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Title: CYLINDRICAL ROLLER BEARING

(57) Abstract: Disclosed is a cylindrical roller bearing (1) having at least

an outer ring (4) with a raceway, an inner ring (2) with a race way and a

T

Fig. 1

L plurality of cylindrical roller elements (6) rolling at the raceways of the
inner ring (2) and the outer ring (4) wherein the raceway of the inner ring
(2) has at least partly a crowned profile.
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Description

Cylindrical roller bearing

The present invention relates to a cylindrical roller bearing according to the preamble of patent

claim 1.

In heavy duty application, such as continuous casters, not only heavy load but also often high
thermal variation in the roll can induce internal thrust loads on the bearings, eventually resulting

in bearing failure. Particularly, non-locating bearings supporting a shaft are affected.

With conventional non-locating bearing, the fits for this bearing are selected to provide axial
movement of one of the bearing rings, generally the outer ring, on its seat. This axial movement
is accompanied by friction that induces axial loads in both bearings. In addition, the movement
of the bearing with a loose fit on its seat can create damaging vibrations because the movement
is “stick-slip” and not smooth. This loose fit has a negative effect on the stiffness of the bearing
arrangement. The bearing ring with the loose fit can also begin to creep, which wears the seat
and leads to fretting corrosion which, if left unchecked, could cause fretting of the ring to its

seat.

For solving this problem, so-called toroidal roller bearings are proposed. A toroidal roller bear-
ing is a single row roller bearing with relatively long, slightly crowned rollers, wherein inner and
outer ring raceways are correspondingly concave and symmetrical. The toroidal roller bearing
may be designed as a non-locating bearing that combines the self-aligning ability of a spherical

roller bearing with the ability to accommodate axial displacement like a cylindrical or needle
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roller bearing. Further, both rings of the non-locating bearing can be axially located in the hous-
ing and on the shaft. This means it possible to secure the rings so that they cannot creep. By
mounting them with an interference fit, it is also possible to enhance the radial stiftness of the
bearing arrangement. Due to the possibility to axially secure the rings in the bearing, internal
preload and wear to the bearing seat in the housing are avoided. Further, toroidal roller bearings
are designed to accommodate axial displacement without inducing additional axial internal forc-
es or friction. This means that the loads acting on the bearing are determined exclusively by ex-
ternal radial and axial forces. Because of this, a bearing system incorporating a toroidal roller
bearing, e.g. as non-locating bearing, has lower resultant loads and a better load distribution than
a conventional bearing system. This also translates into lower operating temperatures, higher op-
erating viscosities, extended relubrication intervals, and a significantly longer service life for

both the bearings and the lubricant.

Disadvantageously, due to the axial fixation of the rings, disassembling of the toroidal roller
bearings during service is not possible which has become a major problem, recently. Since the
toroidal roller bearings are stuck to the shaft, they have to be destroyed during disassembly. Re-

use is not possible.

It is therefore object of the present invention, to provide a bearing assembly having similar prop-
erties for heavy duty applications as conventional toroidal roller bearings, but may be easily dis-

mounted and replaced during service.

This object is solved by a cylindrical roller bearing according to claim 1.

In the following, a cylindrical roller bearing is proposed which has at least an outer ring with a
raceway, an inner ring with a raceway and a plurality of cylindrical roller elements rolling at the
raceways of the inner ring and the outer ring. For combining the possibility to dismount the bear-
ing with the same functional advantages of the toroidal roller bearing as mentioned above, e.g.
angular misalignment and axial displacement, the inner ring raceway of the cylindrical roller
bearing is not flat as in conventional cylindrical roller bearings, but has at least partly a crowned
profile. In contrast to the traditional opinion that the crowning of the inner ring of a cylindrical
roller bearing is disadvantageous as the contact stresses would become too high, the inventors

have surprisingly found that the crowned profile of the inner rings allows for controlling the con-
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tact stresses, and for a facilitated disassembling process without reducing the bearing properties

in general.

According to a preferred embodiment, the crowned profile has a crowning radius R, wherein 25
LD <R <55 L¥D, and wherein L is the length of the roller element and D is the diameter of
the roller element. This allows for a high permissible angular misalignment B, e.g. in the range of

+/- 1°, or at least +/- 0,5°.

