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DESCRIPTION

BACKGROUND OF THE INVENTION

(Field of the Invention)

[0001] The present invention relates to a double-row self-aligning roller bearing to be applied
to a use in which unequal loads are applied to rollers arranged in two rows in a bearing width
direction, for example, as a bearing for supporting a main shaft of a wind turbine generator,
industrial machinery or the like.

(Description of Related Art)

[0002] On a bearing that supports a main shaft of a wind turbine generator, an axial load due
to wind force acts in addition to a radial load due to weights of blades and a rotor head. In the
case where the bearing for supporting the main shaft is a double-row self-aligning roller
bearing 41 having an axially symmetrical structure as shown in Fig. 20, among rollers 44, 45 in
two rows interposed between an inner ring 42 and an outer ring 43, only the rollers 45 in one
of the rows that is situated on the rear side with respect to an axial load Fa mainly receive the
axial load Fa. In other words, the rollers 45 in the one row receive both radial load and axial
load, while the rollers 44 in the other row receive substantially only the radial load. For this
reason, the rollers 45 in the row that receives the radial load and axial load have higher contact
surface pressures than those of the rollers 44 in the row that receives only the radial load, and
thus the rolling surfaces of the rollers 45 and the raceway surface 43a of the outer ring 43 are
more susceptible to surface damage or wear. In such a case, the rollers 45 in the one row
have shorter rolling fatigue life than that of the rollers 44 in the other row. Therefore, the
substantial service life of the entire bearing is limited by the shorter rolling life of the rollers 45
in the row that receives the axial load.

[0003] In order to solve this problem, it has been proposed to arrange rollers of different
lengths in two rows (see Patent Document 1) or to arrange rollers in two rows at different
contact angles (see Patent Document 2) so as to increase the substantial service life of the
entire bearing. However, due to requirements of dimensional standards for bearings (ISO
Standard; JIS B 1512), it is difficult to increase load capacities of the rollers in the row that
receives the axial load to appropriate values by using only one of the two techniques. In other
words, since the dimensional standards specify an inner diameter, an outer diameter and a
bearing width for each nominal number, the rollers in the row that receives the axial load
cannot be too long because the bearing width would exceed a standard value. Similarly, the
contact angle of the rollers in the row that receives the axial load cannot be too large because
the inner diameter would exceed a standard value.
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[0004] Thus, in order to equalize the contact surface pressures on the row that receives the
axial load and on the row that receives only the radial load, without making the dimensions of
respective parts out of the dimensional standards of bearings, it has been proposed to
combine the technique of arranging the rollers of different lengths in two rows and the
technique of arranging the rollers in the two rows at different contact angles (see Patent
Document 3). In this case, since it is important that the contact angle of the rollers in the row
that receives the axial load is increased so as to sufficiently increase the load capacities of the
rollers, Patent Document 3 also proposes an appropriate ratio of the contact angles of the
rollers in the respective rows.

It is further kwon in the art of double-row spherical roller bearing that rollers are interposed,
between an inner race and an outer race, in two rows beside each other in the widthwise
direction of the bearing, a raceway surface of the outer race is spherical, and the outer
peripheral surfaces of the two rows of rollers have a cross-sectional shape that conforms to the
raceway surface of the outer race. The two rows of rollers have different lengths and the length
of the long roller is at least 39% of the bearing width. The ratio of the contact angle of the short
roller to the contact angle of the long roller is within the range 1:2 to 1:4. Thus, the bearing can
simultaneously receive both axial load and radial load, can be used in applications in which
loads of different sizes act on two rows of rollers beside each other in the axial direction, and
makes it possible to sufficiently increase, within the constraints of boundary dimensions, the
load capacity of the roller in the row that receives the axial load (see Patent Document 4)
There are further known rolling bearings which are designed as a spherical roller bearing,
having a bearing inner ring, a bearing outer ring, and having a plurality of rolling elements
which are arranged in two axially spaced rows of rollers with different contact angles arranged
between the bearing inner ring and the bearing outer ring and designed as identical barrel
rollers, the contact angle of the axially inner roller row being greater than the contact angle of
the axially outer roller row. In order to achieve a higher load carrying capacity and a longer
service life of the rolling bearing, it is provided that the contact angle of the axially outer roller
row lies in the range between 2° and 10°, including said limit values, and that the contact angle
of the axially inner roller row (7) lies in the range between 7° and 20°, also including said limit
values (see Patent Document 5).

[Related Document]

[Patent Document]

[0005]
[Patent Document 1] WO 2005/050038

[Patent Document 2] U.S. Patent Application Publication No. 2014/0112607
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[Patent Document 3] JP Laid-open Patent Publication No. 2017-180831
[Patent Document 4] WO 2017/164325 A1

[Patent Document 5] DE 10 2015 204970 A1

SUMMARY OF THE INVENTION

[0006] The bearing disclosed in Patent Document 3 makes it possible to equalize contact
surface pressures on the respective rows due to fatigue loads applied day-to-day and thereby
to improve substantial service life of the entire bearing. However, the adjustment of the above
parameters alone may not sufficiently increase the load capacities in the row of the shorter
rollers to accommodate an extreme load that is a possible maximum load anticipated to occur
in 50 years of service.

[0007] An object of the present invention is to provide a double-row self-aligning roller bearing
suitable for a use in which the bearing receives an axial load and a radial load and in which
loads having mutually different magnitudes act on rollers arranged in two rows in an axial
direction, the bearing being capable of suitably distributing not only fatigue loads but also
extreme loads between the rollers in the two rows, within the constraint of the dimensional
standards.

[0008] According to the present invention, a double-row self-aligning roller bearing includes:
an inner ring;
an outer ring having a spherical raceway surface; and

a plurality of rollers arranged in two rows in a bearing width direction and interposed between
the inner ring and the outer ring, each of the rollers in the two rows having an outer peripheral
surface having a cross-sectional shape matching the raceway surface of the outer ring,
wherein

a ratio of a contact angle 61 of the rollers in one of the rows to a contact angle 82 of the rollers
in the other of the rows falls within a range of 0.25 <81/82 < 0.5, and

a ratio of a distance B1 in the bearing width direction from an end face of the bearing on a side
of the one of the rows to an intersection of two lines of action defining the contact angles of the
two rows, relative to a distance B2 in the bearing width direction from an end face of the
bearing on a side of the other of the rows to the intersection falls within a range of 0.5 < B1/B2
<0.6.
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[0009] According to this configuration, the rollers in the other row are arranged at a larger
contact angle than that of the rollers in the one row so that the rollers in the other row can
support a larger axial load. Where the double-row self-aligning roller bearing is used under a
condition where an axial load and a radial load act, the rollers having the larger contact angle
support substantially all the axial load and a part of the radial load, and the rollers having the
smaller contact angle support the rest of the radial load. By distributing the axial load and the
radial load between the rollers in the two rows in such a share proportion, the contact surface
pressures on the rollers in the respective rows can be equalized. Thus, it is possible to secure
a large load capacity of the entire bearing as well as to increase the substantial service life of
the entire bearing.

