the weight
and price of the bearing, since rolling elements usually have
a higher weight and higher manufacturing cost than a cage,
especially those made of wear-resistant plastics. Therefore,
cageless bearing is often especially important in the produc-
tion of heavy-duty and metal-intensive equipment.

Fig. (1). Full complement cageless cylindrical bearings. (4 higher
resolution / colour version of this figure is available in the electron-
ic copy of the article).

Fig. (2). Full complement cageless deep groove ball bearings. (4
higher resolution / colour version of this figure is available in the
electronic copy of the article).

In the starting and accelerating stages, the full comple-
ment cageless bearing is unstable because the rolling ele-
ment loses the restraint of the original cage. When the trac-
tion friction between the rolling body and the raceway is not
enough to overcome the rolling friction, slipping will occur.
Moreover, increasing the number of rolling elements, result-
ing in a more complex movement of rolling elements in the
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raceway, friction, and irregular collision will occur more fre-
quently between the rolling elements [43-47].

2.2. Isolation Element Bearings

Isolation element bearings are characterized by a change
in the structure of the conventional cage compared to con-
ventional bearings, where only the critical portion for se-
parating the individual rolling elements is retained, character-
ized by a discrete isolator [48].

For rolling ball bearings, a smaller diameter spacer ball
can be placed between the two load balls, as shown in Fig.
(3). Load balls and spacer balls in the bearing operation only
exist in rolling friction. Compared with the traditional bear-
ing, this structure can significantly reduce the wear degree
of the ball surface and is conducive to improving the service
life of the bearing. The same principle can also be used for
roller bearings, using smaller diameter spacer rollers in the
load roller between the isolation. The advantages of the bear-
ings with spacer balls or columns include their straightfor-
ward design, affordability, and environmental preservation.
The diameter of the spacer ball (column) is slightly smaller
than that of the load-bearing ball (column); the difference is
almost indistinguishable by the naked eye. The disadvantage
of this kind of isolation bearing is that the raceway can only
be loaded with half of the load-bearing balls (columns), re-
ducing the bearing load capacity to about half of the origi-
nal.

Load ball

Spacer ball

Fig. (3). Radial ball bearings with isolation balls. (4 higher resolu-
tion / colour version of this figure is available in the electronic
copy of the article).

In slewing bearings with large loads, isolation rings are
often used to isolate adjacent bearing balls. The isolation
ring is designed to be circular with grooves on both sides, as
shown in Fig. (4). This design can effectively reduce the
space occupied by the isolation body in the raceway so that
the bearing ball occupies more space in the raceway. Al-
though the increase in the number of balls leads to a rise in
the overall weight of the bearing, it also effectively im-
proves the bearing carrying capacity, which is suitable for
low-speed, heavy-duty machinery. However, the contact
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area between the rolling bodies and the isolation ring of
such bearings is more significant than that of the isolation
ball bearings, resulting in friction that is also slightly larger
than that of the isolation ball bearings [49, 50].

Isolation ring

Fig. (4). Ball bearings with isolation ring.

As shown in Fig. (5), a helical spring is placed between
the steel balls and used as an isolation [51]. When the bear-
ing works, the neighboring balls are close to each other and
the helical spring undergoes compression deformation. Un-
der the action of the spring force, the collision between the
neighboring balls is avoided, thus replacing the original cage
function. In the work, the spring easily causes bearing vibra-
tion and scratching of the ball phenomenon. However, under
large impact loads, this bearing has better shock absorption.

L

Fig. (5). Helical spring isolated body ball bearings.
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German INA Bearing Company invented a ZSL-type
bearing, as shown in Fig. (6). The isolation body is a small
shelf with a slot in the center. This bearing makes the con-
tact area between the roller and the isolation body smaller,
thus reducing the friction caused by the isolation body and
improving the limiting speed of the bearing. At the same
time, due to the thinner isolation body, the spacing between
the two adjacent rollers is smaller, the number of rollers in
the bearing is more, which improves the bearing carrying ca-

pacity.
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Fig. (6). ZSL-Type Isolation Cylindrical Roller Bearings. (4 high-
er resolution / colour version of this figure is available in the elec-
tronic copy of the article).

NTN Japan developed a high-load cylindrical roller bear-
ing for wind turbines [52], as shown in Fig. (7). The rollers
are uniformly placed in the raceway formed by the inner and
outer rings. T-shaped isolation is used to isolate the rollers
between two rollers. The shape of the T-shaped isolation is
smaller than that of the conventional cage; the extra space al-
lows the number of rollers to be increased to enhance the
load-carrying capacity of the bearing. The friction area be-
tween the T-shaped isolation and the roller is reduced, thus
reducing the heat caused by friction. This type of bearing
has the advantages of strong bearing capacity, long life, and
high speed. However, due to the large number of rollers, the
overall weight of the bearing is large. Compared with ZSL--
type bearing, it is cheaper because of its simple isolation
structure and wear-resistant resin material.

T-shaped isolation

Fig. (7). T-Shaped isolation cylindrical roller bearing. (4 higher re-
solution / colour version of this figure is available in the electronic
copy of the article).

2.3. Special Cageless Bearings

Special cageless bearings have an innovative design for
the shape of the raceway to keep the individual rolling
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bodies from contacting each other and automatically dispers-
ing in the movement process. The change in the bearing race-
way will affect the movement characteristics between the
rolling element and the raceway [53-56], which will make
the movement of the rolling element in the rolling more com-
plicated. So the contact angle, contact force, and contact ra-
dius between the rolling bodies and the raceway can be con-
trolled by changing the raceway structure, to control the
rolling speed of the rolling bodies and change the dynamic
characteristics of the bearing [57-59].

As shown in Fig. (8). Li proposed a logarithmic spiral
raceway cageless ball bearing [60]. The radial clearance of
the raceway and busbar parameters was designed based on
the rolling friction balance and the introduction of the con-
cept of axial friction angle so that the rolling body and the
raceway form a friction self-locking effect. The spatial ar-
rangement restricts the spatial position of the rolling body. It
prevents the adjacent rolling body from touching the friction
to achieve all the rolling body in the raceway of pure rolling
or tends to pure rolling. However, the specific parameters of
the bearing raceway are difficult to determine.

Logarithmic
spiral raceway

Fig. (8). Logarithmic helix raceway cageless ball bearings. (4 high-
er resolution / colour version of this figure is available in the elec-
tronic copy of the article).

3. RECENT PATENTS ON CAGELESS ROLLING
BEARINGS

To better understand the current situation of the develop-
ment of cageless rolling bearings, the following is an analy-
sis of the relevant patents of cageless rolling bearings in re-
cent years.

