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(54) THRUST FOIL BEARING

(57) A thrust foil bearing (3) includes: a base plate
(30) including an insertion hole (30a) through which a
shaft (1) is inserted; and a top foil (10) disposed around
the insertion hole, wherein the top foil includes: a slit (17)
dividing the top foil into an inner area and an outer area
in a radial direction of the insertion hole; a sandwiched
part (14) disposed in the outer area; an extending part
(13) extending from the sandwiched part to the inner ar-

ea; and an inclined part (12) being in the inner area, hav-
ing an end on one side in a circumferential direction of
the insertion hole connected to the extending part, ex-
tending from the extending part toward another side in
the circumferential direction, and inclined with respect to
a flat surface of the base plate extending a direction or-
thogonal to an axial direction of the insertion hole.
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Description

Technical Field

[0001] The present disclosure relates to a thrust foil
bearing.
[0002] Priority is claimed on Japanese Patent Applica-
tion No. 2019-006811, filed January 18, 2019, the content
of which is incorporated herein by reference.

Background

[0003] Conventionally, as a bearing for a high-speed
rotating body, a thrust foil bearing that is disposed to face
a thrust collar provided on a rotary shaft is known (refer
to, for example, Patent Document 1 below). The bearing
surface of the thrust foil bearing is formed of a flexible
foil (thin metal plate) in order to be able to absorb the
movement of the rotary shaft (the axial movement and
inclination of the thrust collar) caused by vibration or im-
pact, and the thrust foil bearing has a foil structure under
the bearing surface in order to flexibly support the bearing
surface.
[0004] A thrust foil bearing has a configuration in which
a plurality of top foil pieces and a plurality of back foil
pieces are arranged in the circumferential direction. The
top foil piece is supported by the back foil piece, and the
rotation of the thrust collar causes lubricating fluid to flow
into a gap between the top foil piece and the thrust collar.
The lubricating fluid forms a wedge-shaped fluid lubrica-
tion film between the top foil piece and the thrust collar,
and the load capacity of the thrust foil bearing is obtained.

Document of Related Art

Patent Document

[0005] [Patent Document 1] PCT International Publi-
cation No. WO 2014/061698 A1

Summary

Technical Problem

[0006] In the above related art, the top foil is attached
to a base plate using welding (spot-welding) because the
top foil may fall off the base plate. However, when using
the welding, the top foil may be deformed due to heat.
As a result, the top foil may distort, which affects the
formation of the fluid lubricating film, and thus a sufficient
load capacity of the thrust foil bearing may not be ob-
tained.
[0007] The present disclosure is made in view of the
above problems, and an object thereof is to provide a
method of attaching the top foil through sandwiching.

Solution to Problem

[0008] In order to solve the above problems, a thrust
foil bearing of a first aspect of the present disclosure in-
cludes: a base plate including an insertion hole through
which a shaft is inserted; and a top foil disposed around
the insertion hole, wherein the top foil includes: a slit di-
viding the top foil into an inner area and an outer area in
a radial direction of the insertion hole; a sandwiched part
disposed in the outer area; an extending part extending
from the sandwiched part to the inner area; and an in-
clined part being in the inner area, having an end on one
side in a circumferential direction of the insertion hole
connected to the extending part, extending from the ex-
tending part toward another side in the circumferential
direction, and inclined with respect to a flat surface of the
base plate extending a direction orthogonal to an axial
direction of the insertion hole.
[0009] A second aspect of the present disclosure is
that in the thrust foil bearing of the first aspect, an annular
member is attached to the base plate, and the sand-
wiched part is sandwiched between the base plate and
the annular member.
[0010] A third aspect of the present disclosure is that
the thrust foil bearing of the second aspect includes a
fastening member attaching the annular member to the
base plate, wherein the sandwiched part is provided with
a through-hole through which the fastening member is
inserted.
[0011] A fourth aspect of the present disclosure is that
in the thrust foil bearing of the third aspect, a plurality of
the through-holes are provided in the sandwiched part.
[0012] A fifth aspect of the present disclosure is that in
the thrust foil bearing of any one of the first to fourth as-
pects, the sandwiched part is formed into an annular
shape.
[0013] A sixth aspect of the present disclosure is that
in the thrust foil bearing of any one of the first to fifth
aspects, the sandwiched part is connected with a plurality
of the inclined parts through a plurality of the extending
parts, the slit extends from an edge on the other side in
the circumferential direction of the inclined part toward
the one side in the circumferential direction, and the top
foil is provided with a second slit, the second slit extend-
ing from a radially inner side toward a radially outer side
along the edge on the other side in the circumferential
direction of the inclined part and being connected to the
slit at a position on the radially outer side of the inclined
part.
[0014] A seventh aspect of the present disclosure is
that in the thrust foil bearing of any one of the first to sixth
aspects, an end on the other side in the circumferential
direction of the inclined part is a free end.
[0015] An eighth aspect of the present disclosure is
that in the thrust foil bearing of any one of the first to
seventh aspects, an end on the one side in the circum-
ferential direction of the inclined part is provided with a
bent part, the bent part being bent toward the base plate
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or being bent toward a distant side from the base plate.
[0016] A ninth aspect of the present disclosure is that
in the thrust foil bearing of the eighth aspect, the base
plate is provided with an insertion groove into which the
bent part being bent toward the base plate is inserted.
[0017] A tenth aspect of the present disclosure is that
in the thrust foil bearing of the first or second aspect, the
extending part includes a fixed part that is fixed to the
base plate.

Effects

[0018] According to the present disclosure, it is possi-
ble to limit a deterioration in the load capacity of the thrust
foil bearing due to the distortion of the top foil.

Brief Description of Drawings

[0019]

FIG. 1 is a side view showing an example of a turbo
machine to which a thrust foil bearing of the present
disclosure is applied.
FIG. 2 is a side view showing a thrust foil bearing of
a first embodiment of the present disclosure.
FIG. 3 is a plan view showing the thrust foil bearing
of the first embodiment of the present disclosure.
FIG. 4 is a plan view showing a state in which a top
foil is removed from the thrust foil bearing shown in
FIG. 3.
FIG. 5 is a cross-sectional view taken along line A-
A and viewed in an arrow direction in FIG. 3.
FIG. 6 is a plan view showing the top foil provided in
the thrust foil bearing shown in FIG. 3.
FIG. 7 is a plan view showing a back foil provided in
the thrust foil bearing shown in FIG. 3.
FIG. 8 is a cross-sectional view taken along line B-
B and viewed in an arrow direction in FIG. 3.
FIG. 9 is a plan view showing a thrust foil bearing of
a second embodiment of the present disclosure.
FIG. 10 is a plan view showing a top foil piece pro-
vided in the thrust foil bearing shown in FIG. 9.
FIG. 11 is a plan view showing a state in which a top
foil is removed from the thrust foil bearing shown in
FIG. 9.
FIG. 12 is a plan view showing a back foil piece pro-
vided in the thrust foil bearing shown in FIG. 9.
FIG. 13 is a plan view showing a thrust foil bearing
of a third embodiment of the present disclosure.
FIG. 14 is a plan view showing a state in which a top
foil is removed from the thrust foil bearing shown in
FIG. 13.
FIG. 15 is a plan view showing a top foil of a fourth
embodiment of the present disclosure.
FIG. 16 is a cross-sectional view in the circumferen-
tial direction and through an inclined part and an ex-
tending part of the top foil shown in FIG. 15.
FIG. 17 is a plan view showing a top foil of a modi-

