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ABSTRACT

A radial foil bearing (3) that supports a rotating shaft (1). This radial foil
bearing (3) is provided with a top foil (10), a back foil (11), and a bearing housing (12)
that houses them. A through-slot (13) is formed in the inner circumferential surface of
the bearing housing (12). and engagement slots (20) are formed in the through-siot (13)

by a fixing tool (16).
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DESCRIPTION

RADIAL FOIL BEARING

TECHNICAL FIELD
[0001]
The present invention relates to a radial foil bearing.
Priority is claimed on Japanese Patent Application No. 2012-087325, filed April

6. 2012, the content of which is incorporated herein by reterence.

BACKGROUND ART

[0002]

Conventionally, a radial bearing that is used by being fitted on a rotating shaft is
known as a bearing for a high-speed rotating body.  As this kind of radial bearing, a
radial foil bearing is well known that is provided with a thin plate-shaped top foil that
forms the bearing surface, a back foil that resiliently supports the top foil, and a
cylindrical bearing housing that houses the top foil and the back foil. ~ As the back foil
of the radial foil bearing, a bump foil that consists of a thin plate molded in a corrugated

shape 1s chiefly used.

10003]

[n the case of this kind of radial foil bearing, in order to prevent the top foil and
the bump foil from dropping out of the bearing housing, normaily one end portion
thereof (toe portion) is directly fixed to the bearing housing via spot welding or indirectly

fixed via a spacer.
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Also, in Patent Document 1. both ends of the top foil are locked and fixed by
respectively being made to butt against stop walls of the internal wall ot a housing.
PRIOR ART DOCUMENTS
PATENT DOCUMENTS
[0004]

[Patent Document 1] Japanese Unexamined Patent Application, First Publication No.
2006-57828

[Patent Document 2] Japanese Unexamined Patent Application, First Publication No.
2006-57632

[Patent Document 3] Japanese Unexamined Patent Application, First Publication No.
2004-270904

_[Patent Document 4] Japanese Unexamined Patent Application, First Publication No.

2009-299748

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION
[0003]

However, when welding the top foil, it is highly likely that strain will be
produced in the top foil due to the heat input.  Also, while there is known one that
performs a bending process on one end portion (toe portion) of the top foil to pertorm
mechanical fixing as a substitute for welding. in that case, strain ends up being produced
in the top foil by the bending process. Moreover, since both ends of the top foil are
butted against the stop wall in Patent Document 1, a reaction force is applied from both

end portions of the top foil toward the center portion, resulting in strain being produced.
2
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10006]

However, the lubricating fluid film of the foil bearing that 1s formed between the
rotating shaft and the top foil due to the rotation of the rotating shaft is extremely thin at
around 10 micrometers. For this reason, even a little strain in the top toil aftects the
load capability and the dynamic characteristics (rigidity and attenuation) of the bearing,
and so the as-designed performance 1s no longer ¢btained.

[0007]

Also, in the case of a common top foil in which one end portion (toe portion) 1S
fixed to the bearing housing by spot welding, the vicinity of both ends (the toe end side
and free end side) enters a plane-like state that is hindered from adapting to the curved
surface that constitutes the inner circumferential surface of the bearing housing.

Thereby, a force that constricts the rotating shaft (local preload) is produced at the section
close to the plane.  As a result, problems arise such as the starting torque increasing, and
the heat generation during operation of the rotating shaft becoming higher than the
setting.

[0008]

Also, since strain is produced in the top foil by the reaction force m Patent
Document 1, the top foil ends up becoming a shape close to square that partially has

planar portions due to the strain, instead of a shape that is close to perfect circle

following the inner circumferential surface of the bearing housing. Thereby, due to the
section near the planar portion making strong contact with the rotating shatt, a force that
constricts the rotating shaft (local preload) is produced, leading to an increase in the

starting torque, and the heat generation during operation of the rotating shaft 1 becoming

higher than the setting.

[0009]
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In order to reduce this force that constricts the rotating shatt (local preload),
methods are conceivable to eliminate the mountain of the bump totl (back toil) that
supports both end regions of the top foil. However, when the mountain of the bump fol
is eliminated, since the support rigidity of the rotating shaft at the sections where the
mountain was eliminated falls drasticallv, the restraint 1s not effective when the rotating
shaft tries to move toward that section due to an impact load or the like, and so there 1s an
increase in the possibility of a rotating portion such as an impeller that 1s provided on the
rotating shaft making contact with the static portion (housing portion).

Also, a method 1s also conceivable to reduce the bump toil of the
aforementioned section by only one mountain so as to not excessively lower the support
rigidity of the rotation shaft at that section. However, since the reduction amount 1s on
the order of several tens of micrometers, its manufacture ts extremely difticuit.

[0010]

The present invention was achieved in view of the above circumstances, and has
as its first object to provide a radial foil bearing that sufficiently minimizes the strain that
occurs in the top foil, and is capable of attaining as-designed good performance with
regard to the load capability and the dynamic characteristics (rigidity and attenuation) ot
the bearing, and moreover keeps down processing costs.  Also. 1t has as 1ts second
object to provide a radial foil bearing that prevents the occurrence of a force that

constricts the rotating shaft (local preload).

MEANS FOR SOLVING THE PROBLEMS
[0011]
The radial foil bearing of the present invention is a radial foil bearing that, by

being fitted on a rotating shaft, supports the rotating shaft, being provided with a
4
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cylindrical top foil that is arranged facing the rotating shatt: a back foil that is arranged
on the outer side of the top foil in the radial direction; and a cylindrical bearing housing
that houses the top foil and the back foil in the state of being inserted therein,
characterized by a through-slot that is continuous from one end to the other end along the
axial direction being formed in the inner circumferential surface of the bearing housing; a
fixing tool that forms a plurality of engagement slots by dividing the through-siot In the
lengthwise direction being fitted in the through-slot; a regulating portion that regulates
the movement of the fixing tool in the lengthwise direction of the through-slot being
provided in the through-slot and the fixing tool; the top foil being formed by a metal foil
that is rectangular and has a first uneven portion consisting of a convex portion and a
concave portion on one side, and has a second uneven portion that forms a concave
portion at a position corresponding to the convex portion of the first uncven portion and
forms a convex portion at at least a portion of the position corresponding to the concave
portion of the first uneven portion on the other side that 1s opposite the one side being
wound into a cylindrical shape so that the first uneven portion and the second uneven
portion overlap, and each convex portion in the first uneven portion and the second
uneven portion passes through each respectively corresponding concave portion in the
first uneven portion and the second uneven portion to be drawn out to the bearing
housing side; and the convex portions that have been drawn out to the bearing housing
side engaging with the respectively corresponding engagement slots.
[0012]

In this radial foil bearing, since the metal foil that has the first uneven portion
and the second uneven portion is wound in a cylindrical shape so that the tirst uneven
portion and the second uneven portion overlap, and the convex portion of each uneven

portion is drawn out to the bearing housing side, and these drawn-out convex portions are

D
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made to be engaged with the engagement slots formed by the fixing tool in the
through-slot of the inner circumferential surface of the bearing housing, it is possible to
house and fix the top foil in the bearing housing without performing spot welding or
bending on the top foil, and without producing a strong reaction force from both end
portions toward the center. Accordingly, it is possible to prevent the occurrence of
strain in the top foil, and to sufficiently reduce the strain of the top foil.