3.1. Full Complement Cageless Bearings

3.1.1. Full Complement Cageless Ball Bearings

Cai et al. [61] provided a full complement ball bearing,
as shown in Fig. (9). It consists of an inner ring, an outer
ring, and a rolling body. The middle part of the inner surface
of the bearing outer ring and the outer surface of the inner
ring are provided with a groove for the rolling element. The
inner surface of the outer ring is provided with a retainer for
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restricting the axial movement of the rolling body. This bear-
ing has a greater load-carrying capacity than bearings of the
same size. However, the difficulty of disassembly and instal-
lation of this bearing has also been increased.

|__— Retainer

K
\\ V\

—

Fig. (9). Full ball bearing CN202360597U.

Kevin C [62] created a cage-less ball bearing that is both
resistant to seizure caused by foreign particles and self-clean-
ing, as shown in Fig. (10). It removes at least one ball from
the full ball bearing. A large circumferential clearance will
appear when the remaining balls are placed next to each
other. The bearings have a maximum circumferential clear-
ance of 15° to about 90° and preferably a clearance of 40° to
60°, which allows the bearings to be used in harsh environ-
ments such as high winds and deserts. The bearing circum-
ferential clearance is relatively large, which makes it easy to
produce an uneven distribution of rolling balls and collision
with each other. But in the case of large axial force, each
ball can be better dispersed to avoid the above problems.

Inner ring

Ball

Outer ring

Fig. (10). Seize resistant ball bearing US6367978B1.

Zeng [63] proposed a spherical full ball bearing, as
shown in Fig. (11). It includes an inner ring, an outer ring,
and steel balls. The dust cover is provided on both sides of
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the steel balls. The side of the dust cover close to the outer
wall of the inner ring is provided with a vertical bending
part, and the side close to the inner wall of the outer ring is
provided with a crimp part. A ball-filling hole is provided be-
tween the outer wall of the inner ring and the inner wall of
the outer ring. The caliber of the ball-filling hole is gradual-
ly reduced horizontally from the edge of the outer ring to the
middle of the outer ring. The bending part of this bearing
dust cover is fitted with the first locating slot. The crimp
part is fitted with the second locating slot to have a better
dustproof effect and is easy to disassemble and install. But
this bearing requires more pieces to be processed, which rais-
es the processing costs.

Second Ball filling
locating slot hole
Crimp part

——Dust cover

First — | [~ Bending part
locating slot

Fig. (11). Full ball bearing of sphere CN208457033U.

Hua et al. [64] provide a retainer-less automotive bear-
ing, as shown in Fig. (12). It includes an inner ring, an outer
ring, spherical balls, and a curved fixing plate. The inner sur-
face of the outer ring is provided with a recessed arc-shaped
upper groove, and the outer surface of the bearing inner ring
is provided with a recessed arc-shaped lower groove. A per-
manent magnetic layer is embedded in the surface of the ar-
c-shaped upper groove and the arc-shaped lower groove.
The balls are also made of magnetic metal material. During
operation, the balls are subjected to magnetic force up and
down, which restricts the space for free movement of the
balls. The rotary axis is connected to the fixing plate in the
arc-shaped upper groove and the lower groove next to the in-
stallation of a rotary axis. The fixing plate can rotate around
the rotating axis, allowing for both the insertion of the sup-
port ball into the interior and vertical fixation, ensuring the
position of the support ball. The bearing ball and bearing inn-
er and outer rings are not in direct contact with each other,
which reduces the friction between the ball and bearing inn-
er and outer rings and reduces the heat generated by the bear-
ings in the work. However, the increase in magnetic mate-
rials will increase the overall cost of bearings.
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Quter ring

Permanent
magnet layer

Rotary axis

Curved fixing
plate

~Magnetic ball

/ ~~Inner ring

Fig. (12). Retainer-less automobile bearing CN108518417A.

~

Inner ring stop
% N

ring

Inner ring

Z S Z—body

Fig. (13). Bearing inner ring and full-ball bearing CN105134765.

Zhu et al. [65] invented a cage-less full ball bearing, as
shown in Fig. (13). This bearing includes balls, an inner
ring, and an outer ring whose axes extend along the left and
right sides. The inner ring of the bearing has a flat peripheral
surface of constant diameter in the axial direction for rolling
fit with the balls. The inner surface of the outer ring of the
bearing has curved raceways for mating with the balls. Be-
cause the bearing inner ring is horizontal, the friction be-
tween the inner ring and the ball will be more intense, but its
groove curvature is much larger than that of the bearing out-
er ring raceway. This eliminates the friction caused by differ-
ential sliding and reduces the friction torque. During the
working process of the bearing, the ball moves radially out-
ward under the action of centrifugal force and is closely fitt-
ed with the curved raceway of the bearing outer ring; the
curved raceway limits the ball axial. This bearing is easy to
process because the inner ring of the bearing is flat, the balls
rotate smoothly with high stability. To prevent the deforma-
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tion of the bearing inner ring due to wear and tear, resulting
in increased clearance, it is necessary to timely replenish the
bearing with grease.

Lu [66] created a thrust angular contact ceramic ball
bearing, as shown in Fig. (14). The thrust angular contact ce-
ramic ball bearing includes an outer ring, an inner ring, and
ceramic balls. The inner and outer rings of the bearing are
equipped with R-shaped raceways with locking ports. The
surface of the raceways is carburized with GCr15 material.
Ceramic balls are made of SiN4 material and are fully ins-
talled in the raceways. Compared with steel balls, ceramic
ball bearings have a small friction coefficient and can work
under high-speed working conditions. The inner and outer
rings are heat-treated on the surface. The hardness, wear re-
sistance and fatigue strength of the raceway surface have
been greatly improved. But at the same time, bearing manu-
facturing costs will also increase.

Inner ring

/

7

Ceramic ball

Outer ring

Fig. (14). Thrust angle contact ceramic ball bearing
CN204344671U.

Xu et al. [67] proposed a double outer ring full ball bear-
ing, as shown in Fig. (15). It consists of an inner ring, a first
outer ring, a second outer ring, a ball, and a rubber ring. The
first outer ring consists of two half-outer rings, which are
clamped through the second outer ring. A raceway is ar-
ranged between the inner ring and the first outer ring. A seal-
ing groove is arranged in the position corresponding to the
first outer ring and the inner ring, and a sealing rubber ring
is arranged in the sealing groove. A retainer is arranged be-
tween the outer side of the rubber ring and the first outer
ring and the second outer ring. The bearing avoids the fric-
tion between the rolling elements, and makes the rolling ele-
ments evenly distributed along the circumference, extending
the service life. Because the bearing outer ring adopts a se-
parate type, it has high machining accuracy, prevents inter-
ference during installation and aggravates wear.