According to a further preferred embodiment, the cylindrical roller elements are in line contact
with the raceways of the inner ring and the outer ring, wherein the axial extension of the line
contact of the cylindrical roller element at the raceway of the inner ring is shorter than the axial
extension of the line contact of the cylindrical roller element at the raceway of the outer ring.
The shorter line contact between the inner ring and the roller element in combination with the
crowned profile allows for increased misalignment properties as well as simplified mounting and

dismounting properties.

According to a further embodiment, the entire raceway of the inner ring has a crowned profile.
This increases the angular misalignment properties further and allows misalignments in the range

of degrees instead of only minutes.

Furthermore, the cylindrical roller bearing may be adapted for use as a non-locating bearing.
Under load conditions, e.g. bending of a shaft, which may lead to an angular misalignment of the
shaft in relation to the supporting bearings, or high temperature applications, the roller elements
may be axially displaced. The crowned profile allows then for an angular misalignment of the
roller elements as well as an axial displacement in relation to the inner ring, which in turn allows
for supporting a shaft even if there is an angular/axial misalignment induced by the heavy load

acting on the shaft or thermal extensions due to high temperatures.

According to a further preferred embodiment, a curvature of the crowned profile may be constant
over the axial length of the raceway or a curvature of the crowned profile may vary over the axi-
al length of the raceway. Thereby, the cylindrical roller bearing may be adapted and optimized
for the expected application. E.g. in applications where only a high angular misalignment but no

heavy loads are expected, the crowned profile could be constant, wherein in application where
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both a high angular misalignment and heavy loads are expected, a varying profile with an almost

flat region between two regions with a higher curvature profile may be advantageous.

It is further advantageous, that also the cylindrical roller elements have a profile, preferably a
logarithmic profile. This increases the angular misalignment properties of the crowned profile,
without reducing the load capacity of the bearing, as the main part of the roller remains in line

contact with the rings.

As mentioned above, the crowned profile may have a crowning radius R, wherein 25 L¥D <R <
55 LD, and wherein L is the length of the roller element and D is the diameter of the roller ele-
ment. This allows for a high permissible angular misalignment 3, e.g. in the range of +/- 1°, or at
least +/- 0,5°, a high load carrying capacity as the roller filling degree FG may be larger than
80%, preferably larger than 87%, and a high axial displacement of up to 25%, preferably up to
15%, of the bearing width.

According to a further preferred embodiment, the roller elements are maintained in a cage, pref-
erably a cage, which is adapted to incorporate an increased amount of rollers. A window-type
cage usually comprises two side rings which are connected by cage bars. Between the cage bars
so called pockets are formed in which the roller elements are accommodated. In high capacity
cages, the cage bars, which usually are orientated around the roller pitch circle (the connecting
circle of the mid-points of all rollers), are moved away from the roller pitch circle, so that the

rollers can be placed closer to each other and more rollers may be incorporated into the bearing.

According to a further embodiment the cage is a high capacity cage, which is roller guided
and/or arranged well below a pitch diameter of the roller elements. Thereby, a high capacity cage
may be provided which increases the number of roller elements which can be maintained in the
cage (filling degree). The increased number of roller elements increases the load carrying capa-
bility of the cylindrical roller bearing even further. By means of the high capacity cage, a roller
filling degree FG of more than 80%, preferably more than 87%, is possible. The roller filling de-
gree is calculated by FG=D/(P*sin(s/Z), with D being the diameter of the roller element, P the

pitch diameter and Z, the number of roller elements.

It is further preferred that the cylindrical roller bearing is a nearly full complement cylindrical

roller bearing, wherein optionally the roller elements are accommodated in a cage. As mentioned
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above, the crowned profile allows for an increased load carrying capacity with a high roller fill-
ing degree. The high number of rollers increase the load carrying capacity, wherein the optional
cage allows for an even further increased speed capability and separable mounting and dismount-

ing of the bearing.

According to a further preferred embodiment, the outer ring of the cylindrical bearing assembly
is provided with flange arranged at least at a first axial end of the outer ring for axially retaining
the cylindrical roller elements at the first side. Preferably, at the second axial end, the outer ring
has a groove which is adapted to accommodate a retaining ring for axially retaining the cylindri-

cal roller elements at the second side.