Also, since the through-slot is formed continuously from one end to the other
end along the axial direction of the bearing housing, it is possible to easily form the
through-slot by for example wire cut discharge machining.

Also. when a shift in the axial direction occurs between the top foil and the
bearing housing, due to the convex portions that are engaged with the engagement slots,
which are formed by the through-slot being divided in the lengthwise direction, being
regulated by the end portions of the engagement slots so that the movement is stopped.,
further shifting is prevented. Moreover, since a regulating portion that regulates
movement of the fixing tool in the lengthwise direction of the through-slot is provided in
the through-slot and the fixing tool, it is possible to also stop movement of the tixing tool.
Accordingly, it is possible to reliably prevent the top foil from dropping out from the
bearing housing.

[0013]
Also. in the radial foil bearing, locking concave portions that lock the distal end

portions of the convex portions are preferably formed along the lengthwise direction of
the through-slot.

If done in this way, by causing the convex portions of the top foil to be locked in
the locking concave portions, it is possible to easily perform positioning and locking of

the convex portions, and moreover it is possible to improve the assembly reproducibility
6
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of the top toil.

10014]

Also. in the radial foil bearing, the regulating portion is preferably constituted by
a locking groove that is formed in the thickness direction of the bearing housing at both
side surfaces of the bearing housing to be in communication with both end portions ot
the through-slot, and a bend piece that is respectively formed at both end portions ot the
fixing tool to be locked in the locking groove.

[f done in this way, it is possible to reliably regulate movement of the fixing tool
with respect to the through-slot in the lengthwise direction thereot, and thereby the top
foil is reliably prevented from dropping out from the bearing housing.  Also, it 1s
possible to easily perform the machining of the locking groove by for example wire cut
discharge machining.

[0013]
Also. in the radial foil bearing, at the one side and the other side of the top foil, a

thin-walled portion that is thin compared to the central portion therebetween is preferably

formed.
[f done in this way, both end portions of the top foil readily undergo elastic

deformation, and the occurrence of a force that constricts the rotating shaft at both end

portions (local preload) is inhibited.

[0016]

Also. in the radial foil bearing. the outer circumferential surface of the
thin-walled portion is preferably formed in recessed state from the outer circumferential
surface of the central portion.

If done in this way, a gap is formed between the thin-walled portion and the

back foil that supports the outer circumferential surface side of the thin-walled portion,
7
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and accordingly the occurrence of a force that constricts the rotating shaftt at the

thin-walled portion (local preload) 1s reliably prevented.

EFFECTS OF THE INVENTION
[0017]

According to the radial foil bearing of the present invention, since the
occurrence of strain in the top foil is prevented, and the strain of the top foil 1S
sufficiently reduced, with regard to the load capability and the dynamic characteristic
(rigidity and attenuation) of the bearing, it is possible to obtain as-designed good
performance.

Also, forming the through-slot continuously from one end to the other end of the
bearing housing simplifies formation of the through-slot, and simply fitting the fixing
tool in the through-slot enables formation of a plurality of engagement slots.  Therefore,
by simplifying the machining of the through-slot and the engagement slots, it is possible

to sufficiently keep down the machining costs.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

FIG. 1 is a schematic drawing that shows an example of a turbomachine n
which the radial foil bearing according to the present invention is applied.

FIG. 2A is a side view of the outline constitution of the first embodiment of the
radial foil bearing according to the present invention.

FIG. 2B is a drawing that shows main portions of the inner circumferential

surface of the bearing housing, in the outline constitution of the first embodiment ot the

radial foil bearing according to the present imvention.
8
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FIG. 3A is a main portion exploded perspective view of the radial foil bearing

shown in FIG. 2A.

FIG. 3B is a plan view that shows the state of the fixing tool being fitted 1n the

through-slot.

FIG. 3C is a side cross-sectional view that shows the state of the tixing tool

fitted in the through-slot.

FIG. 4A is a main portion exploded perspective view of the radial toil bearing.
FIG. 4B is a cross-sectional view taken along the A-A arrows of FIG. 2A.

FIG. 5A is a side view that schematically shows the main portions of FIG. 2A

flattened.

FIG. 5B is a view taken along the B-B arrows ot FIG. SA.
FIG. 6A is an opened-up view of the top toil.

FIG. 6B is an opened-up side view of the top foil

FIG. 7 is an enlargement of the main portions ot FIG. 2A.

FIG.8A is an opened-up view of the top foil of the second embodiment of the

radial foil bearing according to the present invention.

FIG. 8B is an opened-up side view of the top foil of the second embodiment of

the radial foil bearing according to the present invention.

FIG. 9A is a plan view that shows the state of the fitting tool fitted in the

through-slot.

FIG. 9B is a side cross-sectional view that shows the state of the fitting tool

fitted in the through-slot.

[0019]

EMBODIMENTS FOR CARRYING OUT THE INVENTION
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Hereinbelow, the radial foil bearing of the present invention shall be described in
detail while referring to the drawings. Note that in the drawings given below, the scale
of each member is suitably altered in order to make each member a recognizable size.
[0020]

FIG. 1 is a side view that shows an example of a turbomachine in which the
radial foil bearing according to the present invention is applied. In FIG 1, | denotes a
rotating shaft, 2 denotes an impeller 2 that is provided at the distal end portion of the
rotating shaft, and 3 denotes a radial foil bearing according to the present invention.

Note that FIG. 1 only shows one radial foil bearing for abbreviation, but normally two
radial foil bearings are provided in the shaft direction of the rotating shaft 1, whereby the
support structure of the rotating shaft 1 is constituted. ~Accordingly, in the present
embodiment, two radial foil bearings 3 shall be assumed to be provided.

[0021]

A thrust collar 4 is fixed to the side of the rotating shaft 1 at which the impeller 2
is formed. On both sides of this thrust collar 4, a thrust bearing 5 is arranged on each
side in a manner facing the thrust collar 4.

Also, the impeller 2 is arranged within a housing 6 that serves as the static side,
and has a tip clearance 7 with the housing 6.

Also, the radial foil bearing 3 is fitted on the rotating shaft 1 more toward the

middle side of the rotating shaft 1 than the thrust collar 4.