Sun [68] provides a cageless bearing, as shown in Fig.
(16). The inner ring of the bearing is provided with a steel
ball inner raceway. The outer ring is composed of a left dial
ring and a right dial ring. A ring groove is arranged inside
the left turning ring and the right turning ring, and the ring
groove is interfacing with each other to form an outer race-
way. Inside the raceway, the steel ball is fully loaded and
filled with grease on the raceway. When installing, firstly,
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Second
outer ring

7.V
%

Rubber ring |1/

/??/First
| outer ring

N\

_Retainer

Fig. (15). Double-outer-ring full ball bearing CN105736580A.

Outer ring ;

Inner ring Ball

/

Fig. (16). Bearing without holding fram CN105240409A.

the inner ring of the bearing is placed on any toggle ring,
then filled with steel balls, then filled with grease, and then
another toggle ring can be installed. The bearing abandons
the original cage and simplifies the bearing structure, the out-
er ring is a sealing device, and the sealing effect is better.
The disadvantage is that the outer ring of the bearing is
formed by the picking ring each other, and the processing ac-
curacy of the two contact surfaces needs to be guaranteed,
thus increasing the cost.

Liu et al. [69] proposed a full-complement ceramic ball
bearing for aviation turbine engines, as shown in Fig. (17).
The outer surface of the inner ring and the inner surface of
the outer ring are respectively provided with ball channels.
The density of the silicon nitride ball is 40% of the steel
ball. The centrifugal force is small at high speed, the bearing
has strong fatigue resistance and long life. The modulus of
elasticity of the rolling body is higher than that of steel, the
elastic deformation is small, and the dynamic stiffness of the
bearing is high. The coefficient of thermal expansion is
1/3~1/4 of steel; the size change with temperature is small,
so it is suitable for occasions with significant temperature
changes. It has good wear resistance, high running accuracy,

a long working life, and work reliability. However, the im-
pact resistance of the ceramic ball is poor compared with
that of the steel ball.

Outer ring -

Ceramic ball

———

i
)
~27Z

Inner ring

Fig. (17). Full-complement ceramic ball bearing for aviation tur-
bine engine CN103671508A.
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3.1.2. Full Complement Cageless Roller Bearing

He [70] invented a cageless full complement rolling lin-
ear contact spherical bearing, as shown in Fig. (18). It con-
sists of an outer ring, an inner ring, and one or more rows of
circular table body rollers. With one or more annular tracks
between the inner surface of the outer ring and the outer sur-
face of the inner ring, lubricating oil grooves are provided in
the annular tracks. The width of the outer ring of the bearing
is greater than the width of the inner ring of the bearing so
that the lubricating oil overflowing outward due to the cen-
trifugal principle in the bearing work can be collected by the
outer ring to prevent the lubricating oil from being lost. The
rollers are tightly fitted inside the ring raceway, and the
rollers can roll inside the ring raceway. The rollers are cylin-
drical in the center, and the two ends are shaped like a round
table body. When the bearing works, the two sides of the
round table body and the outer ring of the bearing arc shape
are consistent to restrict the rollers from falling off. The bear-
ing has the advantages of convenient disassembly and re-
duced production cost. The roller is in linear contact with
the outer ring and the inner ring, which can bear greater
force and extend the service life of the bearing. However,
due to the larger friction area of the bearing line contact, the
higher the friction and temperature rise, the speed of the
bearing is limited. Consequently, it is unable to operate un-
der high-speed conditions.

Outer ring

Roller
T~ Inner ring

Fig. (18). Full roller linear-contact self-aligning bearing without
holder CN109737138A.

Wang [71] proposed a cageless full roller bearing, as
shown in Fig. (19). It mainly consists of the outer ring, the
inner ring, rollers, and fixed ring. An object raceway is locat-
ed between the outer wall of the inner ring and the inner
wall of the outer ring of the bearing. The rollers are closely
fit and evenly distributed in the raceway. The fixed ring is
symmetrically set on both sides of the rollers. The inner side
of the fixed ring is provided with a groove corresponding to
the shape of the roller. It can prevent the roller from axial
movement and skew during the working process. A few U-
shaped grooves are uniformly arranged around the fixed
ring. The locating blocks placed in the U-shaped groove are
connected with the bearing outer ring by screws. This
method abandons the traditional bearing cage and controls
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the roller movement with a fixed ring and the shape of the
raceway. The advantage is that the disassembly of bearings
is more convenient and the bearing capacity is better. The
disadvantage is that this bearing needs to open a threaded
hole in the outer ring, which increases the processing cost.

Locating block

Outer ring

Screws

Fig. (19). Retainer-free full-roller bearing CN209212800U.

Wang et al. [72] invented a non-contact sealed double--
column full-complement cylindrical roller bearing, as shown
in Fig. (20). It consists of the inner ring, the outer ring, and
the rollers. The dust cover is set on the outside of the rollers
and placed between the outer ring and the inner ring of the
bearing. A groove is set between the top of the dust cover
and the raceway of the outer ring of the bearing. A spring
ring is placed in the groove. This kind of full-complement
cylindrical roller bearings has a low cross-section height and
a very high radial load-carrying capacity. It is widely used in
automobile gearboxes, reduction gearboxes of construction
machinery, and the lifting industry. Instead of an ageing rub-
ber seal, the bearing employs a dust cover and a spring ring.
Grease must be applied in advance to prevent roller skew
caused by dust cover wear if continuous operation over an
extended period of time is required.

Xiang et al. [73] invented a cylindrical permanent mag-
net roller cageless bearing, as shown in Fig. (21). It consists
of an inner ring of the bearing, an outer ring, and a cylindri-
cal permanent magnetic roller. Cylindrical permanent mag-
netic rollers are distributed according to the principle that
their magnetic inductance lines are balanced on the axis face
of the roller. Adjacent rollers repel each other. The rollers
are not in contact with each other under the constraints of
the magnetic field force and the raceway, which reduces fric-
tion losses. The advantage is that the structure of the cylindri-
cal roller bearing is simplified and the service life of the
cylindrical roller bearing is extended. The disadvantage is
that if friction loss occurs, the repulsive force of the inner
and outer rings will change, resulting in an unstable running
state of the rolling element and a skew phenomenon may oc-
cur.
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Groove \@r Spring ring
Dust cover\% !

Fig. (20). Non-contact sealed double-column full-complement cylindrical roller bearing CN203926392U.

3.2. Isolation Element Bearings

3.2.1. Isolation Element Ball Bearings

Evgenij et al. [74] provide a radial thrust single-row ball
bearing, as shown in Fig. (22). The bearing consists of an in-
ner ring having a groove with a circumferential radius sur-
face, an outer bearing ring, a separate isolation ring, and a se-
ries of balls. The inner surface of the outer ring is cylindri-
cal. An isolation ring is positioned on the outer ring and in
contact with the balls, while a comparable isolation ring is
inserted on the other side for closing. The maximum number
of balls mounted therein is disposed partly in the raceway of
the inner ring and partly in the circumferential radius groove
space of the inner and outer carrier rings. Because the isola-
tion ring is non-split, it will lead to increased processing
costs, but the contact stress between the roller and the isola-
tion ring will be smaller, and the installation will be more
convenient.

