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Description
TECHNICAL FIELD

[0001] An aspect of the present invention relates to a
rolling bearing and a method for manufacturing the same.

BACKGROUND ART

[0002] Although rolling bearings are used in various
equipment, as a rolling bearing in which a coating layer
of a solid lubricant film is formed on a bearing ring (inner
ring, outer ring), for example, there is a touchdown bear-
ing used for a turbo molecular pump (see Patent Docu-
ment 1, for example).

[0003] The touchdown bearing is provided together
with a magnetic bearing, and during the normal rotation
of the rotating shaft, the rotating shaft is supported by
the magnetic bearing and the touchdown bearing is not
in contact with the rotating shaft. On the contrary, for
example, when the magnetic bearing becomes uncon-
trollable, the rotating shaft comes in contact (touch-down)
with the bearing ring of the touchdown bearing and is
supported until it stops rotating, thereby the magnetic
bearing and the rotating shaft is protected.

[0004] When the bearing is used under vacuum like a
touchdown bearing of a turbo molecular pump, solid lu-
bricant is used because grease or oil cannot be used as
lubricant. In addition, since rust preventive oil cannot be
used for the bearing ring, stainless steel is often used for
the bearing ring.

RELATED ART DOCUMENT(S)
PATENT DOCUMENT(S)

[0005] Patent Document 1: JP-A-2009-024846

SUMMARY OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0006] When coating the surface of the bearing ring
with a solid lubricant film, it is desirable to increase its
adhesion. However, when the bearing ring is made of
stainless steel, phosphate treatment cannot be per-
formed as a pretreatment for coating. Therefore, in the
related art, shot blasting is performed as a pretreatment
for the bearing ring. In this way, the lubrication of the
rolling bearing (touchdown bearing) is ensured by form-
ing a coating layer with a solid lubricant film on the surface
of the bearing ring, particularly on a raceway surface with
which the rolling elements are in rolling-contact.

[0007] Representing the touchdown bearings used for
turbo molecular pumps, it is preferable to improve the
repetitive lifespan of various rolling bearings. For this rea-
son, research is conducted to improve the adhesion of
the coating layer by the solid lubricant film.
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[0008] An object of an aspect of the invention is to pro-
vide a rolling bearing capable of increasing the adhesion
of a coating layer by new technical means and further
having basic performance of arolling bearingand a meth-
od for manufacturing the same.

MEANS FOR SOLVING THE PROBLEM

[0009] The inventor of the invention has found that,
even when the raceway surface of the bearing ring (inner
ring, outer ring) is a superfinished surface, the adhesion
of the coating layer by the solid lubricant film can be in-
creased by increasing the surface roughness to some
extent (by making a rough mirror surface). Based on this
knowledge, the aspects of the invention are completed.
[0010] That is, there is provided a rolling bearing ac-
cording to an aspect of the invention includes: an inner
ring; an outer ring; and a plurality of rolling elements in-
terposed between the inner ring and the outer ring,
wherein the inner ring and the outer ring are made of
stainless steel and a raceway surface with which the roll-
ing element is in rolling-contact is provided in each of the
inner ring and the outer ring and is a superfinished sur-
face, and further a coating layer made of a solid lubricat-
ing film is formed on the superfinished surface.

[0011] According to the rolling bearing, the adhesion
of the coating layer is high on the raceway surface, and
thus the lifespan of the rolling bearing can be extended.
In addition, since the raceway surface is a superfinished
surface even when its surface roughness is high to some
extent, it is possible to suppress problems such as the
occurrence of vibration during rotation and to have basic
performance as a rolling bearing.

[0012] Unlike the rolling bearing, there is an example
in which the raceway surface is a blast surface (satin-
finished surface) and a coating layer is formed on the
blast surface by a solid lubricant film. However, in a case
of the rolling bearing (aspect of the invention), the reason
why the coating layer has high adhesion is estimated that
the surface condition of a superfinished surface (fine mir-
ror surface) is compatible with the solid lubricating film
in the same way as the blast surface or better than the
blast surface.

[0013] Further,itis preferable that, in the innerring and
the outer ring, a contact surface which is a surface other
than the raceway surface and is in contact with another
member be a blast surface and a coating layer be formed
on the blast surface by a solid lubricant film. According
to this configuration, the adhesion of the coating layer is
increased even on surfaces other than the raceway sur-
face. Surfaces other than the raceway surface and other
than the contact surface are also blast surfaces and a
coating layer made of a solid lubricating film may be
formed on the blast surfaces.