[0022]

FIG. 2A and FIG. 2B are drawings that show the first embodiment of the radial
foil bearing that is applied to a turbomachine with the aforementioned constitution.  As
shown in FIG. 2A. the radial foil bearing 3 of this first embodiment has a cylindrical

shape that is fitted on the rotating shaft 1 to support the rotating shatft 1, and 1s provided
10
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with a cylindrical top foil 10 that is arranged facing the rotating shaft 1, a back toil 11
that is arranged on the radial-direction outer side of the top foil 10, and a bearing housing
|2 that is arranged on the radial-direction outer side ot the back foil 11.

10023]

The bearing housing 12 is a cylindrical shaped component made of metal that
constitutes the outermost portion of the radial foil bearing 3, and houses in its interior the
back foil 11 and the top foil 10. A through-slot 13 along the axial direction of the
bearing housing 12 is formed on the inner circumferential surface of the bearing housing
12. That is to say, the through-slot 13 is formed in the inner circumferential surtace ot
the bearing housing 12 along the entire length continuously from one end to the other end
of the bearing housing 12 in the axial direction, as shown in FIG. 2B that shows the main
portions of the inner circumferential surface of the bearing housing 12. The
through-slot 13 is formed with a length of around 35 mm which is the same as the length

of the bearing housing 12, an opening width of around 0.4 mm to 0.6 mm, and a depth of

around 1.5 mm to 2.5 mm.
[0024]
Also. at both end portions of the through-slot 13, a locking groove 14 is formed

in communication with the through-slot 13. As shown in FIG 3A. which 1s a main
portion exploded perspective view of the radial foil bearing 3, the locking groove 14 1s
formed by both side surfaces of the bearing housing 12 being cut out, and so 1s formed
continuously from the outer circumferential edge to the inner circumferential edge along
the thickness direction of the bearing housing 12.  Note that in the present embodiment,
the width of the locking groove 14 is formed sufficiently wide compared to the width of

the through-slot 13, to allow the locking groove 14 to reliably communicate with the

through-slot 13.
i1
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[0025]

Also, a locking concave portion 15 is formed in both inner side surfaces of the
through-slot 13. This locking concave portion 15 has a groove shape that is formed
along the entire length along the length direction of the through-slot 13, and in the
present embodiment, is formed in a cross-sectional U shape (semicircular arc shape) with
a maximum depth of 0.2 to 0.3 mm. Also, these locking concave portions 15 are
formed for example at a depth position of within 1 mm from the inner circumferential
surface of the bearing housing 12, at the opening side of the through-slot 13.  Thereby,
the locking concave portions 15 are capable of locking the distal end portions of the
convex portions of the top foil 10 described below.

[0026]

Here, wire cut discharge machining is favorably used to form the through-slot 13
and the locking concave portion 15. That is to say, when forming grooves that continue
from one end to the other end in the axial direction of the bearing housing 12 in the
manner of the through-slot 13 and the groove-shaped locking concave portions 15, 1t 1s
possible to easily and accurately for each groove by causing a wire to move so as to trace

the contour of the cross-sectional shape by wire cut discharge machining. In the present
embodiment in particular, since it is possible to easily form the through-slot 13 and the
locking concave portions 15 on both side surfaces thereof by a series of workings. by
adopting wire cut discharge machining in this manner, it is possible to keep the

processing cost of the through-slot 13 and the locking concave portions 15 sufficiently

low.

10027]

Also. since the locking groove 14 also forms a groove that is continuous from

the outer surface side to the inner surface side of the bearing housing 12, it is possible to
{2
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keep its processing cost sufficiently low by adopting wire cut discharge machining.
However, since machining accuracy is not particularly required for the locking groove 14,
it 1s possible to adopt cutting by an end mill or the like.

[0028]

A fixing tool 16 is fitted and locked in this kind of through-slot 13 and the
locking groove 14. The fixing tool 16, as shown in FIG. 3A, FIG. 3B, and FIG. 3C, has
a bar-shaped (square pole-shaped) base portion 17 that 1s fitted and housed n the
through-slot 13. a pair of bend pieces 18 and 18 that are formed at both end portions of
the base portion 17 and that lock into the locking grooves 14 and 14, and two partition
pieces 19 that are formed in the center portion of the base portion 17 to project to the side
opposite the bend pieces 18.
|0029]

The base portion 17 is formed with a height of around 0.5 to 1.5 mm, and the
upper surface thereof (the surface on the side of the partition pieces 19), 1s formed so as

to sink about | mm below the opening of the through-slot 13. The bend piece 18 1s

formed to a length that is approximately equal to the distance between the bottom surface

of the through-slot 13 and the outer circumferential surface of the bearing housing 12,

and thereby abuts the locking groove 14 with sufficient surface area. and also does not
project out from the outer circumferential surface of the bearing housing 12.

[0030]

Here, a regulating portion according to the present invention is formed by the
bend pieces 18 and the locking grooves 14 that are provided continuously in the
through-slot 13.  That is to say, the pair of bend pieces 18 and 18 respectively lock into
the locking grooves 14 and 14 provided at both end portions of the through-slot 13, and

accordingly by sandwiching the bearing housing 12 with the pair of bend pieces 18 and
13
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| 8. movement of the fixing tool 16 is regulated in the lengthwise direction of the

through-slot 13 (the axial direction of the bearing housing 12), and it essentially is made
not to move except for the clearance.
[0031]

The partition pieces 19 divide the base portion 17 into three equal portions as
shown in FIG. 3B and FIG. 3C, and accordingly are formed at two portions that divide the
through-slot 13 into three equal portions. The partition piece 19 1s formed so that its
height is at the same level as the opening position of the through-slot 13. or so as to
project out a little from the through-slot 13.  For example, it may be made to project out
around half the height of the back foil 11. Due to the through-slot 13 being divided mto
three equal portions in the lengthwise direction thereof by the partition pieces 19, three
engagement slots 20 are formed by the fixing tool 16 in the through-slot 13.

[0032]

That is to say, by fitting and locking the fixing tool 16 mnto the locking grooves
14 and the through-slot 13 from the inner circumferential surface side of the bearing
housing 12, it is possible to easily form the three engagement slots 20. These

engagement slots 20 have a depth of around 1 mm.  Also, the locking concave portion
15 opens to both inner side surfaces thereof.
Note that the fixing tool 16 can be formed by performing wire cut discharge

machining on a metal plate consisting of stainless steel or the like having a thickness of 3

to 4 mm.

(0033]

Also, an engagement convex portion 33a for locking a back foil 11 described
below is formed by a locking member 30 in the bearing housing 12 as shown in F1G. 2A.