Fig. (21). Cylindrical permanent magnet roller cageless bearing
CN209818522U. (A higher resolution / colour version of this fig-
ure is available in the electronic copy of the article).

Outer ring

)
g

Isolation ring—__
Ball [
Inner ring\

/4

A

7
%

L

Fig. (22). Radial-thrust single-row cageless ball bearing RU
2538903Cl.

Pan et al. [75] disclosed a cageless high-speed ball bear-
ing with a shaped isolator, as shown in Fig. (23). It consists
of an outer ring of the bearing, an inner ring of the bearing, a
spherical rolling body, and an isolator. The isolator is a cylin-
der at both ends, and the middle is a rotating body formed
by a concave special curve around the axis of the isolator
connected with the cylinder at both ends of the isolator. Iso-
lators are placed in the raceway with the same number of
balls. The isolator is tangent to the adjacent ball and race-
way. The isolator eliminates the collision between the cage
and the ball and separates the isolator. The advantage is that
the isolator and ball for rolling friction and heat are much
lower than traditional bearings. The disadvantage is that the
isolator busbar shape processing accuracy is difficult to en-
sure.
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Fig. (23). No-cage high-speed ball bearing adopting special-shaped
isolators CN110219887A.

Mark et al. [76] designed a cageless ball bearing, as
shown in Fig. (24). The bearing has an outer ring extending
circumferentially around a center axis. The inner ring is pro-
vided inside the outer ring and extends circumferentially
around the center axis to be coaxial with the outer ring. Be-
tween the inner and outer rings of the bearing, a plurality of
load balls is provided without contacting each other. A plu-
rality of spacer balls are arranged between adjacent load
balls so that the spacer balls and the corresponding pair of
load balls roll contact. This bearing can make the sliding fric-
tion between the ball and the cage become rolling friction, ef-
fectively reducing the friction loss. The disadvantage is that
the bearing disassembly and installation is difficult.

Load ball Spacer ball

—_ A

A&
ihx.

)
2 TTINCS 78 %
Gz il

K

Fig. (24). Cageless bearing and transmission US20200166075A1.

3.2.2. Isolation Element Roller Bearings

Schmidt [77] investigated a cageless roller bearing with
a sealed cover, as shown in Fig. (25). It consists of an outer
ring, an inner ring, load rollers, and spacer rollers. The diam-
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eter of the spacer rollers is smaller than that of the load
rollers; they are placed in the raceway alternately with the
load rollers. When the inner and outer rings rotate, the spac-
er roller is driven by the load roller to rotate. A retaining
ring is set on both sides of the ball body to prevent the axial
movement of the rolling body. In the working process, this
roller bearing has smooth running and low noise. There is
rolling friction between the rollers, and the service life of the
bearing is long. Additionally, the original equipment for ma-
chining the bearing can remain unchanged. The economic
benefits are considerable. The disadvantage is that the in-
crease in the number of rolling elements will lead to an in-
crease in the overall weight of the bearing. The roller skew
phenomenon, that appeared in the work, can only be applied
to low-speed occasions.

Fig. (25). Protectire frame less roller bearing having sealing cover
CN1475679.

Li et al. [78] invented a cageless rolling bearing, as
shown in Fig. (26). It consists of an outer ring, a large roller,
a small roller, and an inner plastic ring. Several large rollers
are uniformly placed on a raceway comprising the inner and
outer rings. Small rollers are provided between the large
rollers. The small rollers are placed between the large rollers
on the upper or lower side. Small rollers on the upper side
are tangent to the outer ring of the bearing and the adjacent
large rollers. Small rollers on the lower side are tangent to
the inner ring of the bearing and the adjacent large rollers.
This bearing is compact and the individual spheres are tan-
gent to prevent the roller from moving and tilting. Small
rollers separate the large rollers and act as a traditional cage.
The diameter size of the roller can be changed so that the
bearing can work under different working conditions. The
advantages of this bearing are an increased number of
rolling elements, increased bearing load, removal of the orig-
inal cage structure, and reduction of noise. The disadvantage
is that if the roller is lost after the bearing works for a long
time, the roller of different layers is removed from the tan-
gential state, and the bearing as a whole will be unstable.

Pan ef al. [79] invented a retainer-free surface micro
texture self-lubricating cylindrical roller bearing with an
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Fig. (27). Retainer-free surface micro-texture self-lubricating cylindrical roller bearing with isolator CN110219892.

isolator, as shown in Fig. (27). This bearing isolates the
cylindrical rollers by discretizing the conventional cage and
using small-diameter needles as isolators. At work, the isola-
tor in the radial direction needs to travel outward in response
to the centrifugal effect. The isolator diameter must be
greater than the maximum gap between the two neighboring
rollers so that it can not fly away from the neighboring
rollers. Because the isolator is full of the gap between the in-
ner ring and the roller, the radial gap is reduced to avoid the
roller skew phenomenon. A surface microstructure or grid
can accommodate lubricant to realize self-lubrication in

roller surface processing. There is only rolling friction be-
tween the bearing isolator and the cylindrical roller. Surface
microstructure can also reduce the contact area between
rollers and isolators, raceways and reduce friction, which is
of great significance in the application of heavy load and
high-speed equipment. However, its disadvantage is the high
cost of surface microstructure processing.

Pan et al. [80] proposed a hollow spiral isolator cageless
cylindrical roller bearing, as shown in Fig. (28). It includes
an inner ring, an outer ring, and several cylindrical rollers
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Fig. (28). Hollow spiral isolator holder-free cylindrical roller bearing CN214661506U.

between the inner and outer rings. There is an isolator be-
tween the two neighboring cylindrical rollers and the inner
ring; the isolator separates the cylindrical rollers uniformly.
At the same time, the isolator is full of the gap between the
inner ring and the roller so that the radial gap is reduced to
avoid the roller skew phenomenon. The isolator is a hollow
isolator made of a steel strip with a special section. The inn-
er and outer rings of the bearing are provided with ring
grooves to insert different types of retainer, the inner ring is
inserted into the I'-ring, the outer ring is inserted into the out-
er ring stop ring. The bearing has a simple structure, and
pure rolling friction is formed during the movement of the
bearing. The advantage is to reduce friction, reduce weight,
and reduce the driving torque of the bearing. The spiral gap
on the surface of the isolator can also be embedded with
abrasive particles to keep the working surface of the cylindri-
cal roller clean. The I'-ring limits the axial movement of the
hollow spiral isolator, prevents it from slipping out, and im-
proves safety. However, the shape of the retainer is special,
which increases the processing cost.