[0010] Further, a plurality of double-row self-aligning roller bearings having different ratios of
contact angles of rollers in respective rows were prepared, and each of the double-row self-
aligning roller bearings was analyzed for contact surface pressures on the rollers in the
respective rows under an assumed load condition for the case where the bearing is used for
supporting a main shaft of a wind turbine generator. As a result, it was found that the bearing
having the ratio of the contact angles of 1:3 has the most equalized contact surface pressures
on the rollers in the respective rows. The assumed load condition refers to an axial load and a
radial load that are fatigue loads when an average wind turbine generator in view of conditions
such as its power generation capacity and installation location is most normally operated.
Therefore, it is conceivable that an optimum ratio of the contact angles may not be 1:3 in a
double-row self-aligning roller bearing used in a wind turbine generator that is different from
such an average wind turbine generator in these conditions. However, even in that case, the
optimum ratio of the contact angles falls within a range of 1:4 to 1:2. That is, where the ratio of
the contact angles of the two rows falls within the range of 0.25 < 81/62 < 0.5, the rollers of the
two rows can suitably share the fatigue loads.

[0011] Further, the ratio of the distance B1 in the bearing width direction from the bearing end
face on the side of the one row having the smaller contact angle to the intersection of the two
lines of action defining the contact angles of the two rows, relative to the distance B2 in the
bearing width direction from the bearing end face on the side of the other row having the larger
contact angle to the intersection falls within the range of 0.5 < B1/B2 < 0.6, so that the rollers in
the one row that supports substantially only the radial load do not have a too small length and
fall within the dimensional standard. Therefore, it is possible to prevent the rollers of the one
row from having insufficient load capacities, so that they can accommodate even an extreme
load which should be anticipated to be applied from various directions. Therefore, the rollers in
the two rows can suitably share loads so as to accommodate either of fatigue loads and
extreme loads, within the constraint of the dimensional standards.

[0012] In the present invention, a ratio of a length L1 of the rollers in the one of the rows to a
length L2 of the rollers in the other of the rows may fall within a range of 0.9 < L1/L2 < 1.0.
According to this configuration, the length of the rollers in the row that has the larger contact
angle is equal to or greater than the length of the rollers in the row that has the smaller contact
angle so as to surely improve the load capacities of the rollers in the row that has the larger
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contact angle to an axial load. In addition, the length of the rollers in the row that has the
smaller contact angle is equal to or greater than 90% of the length of the rollers in the other
row so as to ensure that the rollers in the one row that supports substantially only the radial
load do not have a too small length and fall within the dimensional standard, as discussed
above.

[0013] In the present invention, an inclination angle B2 of a retainer that retains the rollers in
the other of the rows may have a relation, relative to a roller maximum diameter angle a2 that
is an inclination angle of the rollers in the other of the rows at a point where each of the rollers
in the other of the rows has a maximum diameter, expressed by an inequation: 0 < B2 < a2.

[0014] Note that the "inclination angle B2 of the retainer” refers to an angle formed between
e.g. a retainer center line (bearing center axis) and a center line of a cylindrical surface defined
by each pocket surface between pillar portions of the retainer. The "inclination angle 2 of the
retainer” may alternatively be an inclination angle of an outer diameter surface of the retainer
or an inclination angle of an inner diameter surface of the retainer.

[0015] Since the rollers in the other of the rows, i.e., the rollers in the rear row with respect to
an input direction of the axial load, have a larger maximum diameter angle a2, the retainer
inclination angle B2 may be suitably adjusted such that the pocket surfaces of the retainer can
hold the rollers at maximum diameter positions of the rollers.

[0016] In that case, where the angles satisfy 0 < B2 < a2, attitude stability of the rollers is not
deteriorated.

[0017] Such a retainer shape makes it possible to prevent reduction in ease of assembly,
which is particular to an asymmetrical left and right row design, and to stably hold the rollers.

[0018] In the present invention, each of the rollers may have an outer peripheral surface
coated with a DLC coating having a multi-layered structure;

the DLC coating may have a film thickness of 2.0 ym or greater;

a base material of each of the rollers may have a surface roughness of Ra < 0.3 and a root-
mean-square gradient RAq < 0.05 on an outer surface of the base material; and

the DLC coating having the multi-layered structure may include layers each having a film
hardness, the film hardness stepwisely increasing toward an external-side layer.

[0019] The term "DLC" is an abbreviation for Diamond-like Carbon.

[0020] DLC coating treatment on the outer peripheral surfaces of the rollers improves wear
resistance. The DLC coating preferably employs a multi-layered structure which provides
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excellent adhesion to the base material, and the film thickness is preferably 2.0 um or greater.
Also, the outer peripheral surfaces subjected to the DLC coating may have a surface
roughness expressed by values of an arithmetic average roughness Ra of 0.3 Ra or smaller
and a root-mean-square gradient RAq of 0.05 or smaller so that aggressiveness to an
opponent material can be reduced. Further, the film hardness of the DLC coating is stepwisely
increased in the multi-layered structure so as to achieve high adhesion.

[0021] The double-row self-aligning roller bearing is suitable for supporting a main shaft of a
wind turbine generator. Such a double-row self-aligning roller bearing for supporting a main
shaft of a wind turbine generator receives a radial load due to weights of blades and a rotor
head as well as an axial load due to wind force. Among the rollers arranged in two rows in a
bearing width direction, the rollers in one row receive substantially only the radial load,
whereas the rollers in the other row receive both the radial load and the axial load. In that
case, the rollers in the other row having a larger contact angle can serve as the rollers in the
row that receives the axial load, and the rollers in the one row having a smaller contact angle
can serve as the rollers in the row that receives substantially only the radial load, so as to
suitably share loads between the rollers in the respective rows to accommodate either of
fatigue loads and extreme load.