fication of the fourth embodiment of the present dis-
closure.
FIG. 18 is a cross-sectional view in the circumferen-
tial direction and through an inclined part and an ex-
tending part of the top foil shown in FIG. 17.
FIG. 19 is a plan view showing a thrust foil bearing
of a fifth embodiment of the present disclosure.
FIG. 20 is a plan view showing a state in which a top
foil is removed from the thrust foil bearing shown in
FIG. 19.
FIG. 21 is a cross-sectional view taken along line C-
C and viewed in an arrow direction in FIG. 19.
FIG. 22 is a plan view showing a back foil of a mod-
ification of the fifth embodiment of the present dis-
closure.
FIG. 23 is a side view of a back foil of another mod-
ification of the fifth embodiment of the present dis-
closure.
FIG. 24 is a plan view showing a thrust foil bearing
of a sixth embodiment of the present disclosure.
FIG. 25 is a cross-sectional view taken along line D-
D and viewed in an arrow direction in FIG. 24.
FIG. 26 is a plan view showing a top foil of a thrust
foil bearing of a first modification of the first embod-
iment of the present disclosure.
FIG. 27 is a cross-sectional view taken along line E-
E and viewed in an arrow direction in FIG. 26.
FIG. 28 is a plan view showing a top foil of a thrust
foil bearing of a second modification of the first em-
bodiment of the present disclosure.
FIG. 29 is a cross-sectional view taken along line F-
F and viewed in an arrow direction in FIG. 28.
FIG. 30 is a plan view showing a top foil of a thrust
foil bearing of a third modification of the first embod-
iment of the present disclosure.
FIG. 31 is a cross-sectional view taken along line G-
G and viewed in an arrow direction in FIG. 30.
FIG. 32 is a cross-sectional view taken along line H-
H and viewed in an arrow direction in FIG. 30.
FIG. 33 is a plan view showing a top foil of a thrust
foil bearing of a fourth modification of the first em-
bodiment of the present disclosure.
FIG. 34 is a cross-sectional view taken along line 1-1
and viewed in an arrow direction in FIG. 33.
FIG. 35 is a plan view showing a top foil of a thrust
foil bearing of a modification of the second embodi-
ment of the present disclosure.
FIG. 36 is a plan view showing a top foil of a thrust
foil bearing of a modification of the third embodiment
of the present disclosure.
FIG. 37 is a cross-sectional view showing a thrust
foil bearing of a fifth modification of the first embod-
iment of the present disclosure.
FIG. 38 is a plan view of a back foil piece of the thrust
foil bearing of the fifth modification of the first em-
bodiment of the present disclosure.
FIG. 39 is a cross-sectional view showing a thrust
foil bearing of a sixth modification of the first embod-
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iment of the present disclosure.
FIG. 40 is a cross-sectional view showing a thrust
foil bearing of a seventh modification of the first em-
bodiment of the present disclosure.
FIG. 41 is a cross-sectional view showing a thrust
foil bearing of an eighth modification of the first em-
bodiment of the present disclosure.

Description of Embodiments

[0020] Hereinafter, thrust foil bearings of the present
disclosure will be described in detail with reference to the
drawings.
[0021] FIG. 1 is a side view showing an example of a
turbo machine to which a thrust foil bearing of the present
disclosure is applied.
[0022] In FIG. 1, a reference sign 1 represents a rotary
shaft (shaft), a reference sign 2 represents an impeller
provided at an end part of the rotary shaft, and a reference
sign 3 represents a thrust foil bearing of the present dis-
closure.
[0023] A disk-shaped thrust collar 4 is attached to the
rotary shaft 1. The thrust collar 4 is disposed between a
pair of thrust foil bearings 3. The impeller 2 is disposed
inside a housing 5 that is on a stationary side, and a tip
clearance 6 is provided between the impeller 2 and the
housing 5. The rotary shaft 1 is supported by a radial foil
bearing 7.

(First Embodiment)

[0024] FIG. 2 is a side view showing a thrust foil bearing
3 of a first embodiment of the present disclosure.
[0025] As shown in FIG. 2, a pair of the thrust foil bear-
ings 3 are provided on two sides of the thrust collar 4 so
that the thrust collar 4 is disposed therebetween. The
pair of thrust foil bearings 3 have an equal configuration.
The thrust foil bearing 3 includes a top foil 10, a back foil
20, and a base plate 30.
[0026] A cylindrical bearing spacer 40 (annular mem-
ber) shown by a dashed double-dotted line in FIG. 2 is
sandwiched between base plates 30 of the pair of thrust
foil bearings 3. The base plates 30 are connected togeth-
er by fastening bolts 41 (fastening member) through the
bearing spacer 40. The outer periphery of the base plate
30 is provided with through-holes 42 through which the
fastening bolts 41 are inserted. Either one of the base
plates 30 of the present disclosure is in contact with the
housing 5 by tightening the fastening bolts 41.
[0027] FIG. 3 is a plan view showing the thrust foil bear-
ing 3 of the first embodiment of the present disclosure.
FIG. 4 is a plan view showing a state in which the top foil
10 is removed from the thrust foil bearing 3 shown in FIG.
3. FIG. 5 is a cross-sectional view taken along line A-A
and viewed in an arrow direction in FIG. 3. FIG. 6 is a
plan view showing the top foil 10 provided in the thrust
foil bearing 3 shown in FIG. 3. FIG. 7 is a plan view show-
ing the back foil 20 provided in the thrust foil bearing 3

shown in FIG. 3. FIG. 8 is a cross-sectional view taken
along line B-B and viewed in an arrow direction in FIG. 3.
[0028] As shown in FIG. 3, the base plate 30 includes
an insertion hole 30a through which the rotary shaft 1 is
inserted.
[0029] In the following description, the positional rela-
tionship of each member may be described with refer-
ence to the insertion hole 30a. Specifically, an "axial di-
rection" refers to a direction in which the insertion hole
30a extends (a direction in which the rotary shaft 1 is
inserted). A "radial direction" refers to a radial direction
of the insertion hole 30a. A "circumferential direction" re-
fers to a circumferential direction along an inner periph-
eral surface of the insertion hole 30a. In other words, the
radial direction and the circumferential direction can refer
to a "radial direction" and a "circumferential direction"
with reference to the central axis of the rotary shaft 1
inserted through the insertion hole 30a and as viewed
from the central axis.
[0030] A "plan view" refers to a view viewed in the axial
direction.
[0031] The base plate 30 forms the outermost part (part
on a distant side from the thrust collar) of the thrust foil
bearing 3 in the axial direction. The base plate 30 is pro-
vided with the insertion hole 30a. That is, the base plate
30 of the present disclosure is a disk-shaped member
provided with the insertion hole 30a. However, as long
as the insertion hole 30a is provided, the base plate 30
may be a member other than a disk shape (for example,
a rectangular plate shape). The insertion hole 30a does
not have to necessarily have a strict cylindrical shape
(circular shape in a plan view).
[0032] The base plate 30 is formed of, for example, a
metal plate having a thickness of about several millime-
ters. The top foil 10 and the back foil 20 are disposed
around the insertion hole 30a (opening) on a flat surface
of the base plate 30, and the flat surface is disposed to
face the thrust collar 4. Specifically, the top foil 10 is sup-
ported by the back foil 20, and the back foil 20 is sup-
ported by the base plate 30. That is, the top foil 10 is also
supported by the base plate 30 through the back foil 20.
[0033] In the present disclosure, the top foil 10 is
formed of a plurality (six) of top foil pieces 11, and the
back foil 20 is formed of a plurality (six) of back foil pieces
21. The base plate 30 supports the six top foil pieces 11
and the six back foil pieces 21 at regular intervals in the
circumferential direction of the flat surface facing the
thrust collar 4.

The number of the top foil pieces 11 and the back foil 
pieces 21 is not limited to six.