That is to say. as shown in FIG. 4A that is a main portion exploded perspective view of
14
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the radial foil bearing 3, an engagement concave portion 31 with a slot shape that extends
from the outer circumferential edge to the inner circumferential edge of the bearing
housing 12 are formed mutually opposed at both side surfaces of the bearing housing 12.
In the present embodiment as shown in FIG. 2A, the engagement concave portion 31 1s
formed at positions that divide the side surface of the bearing housing 12 into three equal
portions in the circumferential direction. The locking member 30 is locked to these
engagement concave portions 31.  Note that in the present embodiment, viewed from
one side surface of the bearing housing 12, the through-slot 13 is arranged between two
of the engagement concave portions 31 and 31 among the three engagement concave
portions 3 1.

[0034]

Also, in the inner circumferential surface of the bearing housing 12, a slot 32
that communicates with the engagement concave portion 31 and 31 is formed between
the opposing engagement concave portion 31 and 31 as shown in FIG. 4A.  The depth of
the slot 32 is shallower than the depth of the engagement concave portion 31, that is, the
depth heading to the outer surface side of the bearing housing 12 (which in the present
embodiment is equal to the thickness of the bearing housing 12). Thereby, in the
present embodiment, a step portion 36 1s formed between the engagement concave
portion 31 and the slot 32.

[0035]

The locking member 30 is locked into these engagement concave portion 31 and
31 and the slot 32. The locking member 30 is formed in an H shape that has a pair of
engagement arms 33 that engage with the engagement concave portion 31 and 31, and a
connecting portion 34 that connects these engagement arms 33 and 33, As shown in

FIG. 4B. which is an arrow cross-sectional view along line A-A of FIG. 2A, the
15
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connecting portion 34 engages with the slot 32 and is housed in the slot 32, and 1s formed
so as to not project to the outer side of the slot 32.  Specifically, the depth of the slot 32
ts around | mm to 2 mm. Accordingly, the height of the connecting portion 34 1S
around 1 mm to 2 mm.

[0036]

The pair of engagement arms 33 are formed to extend in the vertical direction
with respect to the connecting portion 34, and thereby form the locking member 30 1n an
H shape as described above. The portion of these engagement arms 33 that extends to
the upper side, that is to say, the side opposite the side of engagement with the
engagement concave portion 31, is an engagement convex portion 33a that engages with
an engagement notch 11d of a back foil piece 11a described below. by projecting beyond
the inner circumferential surface of the bearing housing 12.

[0037]

Also, the portion of the engagement arm 33 that extends to the lower side 1S
locked to the step portion 36 between the engagement concave portion 31 and the slot 32
described above. Thereby, movement of the locking member 30 with respect to the

bearing housing 12 is regulated in the axial direction thereof.

[0038]}

Note that the engagement arm 33 and the connecting portion 34 of the locking
member 30 may be in the shape of a square pole as shown in FIG. 4A, or in the shape of a
circular column (round bar), with the thickness thereof being around 0.3 to 0.5 mm. It
is possible to form this kind of locking member 30 by for example etching or wire cut

discharge machining a metal foil consisting of stainless steel or the like with a thickness

of less than 0.5 mm into an H shape.

10039]
16
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Also. the slot 32 can be formed by wire cut discharge machining similarly to the
through-slot 13.  Moreover, it is possible to machine the engagement concave portion
31 by wire cut discharge machining or cutting by an end mill or the like, similarly to the
locking groove 14. That is to say, it is possible to continuously machine the
through-slot 13 and the slot 32 by wire cut discharge machining. Similarly, 1t 1s
possible to continuously machine the locking groove 14 and the engagement concave
portion 31 by wire cut discharge machining. Accordingly, it is possible to achieve a
reduction in the machining cost of the bearing housing 12.

After having formed the slot 32 and the engagement concave portion 31 in this
way. by fitting and locking the locking member 30 in the engagement concave portion 31
and the slot 32 from the inner circumferential surface side of the bearing housing 12, 1t 1s
possible to easily form the engagement convex portion 33a.

[0040]

The back foil 11 as shown in FIG. 2A resiliently supports the top foil 10 by
being formed with a foil (thin plate). As this kind of back foil 11, for example a bump
foil, a spring foil as disclosed in Patent Document 2 or Patent Document 3 and the like.
or a back foil as disclosed in Patent Document 4 is used. [n the present embodiment. a
bump foil is used as the back foil 11.  However, the aforementioned spring foil or back

foil may also be used as the back foil of the present invention.

(0041]

In the present embodiment, the back foil (bump foil) 11 is constituted by three (a
plurality) of back foil pieces (bump foil pieces) 11a that are arranged along the
circumferential direction of the top foil 10. In each back foil piece 11a, the foil (thin
plate) thereof is molded in a corrugated shape, and the side surface is molded so as to

assume an approximate circular arc overall. The three back foil pieces 1la are all
17
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formed with the same shape and dimensions. Accordingly, these back toil pieces 11a

are arranged dividing the inner circumferential surtace of the bearing housing 12 into
approximately three portions.
[0042]

Also, although these back foil pieces 11a are arranged with a gap of a certain
amount opened at the position where they sandwich the through-slot 13, at posttions
other than that, they are arranged with their mutual end portions being contiguous.  With
this kind of constitution, the three back foil pieces 11a are formed in an approximate
cylindrical shape as a whole, and are arranged along the inner circumferential surface of
the bearing housing 12.

1004 3]

Also, in the back foil piece 11a that i1s molded in a corrugated shape in this
manner. as shown in FIG. 5A that schematically shows the essential portions of FIG. 2A
flattened out, a flat valley portion 11b that makes contact with the bearing housing 12,
and a curved mountain portton 1 1¢ that makes contact with the top foil 10 are alternately
formed along the circumferential direction of the bearing housing 12.  Thereby, the back

foil pieces 11a resiliently support the top foil 10 particularly by the mountain portions

11¢ that make contact with the top foil 10. Also, a fluid passage 1s formed by the

mountain portion 11c¢ and the valley portion 11b in the axial direction of the radial toil

bearing 3.

(0044]

As shown in FIG. 3B that is an arrow view along line B-B of FIG. 5A, in each
back foil piece 11a an engagement notch 11d is formed in the circumierential edge
portion of both sides at the center portion in the circumferential direction (the center

portion in the direction along the circumferential direction of the bearing housing 12).
18



10

20

CA 02869253 2014-10-01

The engagement notch 11d is formed at the valley portion 11b of the back foil piece 11a
as shown in FIG. SA. Moreover, the engagement notch 11d is formed by the valley
portion 11b, which consists of the flat portion formed between mountain portions 11¢ and
| 1c. being cut away in a rectangular shape from the side circumferential edge thereof
toward the nside.