[0022] The present invention encompasses any combination of features as disclosed in the
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The present invention will be more clearly understood from the following description of
preferred embodiments thereof, when taken in conjunction with the accompanying drawings.
However, the embodiments and the drawings are given only for the purpose of illustration and
explanation, and are not to be taken as limiting the scope of the present invention in any way
whatsoever, which scope is to be determined by the appended claims. In the accompanying
drawings, like reference numerals are used to denote like parts throughout the several views.
In the figures,

Fig. 1 is a sectional view of a double-row self-aligning roller bearing according to a first
embodiment of the present invention;

Fig. 2 illustrates asymmetrical rollers;

Fig. 3 is a graph showing analytical results of distributions of contact surface pressure on the
rollers on the front sides when a synthetic load of an axial load and a radial load is applied to
the double-row self-aligning roller bearing and a conventional double-row self-aligning roller
bearing;

Fig. 4 is a graph showing analytical results of distributions of contact surface pressure on the
rollers on the rear sides when a synthetic load of an axial load and a radial load is applied to
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the double-row self-aligning roller bearing and a conventional double-row self-aligning roller
bearing;

Fig. 5 is a graph showing analytical results of distributions of contact surface pressure on the
rollers on the front sides when a synthetic load of an axial load and a radial load is applied to
plural types of double-row self-aligning roller bearings having different ratios of contact angles
of rollers in respective rows;

Fig. 6 is a graph showing analytical results of distributions of contact surface pressure on the
rollers on the rear sides when a synthetic load of an axial load and a radial load is applied to
plural types of double-row self-aligning roller bearings having different ratios of contact angles
of rollers in respective rows;

Fig. 7 shows ratios of roller lengths to bearing widths for plural types of conventional double-
row self-aligning roller bearings in the same graph;

Fig. 8 is a partial perspective view of an example of a main shaft support device of a wind
turbine generator;

Fig. 9 is a cutaway side view of the main shaft support device;

Fig. 10 is a sectional view of a double-row self-aligning roller bearing according to another
embodiment of the present invention;

Fig. 11 illustrates features of a DLC coating on a surface layer of a roller of the double-row self-
aligning roller bearing;

Fig. 12 is a perspective view of an example of a retainer for a double-row self-aligning roller
bearing according to one of the embodiments;

Fig. 13 is a partially enlarged cutaway plan view of the retainer;

Fig. 14 is a sectional view showing a relation between a pocket of the retainer and a roller;
Fig. 15 is a partial sectional view of the retainer;

Fig. 16 is a partial plan view of the retainer;

Fig. 17 is a sectional view of a pillar portion of the retainer;

Fig. 18 is a partial perspective view of the retainer;

Fig. 19 is a partial perspective view of a variant of the retainer; and

Fig. 20 is a sectional view of a conventional and general double-row self-aligning roller bearing.

DESCRIPTION OF THE EMBODIMENTS
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[0024] A double-row self-aligning roller bearing (hereinafter, sometimes simply referred to as
"bearing") 1 according to a first embodiment of the present invention will be described with
reference to Fig. 1. The double-row self-aligning roller bearing 1 includes: an inner ring 2; an
outer ring 3; and rollers 4, 5 arranged in two rows on the left and right sides in a bearing width
direction (axis direction) and interposed between the inner ring and the outer ring. The outer
ring 3 has a spherical raceway surface 3a, and each of the rollers 4, 5 in the left and right rows
has an outer peripheral surface having a cross-sectional shape matching the raceway surface
3a of the outer ring 3. In other words, the outer peripheral surfaces of the rollers 4, 5 are
rotation curved surfaces obtained by rotating respective circular arcs matching the raceway
surface 3a of the outer ring 3 about center lines C1, C2. The inner ring 2 is formed with
raceway surfaces 2a, 2b in double rows having cross-sectional shapes matching the outer
peripheral surfaces of the rollers 4, 5 in the respective left and right rows. The inner ring 2 is
provided with flanges (small flanges) 6, 7 at opposite ends of its outer peripheral surface. The
inner ring 2 is provided with an intermediate flange 8 at a center portion of the outer peripheral
surface, that is, at a portion between the rollers 4 in the left row and the rollers 5 in the right
row. Note that the terms "left" and "right" used herein merely indicate a relative positional
relation in an axial direction of the bearing for the sake of convenience. In this description, the
words "left" and "right" correspond to the left and right, respectively, throughout the drawings
for ease of understanding.

[0025] The rollers 4, 5 in the respective left and right rows are retained by retainers 10L, 10R,
respectively. The retainer 10L for the left row includes an annular portion 11 and a plurality of
pillar portions 12 extending from the annular portion 11 toward the left side, and the rollers 4 in
the left row are retained in pockets between the respective pillar portions 12. The retainer 10R
for the right row includes an annular portion 11 and a plurality of pillar portions 12 extending
from the annular portion 11 toward the right side, and the rollers 5 in the right row are retained
in pockets between the respective pillar portions 12.

[0026] As exaggeratedly shown in Fig. 2, the rollers 4, 5 in the respective left and right rows
are asymmetrical rollers having respective maximum diameters D1max, D2max at positions
displaced from centers A1, A2 of the roller lengths thereof. The maximum diameter D1max of
the rollers 4 in the left row is located to the right of the center A1 of the roller length, and the
maximum diameter D2max of the rollers 5 in the right row is located to the left of the center A2
of the roller length. Induced thrust loads are generated to the rollers 4, 5 in the left and right
rows, which are in the form of such asymmetrical rollers. The intermediate flange 8 of the inner
ring 2 is provided for receiving the induced thrust loads. A combination of the asymmetrical
rollers 4, 5 and the intermediate flange 8 allows the rollers 4, 5 to be guided accurately
because the rollers 4, 5 are guided at three locations, i.e. the inner ring 2, the outer ring 3 and
the intermediate flange 8.

[0027] As shown in Fig. 1, the rollers 4, 5 in the respective rows have contact angles that are
greater than 0° and are different from each other. In this example, the contact angle 62 of the
rollers 5 in the right row is greater than the contact angle 81 of the rollers 4 in the left row. A
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ratio of the contact angle 81 of the rollers 4 in the left row to the contact angle 62 of the rollers
5 in the right row is set within the range of 1:4 to 1:2, i.e., the range of 0.25 <61/82 <0.5. The
most preferable ratio of the contact angles 61, 62 is 1:3 (81/62 = 0.333), the reason for which
will be explained later. Specifically, the contact angle 81 falls within a range, for example, from
3° to 6° (preferably 81 = 5°). The contact angle 682 falls within a range, for example, from 12°
to 18° (preferably 82 = 15°).

[0028] The rollers 4 in the left row and the rollers 5 in the right row have equal maximum
diameters D1max, D2max and different lengths L1, L2 along the center lines C1, C2. The
length L2 of the longer rollers 5 is preferably 39% or more of a bearing width B (a distance in
the bearing width direction from a bearing end face E1 on the left row side to a bearing end
face E2 on the right row side). However, the length L1 of the rollers 4 in the left row and the
length L2 of the rollers 5 in the right row may be equal. Having said that, as in the illustrated
example, where the length L2 of the rollers in the row that has the larger contact angle is
longer than the length L1 of the rollers in the row that has the smaller contact angle, the rollers
in the row that has the larger contact angle have even greater load capacities to receive an
axial load.