[0034] For example, each number of the top foil pieces
11 and the back foil pieces 21 may be 3, 4, 5, 7, 8, 9 or
the like.
[0035] As shown in FIG. 3, the top foil 10 is formed of
six thin metal plates (the top foil pieces 11) arranged in
the circumferential direction. The top foil piece 11 in-
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cludes an inclined part 12 inclined to extend upward (to-
ward a viewer viewing FIG. 3, in a direction toward the
thrust collar 4 (not shown in FIG. 3), or in a direction from
the base plate 30 or toward the top foil piece 11 in the
axial direction) and in a direction from one side (i.e., the
leading side in the rotation direction of the rotary shaft 1)
in the circumferential direction toward the other side (i.e.,
the trailing side in the rotation direction of the rotary shaft
1) in the circumferential direction, an extending part 13
connected to the one side in the circumferential direction
of the inclined part 12 and extending outward in the radial
direction, and a sandwiched part 14 connected to the
extending part 13 at a radially outer position than the
inclined part 12 and extending toward the other side in
the circumferential direction.
[0036] As shown in FIG. 6, the inclined part 12 is
formed into an approximately trapezoidal shape obtained
by removing, from a sector shape, an apex side thereof
and in which the radially inner side and the radially outer
side thereof are each arcuate. That is, the inclined part
12 includes two edges separated from each other in the
circumferential direction and extending from the radially
inner side to the radially outer side, an inner peripheral
edge connecting the two edges on the radially inner side,
and an outer peripheral edge connecting the two edges
on the radially outer side. An edge (hereinafter, referred
to as an end part 12a on the other side in the circumfer-
ential direction) being on the other side in the circumfer-
ential direction of the inclined part 12 and extending from
the radially inner side to the radially outer side is a free
end.
[0037] On the other hand, an edge being on the one
side in the circumferential direction of the inclined part
12 and extending from the radially inner side to the radi-
ally outer side is connected to the extending part 13
through a bent part 15. As shown in FIG. 5, the bent part
15 is formed of a first bend and a second bend positioned
on the other side in the circumferential direction of the
first bend. The first bend is bent toward an opposite side
from a surface of the top foil piece 11 facing the base
plate 30. The second bend is bent toward the surface of
the top foil piece 11 facing the base plate 30. That is, the
bent part 15 has a stepped shape. Both of the first and
second bends have obtuse angles.
[0038] In other words, the first bend of the bent part 15
is bent to protrude toward the base plate 30, and the
second bend is bent to protrude toward the thrust collar
4 (not shown in FIG. 5).
[0039] A portion of the inclined part 12 positioned on
the other side in the circumferential direction of the bent
part 15 is supported by a support 22 described below of
the back foil piece 21. The portion of the inclined part 12
supported by the support 22 is disposed to be inclined
at an initial inclination angle to extend away from the base
plate 30 and in a direction from the one side toward the
other side in the circumferential direction. The initial in-
clination angle denotes an inclination angle of the top foil
piece 11 with respect to the base plate 30 (i.e., the flat

surface of the base plate 30) with no load. The base plate
30 of the present disclosure includes the flat surface ex-
tending in a direction orthogonal to the axial direction,
and the inclined part 12 is inclined with respect to the flat
surface.
[0040] The extending part 13 is connected to the one
side (the first bend side) in the circumferential direction
of the bent part 15. As shown in FIG. 6, the extending
part 13 is formed into a strip shape extending outward in
the radial direction and is connected to the sandwiched
part 14.
[0041] Similarly to the inclined part 12, the sandwiched
part 14 is formed into an approximately trapezoidal shape
obtained by removing, from a sector shape, an apex side
thereof and in which the radially inner side and the radially
outer side thereof are each arcuate. That is, the sand-
wiched part 14 includes two edges separated from each
other in the circumferential direction and extending from
the radially inner side to the radially outer side, an inner
peripheral edge connecting the two edges on the radially
inner side, and an outer peripheral edge connecting the
two edges on the radially outer side.
[0042] The circumferential position of an edge (here-
inafter, referred to as an end part 14a on the other side
in the circumferential direction) being on the other side
in the circumferential direction of the sandwiched part 14
and extending from the radially inner side to the radially
outer side corresponds to the circumferential position of
the end part 12a on the other side in the circumferential
direction of the inclined part 12. However, the circumfer-
ential positions of the end part 14a of the sandwiched
part 14 and the end part 12a of the inclined part 12 do
not have to necessarily correspond to each other. The
circumferential position of an edge being on the one side
in the circumferential direction of the sandwiched part 14
and extending from the radially inner side to the radially
outer side corresponds to the circumferential position of
an edge (hereinafter, referred to as an end part 13a on
the one side in the circumferential direction) being on the
one side in the circumferential direction of the extending
part 13 and extending from the radially inner side to the
radially outer side.
[0043] An edge (hereinafter, referred to as an end part
14b on the radially inner side) of the sandwiched part 14
that connects, at a position on the radially inner side, the
two edges of the sandwiched part 14 extending from the
radially inner side to the radially outer side is separated
in the radial direction from an edge (hereinafter, referred
to as an end part 12b on the radially outer side) of the
inclined part 12 that connects, at a position on the radially
outer side, the two edges of the inclined part 12 extending
from the radially inner side to the radially outer side. That
is, a slit 17 is provided between the end part 14b on the
radially inner side of the sandwiched part 14 and the end
part 12b on the radially outer side of the inclined part 12.
[0044] The slit 17 divides the top foil piece 11 into an
inner area and an outer area in the radial direction. The
slit 17 extends in the circumferential direction from a first
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side edge toward a second side edge of the top foil piece
11, the first side edge is on the other side in the circum-
ferential direction of the top foil piece 11 and extends
from the radially inner side to the radially outer side, and
the second side edge is on the one side in the circum-
ferential direction of the top foil piece 11 and extends
from the radially inner side to the radially outer side. That
is, the first side edge of the top foil piece 11 is formed of
the end part 12a on the other side in the circumferential
direction of the inclined part 12 and the end part 14a on
the other side in the circumferential direction of the sand-
wiched part 14, which are separated from each other
through the slit 17. The second side edge of the top foil
10 is formed of the end part 13a on the one side in the
circumferential direction of the extending part 13 without
separation. The slit 17 of the present disclosure further
extends toward the one side in the circumferential direc-
tion than the bent part 15. The one side in the circumfer-
ential direction of the slit 17 is formed to have an R-shape
(rounded shape).
[0045] The size R14 in the radial direction of the end
part 14a on the other side in the circumferential direction
of the sandwiched part 14 is less than the size R12 in
the radial direction of the end part 12a on the other side
in the circumferential direction of the inclined part 12. The
ratio of the size R12 to the size R14 of the present dis-
closure is about 2:1. The size R17 in the radial direction
of the slit 17 is considerably less than the size R14 in the
radial direction of the sandwiched part 14.
[0046] The inclined part 12 is disposed in the inner area
than the slit 17, and the sandwiched part 14 is disposed
in the outer area than the slit 17. As shown in FIG. 3, the
outer area than the slit 17 extends to a radial position
where the bearing spacer 40 is disposed. That is, the
sandwiched part 14 is sandwiched between the base
plate 30 and the bearing spacer 40 in the axial direction.
[0047] The sandwiched part 14 is provided with a
through-hole 16 through which the fastening bolt 41 for
attaching the bearing spacer 40 to the base plate 30 is
inserted. The through-hole 16 of the sandwiched part 14
overlaps the through-hole 42 of the base plate 30 in the
axial direction. The through-hole 16 of the sandwiched
part 14 is disposed to be close to the connection position
of the sandwiched part 14 with the extending part 13.
The size W13 (refer to FIG. 6) in the circumferential di-
rection of an area where the extending part 13 connects
to the sandwiched part 14 is greater than the diameter
of the through-hole 16.
[0048] The size R14 in the radial direction of the sand-
wiched part 14 of the present disclosure is greater than
the diameter of the through-hole 16. As shown in FIG. 3,
the size R14 in the radial direction of the sandwiched part
14 may be approximately equal to a size in the radial
direction from the inner peripheral surface to the outer
peripheral surface of the bearing spacer 40 in order that
approximately the entire area of the sandwiched part 14
can contact the bearing spacer 40. The sandwiched part
14 may have a circumferential length corresponding to