Pan et al. [81] investigated a flange-free isolator cylindri-
cal roller bearing with self-holding function, as shown in
Fig. (29). It includes an inner ring, an outer ring, and an an-
nular sealing ring between the inner ring and the outer ring
and several rollers. An isolator is provided between every
two adjacent rollers and the inner ring. The inner and outer
rings of the bearings have no edge and open annular groove
and annular raceway. The annular sealing ring is provided
with annular bumps and a micro-convex body. Rollers have
annular bumps on both sides and an annular raceway in the
middle. The isolator is with annular bumps in the middle.
This bearing is easy to assemble. The roller on both sides of
the ring-shaped convex circle is embedded in the inner and
outer ring of the ring-shaped raceway, limiting the axial

movement of the roller. The isolator, the roller, and the inner
ring on the annular raceway are close to each other. The iso-
lator is located in the roller annular convex circle on the in-
side, so the isolator of the axial runout is also limited. This
will make the roller movement more stable and will not
cause skew. The sealing ring is installed in the ring groove
of the inner and outer rings. This significantly improves the
sealing and dustproof ability; the micro-convex body on the
ring seal reduces friction. The disadvantage is the high pro-
cessing cost.

Bungert [82] invented a cageless roller bearing, as
shown in Fig. (30). The roller bearing has a first and second
running surface. Each running surface is covered with
rollers, the rollers on different running surfaces are placed
tangentially. Both running surfaces can rotate around the
bearing shaft. The force applied to the first running surface
can drive the body of the second rolling surface through the
upper roller. The bearing cancels the original cage, the
rollers on different running surfaces support each other, and
the structure is compact, avoiding the roller skew pheno-
menon, effectively reducing the friction and heat generation.
However, the size of the isolator is small, and the processing
accuracy is higher.

3.3. Special Cageless Bearings

3.3.1. Special Cageless Ball Bearings

Kawashima [83] proposed a deceleration slope raceway
cageless ball bearing, as shown in Fig. (31). In this bearing,
a reducing grade is locally provided in the outer raceway to
reduce the contact and friction between the balls of the cage-
less bearing or rolling friction guideway. The characteristic
of this bearing is that it keeps the ball automatically dis-
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Fig. (29). Flange-free isolator cylindrical roller bearing with self-holding function CN216430272U.

Fig. (30). Bearings with reverse rotating bearings DE102015221210A1.

persed without contact with each other under the stable runn-
ing state. However, the technology still needs to be more ma-
ture and has yet to form a product in the market.

Guo et al. [84] investigated a cageless curved-groove
ball bearing, as shown in Fig. (32). It consists of an outer
ring, steel balls, and an inner ring. The inner ring and outer
ring of this bearing are set up as curved tracks with an equal
number of “peaks” and “valleys” that fit each other. The
steel balls are distributed all over the raceway to make a full
complement bearing. The outer and inner rings have curved
grooves with thick walls on one side and thin walls on the
other. When the steel balls move to the “peaks” and “val-

Outer ring
Roller

First running
surface

| Second running
surface

" 4 Inner ring

leys” of the raceway during operation, the steel balls oscil-
late up and down according to the changes in the shape of
the raceway. This bearing can increase the amplitude of the
curved groove ball bearing according to the demand, reduce
the oscillation frequency, and, at the same time, improve the
bearing capacity and change the rotary motion into recipro-
cating linear motion. The disadvantage is that the raceway
structure is complex and the processing accuracy is difficult
to guarantee.

Zhao et al. [85] provided a particular raceway cageless
ball bearing with the automatic discretization of rolling
bodies, as shown in Fig. (33). It consists of an outer ring
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figure is available in the electronic copy of the article).
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Fig. (32). Cageless curved-groove ball bearing US2020224715A1.

with a decelerating groove, inner ring, and balls. The inner
and outer rings of the bearing are provided with spherical
raceways. The spherical balls are arranged on the raceways
and leave a space size of one ball. When mounted, the decel-
erating groove of the outer ring of the bearing is placed di-
rectly under the bearing. When the bearing is not working
under gravity, there is a gap between the first and last balls,
the remaining balls are in close contact. When the bearing
starts to rotate, each ball passes through the decelerating
groove and then decelerates, thus changing from close con-
tact with the latter rolling element to a separate state. After
all the balls pass through the decelerating groove, they are
automatically discrete. This bearing reduces the collision
problem between the balls and improves the life of the bear-
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ing, which can be used in high-speed and heavy-duty operat-
ing environments. However, the motion of the ball is compli-
cated and its stability is poor during the start and stop stage.

Inner ring

Outer ring
Ball

Decelerating
groove

Fig. (33). Special retainer-free ball bearing with automatically dis-
persed rolling bodies CN216519170U.

Paul R [86] invented a low friction side load bearing as-
sembly, as shown in Fig. (34). The assembly includes a teles-
copic member with a concave conical outer surface that can
be slide-mounted on a spindle and a cageless rolling bearing
surrounding the telescopic member. Cageless rolling bear-
ings include a ring housing containing an inner ring of a ball
bearing engaged with a sleeve member. A spring-loaded
bias mechanism pushes the sleeve member along the rotat-
ing axis of the spindle so that its conical outer surface is
wedged into the inner ring of the ball bearing. The advan-
tage is that it eliminates the need for bearing retainers and al-
lows the bearing assembly to self-adjust wear. The disadvan-
tage is that the bearing structure is complex and the installa-
tion and disassembly are difficult.

Paul [87] invented an energy storage flywheel assembly
based on cageless rolling bearings, as shown in Fig. (35). It
consists of a vertically rotating flywheel, a shaft connected
to the flywheel, and a cageless shaft thrust ball bearing that
can be rotated to support the lower end of the shaft. The sta-
tor of this bearing contains a set of three free-floating bear-
ing balls in a groove. The rotor is also a set of three free-
floating bearing balls located in the groove of the cylindrical
stator, and a single intermediate bearing ball located be-
tween and engaged with the three bearing balls of the stator
and the three bearing balls of the rotor. This bearing can be
operated to increase its limiting speed.

Wang [88] invented an angular contact bearing without a
cage, as shown in Fig. (36). It includes an outer ring, and an
inner ring is provided in the outer ring. A ball is provided be-
tween the inner ring and the outer ring. A limiting device is
provided on the surface of the outer ring. A device for mak-
ing adjustments, which includes a ring that restricts move-
ment, is located within the inner ring. A limiting groove is
formed in the inner wall of the limiting ring along a direc-
tion perpendicular to the inner wall of the inner ring. A
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fastening bolt is threadedly connected to the inside of the
limiting groove. The other end of the fastening bolt is in con-
tact with the inner wall of the inner ring. The advantage of
this bearing is that the structure is simple, and the effect of
adjusting the inner diameter of the limit ring can be
achieved by replacing the limit ring with different thickness-
es. The inner diameter of the inner ring can also be adjusted
by rotating the fastening bolt, thereby squeezing the inner
ring in the limit groove. The disadvantage is that the number
of balls increases and the overall weight of the bearing in-
creases.