[0029] The position of an intersection P in the bearing width direction at which two lines of
action S1, S2 defining the contact angles 81, 82 of the respective rows intersect is displaced by
a distance K toward a side of the rollers 4 having the smaller contact angle from a center
position Q of the intermediate flange 8 in the bearing width direction. This makes it possible to
increase the contact angle 62 of the longer rollers 5 without making the longer rollers 5
unnecessarily long. It should be noted that the lines of action S1, S2 are defined as lines along
which a synthetic force of forces acting on contact portions between the rollers 4, 5 and the
inner and outer rings 2, 3 acts. The point P at which the lines of action S1, S2 intersect is
located on a bearing center axis O.

[0030] According to the invention, the position of the intersection P in the bearing width
direction is set such that a ratio of the distance B1 in the bearing width direction from the
bearing end face E1 on the side of the left row having the smaller contact angle to the
intersection P, relative to the distance B2 in the bearing width direction from the bearing end
face E2 on the side of the right row having the larger contact angle to the intersection P falls
within the range of 0.5 <B1/B2<0.6.

[0031] A bearing 1 having this configuration may be applied to a use in which the bearing
receives an axial load and a radial load, and loads having mutually different magnitudes act on
the rollers in the left and right rows (for example, as a bearing for supporting a main shaft of a
wind turbine generator). In such a case, the bearing 1 is installed such that the rollers 4 in the
left row are located on a side close to rotor blades (on the front side, i.e., the left side in Fig. 1)
and the rollers 5 in the right row are located on a side away from the rotor blades (on the rear
side, i.e., the right side in Fig. 1). In this case, an axial load Fa from the main shaft is applied in
a direction from the front side toward the rear side. Thus, the rollers 5 in the right row that has
the larger contact angle 62 support substantially all the axial load and a part of the radial load,
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and the rollers 4 in the left row that has the smaller contact angle 81 support the rest of the
radial load.

[0032] Where the ratio of the distance B1 to the distance B2 in the bearing width direction falls
within the range of 0.5 < B1/B2 < 0.6, the length L1 of the rollers in the left row that supports
substantially only the radial load is not too short and falls within the dimensional standard. If the
rollers in one of the rows have a too small length, the rollers would have insufficient load
capacities, which may lead to reduced service life of the bearing due to edge stress occurring
at opposite ends of the rollers upon application of a very large load, such as an extreme load,
from a radial direction. In contrast, the bearing 1 according to the present embodiment makes
it possible to prevent the rollers of the one row from having insufficient load capacities, such
that they can accommodate even an extreme load which should be anticipated to be applied
from various directions. Therefore, according to the bearing 1, the rollers in the two rows can
suitably share loads so as to accommodate either of fatigue loads and extreme loads, within
the constraint of the dimensional standards.

[0033] Although the length L2 of the rollers in the other row (in this example, in the right row) is
preferably longer than the length L1 of the rollers in the one row (in this example, in the left
row) as described above, it is more preferable that the ratio of L1 to L2 falls within the range of
0.9 =L1/L2 < 1.0 so as not to make the length L1 of the rollers in the left row too short.

[0034] Below is the reason why the ratio of the contact angles of the rollers in the two rows
should fall within the range from 0.25 to 0.5. For a conventional double-row self-aligning roller
bearing 41 shown in Fig. 10 and the double-row self-aligning roller bearing 1 of the present
invention shown in Fig. 1, contact surface pressures on the rollers in the left and right rows
were analyzed under a synthetic load of an axial load and a radial load assumed for the case
where each bearing is used for supporting a main shaft of a wind turbine generator. Fig. 3
shows contact surface pressure distributions on the rollers on the front sides, i.e. the rollers 44,
4 on in the left rows, and Fig. 4 shows the analytical result of contact surface pressure
distributions on the rollers on the rear sides, i.e. on the rollers 45, 5 in the right rows.

[0035] From the results in Fig. 3 and Fig. 4, the following is revealed. The conventional
bearing in Fig. 10 has lower contact surface pressures on the front side and higher contact
surface pressures on the rear side, and thus loads are unequally shared between the front
side and the rear side. In contrast, the bearing with modified contact angles in Fig. 1 has
equalized contact surface pressures with reduced difference between the contact surface
pressures in respective rows because the contact surface pressures are distributed over the
entirety of the rollers on the front side, reducing a maximum value of the contact surface
pressures on the rear side.

[0036] Three types of double-row self-aligning roller bearings each having a different ratio of
the contact angle 61 of the rollers 4 in the left row and the contact angle 62 of the rollers 5 in
the right row were prepared, and contact surface pressures on the rollers in the left and right
rows were analyzed in the same way. Fig. 5 shows the analytical result of contact surface
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pressure distributions on the rollers on the front sides, i.e. on the rollers 4 in the left rows, and
Fig. 6 shows the analytical result of contact surface pressure distributions on the rollers on the
rear sides, i.e. on the rollers 5 in the right rows. The bearing having the ratio of the contact
angles of 1:1 is a conventional one, and the bearings having the ratios of the contact angles of
1:2, 1:3 are those of the present invention which have modified contact angles.

[0037] From the results in Fig. 5 and Fig. 6, the following is revealed. When the contact
surface pressure distributions are compared for the respective ratios of the contact angles, the
bearing having the ratio of the contact angles of 1:3 has the most equalized contact surface
pressures between the front side and the rear side. The bearing having the ratio of the contact
angles of 1:2 is less equalized when compared with the bearing having the ratio of the contact
angles of 1:3 but is sufficiently equalized when compared with the bearing having the ratio of
the contact angles of 1:1. As can be seem from Fig. 1, if the contact angle 62 of the rollers 5 is
made larger, it becomes difficult to dispose the longer rollers 5 because the thickness of the
inner ring 2 is made too thin due to the dimensional constraint. In view of these, it is desirable
to set the ratio of the contact angles to be equal to or greater than 1:4 and equal to or less
than 1:2.

[0038] It should be noted that the assumed axial load and radial load refer to an axial load and
a radial load that are fatigue loads when an average wind turbine generator in view of
conditions such as its power generation capacity and installation location is most normally
operated. Therefore, it is conceivable that an optimum ratio of the contact angles may not be
1:3 in a double-row self-aligning roller bearing in the case where the double-row self-aligning
roller bearing is used in a wind turbine generator that is different from such an average wind
turbine generator in these conditions. However, even in such a case, the optimum ratio of the
contact angles falls within a range of 1:4 to 1:2.