about 60° (about 1/6 of the entire circumference) out of
360° of the entire circumference of the bearing spacer
40. Thereby, the six top foil pieces 11 (the sandwiched
parts 14) are sandwiched by approximately the entire
circumference of the bearing spacer 40.
[0049] As shown in FIG. 4, the back foil 20 is formed
of six thin metal plates (the back foil pieces 21) arranged
in the circumferential direction. The back foil piece 21
includes the support 22 supporting the inclined part 12
of the top foil piece 11, a flat part 23 connected to the
other side in the circumferential direction of the support
22, and a sandwiched part 24 extending outward in the
radial direction from the flat part 23.
[0050] As shown in FIG. 5, the support 22 is a wavy
foil (bump foil) in which hill parts 22a and valley parts 22b
are alternately formed. The support 22 elastically sup-
ports the inclined part 12 of the top foil piece 11. For the
support 22, for example, a bump foil, a spring foil shown
in Japanese Unexamined Patent Application, First Pub-
lication No. 2006-57652 or Japanese Unexamined Pat-
ent Application, First Publication No. 2004-270904, a
back foil shown in Japanese Unexamined Patent Appli-
cation, First Publication No. 2009-299748, or the like can
be used.
[0051] Although the spring foils shown in Japanese Un-
examined Patent Application, First Publication No.
2006-57652 and Japanese Unexamined Patent Applica-
tion, First Publication No. 2004-270904, and the back foil
shown in Japanese Unexamined Patent Application,
First Publication No. 2009-299748 are foils used for a
radial bearing, when the foils are unfolded into a planar
shape and are formed into an annular shape, they can
be foils (the support 22) used for the thrust foil bearing 3.
[0052] The support 22 of the present disclosure is
formed of a bump foil. The support 22 is formed to be
slightly smaller than the inclined part 12 of the top foil
piece 11 in the plan view shown in FIG. 3. Therefore, the
support 22 is covered by the inclined part 12. As shown
in FIG. 7, the support 22 is formed into an approximately
trapezoidal shape obtained by removing, from a sector
shape, an apex side thereof and in which the radially
inner side and the radially outer side thereof are each
arcuate. That is, the support 22 includes two edges sep-
arated from each other in the circumferential direction
and extending from the radially inner side to the radially
outer side thereof, an inner peripheral edge connecting
the two edges on the radially inner side, and an outer
peripheral edge connecting the two edges on the radially
outer side.
[0053] An edge (hereinafter, referred to as an end part
on the one side in the circumferential direction) being on
the one side in the circumferential direction of the support
22 and extending from the radially inner side to the radi-
ally outer side is provided with a parallel part (hereinafter,
referred to as a back foil end 21a) extending in parallel
to an edge (hereinafter, referred to as an end part on the
other side in the circumferential direction) being on the
other side in the circumferential direction of the support
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22 and extending from the radially inner side to the radi-
ally outer side. In the support 22, the valley parts 22b and
the hill parts 22a are alternately continuously disposed
from the back foil end 21a toward the end part on the
other side in the circumferential direction of the support
22, in other words, in a normal direction (i.e., a direction
orthogonal to the ridge line of the hill part 22a) orthogonal
to the back foil end 21a and the end part on the other
side in the circumferential direction of the support 22.
[0054] As shown in FIG. 5, the valley part 22b includes
a flat surface and faces the base plate 30. The hill part
22a is formed into an arched part connecting the adjacent
valley parts 22b. The back foil piece 21 is supported by
the base plate 30. Therefore, the valley part 22b can con-
tact the base plate 30. Two end parts of the support 22,
in other words, the back foil end 21a and the end part on
the other side in the circumferential direction of the sup-
port 22, are provided with the valley parts 22b.
[0055] In the present disclosure, the valley parts 22b
and the hill parts 22a are formed at almost equal intervals.
As shown in FIG. 5, the hill parts 22a are formed to have
a height gradually increasing from the back foil end 21a
toward the end part on the other side in the circumferen-
tial direction of the support 22, in other words, toward the
trailing side (i.e., from the one side toward the other side
in the circumferential direction) of the rotation direction
of the rotary shaft 1 (the thrust collar 4) shown by an
arrow in FIG. 3. The end part 12a on the other side in the
circumferential direction of the inclined part 12 is dis-
posed at a position further toward the other side in the
circumferential direction than an imaginary straight line
X supported by the hill part 22a disposed at the closest
position to the other side in the circumferential direction
of the support 22. The imaginary straight line X is a line
where the support 22 contacts the inclined part 12 on the
most trailing side in the rotation direction of the rotary
shaft 1.
[0056] As shown in FIG. 7, the flat part 23 has a shape
such that the valley part 22b disposed at the end part on
the other side in the circumferential direction of the sup-
port 22 is further extended toward the other side in the
circumferential direction. That is, the flat part 23 has a
flat surface that is flush with the valley part 22b. An end
part 23a on the other side in the circumferential direction
of the flat part 23 is provided with a bent part 25 that is
bent toward the base plate 30. As shown in FIG. 5, the
bent part 25 is bent at an approximately right angle toward
the base plate 30. As shown in FIG. 7, the bending line
of the bent part 25 extends linearly in the radial direction.
That is, the bending line of the bent part 25 extends in
parallel to the end part 23a on the other side in the cir-
cumferential direction of the flat part 23.
[0057] As shown in FIG. 5, the base plate 30 is provided
with an insertion groove 31 into which the bent part 25
of the back foil piece 21 is inserted. In the plan view shown
in FIG. 4, the insertion groove 31 has a rectangular shape
extending in the radial direction, and a plurality (six) of
the insertion grooves 31 are provided in the base plate

30 at intervals in the circumferential direction. The bent
parts 15 of the six back foil pieces 21 are inserted into
the six insertion grooves 31.
[0058] As shown in FIG. 5, the bent part 15 can come
into contact with a side wall surface on the other side in
the circumferential direction of the insertion groove 31.
This configuration limits the back foil piece 21 (the sup-
port 22) from moving toward the other side in the circum-
ferential direction. That is, when a load is applied to the
support 22 from the inclined part 12, the bent part 25
contacts the side wall surface on the other side in the
circumferential direction of the insertion groove 31 and
is limited from moving toward the other side in the cir-
cumferential direction, and in contrast, the back foil end
21a being the free end moves toward the one side in the
circumferential direction. As shown in FIG. 5, the extend-
ing part 13 of the top foil piece 11 is disposed on the flat
part 23 to overlap it. This configuration limits the bent
part 25 from coming out of the insertion groove 31.
[0059] As shown in FIG. 7, the sandwiched part 24 is
provided outside in the radial direction of the flat part 23
and extends further toward the other side in the circum-
ferential direction than the flat part 23. Similarly to the
support 22, the sandwiched part 24 is formed into an
approximately trapezoidal shape obtained by removing,
from a sector shape, an apex side thereof and in which
the radially inner side and the radially outer side thereof
are each arcuate. That is, the sandwiched part 24 in-
cludes two edges separated from each other in the cir-
cumferential direction and extending from the radially in-
ner side to the radially outer side, an inner peripheral
edge connecting the two edges on the radially inner side,
and an outer peripheral edge connecting the two edges
on the radially outer side.
[0060] The circumferential position of an edge (here-
inafter, referred to as an end part 24a on the other side
in the circumferential direction) being on the other side
in the circumferential direction of the sandwiched part 24
and extending from the radially inner side to the radially
outer side is a position further toward the other side in
the circumferential direction than the circumferential po-
sition of the end part 23a on the other side in the circum-
ferential direction of the flat part 23. The circumferential
position of an edge being on the one side in the circum-
ferential direction of the sandwiched part 24 and extend-
ing from the radially inner side to the radially outer side
is a position further toward the one side in the circumfer-
ential direction than the circumferential position of the
end part 23a on the other side in the circumferential di-
rection of the flat part 23. The circumferential position of
the edge being on the one side in the circumferential
direction of the sandwiched part 24 and extending from
the radially inner side to the radially outer side is a position
further toward the other side in the circumferential direc-
tion than the end (the valley part 22b) on the other side
in the circumferential direction of the support 22.
[0061] The size R24 in the radial direction of the sand-
wiched part 24 is less than the size R23 in the radial
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direction of the flat part 23. The ratio of the size R23 to
the size R24 is about 2:1. As shown in FIG. 4, the sand-
wiched part 24 extends to a radial position where the
bearing spacer 40 is disposed. Therefore, similarly to the
sandwiched part 14 of the top foil piece 11, the sand-
wiched part 24 is sandwiched between the base plate 30
and the bearing spacer 40 in the axial direction. That is,
as shown in FIG. 8, the sandwiched part 24 of the back
foil piece 21 is sandwiched between the base plate 30
and the bearing spacer 40 while overlapping the sand-
wiched part 14 of the top foil piece 11.
[0062] As shown in FIG. 4, the sandwiched part 24 is
provided with a through-hole 26 through which the fas-
tening bolt 41 for attaching the bearing spacer 40 to the
base plate 30 is inserted. The through-hole 26 of the
sandwiched part 24 overlaps the through-hole 42 of the
base plate 30 in the axial direction. The through-hole 26
of the sandwiched part 24 is disposed to be close to the
connection position of the sandwiched part 24 with the
flat part 23. The size W23 (refer to FIG. 7) in the circum-
ferential direction of an area where the flat part 23 con-
nects to the sandwiched part 24 is greater than the di-
ameter of the through-hole 26.
[0063] The plurality of top foil pieces 11 are arranged
on the base plate 30 in the circumferential direction. A
gap is provided between the top foil pieces 11 adjacent
in the circumferential direction to separate them in the
circumferential direction. Similarly, a gap is provided be-
tween the sandwiched parts 14 of the top foil pieces 11
adjacent in the circumferential direction to separate the
sandwiched parts 14 in the circumferential direction. The
sandwiched part 24 of the present disclosure extends to
a position overlapping, in the axial direction, the gap be-
tween the sandwiched parts 14.
[0064] The size R14 in the radial direction of the sand-
wiched part 24 of the present disclosure is greater than
the diameter of the through-hole 26. As shown in FIG. 4,
the size R24 in the radial direction of the sandwiched part
24 may be approximately equal to a size in the radial
direction from the inner peripheral surface to the outer
peripheral surface of the bearing spacer 40 in order that
the sandwiched part 24 contacts approximately the entire
contact area of the bearing spacer 40. The sandwiched
part 24 may have a circumferential length corresponding
to about 60° out of 360° of the entire circumference of
the bearing spacer 40. Thereby, the six back foil pieces
21 (the sandwiched parts 24) are sandwiched on approx-
imately the entire circumference of the bearing spacer 40.
[0065] Next, the operation of the thrust foil bearing 3
having the above configuration will be described.
[0066] As shown in FIG. 2, the thrust foil bearings 3
are provided on two sides of the thrust collar 4 so that
the thrust collar 4 is disposed therebetween. Therefore,
the movement of the rotary shaft 1 in two different direc-
tions parallel to the thrust direction (the axial direction)
can be limited.
[0067] In this state, when the rotary shaft 1 rotates to
start the thrust collar 4 rotating, while the thrust collar 4