[0014] It is preferable that the coating layer include a
molybdenum disulfide film or a tungsten disulfide film.
Thereby, the lubrication of rolling bearings can be en-
sured even under vacuum where grease and oil cannot
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be used.

[0015] It is preferable that a surface roughness Ra of
the superfinished surface be 0.1 or more and 0.8 or less.
As a result, the raceway surface is a superfinished sur-
face, but since the surface roughness is relatively high,
the adhesion of the coating layer is increased. The fin-
ishing process for the raceway surface may be a rough
superfinishing process. Therefore, for example, the su-
perfinishing process for mirror-surface finishing required
on a raceway surface of a rolling bearing used in a ma-
chine tool or the like is not required, so the processing
cost can be reduced.

[0016] As apreferred application, the rolling bearing is
a touchdown bearing used for a turbo molecular pump.
[0017] According to another aspect of the invention,
there is provided a method for manufacturing a rolling
bearing which includes an inner ring, an outer ring, and
a plurality of rolling elements interposed between the in-
ner ring and the outer ring, the method including: a
processing step of obtaining an intermediate product to
be the inner ring or the outer ring by turning from an an-
nular stainless steel material and processing the inter-
mediate product; and an assembling step of assembling
the inner ring and the outer ring manufactured after fin-
ishing the processing step together with the rolling ele-
ment, wherein the processing includes: a step of per-
forming a polishing processing on a surface of the inter-
mediate product; a step of superfinishing processing on
a surface which is provided in the intermediate product
after finishing the polishing processing and which is to
be a raceway surface with which the rolling element
comes into rolling-contact; and a step of forming a coating
layer with a solid lubricant film on the superfinished sur-
face.

[0018] According to the manufacturing method, when
the superfinishing processing is performed on the surface
to be the raceway surface, it is possible to increase the
adhesion of the coating layer with the solid lubricant film
by increasing the surface roughness to some extent. As
a result, the lifespan of the rolling bearing can be extend-
ed. In addition, since the raceway surface is a superfin-
ished surface, even when its surface roughness is high
to some extent, it becomes possible to suppress prob-
lems such as the occurrence of vibration during rotation.
As a result, the manufactured rolling bearing can have
basic performance.

ADVANTAGES OF THE INVENTION

[0019] According to the rolling bearing of an aspect of
the invention, the adhesion of the coating layer by the
solid lubricating film is high, and thus the lifespan can be
extended.

[0020] According to the manufacturing method of an-
other aspect of the invention, the rolling bearing as de-
scribed above can be manufactured.
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BRIEF DESCRIPTION OF DRAWINGS
[0021]

Fig. 1 is a cross-sectional view illustrating an exam-
ple of a turbo molecular pump provided with a rolling
bearing according to an embodiment of the inven-
tion.

Fig. 2 is a cross-sectional view of the rolling bearing.
Fig. 3 is a flowchart illustrating a method for manu-
facturing the rolling bearing.

MODE FOR CARRYING OUT THE INVENTION

[0022] Fig. 1 is a cross-sectional view illustrating an
example of a turbo molecular pump provided with arolling
bearing according to an embodiment of the invention. A
turbo molecular pump 10 includes a pump housing 11,
a rotor blade 12 provided in the pump housing 11, a ro-
tating shaft (rotor shaft) 13 which rotates integrally with
the rotor blade 12, an axial magnetic bearing 14, firstand
second radial magnetic bearings 15 and 16, a first rolling
bearing 17, and a second rolling bearing 18.

[0023] Each of the first and second radial magnetic
bearings 15 and 16 can support the rotating shaft 13 from
a radial direction in a non-contact state. A flange 19 is
provided at the end portion (the lower end in Fig. 1) of
the rotating shaft 13 and the axial magnetic bearing 14
has a pair of electromagnets 14a and 14b. Those elec-
tromagnets 14a and 14b interposes the flange 19 from
an axial direction. Thereby, the axial magnetic bearing
14 can support the rotating shaft 13 in the axial direction
in a non-contact state with the flange 19 (the rotating
shaft 13).