[0039] Although not essential, a condition that the length L2 of the longer rollers 5 is equal to
or greater than 39% of the bearing width B may be added so as to provide a double-row self-
aligning roller bearing that falls within the dimensional standards and has a ratio of the contact
angles of the rollers in the respective rows within the above appropriate range. From an
investigation of the proportion of the length L2 of the rollers 5 relative to the bearing width B in
conventional double-row self-aligning roller bearings, it was found that the proportion is equal
to or greater than 39%, as shown in Fig. 7. The dimensional standards specify an inner
diameter, an outer diameter and a bearing width.

[0040] Fig. 8 and Fig. 9 illustrate an example of a main shaft support device of a wind turbine
generator. A casing 23a of a nacelle 23 is horizontally turnably disposed on a support 21 via a
revolving seat bearing 22 (Fig. 9). A main shaft 26 is rotatably fitted within the casing 23a of
the nacelle 23 via main shaft support bearings 25 disposed in bearing housings 24, and blades
27 that serve as rotor blades are attached to a portion of the main shaft 26 projected outside of
the casing 23a. The other end of the main shaft 26 is connected to a speed increasing gear
28, and an output shaft of the speed increasing gear 28 is coupled to a rotor shaft of a power
generator 29. The nacelle 23 is revolved to any angle by revolving motors 30 via reduction
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gears 31. The illustrated example has two main shaft support bearings 25 arranged in series
but may have a single main shaft support bearing.

[0041] Fig. 10 and Fig. 11 show another embodiment according to the present invention. This
embodiment is the same as the first embodiment, except for the features specifically described
below.

[0042] In a double-row self-aligning roller bearing 1 according to this embodiment, an
inclination angle B2 of a retainer 10R that retains the rollers 5 in the other row has a relation
expressed as 0 < B2 < a2 relative to a roller maximum diameter angle a2 that is an inclination
angle of the rollers 5 in the other row at a point where each of the rollers 5 in the other row has
a maximum diameter.

[0043] Note that the "inclination angle B2 of the retainer 10R" refers to an angle formed
between e.g. a retainer center line (bearing center axis O) and a center line C2 of a cylindrical
surface defined by each pocket surface 12a between pillar portions 12 of the retainer 10R. The
"inclination angle B2 of the retainer" may alternatively be an inclination angle of an outer
diameter surface of the retainer 10R or an inclination angle of an inner diameter surface of the
retainer 10R.

[0044] Since the rollers 5 in the other row, i.e., the rollers 5 in the rear row with respect to an
input direction of the axial load, have a larger maximum diameter angle a2, the retainer
inclination angle B2 may be suitably adjusted such that the pocket surfaces 12a of the retainer
10R can hold the rollers 5 at maximum diameter positions of the rollers.

[0045] In that case, where the angles satisfy 0 < B2 < a2, attitude stability of the rollers 5 is not
deteriorated.

[0046] Such a shape of the retainer 10R makes it possible to prevent reduction in ease of
assembly, which is particular to an asymmetrical left and right row design, and to stably hold
the rollers 5.

[0047] Each of the rollers 4, 5 in the respective rows has an outer peripheral surface coated
with a DLC coating 9 having a multi-layered structure (3 or more layers). Although the DLC
coating 9 may be applied to the raceway surfaces 2a, 2b, 3a of the inner ring 2 and the outer
ring 3 in the same manner as that of the rollers 4, 5, the following description is made with
reference to the DLC coating 9 on the rollers 4, 5. The DLC coating 9 has a film thickness of
2.0 um or greater. In this embodiment, the DLC coating 9 includes three layers, namely, a base
layer 9a, a mixed layer 9b, and a surface layer 9¢ provided sequentially from the base material
side of the rollers 4, 5, as schematically shown in the cross section of the DLC coating 9 of a
roller 5 on the rear side in Fig. 11.

[0048] The base material of each of the rollers 4, 5 has a surface roughness expressed by an
arithmetic roughness Ra < 0.3 and a root-mean-square gradient RAq < 0.05 on an outer
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surface of the base material.

[0049] The DLC coating 9 having the multi-layered structure includes the layers 9a, 9b, 9¢c
each having a film hardness which increases stepwisely toward an external-side layer.

[0050] DLC coating treatment on the outer peripheral surfaces of the rollers 4, 5 improves
wear resistance. Application of the DLC coating 9 improves wear resistance on the one hand,
but it entails sufficient peeling resistance on the other hand. Peeling resistance is improved by
the following features. The DLC coating 9 employs a multi-layered structure which provides
excellent adhesion to the base material. The film thickness is preferably 2.0 um or greater.
Also, the outer peripheral surfaces subjected to the DLC coating 9 have a surface roughness
expressed by values of an arithmetic average roughness Ra of 0.3 Ra or smaller and a root-
mean-square gradient RAq of 0.05 or smaller so that aggressiveness to an opponent material
can be reduced. Further, the film hardness of the DLC coating 9 is stepwisely increased in the
multi-layered structure so as to achieve high adhesion.

[0051] The material of the rollers 4, 5 and the DLC coating 9 will be specifically described. The
rollers 4, 5, the inner ring 2 and the outer ring 3 are made of a ferrous material. The ferrous
material may be any steel material that is commonly used for bearing components and may
include, for example, high carbon chromium bearing steel, carbon steel, tool steel, and
martensite stainless steel.

[0052] These bearing components preferably have a Vickers hardness of Hv 650 or higher on
their surfaces on which the DLC coating 9 is to be formed. A hardness of Hv 650 or higher can
reduce a hardness difference between the base material surfaces and the DLC coating 9
(base layer) so as to improve adhesion.

[0053] Prior to formation of the coating film, a nitride layer is preferably formed by nitriding
treatment on the surfaces of the rollers 4, 5 on which the DLC coating 9 is to be formed. As the
nitriding treatment, plasma nitriding treatment may be preferably carried out which hardly
generates an oxide layer that impedes adhesion on the base material surfaces. It is preferable
that the surfaces after nitriding treatment have a Vickers hardness of Hv 1000 or higher so as
to further enhance adhesion between the base material surfaces and the DLC coating 9 (base
layer).