and the top foil piece 11 rub against each other, an am-
bient fluid is pushed into a wedge-shaped space formed
therebetween. Then, when the rotational speed of the
thrust collar 4 reaches a certain speed, a fluid lubrication
film is formed therebetween. The pressure of the fluid
lubrication film pushes the top foil piece 11 toward the
back foil piece 21, and the thrust collar 4 breaks away
from the contact state with the top foil piece 11 and starts
rotating in non-contact.
[0068] As shown in FIG. 3, the top foil 10 of the present
disclosure includes the slit 17 dividing the top foil 10 into
an inner area and an outer area in the radial direction of
the insertion hole 30a, the sandwiched part 14 disposed
in the outer area than the slit 17, the extending part 13
extending from the sandwiched part 14 to the inner area
than the slit 17, and the inclined part 12 being in the inner
area, extending from the one side toward the other side
in the circumferential direction of the insertion hole 30a
with respect to the extending part 13, and inclined with
respect to the flat surface of the base plate 30 extending
a direction orthogonal to the axial direction of the insertion
hole 30a.
[0069] In other words, the top foil 10 of this embodiment
includes the slit 17 dividing the top foil 10 into an inner
area and an outer area in the radial direction of the in-
sertion hole 30a, the sandwiched part 14 disposed in the
outer area, the extending part 13 extending from the
sandwiched part 14 to the inner area, and the inclined
part 12 being in the inner area, having an end on the one
side in the circumferential direction of the insertion hole
30a connected to the extending part 13, extending from
the extending part 13 toward the other side in the circum-
ferential direction, and inclined with respect to the flat
surface of the base plate 30 extending a direction orthog-
onal to the axial direction of the insertion hole. The ex-
tending part 13 extends from the sandwiched part 14
further inward in the radial direction than the slit 17.
[0070] According to this configuration, it is possible to
provide a method of attaching the top foil 10 through
sandwiching. That is, since the sandwiched part 14 is
sandwiched, the top foil 10 can be attached to the base
plate 30 without welding. Therefore, it is possible to pre-
vent the top foil 10 (particularly, the inclined part 12) from
deforming due to heat and to limit a deterioration in the
load capacity of the thrust foil bearing 3 due to the dis-
tortion of the top foil 10. In addition, since the slit 17 sep-
arates the sandwiched part 14 (the outer area) from the
inclined part 12 (the inner area), the inclined part 12 (the
inner area) can deform as before (i.e., deformation by
being pressed against the back foil 20 and the base plate
30).
[0071] Furthermore, even when the inclined part 12 is
subjected to a frictional force by rubbing against the thrust
collar 4 (before the fluid lubricating film is formed) or a
frictional force by the fluid lubricating film during non-
contact rotation, since the inclined part 12 is connected
to the sandwiched part 14 through the extending part 13,
the inclined part 12 is limited from moving from a fixed

13 14 



EP 3 913 242 A1

9

5

10

15

20

25

30

35

40

45

50

55

position.
[0072] In the present disclosure, the fastening bolt 41
attaching the bearing spacer 40 to the base plate 30 is
provided, and the sandwiched part 14 is provided with
the through-hole 16 through which the fastening bolt 41
is inserted. The sandwiched part 14 can be positioned
by inserting the fastening bolt 41 through the through-
hole 16, and thus the sandwiched part 14 can be easily
sandwiched between the base plate 30 and the bearing
spacer 40.
[0073] In the present disclosure, as shown in FIG. 5,
the end part 12a on the other side in the circumferential
direction of the inclined part 12 is the free end. Thereby,
when a load acts on the inclined part 12, the end part
12a on the other side in the circumferential direction of
the inclined part 12 can move toward the other side in
the circumferential direction. That is, the inclined part 12
can deform by being pressed against the back foil 20 and
the base plate 30 as before.
[0074] As shown in FIG. 4, the thrust foil bearing 3 of
the present disclosure includes the base plate 30 provid-
ed with the insertion hole 30a through which the rotary
shaft 1 is inserted, and the back foil 20 disposed around
the insertion hole 30a, and the back foil 20 includes the
sandwiched part 24 extending outward in the radial di-
rection of the insertion hole 30a from the end part (the
flat part 23), in the circumferential direction of the inser-
tion hole 30a, of the back foil 20.
[0075] According to this configuration, it is possible to
provide a method of attaching the back foil 20 through
sandwiching. That is, the back foil 20 can be attached to
the base plate 30 through the sandwiched part 24 without
welding. Therefore, it is possible to prevent the back foil
20 (particularly, the support 22) from deforming due to
heat. Consequently, the distortion of the top foil 10 (par-
ticularly, the inclined part 12) supported by the back foil
20 can be limited. Since the sandwiched part 24 is sand-
wiched, the back foil 20 is limited from moving from a
fixed position.
[0076] In the present disclosure, the bearing spacer 40
is attached to the base plate 30, and the sandwiched
parts 14 and 24 are sandwiched between the base plate
30 and the bearing spacer 40. Thereby, the back foil 20
can be sandwiched together with the top foil 10 by using
the bearing spacer 40 that secures a space between the
base plates 30 of the pair of thrust foil bearings 3.
[0077] In the present disclosure, the fastening bolt 41
attaching the bearing spacer 40 to the base plate 30 is
provided, and the sandwiched part 24 may be provided
with the through-hole 26 through which the fastening bolt
41 is inserted. The sandwiched part 24 can be positioned
by inserting the fastening bolt 41 through the through-
hole 26, and thus the sandwiched part 24 can be easily
sandwiched between the base plate 30 and the bearing
spacer 40.
[0078] In the present disclosure, as shown in FIG. 5,
the back foil 20 includes the support 22 in which the hill
parts 22a and the valley parts 22b are alternately formed,

and the flat part 23 extending in the circumferential di-
rection from the valley part 22b disposed at the end part
of the support 22, and the sandwiched part 24 is con-
nected to the flat part 23. Thereby, since the support 22
is connected to the sandwiched part 24 through the flat
part 23, the support 22 subjected to a pressing load from
the inclined part 12 can be limited from moving from a
fixed position.
[0079] In the present disclosure, the end part 23a in
the circumferential direction of the flat part 23 is provided
with the bent part 25 that bends toward the base plate
30. Thereby, the rigidity (second moment of area) of the
flat part 23 against bending in the radial direction can be
increased. Therefore, in the support 22 having a radially
outer side cantilevered by the flat part 23, the lifting on
the radially inner side of the support 22 can be limited.
[0080] In the present disclosure, the base plate 30 is
provided with the insertion groove 31 into which the bent
part 25 is inserted. Thereby, when the support 22 is
pressed against the base plate 30 by the inclined part
12, the bent part 15 comes into contact with the side wall
surface on the other side in the circumferential direction
of the insertion groove 31, whereby the movement of the
back foil piece 21 (the support 22) toward the other side
in the circumferential direction can be limited, and the
back foil end 21a that is the free end can be moved toward
the one side in the circumferential direction.