[0043]

The engagement notch 11d is formed at a position that overlaps with the position
corresponding to the engagement convex portion 33a of the locking member 30 provided
in the bearing housing 12, that is to say, the engagement convex portion 33a. The
horizontal and vertical widths of the engagement notch 11d are formed to be nearly the
same as the horizontal and vertical widths of the engagement convex portion 33a so as to
engage with the engagement convex portion 33a.  Specifically, the horizontal width of
the bearing housing 12 along the circumferential direction is around 0.2 mm to 0.4 mm,
while the vertical width along the axial direction is around 1 mm to 2 mm.

[0046]
Note that it is preferred to form the engagement notch 11d using etching or wire

cut discharge machining of a foil so that burrs do not occur and so as to not generate

strain from the machining. That is to say, it is preferred to form the back foil piece 11a
by performing press molding for forming the mountain portions 11c and the valley
portions 11b after forming the engagement notches 11d in the foil by etching or wire cut
discharge machining.

Based on this kind of constitution, the engagement notch 11d of the back toil

piece 11a as shown in FIG. 4A and FIG. 5A engages with the engagement convex portion

33a of the bearing housing 12.

[0047]
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[n this way, the engagement notch 11d of the back foil piece 11a engages with
the engagement convex portion 33a that extends to the upper side of the engagement arm
33. and in that state the three back foil pieces 11a are arranged on the inner
circumferential surface of the bearing housing 12.  Accordingly, the locking member 30
is prevented from dropping out from the bearing housing 12 particularly by the
connecting portion 34 thereof being pressed by the back foil piece 11a.

10048]

As shown in FIG. 2A, the top foil 10 1s wound in a cylindrical shape along the
inner surface of the back foil 11 that consists of the three back foil pieces 11a. A
convex portion 21a that is formed at one end portion side of the top foil 10 and the
convex portions 21b that are formed at the other end portion side are disposed so as to
respectively engage with the engagement slots 20 in the through-slot 13 that 1s formed 1n
the bearing housing 12.  This top foil 10 is formed by a rectangular metallic foil. of
which the bearing circumferential direction is the long side and the bearing length
direction is the short side. that is wound in a cylindrical shape in the arrow direction 1n
FIG. 6B. which is a side surface view (lengthwise direction of the long side: bearing
circumferential direction).

10049]

In this top foil 10, as shown in FIG. 6A a first uneven portion 23a consisting ot
one convex portion 21a and two concave portions 22a is formed on one side (short side).
Also, a second uneven portion 23b consisting of two convex portions 21b and one
concave portion 22b is formed on the other side (short side) opposite the one side (short
side). The concave portion 22b of the second uneven portion 23b 1s tormed
corresponding to the convex portion 21a of the first uneven portion 23a, and the concave

portions 22a of the first uneven portion 23a are formed corresponding to the convex
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portions 21b of the second uneven portion 23b.
[0050]

That is to say, the concave portion 22b of the second uneven portion 23b 1S
formed so that the convex portion 21a passes through the concave portion 22b when the
top foil 10 is wound in a cylindrical shape so that the first uneven portion 23a and the
second uneven portion 23b overlap. Similarly, the concave portions 22a of the tirst
uneven portion 23a are formed so that when the top foil 10 is wound in a cylindrical
shape the convex portions 21b respectively pass through the concave portions 22a.

Note that the widths of the convex portions 21a and 21b are formed corresponding to the

lengths of the engagement slots 20 formed by the through-slot 13 and the fixing tool 16

to substantially agree therewith.
[0051]

The convex portions 21a and 21b that have passed through the concave portions
22b and 22a are respectively drawn out to the bearing housing 12 side as shown in FIG
2A. and the distal end portions thereof are made to be engaged with the engagement siots
20 of the bearing housing 12. In the present embodiment, as shown in FIG. 7 that 1s a
main portion enlarged view of FIG. 2A, the distal end portions of the convex portions 21a
and 2 1b are respectively inserted in the engagement slots 20 in the through-slot 13,

engaged, and moreover inserted in the locking concave portions 15 and locked.

Thereby, the top foil 10 is arranged so that its movement in the circumferential direction
thereof is regulated, and the amount of movement becomes very smalil.
[0052]

That is to say, the distal end portions of the convex portions 21a and 21b are not
strongly abutted against the inner surface of the locking concave portions 15, but rather

the distal end portion side surface is arranged to an extent of making contact with the
21
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inner surface of the locking concave portion 15.  Accordingly, during ordinary operation
of the rotating shaft 1, since the convex portions 21a and 21b do not receive a large
reaction force from the locking concave portions 15 or engagement slots 20, strain 1s not
caused in the top foil 10. Also, even when an unforeseen external force is applied to the
radial foil bearing 3 due to axial deflection of the rotating shaft 1 or the like, the top toil
10 does not rotate within the bearing housing 12, and moreover it does not drop out from
between the bearing housing 12 and the rotating shatt 1.

[0053]

[n other words, when an unforeseen external force i1s added, due to the convex
portions 21a and 21b being firmly locked with the locking concave portions 15, these
convex portions 21a and 21b do not detach from the locking concave portions 15, and
moreover do not detach from the engagement slots 20 either.  Accordingly, falling out
of the top foil 10 from the bearing housing 12 due to rotation of the top toil 10 and its
excessive deformation leading to the convex portions 21a and 21b slipping out from the
concave portions 22b and 22a is prevented.

[0054]

Also, due to the partition pieces 19 of the fixing tool 16 that partition the

engagement slots 20, movement of the convex portions 21a and 21b in the axial direction

is regulated. That is to say, due to the convex portion 21a being regulated on both sides

by the partition pieces 19, movement in the axial direction ot the first uneven portion 23a
side that forms the convex portion 21a is regulated.  Also, due to the two convex
portions 21b being regulated at each respective one side by the partition pieces 19, and
being regulated in mutually opposite directions, movement in the axial direction of the
second uneven portion 23b side that forms these two convex portions 21b is also

reculated. In this way. since movement of the top foil 10 in the axial direction of the
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bearing housing 12 is regulated, it is prevented from jumping out from the bearing
housing 12 to the outside.
[0053]

Also, as shown in FIG. 6B, at the side that forms the first uneven portion 23a
(one side) and the side that forms the second uneven portion 23b (other side) of the top
foil 10, a thin-walled portion 24 that is thin compared to the central portion therebetween
is formed. As shown in FIG. 2A. these thin-walled portions 24 are formed by the outer
circumferential surface thereof (the surface on the side of the back foil 11) being reduced
in thickness so as to assume a recessed state of being recessed from the outer
circumferential surface of the middle portion.

10056]

The thin-walled portions 24 are formed to a desired thickness (thinness) by
controlling in units of tens of micrometers both end portions of the top foil 10 by, tor
example, etching.  Specifically, in the case of the bearing diameter being ¢35 mm.,
assuming the thickness of the top foil 10 is 100 micrometers, the thickness of the
thin-walled portions 24 is formed to be around 80 micrometers. Note that due to the

aforementioned etching, the stress that is produced in the top foil 10 is extremely small

compared to bending and the like.  Accordingly. there is hardly any strain produced 1n

the top toil 10.