[0054] The base material surfaces of the rollers 4, 5 on which the DLC coating 9 is to be
formed, i.e., on which the base layer 9a is to be formed, have an arithmetic average roughness
Ra from 0.1 to 0.3 ym and a root-mean-square gradient RAq of 0.05 or smaller. RAq is
preferably 0.03 or smaller, and more preferably 0.02 or smaller. The arithmetic average
roughness Ra and the root-mean-square gradient RAq are calculated in accordance with JIS B
0601 and are measured using a contact or non-contact type surface roughness tester. The
following specific measurement condition is used: measurement length 4 mm, cutoff 0.8 mm.
The base material surfaces having a root-mean-square gradient RAq of 0.05 or smaller have a
gentle peak in a roughness curve and include protrusions having a larger radius of curvature
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so that local surface pressure can be reduced. Such base material surfaces can also suppress
electrical field concentration at a microscopic-level due to roughness during film formation and
prevent local change in film thickness and hardness, thereby improving peeling resistance of
the hard coating.

[0055] Each base material surface preferably has a maximum ridge height Rp which is
determined from a roughness curve of the base material surface of 0.4 ym or smaller. The
maximum ridge height Rp is determined in accordance with JIS B 0601. The relation between
the maximum ridge height Rp determined from the roughness curve and the arithmetic
average roughness Ra preferably satisfies 1 < Rp/Ra < 2, and more preferably 1.2 < Rp/Ra <
2.

[0056] The base material surface preferably has a negative skewness Rsk which is determined
from the roughness curve. Rsk is an indicator of a degree of distortion and is more preferably
-0.2 or lower. Skewness Rsk quantitatively represents the vertical symmetry of an amplitude
distribution curve about its mean line, i.e., serves as an indicator of a deviation of the surface
roughness from the mean line. Skewness Rsk is determined in accordance with JIS B 0601. A
negative value of skewness Rsk indicates that the roughness curve is shaped so as to extend
downward (i.e., to define valleys), indicating that the surface has many flat portions.
Consequently, the surface has fewer protrusions and is unlikely cause stress concentration due
to the projections. Although a technique of reducing roughness such as barrel finishing may be
used to remove surface projections by collisions with polishing medium, care should be taken
because new protrusions may be formed depending on the processing condition, which may
lead to the surface having a positive Rsk.

[0057] Fig. 11 is a schematic sectional view illustrating the structure of the DLC coating 9. As
shown in Fig. 11, the DLC coating 9 has a three-layered structure including: (1) a base layer 9a
directly formed on a surface of each roller 4, 5 and mainly containing Cr and WC; (2) a mixed
layer 9b formed on the base layer 9a and mainly containing WC and DLC; and (3) a surface
layer 9c formed on the mixed layer 9b and mainly containing DLC. The mixed layer 9b is
formed such that the content of WC in the mixed layer is continuously or stepwisely decreases
from the base layer 9a side to the surface layer 9c side, while the content of DLC in the mixed
layer continuously or stepwisely increases. In the present embodiment, the DLC coating 9
employs the above-described three-layered structure as its film structure so as to avoid sharp
change in physical properties (hardness, elastic modulus).

[0058] Since the base layer 9a contains Cr, it is compatible with the base material made of a
cemented carbide material or a ferrous material and provides excellent adhesion to the base
material in comparison with cases where W, Ti, Si, or Al is used. In addition, WC used in the
base layer 9a has a hardness and an elastic modulus intermediate between those of Cr and
DLC and hardly causes residual stress concentration after film formation. Further, the base
layer 9a preferably has a gradient composition having a decreasing content of Cr and an
increasing content of WC from the roller surface side to the mixed layer 9b side. This provides
excellent adhesion on the both surfaces facing the roller surface and the mixed layer 9b.
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[0059] The mixed layer 9b is an intermediate layer interposed between the base layer and the
surface layer. As discussed above, WC used in the mixed layer 9b has a hardness and an
elastic modulus intermediate between those of Cr and DLC and hardly causes residual stress
concentration after film formation. The mixed layer 9b has a gradient composition having a
decreasing content of WC and an increasing content of DLC from the base layer 9a side to the
surface layer 9c side so that the mixed layer has excellent adhesion on the both surfaces
facing the base layer 9a and the surface layer 9c. Also, WC and DLC are physically bonded in
the mixed layer so that breakage in the mixed layer can be prevented. Further, the higher
content of DLC on the surface layer 9c side contributes to excellent adhesion between the
surface layer 9¢ and the mixed layer 9b. The mixed layer 9b is a layer which serves to bond
highly non-adhesive DLC to the base layer 9a side by the presence of WC due to the anchor
effect.

[0060] The surface layer 9c is a film that mainly contains DLC. The surface layer 9c preferably
includes a gradient layer portion 9d which is located on the side adjacent to the mixed layer 9b
and has continuously or stepwisely increasing hardness from the mixed layer 9b side. This
portion can be formed by continuously or stepwisely changing (increasing) a bias voltage so as
to avoid a sharp change in the bias voltage, where different bias voltages are applied to the
mixed layer 9b and to the surface layer 9c. The gradient layer portion 9d has a graded
hardness as a consequence of changing the bias voltage in such a manner. The reason why
the hardness increases continuously or stepwisely is that a composition ratio of the graphite

structure (SP?) and the diamond structure (SP3) in the DLC structure shifts toward the latter
due to the increasing bias voltage. This eliminates a large hardness difference between the
mixed layer and the surface layer, further enhancing the adhesion between the mixed layer 9b
and the surface layer 9c.

[0061] The DLC coating 9 preferably has a film thickness (total thickness of the three layers)
from 0.5 to 3.0 um. A coating having a film thickness below 0.5 ym may be poor in wear
resistance and mechanical strength, whereas a coating having a film thickness above 5.0 ym
may be easily peeled off. Further, a proportion of the thickness of the surface layer 9¢ in the
film thickness of the DLC coating 9 is preferably 0.8 or lower. WWhere the proportion exceeds
0.8, the gradient structure for physically bonding WC and DLC in the mixed layer 9b tends to
be discontinuous, leading to deterioration of adhesion.

[0062] The DLC coating 9 having the three-layered structure including the base layer 9a, the
mixed layer 9b, and the surface layer 9c¢ of the above compositions provides excellent peeling
resistance.

[0063] Fig. 12 to Fig. 19 show an exemplary configuration of the retainer 10R on the rear side.
The retainer 10L (Fig. 1) on the front side shares common features, which will be described
below with reference to Fig. 12 to Fig. 19, with the retainer 10R on the rear side in the
features, and overlapping description is omitted. Also, the retainer 10R having the exemplary
configuration may be applied either to the first embodiment or the embodiment of Fig. 10.
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[0064] In Fig. 12, each pillar portion 12 of the retainer 10R has a lengthwise portion that is
shaped from a columnar portion having a same basic cross-sectional shape (a shape
illustrated in Fig. 14 with imaginary lines) by cutting so as to have a cylindrical pocket surface
12a and is provided with a tapered portion 13 at the tip end thereof. The basic cross-sectional
shape is defined by an outer peripheral surface 12b and an inner peripheral surface 12c each
defining a part of a cylindrical surface and flat side surfaces 12d extending in the radial
direction on opposite sides. The cylindrical surface defining the pocket surface 12a has a
diameter slightly larger than the maximum diameter of each roller 5. The pocket surface 12a is
a cylindrical surface about the center line C2 (Fig. 1, Fig. 10). As shown in Fig. 17, the center
line C2 is inclined with respect to the direction of extension of the pillar portion 12 such that the
tip end of each pillar portion extends toward the inner diameter side.