(Second Embodiment)

[0081] Next, a second embodiment of the present dis-
closure will be described. In the following description, the
same or equivalent components as or to those of the
above-described embodiment will be represented by
equal reference signs, and the descriptions thereof will
be simplified or omitted.
[0082] FIG. 9 is a plan view showing a thrust foil bearing
3 of the second embodiment of the present disclosure.
FIG. 10 is a plan view showing a top foil piece 11 provided
in the thrust foil bearing 3 shown in FIG. 9. FIG. 11 is a
plan view showing a state in which a top foil 10 is removed
from the thrust foil bearing 3 shown in FIG. 9. FIG. 12 is
a plan view showing a back foil piece 21 provided in the
thrust foil bearing 3 shown in FIG. 9.
[0083] As shown in these drawings, the second em-
bodiment has a configuration in which two top foil pieces
11 of the first embodiment are combined, and two back
foil pieces 21 thereof are combined. That is, the top foil
10 is formed of three top foil pieces 11, and the back foil
20 is formed of three back foil pieces 21.
[0084] As shown in FIG. 10, a sandwiched part 14 of
the top foil piece 11 is connected with two inclined parts
12 through extending parts 13. An inclined part 12A of
the two inclined parts 12 disposed on the one side in the
circumferential direction is connected to an end part on
the one side in the circumferential direction of the sand-
wiched part 14 through an extending part 13. An inclined
part 12B of the two inclined parts 12 disposed on the
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other side in the circumferential direction is connected to
an intermediate position in the circumferential direction
of the sandwiched part 14 through another extending part
13.
[0085] An end part 12a on the other side in the circum-
ferential direction of the inclined part 12A is separated in
the circumferential direction from an end part 13a on the
one side in the circumferential direction of the extending
part 13 connected with the inclined part 12B. That is, a
second slit 18 is provided between the inclined part 12A
and the extending part 13 connected with the inclined
part 12B. The size W18 in the circumferential direction
of the second slit 18 of the present disclosure gradually
increases outward in the radial direction. The greatest
size W18 in the circumferential direction of the second
slit 18 of the present disclosure is less than the diameter
of the through-hole 16 and is greater than the size R17
in the radial direction of the slit 17. The size of the second
slit 18 described above is an example and does not have
to necessarily have the above-described sizeal relation-
ship.
[0086] That is, the top foil 10 is provided with the sec-
ond slit 18.
[0087] The second slit 18 extends from the radially in-
ner side to the radially outer side along the end part 12a
on the other side in the circumferential direction of the
inclined part 12A, and an end part on the radially outer
side of the second slit 18 is connected to the slit 17. That
is, the slit 17 and the second slit 18 (in other words, a
bent slit) connected into an L-shape in a plan view are
disposed around the inclined part 12A. Therefore, the
inclined part 12A can be separated from the sandwiched
part 14 adjacent thereto in the radial direction and the
extending part 13 adjacent thereto in the circumferential
direction and can be prevented from being caught there-
by.
[0088] The sandwiched part 14 is provided with two
through-holes 16. The two through-holes 16 are disposed
to be close to the connection positions of the sandwiched
part 14 with the two extending parts 13. The sandwiched
part 14 has a circumferential length corresponding to
about 120° (about 1/3 of the entire circumference) out of
360° of the entire circumference of the bearing spacer
40. Thereby, the three top foil pieces 11 (the sandwiched
parts 14) are sandwiched by approximately the entire
circumference of the bearing spacer 40.
[0089] As shown in FIG. 11, the back foil 20 is formed
of the three back foil pieces 21 arranged in the circum-
ferential direction. A sandwiched part 24 of the back foil
piece 21 is connected with two supports 22 through flat
parts 23. A support 22A of the two supports 22 disposed
on the one side in the circumferential direction is con-
nected to an end part on the one side in the circumfer-
ential direction of the sandwiched part 24 through a flat
part 23. A support 22B of the two supports 22 disposed
on the other side in the circumferential direction is con-
nected to an intermediate position in the circumferential
direction of the sandwiched part 24 through another flat

part 23.
[0090] As shown in FIG. 12, an end part 23a on the
other side in the circumferential direction of the flat part
23 connected with the support 22A is separated in the
circumferential direction from an end part on the one side
in the circumferential direction of the support 22B and a
back foil end 21a of the support 22B. That is, a first slit
27 is provided between the support 22B and the flat part
23 connected with the support 22A. In the present dis-
closure, the size W27 in the circumferential direction of
the first slit 27 is constant and is less than the diameter
of the through-hole 16. The size of the first slit 27 de-
scribed above is an example and does not have to nec-
essarily have the above-described sizeal relationship.
[0091] The first slit 27 extends from the radially inner
side to the radially outer side along the end part 23a on
the other side in the circumferential direction of the flat
part 23 connected with the support 22A, and an end part
on the radially outer side of the first slit 27 is connected
to a second slit 28. The second slit 28 separates, in the
radial direction, an end part on the radially outer side of
the support 22B from an end part on the radially inner
side of the sandwiched part 24. The second slit 28 ex-
tends from the connection position with the first slit 27
toward the other side in the circumferential direction.
[0092] The size R28 in the radial direction of the second
slit 28 is approximately equal to the size R17 (refer to
FIG. 10) in the radial direction of the slit 17 of the top foil
10 described above. That is, the first slit 27 and the sec-
ond slit 28 connected into an L-shape in a plan view are
disposed around the support 22B. Therefore, the support
22B can be separated from the sandwiched part 14 ad-
jacent thereto in the radial direction and the flat part 23
adjacent thereto in the circumferential direction and can
be prevented from being caught thereby.
[0093] The sandwiched part 24 is provided with two
through-holes 16. The two through-holes 16 are disposed
to be close to the connection positions of the sandwiched
part 24 with the two flat parts 23. The sandwiched part
24 has a circumferential length corresponding to about
120° (about 1/3 of the entire circumference) out of 360°
of the entire circumference of the bearing spacer 40.
Thereby, the three back foil pieces 21 (the sandwiched
parts 24) are sandwiched by approximately the entire
circumference of the bearing spacer 40.
[0094] According to the thrust foil bearing 3 having the
above configuration, similarly to the above-described first
embodiment, the top foil piece 11 and the back foil piece
21 can be attached to the base plate 30 through sand-
wiching at the sandwiched parts 14 and 24 without weld-
ing.
[0095] Therefore, it is possible to limit the top foil 10
from distorting and to limit the load capacity of the thrust
foil bearing 3 from deteriorating.
[0096] In the second embodiment, the sandwiched
part 14 of the top foil piece 11 is connected with the plu-
rality of inclined parts 12 through the extending parts 13,
and the sandwiched part 24 of the back foil piece 21 is
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connected with the plurality of supports 22 through the
flat parts 23. Therefore, as compared to the first embod-
iment, the numbers of the top foil pieces 11 and the back
foil pieces 21 can be decreased, the number of parts can
be decreased, and the assembly man-hours can also be
reduced.
[0097] That is, the sandwiched part 14 of the top foil
piece 11 is connected with a plurality of the inclined parts
12 through a plurality of the extending parts 13, and the
sandwiched part 24 of the back foil piece 21 is connected
with a plurality of the supports 22 through a plurality of
the flat parts 23.
[0098] In the second embodiment, the sandwiched
part 14 of the top foil piece 11 is provided with a plurality
of the through-holes 16, and the sandwiched part 24 of
the back foil piece 21 is provided with a plurality of the
through-holes 26. The rotation of the top foil piece 11 and
the back foil piece 21 around the fastening bolt 41 can
be prevented by inserting the fastening bolts 41 through
the plurality of through-holes 16 and the plurality of
through-holes 26, and thus the positioning of the sand-
wiched parts 14 and 24 can be more easily performed.