Also, the length L in the circumferential direction of the thin-walled portion 24
shown in FIG. 6B is made to be a length corresponding to up to one mountain portion at
the end portion of the bump foil 11 frorﬁ the through-slot 13 as shown in FIG. 2A.
[0057]

By forming the thin-walled portion 24 at both end portions ot the top foil 10 n

this manner, these both end portions (thin-walled portions 24) readily undergo elastic
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deformation. Accordingly, both these end portions become curved surfaces following
the curved surface that constitutes the inner circumferential surtace of the bearing
housing 12. Thereby, at both end portions of the top foil 10, hardly any force that
constricts the rotating shaft 1 (local preload) is produced.
[0058]

Also, since the thin-walled portions 24 are formed by reducing the thickness of
the outer circumferential surface of the top foil 10 at both end portions so as to assume a
recessed state from the outer circumferential surface of the central portion, a gap ot over
one mountain portion at the end portion of the back foil 11 i1s formed between the
thin-walled portion 24 and the back foil 11 that supports the outer circumferential surface
side thereof.  Thereby. the occurrence of a force that constricts the rotating shatt 1 (local
preload) is reliably prevented at the thin-walled portions 24.  Note that the length L in
the circumferential direction of the thin-walled portion 24 may also be made a length
corresponding to up to around three mountain portions at the end portion of the bump foil
11 from the through-slot 13, as a substitute for the example shown in FIG. 2A.
[0059]

Next. the action of the radial foil bearing 3 that consists of the aforementioned

constitution shall be described.
[n the state of the rotating shaft 1 being stopped, the top foil 10 1s in close

contact with the rotating shaft 1 by being biased to the side of the rotating shaft 1 by the
back toil 11 (the three back foil pieces 11a). Note that in the present embodiment, since

both ends portions of the top foil 10 are the thin-walled portions 24, a force that

constricts the rotating shaft 1 (local preload) is hardly produced at these thin-walled

portions 24.

(0060]
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When the rotating shaft 1 is started to rotate in the direction of the arrow P in
FIG. 2A., rotation begins initially at a low speed, and it accelerates gradually thereafter to
rotate at a high speed. Then. as shown by the arrow Q in FIG. 2A, a perimeter tluid 1s
drawn in from the space between one side of the top foil 10 and one end of the bump foil
piece 11a, and flows into the space between the top foil 10 and the rotating shatt 1.
Thereby, a fluid lubrication film is formed between the top foil 10 and the rotating shaft
L.

[0061]

The film pressure of this fluid lubrication film acts on the top foil 10, and
presses each of the mountain portions 11c¢ of the back foil pieces 11a which are in contact
with the top foil 10. As a result, due to the back foil pieces 11a being pressed by the top
foil 10, the mountain portions 11¢ are pushed and widened. Thereby, the back foil
pieces 11a attempt to move in the circumferential direction above the bearing housing 1.2.

That is to say, since the back foil pieces 11a (back foil 11) resiliently support the
top foil 10, upon receiving a load from the top foil 10. they deform in the circumferential
direction, and thereby permit flexure of the top foil 10 and support it.

[0062]

However, as shown in FIG. 4A and FIG. 4B. the engagement convex portions
33a of the locking member 30 are engaged in the engagement notches 11d that are
provided the circumferential edge portions. Thereby. the back foil pieces [1a are
prevented from rotating in the circumferential direction on the mnner circumferential
surface of the bearing housing 12.  Accordingly, although each mountain portion l1c of
the back foil piece 11a deforms (moves) in the circumferential direction with the
engagement notches 11d in which the engagement convex portions 33a are engaged

serving as fixed points (fixed ends), there is no shifting of the center of each back foil
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piece |la itself from the fixed position.

10063}

Also, when the back foil pieces 11a deform (move) in the circumferential
direction, they are affected by friction with the bearing housing 12 and the top foil 10.
For this reason, although they easily deform (easily move) at both end portions, that 1s to
say, the free end sides. they are hindered from deforming at the fixed point (fixed end)
side.

For that reason. a difference in support rigidity by the back foil pieces 11a arises
between the free end side and the fixed end side.

[0064]

However, in the present embodiment, the engagement notch 11d is formed in the
center portion of the back foil piece 11a in the circumferential direction. and accordingly
the fixed point by the engagement convex portions 33a is at the center portion of the back
foil piece 11a in the circumferential direction. For that reason, due to the distance
between the fixed end and the free end being short, the difference in the support rigidity
becomes small. Moreover, the back foil 11 is divided into the three back foil pieces |la.
For that reason, compared to the case of forming the back foil 11 with a single toil, the
distance between the fixed end and the free end is short, and so the difference in support
rigidity between the free end side and the fixed end side becomes smaller.

[0063]

Also, when the rotating shaft | is rotating at a high speed, since the engagement

convex portions 33a restrict movement of the back foil pieces 11a in the axial direction,

even in the case of an unforeseen impact being applied, the back foil pieces 11a do not

drop out from the bearing housing 12.

Also. in the transient state until the fluid lubricating film is formed, solid friction
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is produced between the rotating shaft 1 and the top foil 10, and this serves as resistance
during starting. However, preload is not produced at both end portions of the top foil 10
as described above, and the top foil 10 at the side at which the ambient fluid flows n
becomes the thin-walled portion 24 and so is flexible. For this reason, a space between
the top foil 10 and the rotating shaft 1 easily opens, and so when the rotating shatt 1
starts to rotate. the fluid lubricating film is formed quickly, so that the rotating shatt |
rotates in a non-contact state with respect to the top foil 10.

[0066]

In this kind of radial foil bearing 3, the convex portions 21a and 21b that are
drawn out from the concave portions 22b and 22a of the top foil 10 are engaged i the
engagement slots 20 formed by the fixing tool 16 in the through-slot 13 of the inner
circumferential surface of the bearing housing 12.  For that reason, it is possible to
house and fix the top foil 10 in the bearing housing 12 without performing spot welding
or bending on the top foil 10, and without producing a strong reaction force from both
end portions toward the center.  Accordingly, it is possible to prevent the occurrence of
strain in the top foil 10, and so it is possible to sufficiently reduce the strain of the top totl
10. For that reason, with regard to the load capability and the dynamic characteristic
(rigidity and attenuation) of the bearing, it is possible to cause it to exhibit as-designed

og00d pertormance.

[0067]

Also. since the through-slot 13 is formed continuously from one end to the other
end along the axial direction of the bearing housing 12, it is possible to easily form the
through-slot 13 by wire cut discharge machining, and it is possible to keep down the

machining costs.