3.3.2. Special Cageless Roller Bearings

Mohamed [89] disclosed a serrated cage-less bearing, as
shown in Fig. (37). This bearing maintains the space be-
tween successive rollers and the relative position between
parts by inserting a jagged band between the rollers and the
inner and outer rings, where the jagged band separates the
rollers, the function of the original cage is realized. The bear-
ing realizes the linear movement of the roller. The bearing
space occupied by the original cage is eliminated. The num-
ber of rollers can be controlled by changing the jagged band
shape and the roller diameter. However, the accuracy of the
raceway is difficult to guarantee, and the processing cost is
higher.

He [90] studied a rolling bearing with three rollers, a
purely mechanical cageless rolling bearing, as shown in Fig.
(38). There are three layers of rollers between the inner and
outer rings of this bearing. The rollers in the same layer
have the same diameter and clearance size, and the number
of rollers in different layers is the same. The rollers of the in-
ner and outer layers are tangent to the raceways and the
rollers of the middle layer simultaneously. The diameter of
the rollers decreases from the inner ring to the outer ring.
When the bearing works, the middle layer rollers and the inn-
er and outer layers rollers rotate in the opposite direction,
there is only rolling friction between each other. This bear-
ing has a higher limit speed, longer bearing life and longer
maintenance-free time. However, the number of this bearing
roller is too much, resulting in the overall weight increase.

Wang [91] proposed a unidirectional bearing without a
cage, as shown in Fig. (39). It consists of a bearing outer
ring, stop block, spring frame, roller, and bearing inner ring.
The inner and outer rings of the bearing are mounted accord-
ing to the exact center axis. A plurality of sprag devices are
provided on the inner wall of the bearing outer ring and
matched with the rolling bodies for unidirectional rotation of
the rollers. A compressible spring frame is provided be-
tween the two rollers. When the bearing rotates clockwise,
the spring frame is compressed by force. There is no direct
collision between the rollers under the action of the spring
force. The advantage of this bearing is that the elastic plate
is in contact with the rolling body. The surface contact is
transformed into linear contact, which prolongs the service
life of the bearing. In the event of failure of the roller and
the stop block, the rolling element is still locked by the
spring frame, which significantly improves the safety of the
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bearing. However, the bearing structure is more complex
and the processing is more difficult.

Rainer et al. [92] invented an axially suspended roller
cageless bearing, as shown in Fig. (40). On the surface of
the inner ring of this bearing, a large number of grooves can
accommodate the rollers, and the grooves are arranged uni-
formly along the circumference. The groove allows the
roller to rotate in a fixed space. The rolling body is set into a
cylindrical shape. A large number of rollers are distributed
in the groove along the circumference, and the ends of the
rollers are aligned with each other and placed at an Angle of
45° relative to the bearing axis. The roller can be turned in
the groove of the bearing inner ring. This bearing can carry
more axial force and can be widely used in heavy machin-
ery, such as crane support bearings, automobile turntable
bearings, and so on. Canceling the original cage can also
add more rolling elements to increase bearing life. However,
the increase in the number of rollers of this bearing will lead
to an increase in the overall weight of the bearing, which is
not applicable in light equipment.

Tang et al. [93] designed a cageless bearing by changing
the structure of the inner and outer rings of the bearing, as
shown in Fig. (41). A uniform semi-cylindrical groove is
formed in the outer circumference of the inner ring or the in-
ner circumference of the outer ring of the bearing along the
axial direction, which is equivalent to the integration of the
cage and the inner and outer rings of the bearing. A roller is
placed in the groove to ensure that the depth of the groove is
less than the radius of the roller and the width of the opening
of the groove is greater than the diameter of the roller so that
the roller is confined between two adjacent teeth of the gear
structure. It is also possible to set a certain angle between
the groove and the axial direction of the bearing to form a ta-
pered roller bearing. In practical application, several depres-
sions can be arranged on the surface of the groove, thus re-
ducing the contact area and surface friction between the
roller and the groove. The increase in the contact area be-
tween the roller and the inner ring will lead to more serious
wear, but also improve the bearing capacity. The bearing
does not require a separate cage, which prevents the cage
from being subjected to large centrifugal forces, shocks, and
vibrations, thus preventing the bearing from failing due to
damage to the cage and simplifying the bearing structure.
However, this bearing does not solve the phenomenon of
roller skew caused by working wear.

Zhao et al. [94] invented a cageless cylindrical roller
bearing, as shown in Fig. (42). It consists of a bearing outer
ring, a bearing inner ring, raceways, rivet holes, rivets, and
rollers. A plurality of rows of raceways are provided on the
surface of the inner ring of the bearing. The raceways con-
sist of multiple rows that are joined together using rivet
holes. These rivet holes have countersunk holes at both
ends. Raceway and rivet jointly limit the position of the
roller to avoid axial inclination of the roller. A roller with a
built-in round hole is arranged on the surface of the race-
way; each roller is connected through a rivet and arranged
on the rivet hole. This bearing simplifies the structure of the
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Fig. (40). Axial floating bearing EP2525112A1. (A4 higher resolu-
tion / colour version of this figure is available in the electronic
copy of the article).

Outer ring

Fig. (41). Holder-free bearing CN114658759A.

traditional bearing, and the force of each roller is uniform,
which improves the bearing capacity and has good econom-
ic benefits. However, the raceway structure is complicated
and the processing cost is increased.

Li [95] proposed a cageless double row cylindrical roller
bearing for heavy loads, as shown in Fig. (43). The bearing
has two separate bearing outer rings and two rows of cylin-
drical roller sets. The two separated bearing outer rings are
connected by flash welding. The separated bearing outer
ring is provided with a convex ring retaining ring near the
outer ring of the end face. The two convex ring retaining
rings form a rectangular grooved raceway with a carburized
layer. The retaining ring limits the movement space of the
roller so that it cannot tilt. The raceway is coated with lubri-
cating grease. This bearing adopts a double-row roller group
in the bearing work, reducing friction, heat, and energy loss,
creating more uniform force, and improving the service life.
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The disadvantage is that the separate outer ring requires
flash welding, which increases the manufacturing cost.

Zhang et al. [96] provided a unidirectional rolling bear-
ing without a cage, as shown in Fig. (44). This bearing is pro-
vided with a plurality of grooves evenly distributed circum-
ferentially on the outer wall of the inner ring. A roller is pro-
vided in the grooves. The outer ring of the bearing is coaxial
with the inner ring, the outer ring is set around the outer side
of the inner ring. A special groove structure is designed on
the inner wall of the outer ring of the bearing, which is used
to restrict the roller from rotating only in one direction. How-
ever, this bearing does not solve the phenomenon of roller
skew caused by working wear. Although the contact area be-
tween the roller and the inner ring of the bearing is larger,
the friction will be more serious, but it can withstand greater
centrifugal force and improve the bearing capacity.