(Third Embodiment)

[0099] Next, a third embodiment of the present disclo-
sure will be described. In the following description, the
same or equivalent components as or to those of the
above-described embodiments will be represented by
equal reference signs, and the descriptions thereof will
be simplified or omitted.
[0100] FIG. 13 is a plan view showing a thrust foil bear-
ing 3 of the third embodiment of the present disclosure.
FIG. 14 is a plan view showing a state in which a top foil
10 is removed from the thrust foil bearing 3 shown in FIG.
13.
[0101] As shown in these drawings, the third embodi-
ment has a configuration in which the top foil pieces 11
of the above embodiment are combined, and the back
foil pieces 21 thereof are combined. That is, the top foil
10 is formed of one foil (one top foil piece 11), and the
back foil 20 is formed of one foil (one back foil piece 21).
[0102] As shown in FIG. 13, the top foil 10 includes six
inclined parts 12. That is, a sandwiched part 14 of the
top foil 10 is connected with the six inclined parts 12
through extending parts 13. The sandwiched part 14 is
formed into an annular shape similar to the bearing spac-
er 40. The six inclined parts 12 are connected through
the extending parts 13 to the sandwiched part 14 at in-
tervals in the circumferential direction, and each interval
corresponds to 60°. Each of the six inclined parts 12 is
separated from the sandwiched part 14 adjacent thereto
in the radial direction through the slit 17, is separated
from the extending part 13 adjacent thereto in the cir-
cumferential direction through the second slit 18 and is
configured not to be caught thereby. The sandwiched
part 14 is provided with six through-holes 16 at intervals
in the circumferential direction, and each interval corre-

sponds to 60°.
[0103] As shown in FIG. 14, the back foil 20 includes
six supports 22. That is, a sandwiched part 24 of the back
foil 20 is connected with the six supports 22 through flat
parts 23. The sandwiched part 24 is formed into an an-
nular shape similar to the bearing spacer 40. The six
supports 22 are connected through the flat parts 23 to
the sandwiched part 24 at intervals in the circumferential
direction, and each interval corresponds to 60°. Each of
the six supports 22 is separated from the sandwiched
part 24 adjacent thereto in the radial direction through
the slit 17, is separated from the flat part 23 adjacent
thereto in the circumferential direction through the sec-
ond slit 18 and is configured not to be caught thereby.
The sandwiched part 24 is provided with six through-
holes 26 at intervals in the circumferential direction, and
each interval corresponds to 60°.
[0104] According to the thrust foil bearing 3 having the
above configuration, similarly to the above-described
embodiments, the top foil 10 and the back foil 20 can be
attached to the base plate 30 through sandwiching at the
sandwiched parts 14 and 24 without welding.
[0105] Therefore, it is possible to limit the top foil 10
from distorting and to limit the load capacity of the thrust
foil bearing 3 from deteriorating.
[0106] In the third embodiment, the sandwiched parts
14 and 24 are formed into annular shapes. Therefore,
the sandwiched parts 14 and 24 can be sandwiched by
the bearing spacer 40 on the entire circumference there-
of. Since the sandwiched parts 14 and 24 are formed into
annular shapes, each of the top foil 10 and the back foil
20 is made into one foil, so that the number of parts can
be decreased and the assembly man-hours can also be
reduced.

(Fourth Embodiment)

[0107] Next, a fourth embodiment of the present dis-
closure will be described. In the following description, the
same or equivalent components as or to those of the
above-described embodiments will be represented by
equal reference signs, and the descriptions thereof will
be simplified or omitted.
[0108] FIG. 15 is a plan view showing a top foil 10 of
the fourth embodiment of the present disclosure. FIG. 16
is a cross-sectional view in the circumferential direction
and through an inclined part 12 and an extending part 13
of the top foil 10 shown in FIG. 15.
[0109] As shown in these drawings, in the fourth em-
bodiment, an end part 13a on the one side in the circum-
ferential direction of the extending part 13 of the top foil
10 is provided with a bent part 19 that bends toward a
distant side from a base plate 30.
[0110] As shown in FIG. 16, the bent part 19 is bent at
an approximately right angle toward the distant side (up-
per side in FIG. 16) from the base plate 30. The axial
position of the tip of the bent part 19 is positioned below
(to be closer to the base plate 30 than) the axial position
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of an end part on the one side in the circumferential di-
rection of the inclined part 12. As shown in FIG. 15, the
bending line of the bent part 19 extends linearly in the
radial direction. That is, the bending line of the bent part
19 extends in parallel to the end part 13a on the one side
in the circumferential direction of the extending part 13.
[0111] The size R19 in the radial direction of the bent
part 19 is approximately the same as the size R12 in the
radial direction of the inclined part 12. The size R19 in
the radial direction of the bent part 19 may be greater
than the size R12 in the radial direction of the inclined
part 12. That is, the size R19 in the radial direction of the
bent part 19 may be a length obtained by adding the size
R12 in the radial direction of the inclined part 12 and the
size R17 in the radial direction of the slit 17. Thereby, the
bent part 19 extends to the connection part (neck part)
between the extending part 13 and the sandwiched part
14.
[0112] According to the top foil 10 having the above
configuration, since the bent part 19 bending toward the
distant side from the base plate 30 is provided at the end
part 13a on the one side in the circumferential direction
of the extending part 13, the rigidity (second moment of
area) of the extending part 13 against bending in the ra-
dial direction can be increased. Therefore, in the inclined
part 12 having a radially outer side cantilevered by the
extending part 13, the lifting on the radially inner side of
the inclined part 12 can be limited.
[0113] That is, the inclination direction of the support
22 of the back foil 20 is a direction perpendicular to an
end part on the other side in the circumferential direction
of the support 22, but the inclination direction of the in-
clined part 12 of the top foil 10 is a direction perpendicular
to an end part on the one side in the circumferential di-
rection of the inclined part 12, and thus the inclination
directions of these components are different. In addition,
the inclined part 12 is provided in a state of being pressed
against the support 22 in advance. Therefore, the radially
inner side of the inclined part 12 contacts the support 22
before the radially outer side thereof contacts it, whereby
the radially inner side of the inclined part 12 is pushed
up by a force from the support 22, and the lifting of the
radially inner side may easily occur. In addition, since the
circumferential speed on the radially inner side of the
thrust collar 4 is low, the pressure of the fluid lubricating
film thereon is low, and the contact of the foil with the
thrust collar 4 may easily occur. Therefore, by providing
the bent part 19 in the inclined part 12, the support 22 on
the radially inner side can be pushed in advance from
the time the speed is zero, and thus the height thereof
can be decreased.
[0114] The fourth embodiment can adopt a modifica-
tion as shown in FIGS. 17 and 18.
[0115] FIG. 17 is a plan view showing a top foil 10 of
a modification of the fourth embodiment of the present
disclosure. FIG. 18 is a cross-sectional view in the cir-
cumferential direction and through an inclined part 12
and an extending part 13 of the top foil 10 shown in FIG.

17.
[0116] As shown in these drawings, an end part 13a
on the one side in the circumferential direction of the ex-
tending part 13 of the top foil 10 may be provided with a
bent part 19A that bends towards the base plate 30.
[0117] As shown in FIG. 18, the bent part 19A is formed
by bending the bent part 19 described above at an ap-
proximately right angle toward the base plate 30 (down-
ward in FIG. 18). The base plate 30 is provided with an
insertion groove 32 into which the bent part 19A of the
top foil 10 is inserted. The insertion groove 32 is formed
to be separated in the circumferential direction from the
insertion groove 31 into which the bent part 25 of the
back foil 20 is inserted. The bent part 19A inserted into
the insertion groove 32 can come into contact with a side
wall surface on the other side in the circumferential di-
rection of the insertion groove 32.
[0118] According to the top foil 10 having the above
configuration, similarly to the bent part 19 described
above, the rigidity (second moment of area) of the ex-
tending part 13 against bending in the radial direction
can be increased by the bent part 19A that bends toward
the base plate 30. Therefore, in the inclined part 12 hav-
ing a radially outer side cantilevered by the extending
part 13, the lifting on the radially inner side of the inclined
part 12 can be limited.
[0119] In this modification, the base plate 30 is provid-
ed with the insertion groove 32 into which the bent part
19A is inserted. Thereby, when the inclined part 12 is
pressed against the base plate 30, the bent part 19A
contacts the side wall surface on the other side in the
circumferential direction of the insertion groove 32,
whereby the top foil 10 (the inclined part 12) can be pre-
vented from moving toward the other side in the circum-
ferential direction.