[0024] The first rolling bearing 17 is provided on one
side (upper side in Fig. 1) of the rotating shaft 13 in the
axial direction. The first rolling bearing 17 is a deep
groove ball bearing which includes an inner ring 21, an
outer ring 22, and a plurality of balls (rolling elements)
23 and can support the radial load of the rotating shaft
13. A gap in the radial direction is provided between the
inner ring 21 and the rotating shaft 13 and this gap is
smaller than the gap in the radial direction with respect
to the rotating shaft 13 of the radial magnetic bearing 15
(16). The outer ring 22 is attached to a part of the pump
housing 11.

[0025] The second rolling bearing 18 is provided on
the other axial side (the lower side in Fig. 1) of the rotating
shaft 13. The second rolling bearing 18 is a combined
angular ball bearing including an inner ring 31, an outer
ring 32, and a plurality of balls (rolling elements) 33 and
can support the radial load and the axial load of the ro-
tating shaft 13. A gap in the radial direction is provided
between the inner ring 31 and the rotating shaft 13 and
this gap is smaller than the gap in the radial direction with
respect to the rotating shaft 13 of the radial magnetic
bearing 15 (16). The outer ring 32 is attached to a part
of the pump housing 11.
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[0026] Accordingtothe configurationdescribedabove,
the rotating shaft 13 is rotatably supported by the axial
magnetic bearing 14 and the radial magnetic bearings
15 and 16 during normal rotation (during normal opera-
tion of the turbo molecular pump 10). When those mag-
netic bearings 14, 15, and 16 become uncontrollable, the
rotating shaft 13 comes into contact (touches down) with
the inner rings 21 and 31 of the first and second rolling
bearings 17 and 18 and the rotating shaft 13 which rotates
is supported by the first and second rolling bearings 17
and 18. In this way, the first and second rolling bearings
17 and 18 function as touchdown bearings for the turbo
molecular pump 10.

[0027] Fig. 2 is a cross-sectional view of the second
rolling bearing 18. As described above, the second rolling
bearing 18 is a combined angular ball bearing and is con-
figured by combining two angular ball bearings 29 and
30. One angular ball bearing 30 and the other angular
ball bearing 29 are similar. Hereinafter, one angular ball
bearing 30 (hereinafter simply referred to as bearing 30)
will be described, but the configuration of the other an-
gularballbearing 29 is the same. In thefirstrolling bearing
17 (see Fig. 1), the contact angle of the ball 23 with re-
spect to the inner ring 21 and the outer ring 22 is zero.
Accordingly, it differs from the bearing 30 in that the race-
way surface of the bearing ring (the inner ring 21 and the
outer ring 22) has a deep groove shape, but other than
that, it has the same configuration and is manufactured
by the same manufacturing method as the bearing 30.
Forthisreason, description of the details of the first rolling
bearing 17 will be omitted.

[0028] In Fig. 2, the bearing 30 includes the inner ring
31, the outer ring 32, and a plurality of balls 33 (rolling
elements) interposed between the inner ring 31 and the
outer ring 32 as described above. An inner ring raceway
surface 34 is formed on the outer peripheral surface of
the inner ring 31 and an outer ring raceway surface 35
is formed on the inner peripheral surface of the outer ring
32. When the bearing 30 (the inner ring 31 in the embod-
iment) rotates, the balls 33 roll come into rolling-contact
with the inner ring raceway surface 34 and the outer ring
raceway surface 35.

[0029] Theinnerring 31 and the outerring 32 are made
of stainless steel (for example, SUS440C). The balls 33
may be made of stainless steel or silicon nitride. The
inner ring raceway surface 34 is a superfinished surface
and a coating layer 36 made of a solid lubricating film is
formed on the superfinished surface. Similarly, the outer
ring raceway surface 35 is a superfinished surface and
a coating layer 37 made of a solid lubricant film is formed
on the superfinished surface. The coating layers 36 and
37 of the embodiment are similar and include a molyb-
denum disulfide film. A tungsten disulfide film may be
used instead of the molybdenum disulfide film.

[0030] Asdescribedabove, theinnerring raceway sur-
face 34 is a superfinished surface. However, the surface
roughness is high to some extent and the inner ring race-
way surface 34 is a fine mirror surface (micromirror-sur-
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face finish surface). Similarly, the outer ring raceway sur-
face 35 is a superfinished surface. However, the surface
roughness is high to some extent and the outer ring race-
way surface 35 is a fine mirror surface (micromirror-sur-
face finish surface).