[0065] The retainer 10R shown in Fig. 13 has an outer diameter Do, an inner diameter Di, and
a pillar portion length L that are optimized as follows.

[0066] The outer diameter Do of the annular portion 11 of the retainer 10R is larger than a
pitch circle diameter PCD of the row of the rollers 5, and the inner diameter Di of the annular
portion 11 is smaller than the pitch circle diameter PCD (Fig. 10).

[0067] The outer diameter Do of the annular portion 11 is, for example, PCD x 102 to 105%.
[0068] The inner diameter Di of the annular portion 11 is, for example, PCD x 95 to 98%.

[0069] The length L of each pillar portion 12, specifically, the length L of each of parts of the
pillar portions 12 that define pockets 7, is equal to or smaller than 65% of the length L2 of the
rollers (Fig. 1, Fig. 10).

[0070] Each tapered portion 13 (Fig. 12 to Fig. 13, Fig. 15 to Fig. 17) is formed on the outer
diameter surface at the tip end of each pillar portion 12 so as to be inclined toward a retainer
inner diameter side as it reaches a distal-most end of the pillar portion. The tapered portion 13
starts at a position on a line "a" (illustrated in Fig. 15 with a dashed line) that extends so as to
form the maximum diameter angle of the rollers 5 or at a position on the side of the tip end of
each pillar portion with respect to the line "a." In other words, the tapered portion 13 starts at a
position M (Fig. 10) on the center line C2 at which each roller 5 has its maximum diameter or
at a position on the side of the tip end of each pillar portion with respect to the position M.

[0071] The pillar portions 12 are formed with the tapered portions 13 and the cylindrical pocket
surfaces 12a are inclined with respect to the axial direction in which the pillar portions 12
extend, so that each pillar portions has a narrowest width W1 at the distal-most end of the pillar
portion 12 and is narrower than a width W2 immediately before the point where the tapered
portion 13 starts, when the pillar portion 12 is seen from outside in the retainer radial direction
toward the retainer center side as shown in Fig. 16. Also, the pillar portion 12 has a tip end
face 12e having a small radial thickness d (Fig. 17).
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[0072] The retainers 10L, 10R may be made of bearing steel or any other ferrous material, or
a brass-based material.

[0073] According to the retainer 10R having this configuration, the cylindrical pocket surfaces
12a of the pillar portions 12 allow the rollers 5 to be securely retained. Also, provision of the
tapered portions 13 improves ease of assembly of the rollers 5.

[0074] The relation between the tapered portions 13 and ease of assembly of the rollers 5 will
be described. The center line C2 of each cylindrical surface that defines the pocket surface
12a of the pillar portion 12 is inclined with respect to the direction of extension of the pillar
portion 12 such that the tip end of the pillar portion extends toward the inner diameter side. For
this reason, where the tapered portions 13 (see Fig. 18) are not provided as in the example of
Fig. 19, each pillar portion has a largest width at the distal-most end of the pillar portion when
the pillar portion 12 is viewed from outside in the retainer radial direction toward the retainer
center side. Therefore, the outer diameter portions at the tip ends of the wide pillar portions 12
hinder smooth insertion of the rollers 5 into the pockets 15, and the outer diameter portions at
the tip ends of the wide pillar portions 12 are unnecessary portions that do not provide any
good effect on its strength and/or functions.

[0075] In this embodiment, the tip end of each pillar portion has a reduced radial width W1
(Fig. 16) and a reduced radial thickness d (Fig. 17) due to provision of the tapered portion 13.
This can improve ease of assembly of the rollers 5 and reduce the weight of the retainer 10R.
Improvement in ease of assembly of the rollers 5 eliminates the necessity of largely deforming
the retainer 10R upon assembling, so that shape distortion due to the deformation of the
retainer 10R can be prevented.

[0076] It is preferable to provide the tapered portions 13 because the tapered portions 13 are
formed so as to eliminate the unnecessary portions and thus do not influence retainment of the
rollers 5 and because they achieve weight reduction.

[0077] However, since too long tapered portions 13 would deteriorate retainment of the rollers
5, each of the tapered portions starts at a position M (Fig. 16) at which each roller 5 has its
maximum diameter or at a position on the side of the tip end of the pillar portion with respect to
the position M. Thus, the rollers 5 are securely retained.

[0078] In view of ease of assembly of the rollers 5, each tip end of the tapered portions 13
preferably has a radial thickness d (Fig. 17) as small as possible. However, since it is
necessary to keep plain surfaces at the tip ends in order to form the cylindrical pocket surfaces
12a from the tip end side of the pillar portions 12 by drilling, it is preferable to make each
tapered portion as thin as possible without hindering processing.

[0079] Although the description is made with reference to the retainer 10R on the rear side,
the retainer 10L on the front side has the same features of the retainer shape and provides the
same advantages as those of the retainer 1 OR on the rear side.
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[0080] These retainers 10L, 10R may be shaped without the tapered portions 13 at the tip
ends of the pillar portions 12, for instance, as in the example illustrated in Fig. 19, or may be
shaped such that the center line C2 of the cylindrical surface defining each pocket surface 12a
is not inclined with respect to the direction of extension of the pillar portions 12.

[0081] Although the present invention has been fully described in connection with the
embodiments thereof, the embodiments disclosed herein are merely examples in all respects,
and are not to be taken as limiting the scope of the present invention in any way whatsoever.
The scope of the present invention is to be determined by the appended claims, not by the
above description, and is intended to include any change made within the scope of claims.