It is further preferred that the inner ring has at least a first area with a crowned profile and a sec-
ond area with a flat profile, wherein preferably the area with the crowned profile is arranged at
axial ends of the inner ring and the area with the flat profile is arranged between the areas with
the crowned profile. This allows for increased load carrying properties as, in the flat region, the
bearing acts as cylindrical roller bearing. Cylindrical roller bearings are preferably applicable for
supporting heavy radial loads and provide high speeds. At the same time axial displacement,

high stiffness, low friction and long service life is provided.

Furthermore, the cylindrical roller bearing may be adapted for use as a non-locating bearing.
Advantageously, under unloaded running conditions, the cylindrical roller bearing may be de-
signed to be mainly in line contact with the area of the raceway having the flat profile. Under
load conditions, e.g. bending of a shaft, which may lead to an angular misalignment of the shaft
in relation to the supporting bearings, the roller elements may be axially displaced and may come
in contact with the crowned profile adjacent to the flat profile. The crowned profile in turn al-
lows then for an angular misalignment of the roller elements in relation to the inner ring, which
in turn allows for supporting the shaft even if there is an angular misalignment induced by the

heavy load acting on the shaft.

Further preferred embodiments are defined in the dependent claims as well as in the description
and the figures. Thereby, elements described or shown in combination with other elements may
be present alone or in combination with other elements without departing from the scope of pro-

tection.
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In the following, preferred embodiments of the invention are described in relation to the draw-
ings, wherein the drawings are exemplarily only, and are not intended to limit the scope of pro-

tection. The scope of protection is defined by the accompanied claims, only.

The figure show:

Fig. 1: aschematic cross section of a cylindrical roller bearing according to a preferred embod-
iment

Fig. 2: aschematic cross section of a cylindrical roller bearing illustrating an axial displace-
ment; and

Fig. 3: aschematic cross section of a cylindrical roller bearing illustrating an angular misa-

lignment.

In the following same or similar functioning elements are indicated with the same reference nu-

merals.

Fig. 1 illustrates a schematic cross section of a cylindrical roller bearing 1 having an inner ring 2

and an outer ring 4 between which a plurality of roller elements 6 are arranged.

The roller elements 6 in the illustrated embodiment are cylindrical roller elements which ac-
commodated in a cage 8. The cage 8 is adapted to hold the roller elements 6 and maintain a con-
stant distance between them. As can be further seen in Fig. 1, the cage 8 is a so-called high ca-
pacity cage, which is guided by the roller elements. The cage bars (not illustrated) are arranged
well below the pitch diameter P of the rollers 6. Thus, the illustrated cylindrical roller bearing 1
is a nearly full compartment bearing. The new design allows for a roller filling degree FG of
more than 80%, preferably more than 87%, with FG=D/(P*sin(m/Z), with D being the diameter
of the roller element, P the pitch diameter and Z, the number of roller elements. Other arrange-

ments are also possible.

The outer ring 4 has at a first axial side 10 a flange 12, and at the second axial side 14 a groove
16 in which a retaining ring 18 is accommodated. The flange 12 and the retaining ring 18 allow
for an axial restriction of the cylindrical roller elements 6. During disassembling, the retainer
ring may be easily detached from the outer ring 4, which in turn allows for a facilitated and non-

destroying disassembling of the complete bearing 1 during service.
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As can be further seen in Fig. 1, the inner ring 2 has a crowned profile having a crowning radius
R. The crowning radius R may be constant or can vary over the axial length Lir of the inner ring
2. In the illustrated embodiment, the crowning radius is constant and may be in the range of 25
LD <R <55 L¥D, wherein L is the length of the roller element and D is the diameter of the
roller element. This crowning radius R allows for an angular misalignment  of up to +/- 1°, or at

least +/- 0,5° (see Fig. 3).

The crowning profile of the inner ring 2 also allows for an axial displacement s of up to 25%, at
least up to 15%, of the bearing width given by the axial length Lir of the inner ring 2 (see Fig. 2).
This is due to the fact that even if the inner ring has a crowning profile, the profile remains flat
enough for providing a sufficiently long line contact with the roller elements and therefore a suf-

ficient support during the axial displacement.