[0031] A specific example of the surface roughness
will be described. The surface roughness (centerline av-
erage roughness) Ra of the superfinished surface in each
of the inner ring raceway surface 34 and the outer ring
raceway surface 35 is preferably set to 0.1 or more and
0.8 or less. More preferably, the upper limit of the surface
roughness Ra is 0.6 and the lower limitis 0.2. When the
surface roughness Ra is less than the lower limit, the
adhesion of the coating layers 36 and 37 by the solid
lubricating film may be slightly reduced. Further, when
the surface roughness Ra exceeds the upper limit de-
scribed above, the vibration when the ball 33 is in rolling-
contact may be slightly increased.

[0032] In the inner ring 31, the surface other than the
inner ring raceway surface 34 and in contact with other
membersis a blast surface and the coating layer 36 made
of a solid lubricating film (same as in a case of the inner
ring raceway surface 34) is formed on the blast surface.
When the bearing 30 functions as a touchdown bearing,
an inner peripheral surface 38 and an axial side surface
39 of the inner ring 31 may come into contact (sliding
contact) with the rotating shaft 13 (see Fig. 1). Therefore,
the inner peripheral surface 38 and the side surface 39
are the above-mentioned "contact surfaces that come
into contact with other members" and those inner periph-
eral surface 38 and side surface 39 are blasted (shot
blasted) and coated with a solid lubricant. In the bearing
30 of the embodiment, in the inner ring 31, the surface
other than the inner ring raceway surface 34 and other
than the contact surfaces (the inner peripheral surface
38 and the side surface 39) is also a blast surface and
the coating layer 36 made of a solid lubricating film is
formed on the blast surface. That is, the coating layer 36
is formed on the entire surface of the inner ring 31. How-
ever, the pretreatment for coating the solid lubricant film
is different between the inner ring raceway surface 34
and other surfaces, and thus the inner ring raceway sur-
face 34 is superfinished while the other surface is blasted.
[0033] Also, inthe outerring 32, the surface other than
the outer ring raceway surface 35 is a blast surface and
the coating layer 37 made of a solid lubricating film (same
as a case of the outer ring raceway surface 35) is formed
ontheblastsurface. Thatis, the coating layer 37 is formed
on the entire surface of the outer ring 32. However, the
pretreatment for coating the solid lubricantfilm is different
between the outer ring raceway surface 35 and other
surfaces, and thus the outer ring raceway surface 35 is
superfinished while the other surface is blasted.

[0034] The method for manufacturing the bearing 30
will be described. Fig. 3is a flowchart illustrating the man-
ufacturing method. This manufacturing method includes
a processing step S1 and an assembling step S2. In the
processing step S1, an intermediate product that be-
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comes the inner ring 31 or the outer ring 32 is obtained
by turning from an annular stainless steel material and
each intermediate product is processed. In the assem-
bling step S2, the inner ring 31 and the outer ring 32
manufactured after finishing the processing step S1 are
assembled together with the balls 33.

[0035] The processing step S1 includes a polishing
step S11, a superfinishing step S12, and a coating step
S14, in addition to a step S10 for producing the interme-
diate product by turning. Further, the processing step S1
of the embodiment includes a blasting step S13.

[0036] In the step S10 of manufacturing the interme-
diate product to be the inner ring 31 or the outer ring 32
by turning, the outer peripheral surface, inner peripheral
surface, and both axial end surfaces of the annular stain-
less steel material are turned into a predetermined shape
and grooves are formed by turning in the inner ring race-
way surface 34 (see Fig. 2) or the outer ring raceway
surface 35.

[0037] In the polishing step S11, the surface of the in-
termediate product is polished. In the embodiment, pol-
ishing is performed on the entire surface of the interme-
diate product.