Also. when a shift in the axial direction occurs between the top foil 10 and the
27
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bearing housing 12, the convex portions 21a and 21b that are engaged with the
engagement slots 20 formed by the through-slot 13 being divided in the lengthwise
direction are regulated by the end portions of the engagement slots 20 (the partition
pieces 19). For that reason, due to movement in the axial direction between the top foil
[0 and the bearing housing 12 being stopped, it is possible to prevent further shifting.
Moreover, since a regulating portion that regulates movement of the fixing tool 16 n the
lengthwise direction of the through-slot 13 is formed by the locking groove 14 of the
through-slot 13 and the bend pieces 18 of the fixing tool 16, it is possible to also stop
movement of the fixing tool 16. Accordingly, it is possible to reliably prevent the top
foil 10 from dropping out from the bearing housing 12.

[0068]

Also, the locking concave portions 15 are formed in the inner side surfaces ot
the through-slot 13, and the distal end portions of the convex portions 21a and 21b ot the
top foil 10 are locked in the locking concave portions 15.  For that reason, it 1s possible
to easily perform positioning and locking of the convex portions 21a and 21b. and
moreover it is possible to improve the assembly reproducibility of the top foil 10.

Also, regarding the top foil 10, merely by an increase in the formation of the

uneven portions 23a and 23b by etching, it is possible to eliminate conventional spot
welding and bending that produced strain.  Accordingly, it is possible to reduce the
difficulty of manufacturing the top foil 10 and reduce the manufacturing cost.

Also. since there is no welding of the top foil 10 to the bearing housing 12, there
is no defective assembly or variation in assembly due to welding defects.  Accordingly,

the assembly reproducibility of the top foil 10 to the bearing housing 12 improves, and it

has outstanding mass-productivity.

[0069]
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Also. in the case of a conventional type of top foil of which one end side 1s end
stopped to the bearing housing by spot welding, with the other end side being a tree end,
when the rotating shaft is reverse rotated, there is a possibility of the top foil winding
itself on the rotating shaft. [n contrast, since the radial foil bearing 3 of the present
embodiment is nearly symmetrical as shown in FIG. 2A, it functions the same during
forward rotation and reverse rotation of the rotating shaft 1.  Accordingly, 1t is possible
to also apply this radial foil bearing 3 to a rotating machine in which a rotating shaft

undergoes reverse rotation.

(0070}

Also. since the thin-walled portion 24 is formed at both end portions of the top
foil 10, there is no generation of a force that constricts the rotating shaft 1 (local preload)
at both ends of the top foil 10 as described above. Accordingly, it is possible to prevent
an increase in the starting torque due to the preload, and the heat generation during
operation of the rotating shaft 1 becoming higher than the setting.

Also. since the thin-walled portion 24 is formed at both end portions of the top
foil 10, for example a conventional heat treatment step for causing both end portions of

the top foil to adapt to the inner curved surface (inner circumferential surface) of the

bearing housing becomes unnecessary.

Moreover, since the thin-walled portion 24 is formed at both end portions of the

top foil 10, the end portion side of the top foil 10 of the side at which the ambient fluid
flows in (corresponding to the free end side of the conventional type) becomes flexible,
and so as described above the ambient fluid easily flows in between the top foil 10 and
the rotating shaft 1. Accordingly, a fluid lubrication film may be formed at a lower
number of rotations, and so the startability of the rotating shaft 1 is improved.

[0071]
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Also, by causing the engagement convex portion 33a that is respectively formed
at both side end portions of the inner circumferential surface of the bearing housing 12 to
engage with the engagement notch 11d that is respectively formed in the circumferential
edge portion of both sides of the back foil piece 11a, the back foil piece 11a1s fixed to
the bearing housing 12. For that reason, it is possible to house and fix the back foil
piece 11a in the bearing housing 12 without performing spot welding or bending on the
back foil piece 11a.  Accordingly, it is possible to prevent the occurrence of stran in the
top foil 10 due to the effects of spot welding of the back foil 11 (back foil pieces 11a),
and the strain of the back foil 11, and so it is possible to sufficiently reduce the strain of
the top foil 10. For that reason, with regard to the load capability and the dynamic

characteristic (rigidity and attenuation) of the bearing, it 1s possible to cause it to exhibit

as-designed good performance.

10072]

Next, the second embodiment of the radial foil bearing of the present invention

shall be described.

The radial foil bearing of the present embodiment is also a radial foil bearing
that is applied to the turbomachine shown in FIG. 1. The points of difference between
the radial foil bearing of the present embodiment and the radial foil bearing 3 of the first
embodiment are the shape of the top foil, and the shape of the engagement slots of the

bearing housing corresponding thereto.

(0073]

That is to say, in a top foil 40 of the radial bearing housing ot the present
embodiment as shown in FIG. 8A, a first uneven portion 43a having one convex portion

41a and one concave portion 42a is formed on one side (short side).  Also, a second

uneven portion 43b having one convex portion 41b and one concave portion 4.2b 1S
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formed on another side (short side) oppostte the one side (short side). The concave

portion 42b of the second uneven portion 43b 1s formed corresponding to the convex
portion 41a of the first uneven portion 43a, and the concave portion 42a of the first
uneven portion 43a is formed corresponding to the convex portion 41b of the second
uneven portion 43b.

[0074]

That is to say, the concave portion 42b of the second uneven portion 43b 1s
formed so that the convex portion 41a passes through the concave portion 42b when the
top foil 40 is wound in a cylindrical shape so that the first uneven portion 43a and the
second uneven portion 43b overlap.  Similarly, the concave portion 42a of the first
uneven portion 43a is formed so that when the top foil 40 is wound in a cylindrical shape
the convex portion 41b passes through the concave portion 42a.  Note that in the present
embodiment, the widths of the concave portions 42b and 42a are formed to be
sufficiently wider than the widths of the corresponding convex portions 41a and 41b.
Also, similarly to the first embodiment, the widths ot the convex portions 41a and 41b
are formed corresponding to the length of the engagement slots described below to
substantially agree therewith.

[0075]

A fixing tool 50 is fitted and locked as shown in FIG. 9A and F1G. 9B 1n the
through-slot 13 that is formed in the inner circumferential surtace of the bearing housing
12. The fixing too! 50 has a bar-shaped (square pole-shaped) base portion 17 that 1s
fitted and housed in the through-slot 13, a pair of bend pieces 18 and 18 that are formed
at both end portions of the base portion 17 and that lock into the locking grooves 14 and

14, and one partition portion 51 that is formed in the center portion of the base portion 17

to project to the side opposite the bend pieces 18.
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[0076]

[n other words, this fixing tool 50 differs from the fixing tool 16 only on the
point of one partition portion 31 being formed, instead of the two partition pieces 19.
Accordingly, tn the present embodiment, an engagement slot 52 is formed at two
locations, one on each side of the partition portion 51 as shown in FIG. 9A and FIG 9B.
Note that the partition portion 51 s formed sufficiently long compared to the partition
ptece 19, and at the location corresponding to this partition portion 51, an engagement
slot 1s not formed as shown in FIG. 9B. That is, in the present embodiment, the
engagement slot 52 1s not formed over the entire length of the through-slot 13, with the
engagement slot 52 being formed at the positions where the convex portions 41a and 41b
shown 1n FIG. 8A are arranged.