Erich [97] designed a kind of ready-to-use cylindrical
roller bearing, as shown in Fig. (45). It includes a thin-
walled outer ring that can be formed without cutting. Radial-
ly outwardly oriented stop rings are provided on both sides
of the outer ring. Similarly, the stop rings on both sides of
the inner ring of the bearing are aligned with those on the
outer ring. The rollers are placed in the resulting gap to roll
cageless. This bearing achieves a lightweight design by creat-
ing a fixed, ready-to-fit needle roller bearing unit using posi-
tive clamping action. The disadvantage is that the contact
area between the bearing and the inner and outer rings in-
crease, and the friction heat generation is more serious.

Joseph [98] designed a cage-less cylindrical roller bear-
ing, as shown in Fig. (46). This bearing consists of an inner
ring, rollers, and an outer ring. The inner ring has grooves
uniformly distributed along the circumference where cylin-
drical rollers can be placed. An independent roller is placed
in each groove. The inner ring and outer ring of the bearing
can cooperate and interlock. This bearing has a simple struc-
ture, high safety, and high-cost performance. Due to work-
ing wear, the contact surface between the roller and the inn-
er ring may change, causing the roller to tilt. However, the
increase in the contact area between the bearing and the inn-
er and outer rings can improve the bearing capacity.

Ye et al. [99] proposed a cageless cylindrical roller bear-
ing, as shown in Fig. (47). The bearing is provided with cir-
cumferentially uniformly distributed roller grooves along
the outer surface of the inner ring of the bearing. The roller
grooves are set open at one end along the axial direction of
the inner ring of the bearing. Cylindrical rollers are placed in
the roller grooves through the open end. In order to prevent
the risk of the rollers falling off, a baffle plate is provided on
the side wall of the inner ring of the bearing. The baffle lim-
its the movement space of the cylindrical roller, so that it
can not skew. The outer ring of the bearing sits on a support
track formed by the cylindrical rollers. The bearing utilizes
an open mounting and dismounting arrangement, eliminat-
ing the requirement for cage processing. This enhances the
ease of maintenance and replacement of the cylindrical
roller. The roller operation is more stable, and the produc-
tion cost is lower.
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Fig. (48). Plate spring besides-star wheel retainer-free roller clutch CN214534151U.

Zang et al. [100] invented a spring-limited cageless
roller bearing, as shown in Fig. (48). In this bearing, corre-
sponding spring locating plates are installed at both ends of
the bearing. These plates feature uniformly spaced limit
notches along the circumferential center axis. Springs are
embedded within these notches. Rollers are positioned
against the sides of the notch openings, effectively restrict-
ing the movement of the rollers within the space. Prevent the
rolling element from tilting. Moreover, the spring at both
ends of the identical roller can be placed crosswise. The bear-
ing uses a spring limit to replace the role of a traditional
cage. It can accommodate more roller numbers, improve the
bearing torque bearing capacity, simplify the bearing struc-
ture, and effectively reduce process costs. But this bearing
processing is complex; if the parts are damaged, its will be
difficult to repair.

A summary of the patents analyzed above is shown in
Table 1.

4. KEY PROBLEMS ON CAGELESS ROLLING
BEARING

Through the continuous progress of science and technolo-
gy and research scholars in recent years, cageless rolling
bearings have been used in various fields due to their outs-
tanding characteristics. However, there are still some
problems limiting the development of cageless rolling bear-
ings.

First, the full complement bearing structure increases
bearing capacity and the reverse friction between neighbor-
ing rolling elements for the study of full complement bear-
ings. Under high-speed rotating conditions, friction and irreg-
ular collisions between rolling elements will occur more fre-
quently, significantly affecting the service life of full comple-
ment bearings. Moreover, full complement bearings require

higher lubrication. If the lubrication is insufficient or of poor
quality, the bearings may overheat or be damaged. As the
rollers of full complement bearings move more frequently if
the bearings are poorly closed, dust and impurities enter the
bearings, which will cause early failure of the bearings.

Second, some problems in the research aspect of isola-
tion bearing could be improved at this stage. Since there is
no cage to keep the rolling elements in position, the distribu-
tion of lubricant may be different, and the friction of the
bearing may increase during operation. A key issue is how
to set the shape and position of the isolation body to substan-
tially reduce the internal friction of the bearing and increase
the limiting speed and load. In addition, due to the isolation
element bearings being in their initial stage. There is no uni-
versal processing equipment on the market for the manufac-
turing of different isolators, which will lead to processing
difficulties and increase processing costs. Moreover, fewer
products and low market recognition, also need further re-
search and development.

Third, for the new raceway cageless bearings, the local
reducer raceway can realize the automatic dispersion of the
roller. However, in the rotation process, the roller will come
into contact with the reducer raceway at a high frequency,
and the periodic contact will cause damage to the reducer
raceway. Damage to the reducer raceway will make the bear-
ing vibrate, affecting the dynamic performance of the bear-
ing. If the damage is further expanded, it will lead to the fail-
ure of automatic dispersion of the rolling elements. The ex-
isting raceway optimization design only controls the radial
and axial displacement of the rolling element by the radial
clearance and the shape of the generating line, ignoring their
internal relations. It is challenging to get the optimal bearing
design parameters, so in high-speed conditions, the rolling
body is easy to lose self-locking and severe slippage.
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Table 1. Overview and classification of cageless rolling bearings.
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2020 [88]