[0038] In the superfinishing process S12, in the inter-
mediate product (inner ring intermediate product) that
becomes the inner ring 31 after finishing the polishing
process, superfinishing is performed on the surface that
becomes the inner ring raceway surface 34 and super-
finishing is performed on the surface that becomes the
outer ring raceway surface 35 in the intermediate product
(outer ring intermediate product) that becomes the outer
ring 32. The superfinishing process performed on each
of the inner ring raceway surface 34 and the outer ring
raceway surface 35 is not a mirror finish but a micro-
mirror finish, and the surface roughness of the finished
surface is processed to be high to a certain extent. For
example, the surface roughness Ra of the superfinished
surface (the inner ring raceway surface 34 and the outer
ring raceway surface 35) is 0.1 or more and 0.8 or less.
Surfaces other than the inner ring raceway surface 34 in
the inner ring intermediate product and surfaces other
than the outer ring raceway surface 35 in the outer ring
intermediate product are not superfinished and remain
polished surfaces by polishing (polishing step S11).
[0039] The superfinishingprocess S12isintended only
for the inner ring raceway surface 34 and the outer ring
raceway surface 35. When those raceway surfaces are
superfinished surfaces, the inner ring raceway surface
34 and the outer ring raceway surface 35 are each
masked to ensure a fine mountain valley shape on the
superfinished surface (fine mirror surface). In addition,
blasting (blasting step S13) is performed for each of the
inner ring intermediate product and the outer ring inter-
mediate product. As aresult, fineirregularities are formed
on the surfaces other than the inner ring raceway surface
34 and the outer ring raceway surface 35. As described
above, in the blasting step S13 of the embodiment, the
blasting process is performed on all surfaces except the
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inner ring raceway surface 34 in the surface of the inner
ring intermediate product that has been polished and
blasting is performed on all the surfaces except the outer
ring raceway surface 35 in the surface of the outer ring
intermediate product that has been polished. The surface
roughness Ra of the blasted surface is, for example, 0.1
or more and 1.0 or less.

[0040] In the coating step S14, a coating layer made
of a solid lubricating film is formed on the superfinished
surface (which becomes the inner ring raceway surface
34 or the outer ring raceway surface 35). Further, in the
coating step S14 of the embodiment, a coating layer
made of a solid lubricating film is also formed on the sur-
face subjected to the blasting process in the blasting step
13. In other words, in the inner ring intermediate product,
coating is performed on the surface (blast surface) other
than the inner ring race way surface 34 in accordance
with the coating on the inner ring raceway surface 34.
Then, in the outer ring intermediate product, coating is
performed on the surface (blast surface) other than the
outer ring race way surface 35 in accordance with the
coating on the outer ring raceway surface 35. In this em-
bodiment, coating with molybdenum disulfide is per-
formed and the specific direction is according to the meth-
od performed in the related art.

[0041] When the coating step S14 is completed, the
assembling step S2 is performed. In the assembling step
S2, the ball 33 is interposed between the inner ring 31
and the outer ring 32 by the method of the related art. As
a result, the bearing 30 is completed.

[0042] The bearing 30 (see Fig. 2) manufactured as
described above is a rolling bearing in which the inner
ring 31 and the outer ring 32 are made of stainless steel
and the inner ring raceway surface 34 and the outer ring
raceway surface 35 with which the balls 33 are in rolling-
contact are superfinished surfaces, and further, the coat-
ing layers 36 and 37 made of a solid lubricating film are
formed on the superfinished surface.

[0043] According to the bearing 30, even when each
of the inner ring raceway surface 34 and the outer ring
raceway surface 35 is a superfinished surface, the sur-
face roughness is high to some extent (is made a fine
mirror surface), and thus the adhesion of the coating lay-
ers 36 and 37 by the solid lubricant film is increased. That
is, the superfinished surface of the embodiment does not
need to be a mirror-finished surface and may be a fine
mirror surface, which increases the adhesion of the coat-
ing layers 36 and 37. As a result, the repetitive perform-
ance (lifetime) as the touch-down bearing of the turbo
molecular pump 10 can be extended and the overhaul
cycle of the turbo molecular pump 10 can be extended.
[0044] In the bearing 30 of the embodiment, the inner
ring raceway surface 34 and the outer ring raceway sur-
face 35 are superfinished surfaces (fine mirror surfaces)
even when the surface roughness is high to some extent.
Therefore, it is possible to suppress problems such as
the occurrence of vibration during rotation, and thus it is
possible to have basic performance as a rolling bearing.
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In the bearing 30 of the embodiment, the reason why the
adhesion of the coating layers 36 and 37 is high is esti-
mated that the surface state of the inner ring raceway
surface 34 and the outer ring raceway surface 35, which
are superfinished surfaces (micro mirror surfaces), is
compatible with the solid lubricating film in the same man-
ner as the blast surface or better than the blast surface.
[0045] Inthe embodiment, blasting is performed onthe
surfaces of the inner ring intermediate product and the
outer ring intermediate product after finishing the polish-
ing process, except for the raceway surfaces (34, 35),
and the coating layer (36, 37) made of a solid lubricant
film is formed on the blasted surface. For this reason, it
is possible to increase the adhesion of the coating layer
(36, 37) on surfaces other than the raceway surfaces (34,
35).