[0077]

The radial foil bearing having this kind of constitution can obtain the same
action eftect as the radial foil bearing 3 of the first embodiment. That is, the convex
portions 41a and 41b that are drawn out from the concave portions 42b and 42a are
engaged in the engagement slots 52 formed by the fixing tool 50 in the through-slot 13 of
the inner circumferential surface of the bearing housing 12.  For that reason, it is
possible to house and fix the top toil 40 in the bearing housing 12 without performing
spot welding or bending on the top foil 40, and without a strong reaction force being
produced from both end portions toward the center. Accordingly, it is possible to
prevent the occurrence of strain in the top foil 40, and so 1t 1s possible to sufficiently
reduce the strain of the top foil 40. For that reason, with regard to the load capability

and the dynamic characteristic (rigidity and attenuation) of the bearing, it 1s possible to

cause 1t to exhibit as-designed good performance.

Also, since the thin-walled portion 24 1s formed at both end portions of the top
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foil 40, there is no generation of a force that constricts the rotating shaft 1 (local preload)
at both ends thereof as described above. Accordingly, it 1s possible to prevent an
increase in the starting torque due to the preload, or the heat generation during operation
of the rotating shaft 1 becoming higher than the setting.

[0079]

Also, when a shift in the axial direction occurs between the top foil 40 and the
bearing housing 12, the convex portions 41a and 41b that are engaged with the
engagement slots 52 formed by the through-slot 13 being divided in the lengthwise
direction are regulated by the end portions of the engagement slots 52 (the partition
portion 51). For that reason. due to movement in the axial direction between the top foil
40 and the bearing housing 12 being stopped, it is possible to prevent further shifting.
Accordingly, it is possible to reliably prevent the top foil 10 from dropping out from the
bearing housing 12.

[0080]

Note that the present invention is not limited to the aforementioned

embodiments, and various modifications are possible within a range that does not depart

from the scope of the present invention.

For example, in the embodiments the first uneven portion and the second uneven
portion are formed by one or two convex and concave portions respectively, but the
number of these convex and concave portions may be three or more.

Also. the thin-walled portion 24 may be formed by for example etching both
surfaces to reduce the thickness.

[0081]
Moreover. the engagement convex portion that ts engaged with the engagement

notch 11d of the back foil piece 11a may be directly formed on the inner circumferential
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surface of the bearing housing 12, without being formed by the locking member 30.
Also, the back foil 11 was constituted by the three back foil pieces 11a, but the

back foil 11 may be constituted with a single unit in which one metal foil 1s molded in an

approxtmate cylindrical shape. Moreover, in the case of being constituted with a

plurality of back foil pieces 11a, the back foil 11 may be constituted with two or four or

more back foil pieces 1la.

INDUSTRIAL APPLICABILITY
[0082]

Since the radial foil bearing of the present invention prevents the occurrence of
strain in the top foil, and sufficiently reduces the strain of the top toil, with regard to the
load capability and the dynamic characteristic (rigidity and attenuation) of the bearing, 1t
can obtain as-designed good pertormance.

Also, forming the through-slot continuously from one end to the other end of the
bearing housing simplifies formation of the through-slot, and simply fitting the fixing
tool in the through-slot enables formation of a plurality of engagement slots. Theretore,
by simplifying the machining, it is possible to sufficiently keep down the machining

COStS.

DESCRIPTION OF THE REFERENCE SYMBOLS
[0083]
| . Rotating shaft
3: Radial foil bearing
10; 40: Top toil

11: Back foil
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[ 2: Bearing housing

1 3: Through-slot

|4: Locking groove

[5: Locking concave portion

16: 50: Fastener

1 7. Base portion

18: Bend piece

19: Partition piece

20; 52: Engagement slot

21;21b; 41a; 41b: Convex portions
22a; 22b; 42a; 42b: Concave portions
23a; 43a: First uneven portion

23b, 43b: Second uneven portion
24: Thin-walled portion

51: Partition portion
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CLAIMS

[ . A radial foil bearing that, by being fitted on a rotating shaft. supports the rotating
shaft. comprising:

a cylindrical top foil that 1s arranged facing the rotating shaft: a back toil that 1s
arranged on the outer side of the top foil in the radial direction; and a cylindrical bearing
housing that houses the top foil and the back foil in the state of being inserted therein,

wherein a through-slot that 1s continuous from one end to the other end along the
axial direction is formed in the inner circumferential surface ot the bearing housing;

a fixing tool that forms a plurality of engagement slots by dividing the
through-slot in the lengthwise direction 1s fitted in the through-slot;

a regulating portion that regulates the movement of the fixing tool n the
lengthwise direction of the through-slot is provided in the through-slot and the tixing
tool:

the top foil 1s formed by a metal foil that is rectangular and has a first uneven
portion consisting of a convex portion and a concave portion on one side, and has a

second uneven portion that forms a concave portion at a position corresponding to the

convex portion of the first uneven portion and forms a convex portion at at least a portion
of the position corresponding to the concave portion of the first uneven portion on the
other side that is opposite the one side being wound into a cylindrical shape so that the
first uneven portion and the second uneven portion overlap, and each convex portion in
the first uneven portion and the second uneven portion passes through each respectively

corresponding concave portion in the first uneven portion and the second uneven portion

to be drawn out to the bearing housing side; and

the convex portions that have been drawn out to the bearing housing side engage
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with the respectively corresponding engagement slots.

2. The radial foil bearing according to claim |, wherein locking concave portions that
lock the distal end portions of the convex portions are formed on the inner side surface of

the through-slot along the lengthwise direction of the through-slot.

3. The radial foil bearing according to claim 1 or claim 2, wherein the regulating
portion is constituted by a locking groove that is formed in the thickness direction of the
bearing housing at both side surfaces of the bearing housing to be in communication with

both end portions of the through-slot, and a bend piece that is respectively formed at both

end portions of the fixing tool to be locked in the locking groove.

4. The radial foil bearing according to any one of claims 1 to 3, wherein at the one side

and the other side of the top foil, a thin-walled portion that is thin compared to the central

portion therebetween is formed.

5. The radial foil bearing according to claim 4, wherein the outer circumferential

surface of the thin-walled portion is formed in a recessed state from the central portion.
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