Classify Publication, Year Characteristic Patents Number
Caiet al. By increasing the number of rol.hng elemf:nts, the bearing has a greater CN202360597U
2012 [61] bearing capacity
Kevin C . . .
2002 [62] The large clearance makes the bearing suitable for complex environments US6367978B1
Zeng Have a better dustproof effect CN208457033U
2019 [63] P
2H(;l la 8e[l 6(211' The movement of the ball is restricted by magnetic force CN108518417A
Full Complement Zhu et al
Cageless Ball ; The plane inner ring structure reduces the friction torque CN105134765
. 2015 [65]
Bearings
Lu The ceramic ball material allows the bearing to operate at high speed CN204344671U
Full 2015 [66]
Complement Xuetal. . . . .
Cageless 2016 [67] The separate outer ring makes the bearing disassembly more convenient CN105736580A
Bearings Sun
2016 [68] The separate outer ring makes the bearing disassembly more convenient CN105240409A
Liuet al. . . . .
2014 [69] The ceramic ball material allows the bearing to operate at high speed CN103671508A
5 OII‘_)Ie[7 0] The round table roller makes the bearing carrying capacity stronger CN109737138A
Wang . -
Full Complement 2019 [71] Bearing capacity is better CN209212800U
Cageless Roller
Bearin Wang et al. L . . ..
gs 2014 [72] Longer bearing life by discarding the original rubber seal CN203926392U
legrllg [6;3(1][' The movement of the ball is restricted by magnetic force CN209818522U
Evgenij et al. The separate isolating ring reduces bearing friction RU2538903C1
2015 [74]
Isolation Element Pan et al. The isolator eliminates the collision between the cage and the ball CN110219887A
Ball Bearings 2019 [75] 8
Mark et al. Make the sliding friction betweeg the ball and the cage become rolling US20200166075A 1
2020 [76] friction
Schmidt By increasing the number ofrol_lmg elemf:nts, the bearing has a greater CN1475679
2004 [77] bearing capacity
Isolation Lictal
Element : The separate rolling element reduces bearing friction CN104454975A
Bearings 2015 [78]
' Pan et al. Surface microstructure can also re_duce the contact area between rollers and CN110219892
Isolation Element 2019 [79] isolators
Roller Bearings Pan et al. . L .
2021 [80] The isolator eliminates the collision between the cage and the ball CN214661506U
Pan et al. . .
2022 [81] Separate isolators restrict roller movement CN216430272U
Bungert Make the sliding friction betweeq the ball and the cage become rolling DE102015221210A1
2017 [82] friction
sz)“llgngn;}a The reducing slope makes the roller automatically disperse US20100226603A 1
Guo et al. . . I
2020 [84] Special raceway shape reduces bearing oscillation frequency US2020224715A1
Zhao et al. . . .
The reducing slope makes the roller automatically disperse CN216519170U
Special Cageless 2022 [85] gsop yaep
Ball Bearings Paul R . .
The bearing assembly to self-adjust wear US10047790B2
2018 [86]
5 Oiﬁiﬂ] The spheres limit each other to increase bearing speed US20140260779A1
Wang Limit ring adjust inner ring diameter CN211371041U
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Classity Publication, Year Characteristic Patents Number
Mohamed The number of rollers can be controlled by changing the jagged band shape and WO2019114914A 1
2019 [89] the roller diameter
He Make the sliding friction betweeq the ball and the cage become rolling CN103062216A
2013 [90] friction
5 0\;/; ]Egl] The surface contact becomes straight contact to improve bearing capacity CN212717645U
Rainer et al. By increasing the number of rol'hng elemgnts, the bearing has a greater EP2525112A1
2012 [92] bearing capacity
Tang et al. . L .
2022 [93] Cage and inner ring integration CN114658759A
Special Z;(lﬁ% e[tg?é Raceway and rivet jointly limit the position of the roller CN208089758U
Cageless Special Cagel B
Bearines pecial Cageless i . L .
g Roller Bearings 2015 [95] The separate outer ring makes the bearing disassembly more convenient CN104653602A
Zhang et al. . L .
2023 [96] Cage and inner ring integration CN219692021U
Erich Lightweight design US2009074344A1
2009 [97] ghtwetg g
Joseph . L .
2014 [98] Cage and inner ring integration WO02014039797A1
Yeetal . s
2022 [99] The baftle limits the movement space of the cylindrical roller CN215805741U
Zang et al. . . .
2021 [100] Cross-placement of springs restricts the movement of rolling elements CN214534151U
CONCLUSION but they may adversely affect other aspects of the bearing.

By searching and analyzing the latest patents on the cage-
less bearing structure manufacturing method, it can be seen
that there are many innovative designs of cageless rolling
bearings. The cageless bearing structure can be categorized
into full complement bearings, isolation element bearings,
and special cageless bearings. The full complement bearings
can be filled with rollers, allowing them to withstand higher
radial and axial loads. However, the mutual friction between
rollers is large and easy to heat. It has certain requirements
for lubrication, heat dissipation and sealing, and is usually
not suitable for working at high speed. Compared with the
other two kinds of bearings, the number of rolling elements
is more, resulting in an increase in the overall weight, and
the manufacturing cost will also increase. The rolling isola-
tion element bearings will initially keep the frame and roller
sliding friction between the two forms into rolling friction
form. The limit speed is increased, and the noise and vibra-
tion generated by the bearing during operation are small.
Non-rolling isolator bearings use isolator frames or rings to
isolate each rolling element, increase the number of rolling
elements in the bearing, reduce the contact area between the
rolling element and the cage, and improve the bearing capac-
ity and limit speed, but sliding friction still exists. Compared
with full complement bearings, the overall weight is light.
The advantages of special cageless bearings over full com-
plement bearings and isolation element bearings are that
they can achieve more functional requirements and are suit-
able for complex working conditions. However, the struc-
ture of the bearing is usually more complex and difficult to
process, so it is difficult to promote application.

Currently, cageless rolling bearings can achieve opti-
mization in terms of a particular performance target demand,

Due to the complexity of the working conditions of bear-
ings, it is often difficult to meet the needs of practical appli-
cations. How to comprehensively improve the service perfor-
mance of bearings through a variety of ways to combine to
manufacture the required bearings with good comprehensive
performance but also need further in-depth research.

CURRENT & FUTURE DEVELOPMENTS

As a particular bearing structure, cageless rolling bear-
ings are different from traditional bearings in that cages fix
the rolling elements. Cageless bearings improve the friction
between the rollers, maximize the number of rollers, in-
crease the bearing capacity and life, and simplify the bearing
structure. However, the rolling elements lose the original
cage restriction, and the rollers in the raceway between the
movement of the more complex. However, to solve the colli-
sion and friction between neighboring rolling elements, is
the main problem of future research on such bearings. In ad-
dition, the following research areas are likely the future di-
rection of developing cageless rolling bearings.

[1] Due to the closed structure inside the high-speed mo-
torized spindle, the system will generate a lot of heat
during operation. The change of thermal preload of
cage bearing combined with electric spindle under ac-
tual working conditions will be one of the main re-
search directions in the future.

[2] Wind, sand, dust, and other debris are usually pre-
sent in specific field environments. Part of the isola-
tion body in the bearing is usually tiny. If the debris
enters the bearing, it will lead to unstable operation,
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(3]

(4]

(3]

noise increase, or even bearing failure. Improving
the closure and maintenance of cageless rolling bear-
ings is one of the future development directions.

At present, the research direction of cageless rolling
bearings usually focuses on optimizing a one-sided
target. How to find the best balance between improv-
ing load-carrying capacity, reducing friction, reduc-
ing noise, and other objectives will be an essential is-
sue for future research.

Cageless rolling bearings can be combined with sen-
sor technology and intelligent control technology. To
realize intelligent monitoring and fault diagnosis of
cageless rolling bearings and improve the stability
and safety of equipment operation.

Establishing a systematic and perfect evaluation stan-
dard for cageless rolling bearings. How to make non--
standard bearings can be evaluated in a certain de-
gree of wear behavior, load carrying capacity, and
friction characteristics is also a vital issue.
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