Additionally or alternatively, the inner ring 2 may have a crowning profile which is only ar-
ranged at the axial sides 22 and 24 of the inner ring 2, wherein the middle part 26 of the inner
ring 2 may remain, preferably almost, flat. This allows for a large load capacity, as a line contact

between the roller element and the inner ring may be adapted to be maximal.

In summary, the above proposed cylindrical roller bearing combines the possibility to separate
the inner ring from the outer ring and roller elements with the possibility to angular misalign-
ment together with axial displacement. This is achieved by providing an inner ring with a
crowned profile which has traditionally been assumed to increase contact stresses, unduly. How-
ever, the careful adaption of the crowning radius ensures that contact stresses may be avoided,

and angular misalignments in the order of degrees instead of minutes are allowed.



WO 2022/078583

Reference numerals

1
2
4
6
8

10
12
14
16
18
22
24
26

cylindrical roller bearing
inner ring

outer ring

cylindrical roller element
cage

first axial side of outer ring
flange

second axial side of outer ring
groove

retaining ring

first axial side of inner ring
second axial side of inner ring

middle part of the inner ring

pitch diameter
misalignment angle

axial discplacement
length of the inner ring
length of the roller element

diameter of the roller element
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Claims

Cylindrical roller bearing

1. Cylindrical roller bearing (1) having at least an outer ring (4) with a raceway, an in-
ner ring (2) with a race way and a plurality of cylindrical roller elements (6) rolling
at the raceways of the inner ring (2) and the outer ring (4) characterized in that the

raceway of the inner ring (2) has at least partly a crowned profile.

2. Cylindrical roller bearing (1) according claim 1, wherein the crowned profile has a
crowning radius R, wherein 25 L¥D <R < 55 L¥D, wherein L is the length of the

roller element (6) and D is the diameter of the roller element (6).

3. Cylindrical roller bearing (1) according to claim 1 or 2, wherein the cylindrical roller
elements (6) are in line contact with the raceways of the inner ring (2) and the outer
ring (4), wherein the axial extension of the line contact of the cylindrical roller ele-
ment (6) at the raceway of the inner ring (2) is shorter than the axial extension of the

line contact of the cylindrical roller element (6) at the raceway of the outer ring (4).

4. Cylindrical roller bearing (1) according to any one of the preceding claims, wherein

the entire raceway of the inner ring (2) has a crowned profile.

5. Cylindrical roller bearing (1) according to claim 4, wherein a curvature (R) of the
crowned profile is constant over the axial length (Lir) of the raceway or wherein a

curvature (R) of the crowned profile varies over the axial length (Lir) of the raceway.
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10.

11.

10

Cylindrical roller bearing (1) according to any preceding claim, wherein the roller

elements are maintained by a cage.

Cylindrical roller bearing (1) according to claim 6, wherein the cage is roller guided

and arranged well below a pitch diameter of the roller elements.

Cylindrical roller bearing (1) according to any one of the preceding claims, wherein

the cylindrical roller elements (6) have a logarithmic profile.

Cylindrical roller bearing (1) according to any one of the preceding claims, wherein
the cylindrical roller bearing (1) is nearly a full complement cylindrical roller bearing
(1) with a filling degree FG of more than 80%, preferably more than 87%, with
FG=D/(P*sin(n/Z), with D being the diameter of the roller element, P the pitch di-

ameter and Z, the number of roller elements.

Cylindrical roller bearing (1) according to any one of the preceding claims, wherein

the outer ring (4) of the cylindrical bearing (1) assembly is provided with flange (12)
arranged at least at a first axial end (10) of the outer ring (4) for axially retaining the
cylindrical roller elements (6) at the first side, and preferably, at the second axial end
(14), the outer ring (4) has a groove (16), which is adapted to accommodate a retain-

ing ring (18) for axially retaining the cylindrical roller elements (6) at the second side

(14).

Cylindrical roller bearing (1) according to any preceding claim, wherein the inner
ring can accommodate an axial displacement (s) of up to 25%, preferably up to 15%

of the bearing width.
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