[0046] Further, the finishing process for each of the
inner ring raceway surface 34 and the outer ring raceway
surface 35 may be a rough superfinishing process.
Therefore, for example, the superfinishing process for
mirror finishing required on the raceway surface of the
rolling bearing used in a machine tool or the like is not
required, and thus the processing cost can be reduced.
In order to achieve a rough superfinish, a polishing ma-
terial such as a grindstone having a coarser grain than
that in a case of a mirror finish may be used.

[0047] Since the innerring 31 and the outer ring 32 are
made of stainless steel, rust preventive oil is not neces-
sary. Further, since the coating layers 36 and 37 are
made of a molybdenum disulfide film, the lubricity of the
bearing 30 can be ensured even in a vacuum where
grease or oil cannot be used. That is, the bearing 30 of
the embodiment is suitable as a touchdown bearing for
the turbo molecular pump 10.

[0048] The embodiment disclosed above is illustrative
in all respects and not restrictive. That is, the rolling bear-
ing of the invention is not limited to the illustrated form,
but may be of another form within the scope of the inven-
tion. The bearing 30 of the embodiment described above
is a touchdown bearing used for the turbo molecular
pump 10 (see Fig. 1), but can be used for other applica-
tions. Further, although the embodiment described
above demonstrates a case where the rolling element is
a ball, the rolling element may be a roller and the rolling
bearing may be a roller bearing.

[0049] This application is based on a Japanese patent
application  (Japanese Patent Application No.
2017-114051) filed on June 9, 2017, the contents of
which are incorporated herein by reference.

DESCRIPTION OF REFERENCE SIGNS
[0050]

10: turbo molecular pump

31:inner ring

32: outer ring
33: ball (rolling element)
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34: inner ring raceway surface
35: outer ring raceway surface
36: coating layer

37: coating layer

38: inner peripheral surface
39: side surface

Claims
1. A rolling bearing, comprising:

an inner ring;

an outer ring; and

a plurality of rolling elements interposed be-
tween the inner ring and the outer ring,
wherein the inner ring and the outer ring are
made of stainless steel; and

wherein a raceway surface with which the rolling
element is in rolling-contact is provided in each
of the inner ring and the outer ring and is a su-
perfinished surface, and a coating layer made
of a solid lubricating film is formed on the super-
finished surface.

2. Therolling bearing according to claim 1,
wherein in the inner ring and the outer ring, a contact
surface which is a surface other than the raceway
surface and is in contact with another member is a
blast surface, and a coating layer is formed on the
blast surface by a solid lubricant film.

3. Therolling bearing according to claim 1 or 2,
wherein the coating layer comprises a molybdenum
disulfide film or a tungsten disulfide film.

4. The rolling bearing according to any one of claims 1
to 3,
wherein a surface roughness Ra of the superfinished
surface is 0.1 or more and 0.8 or less.

5. The rolling bearing according to any one of claims 1
to 4,
wherein the rolling bearing is a touchdown bearing
used for a turbo molecular pump.

6. A method for manufacturing a rolling bearing which
comprises an innerring, an outer ring, and a plurality
of rolling elements interposed between the inner ring
and the outer ring, the method comprising:

a processing step of obtaining an intermediate
product to be the inner ring or the outer ring by
turning from an annular stainless steel material
and processing the intermediate product; and

an assembling step of assembling the inner ring
and the outer ring manufactured after finishing
the processing step together with the rolling el-
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ement,
wherein the processing step comprises:

a step of performing a polishing processing
on a surface of the intermediate product;
a step of performing a superfinishing
processing on a surface which is provided
in the intermediate product after finishing
the polishing processing and which is to be
a raceway surface with which the rolling el-
ement comes into rolling-contact; and

a step of forming a coating layer with a solid
lubricant film on the superfinished surface.
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FIG. 3
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