[Reference Numerals]

[0082]

1, 1A, 1B ---- Double-row self-aligning roller bearing
2 -+ Innerring

3 ---- Outer ring

3a ---- Raceway surface

4,5 - Roller

6,7 ---- Small flange

8 ---- Intermediate flange

9 ---- DLC coating

11 ---- Annular portion

12 ---- Pillar portion

13 ---- Tapered portion

15 ---- Pocket

26 ---- Main shaft

A1, A2 ---- Center of the roller length

B ---- Bearing width

B1, B2 ---- Distance in a bearing width direction from a bearing end face to an intersection of

lines of action



DK/EP 3783237 T3

D1max, D2max ---- Maximum diameter
E1, E2 ---- End face of the bearing

L1, L2 ---- Length of the roller

P ---- Intersection of lines of action

01,82 ---- Contact angle
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Patentkrav

1. Dobbeltreekket, selvjusterende rulleleje, omfattende:

en indre ring;

en ydre ring med en sfeerisk lebebaneflade; og

en flerhed af ruller, som er arrangeret i to reekker i en lejebred-
deretning og indskudt mellem den indre ring og den ydre ring,
hvorved hver af rullerne i de to raekker omfatter en ydre periferi-
flade med en tvaersnitsform, som passer sammen med den yd-
re rings lgbebaneflade, hvorved

et forhold mellem en kontaktvinkel 81 for rullerne i den ene af
reekkerne til en kontaktvinkel 62 for rullerne i den anden af reek-

kerne ligger i et interval 0,25 < 61/62 < 0,5, og

kendetegnet ved, at

et forhold mellem en afstand B1 i lejebredderetningen fra en endeflade
for lejet pa en side af den ene af raekkerne til en skaering mellem to vir-
kelinjer, der definerer kontaktvinklerne for de to raekker, i forhold til en
afstand B2 i lejebredderetningen fra en endeflade for lejet pa en side af
den anden af reekkerne til skeeringen ligger inden for et interval 0,5 <
B1/B2 <0,6.

2. Dobbeltreekket, selvjusterende rulleleje ifalge krav 1,
hvorved et forhold mellem en leengde L1 af rullerne i den ene af reekker-
ne og en laengde L2 af rullerne i den anden af reekkerne ligger inden for
intervallet 0,9 < L1/L2 < 1,0.

3. Dobbeltreekket, selvjusterende rulleleje ifalge krav 1 eller 2, hvorved en
heeldningsvinkel B2 for en holder, der holder rullerne | den anden af reek-
kerne, har en relation i forhold til en maksimal diametervinkel a2, som er

en haeldningsvinkel for rullerne i den anden af reekkerne péa et sted, hvor
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2

hver af rullerne i den anden af reekkerne har en maksimal diameter, ud-
trykt ved en ulighed 0 < B2 < a2.

4. Dobbeltreekket, selvjusterende rulleleje ifalge et hvilket som helst af kra-
5 vene 1 til 3, hvorved hver af rullerne har en ydre periferiflade, der er be-

lagt med en DLC-coating, som har en flerlags-struktur,;

hvorved DLC-coatingen har en filmtykkelse pa 2,0 um eller steor-
10 re;

et basismateriale for hver af rullerne har en overfladeruhed Ra

< 0,3 og en RMS-gradient RAg < 0,05 pa en ydre flade af ba-

sismaterialet; og

DLC-belaegningen, som har en flerlagsstruktur, inkluderer lag,
15 der hvert har en filmhardhed, hvorved filmhardheden trinvist

@ges hen imod laget pa ydersiden.

5. Dobbeltreekket, selvjusterende rulleleje ifalge et hvilket som helst af kra-
vene 1 til 4, hvorved det dobbeltraekkede, selvjusterende rulleleje anven-

20 des til understetning af en vindturbinegenerators hovedaksel.



DK/EP 3783237 T3

DRAWINGS

Fig. 1

o~
¥ sy
i LN/ F
% e \ 77 \
LN ~L 1
//las. \\ J _n\u
~J~4 N
o m/ /’! 4 o~ —\\
o ‘ T~ w |
e N1/ L s
©_ i & iy T~ _
«© ANZ ,\r : - !|9||I1||M\ﬁu||/§|/tlr|i|i.|uu_
o )= ‘|H,.-.\ I S K. 3 I
S | PE—— e R
N e A\Hkx A |__\\|\|| ﬂ
m.ﬂ %w iy mﬂu\ o mql
\/ / m.
\




DK/EP 3783237 T3

Fig. 2

POSITION OF POSITION OF
[__——MAX. DIAMETER

D2max

MAX. DIAMETER

4|
C1— 7
6—
Fig. 3
CONTACT SURFACE PRESSURE
DISTRIBUTION ON FRONT SIDE
T ]
- =~ CONVENTIONAL ]
BEARING B
—— BEARING_WITH MODIFIED
CONTACT ANGLE —
o TT—
?
. |
7 Ay !
SO W A VI, O SVp———
0 20 40 60 80 100

DIVISION SEGMENT OF ROLLER



Fig. 4
GONTACT SURFACE PRESSURE
DISTRIBUTION ON REAR SIDE
- -~ CONVENTIONAL
BEARING
BEARING WITH
MODIFIED CONTACT
- - T ) ANGLE
P J— - N
S
/1 {/// \\
/
7 X
f ‘\\\
i i
0 20 40 60 80 100
DIVISION SEGMENT OF ROLLER
Fig. 5
CONTACT SURFACE PRESSURE
DISTRIBUTION ON FRONT SIDE
I
..... 131 —_—
—_———1:12 ]
1:3 ||
WL“*N&_‘
/__‘__‘_,__.‘—-——-‘- MEM\-T\\
\/ -~ e T~ o ™~
7 h N \‘
N Y \

DK/EP 3783237 T3



PROPORTION

BEARING INNER DIAMETER (mm)

Fig. ©
CONTACT SURFACE PRESSURE
DISTRIBUTION ON REAR SIDE oo
———1:2
e —_——— N 1:3
Pl 7 / “‘%\ = ™~
7 7 ~
‘vz‘/ \s ‘\ o
/ \\ \\
/ \‘\ \\
[ N
b 1
\ \
20 40 60 80 100
Fig. 7
ROLLER LENGTH/BEARING WIDTH
45.0% |
44.0% }
43.0% j
42.0%
I Py
41.0% @ ‘ J,
40.0% ——SERIES 1]
39.0% -~&-SERIES 21
38.0% . ' |
400 500 600 700 80D 900 1000 1100

1200

DK/EP 3783237 T3



DK/EP 3783237 T3

Fig. 8
27
25 28 23
24 24 25 I /
26
)
T
31 30
21
Fig. 9
” 04 23
23a
25 z25 24 28

P — — e o———

26




Fig. 10

10L 10R

1 N
AN

12 11711 12 Lo
‘ Y 12a

Ve
4\
6\

za/\

1A s

SRR S l
S \j;\ 1/P2 -~ C2

8/

\_*_22\%\ \21;1
.‘m\am .,
|/
W,

—PCD

DK/EP 3783237 T3



DK/EP 3783237 T3

Fig. 11
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Fig. 19




DK/EP 3783237 T3

Fig. 20
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