(Fifth Embodiment)

[0120] Next, a fifth embodiment of the present disclo-
sure will be described. In the following description, the
same or equivalent components as or to those of the
above-described embodiments will be represented by
equal reference signs, and the descriptions thereof will
be simplified or omitted.
[0121] FIG. 19 is a plan view showing a thrust foil bear-
ing 3 of the fifth embodiment of the present disclosure.
FIG. 20 is a plan view showing a state in which a top foil
10 is removed from the thrust foil bearing 3 shown in FIG.
19. FIG. 21 is a cross-sectional view taken along line C-
C and viewed in an arrow direction in FIG. 19.
[0122] As shown in these drawings, in the fifth embod-
iment, the inclination direction of an inclined part 12 of
the top foil 10 and the inclination direction of a support
22 of a back foil 20 are equal. Similarly to the third em-
bodiment described above, each of the top foil 10 and
the back foil 20 is formed of one foil (one top foil piece
11 and one back foil piece 21, respectively).
[0123] As shown in FIG. 21, a portion of a base plate
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30, on which the support 22 of the back foil 20 is disposed,
is provided with an inclined surface 33. The inclined sur-
face 33 is formed to have a height gradually decreasing
toward the back foil end 21a. On the other hand, the hill
parts 22a of the support 22 are formed to have a constant
height. Therefore, the inclined part 12 of the top foil 10
that is supported by the support 22 disposed on the in-
clined surface 33 is parallel to the inclined surface 33 but
is inclined at an initial inclination angle to be gradually
distant from the flat surface of the base plate 30. That is,
the inclined part 12 is parallel to the inclined surface 33
but is inclined with respect to the flat surface of the base
plate 30 orthogonal to the axial direction.
[0124] As shown in FIG. 19, an end part (a bent part
15A) on the other side in the circumferential direction of
the inclined part 12 of the top foil 10 extends in parallel
to the back foil end 21a of the back foil 20. The inclination
direction of the inclined part 12 is a direction perpendic-
ular to the bent part 15A (the back foil end 21a) and thus
is equal to the inclination direction of the support 22 of
the back foil 20. An extending part 13A of the top foil 10
is formed into an approximately right-angled triangular
shape in the plan view shown in FIG. 19 in order to con-
nect the bent part 15A to the sandwiched part 14. The
back foil 20 shown in FIG. 20 has the same configuration
as the back foil 20 of the third embodiment described
above.
[0125] According to the thrust foil bearing 3 having the
above configuration, since the inclination direction of the
support 22 of the back foil 20 and the inclination direction
of the inclined part 12 of the top foil 10 are equal, the
radially inner side of the inclined part 12 does not contact
the support 22 before the radially outer side thereof con-
tacts it, and thus the lifting on the radially inner side of
the inclined part 12 does not easily occur.
[0126] The fifth embodiment can adopt a modification
as shown in FIGS. 22 and 23.
[0127] FIG. 22 is a plan view showing a back foil 20 of
a modification of the fifth embodiment of the present dis-
closure. FIG. 23 is a side view of a back foil 20 of another
modification of the fifth embodiment of the present dis-
closure.
[0128] As shown in these drawings, a configuration
may be used in which the back foil 20 is formed of a
plurality of back foil pieces 21 similar to the first embod-
iment.
[0129] In the back foil piece 21 shown in FIG. 22, the
connection part between the support 22 and the flat part
23 is provided with a bending line Y extending in the radial
direction. The hill parts 22a of the support 22 have a
constant height and are disposed on the inclined surface
33 described above.
[0130] On the other hand, the height of hill parts 22a
of a support 22 of the back foil piece 21 shown in FIG.
23 gradually increases from the back foil end 21a toward
the end part on the other side in the circumferential di-
rection of the support 22. This support 22 is supported
by the flat surface of the base plate 30.

[0131] Each back foil piece 21 of FIGS. 22 and 23 is
provided with the bent part 25.

(Sixth Embodiment)

[0132] Next, a sixth embodiment of the present disclo-
sure will be described. In the following description, the
same or equivalent components as or to those of the
above-described embodiments will be represented by
equal reference signs, and the descriptions thereof will
be simplified or omitted.
[0133] FIG. 24 is a plan view showing a thrust foil bear-
ing 3 of the sixth embodiment of the present disclosure.
FIG. 25 is a cross-sectional view taken along line D-D
and viewed in an arrow direction in FIG. 24.
[0134] As shown in these drawings, in the sixth em-
bodiment, the top foil 10 is provided with the sandwiched
part 14, but a back foil 20 is provided with no sandwiched
part 24, and a back foil piece 21 is formed only of the
support 22.
[0135] As shown in FIG. 25, an end part 21b on the
other side in the circumferential direction of the back foil
piece 21 is spot-welded to the base plate 30. That is, this
welding position is equal to the attachment position of
the back foil piece 21 to the base plate 30. The attachment
position of the back foil piece 21 is at the valley part 22b.
In the present disclosure, the attachment position of the
back foil piece 21 is at the valley part 22b that is disposed
to be closest to the other side in the circumferential di-
rection.
[0136] An end part (a back foil end 21a) on the one
side in the circumferential direction of the back foil piece
21 is a free end. That is, when a load acts on the back
foil piece 21, the back foil end 21a on the one side in the
circumferential direction can move toward the one side
in the circumferential direction. The back foil piece 21
can be attached to the base plate 30 by, for example,
screwing besides spot-welding.
[0137] Hereinbefore, the embodiments of the present
disclosure have been described with reference to the
drawings, but the present disclosure is not limited to the
above embodiments. The various shapes, combinations
and the like of the components shown in the above-de-
scribed embodiments are examples, and various modi-
fications can be adopted based on design requirements
and the like within the scope of the present disclosure.
[0138] For example, the following modifications can be
considered. In the following description, the same or
equivalent components as or to those of the above-de-
scribed embodiments will be represented by equal ref-
erence signs, and the descriptions thereof will be simpli-
fied or omitted.
[0139] FIG. 26 is a plan view showing a top foil 10 of
a thrust foil bearing 3 of a first modification of the above
first embodiment. FIG. 27 is a cross-sectional view taken
along line E-E and viewed in an arrow direction in FIG. 26.
[0140] As shown in FIGS. 26 and 27, an extending part
13 of a top foil piece 11 of the top foil 10 of the first mod-
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ification includes a fixed part 51 fixed to a base plate 30.
The fixed part 51 of the extending part 13 is fixed to the
base plate 30 through welding (spot-welding). The fixed
part 51 is welded to the base plate 30 in a state where
the extending part 13 is made to overlap the flat part 23
of the back foil piece 21 of the back foil 20, and both of
the extending part 13 and the flat part 23 are fixed to the
base plate 30 at the fixed part 51.
[0141] The region of the fixed part 51 in a plan view is
less than each of the circumferential width and the radial
length of the extending part 13. The fixed part 51 may be
provided at any position of the extending part 13. The
fixed part 51 may be provided on the radially inner side
of the extending part 13, specifically, may be provided
between the center in the radial direction of and the ra-
dially inner end of the extending part 13. In this case, the
fixed part 51 and the sandwiched part 14 can effectively
hold the extending part 13.
[0142] Since the inclined part 12 of the top foil piece
11 and the thrust collar 4 are in contact with each other
at the time the thrust foil bearing 3 is started, when the
rotary shaft 1 rotates to start the thrust collar 4 rotating,
the inclined part 12 is subjected to a frictional force (solid
frictional force) toward the other side in the circumferen-
tial direction (toward the trailing side in the rotation direc-
tion). Even in a case where a fluid lubricating film is being
formed during the rotation of the thrust collar 4, when a
large load is applied from the thrust collar 4 to the top foil
piece 11, the thrust collar 4 may come into contact with
the inclined part 12, and the inclined part 12 may be sub-
jected to a frictional force toward the other side in the
circumferential direction.
[0143] Even if a force toward the other side in the cir-
cumferential direction acts on the inclined part 12 of the
top foil piece 11 in this way, since in the first modification,
the extending part 13 is fixed to the base plate 30 through
the fixed part 51, the above force is not only supported
by the connection part 13b between the extending part
13 and the sandwiched part 14 but can also be supported
by the fixed part 51. Therefore, a state where the extend-
ing part 13 is cantilevered by the sandwiched part 14 can
be eliminated, a high stress can be limited from acting
on the connection part 13b, and therefore even when the
top foil piece 11 is subjected to a frictional force toward
the other side in the circumferential direction, the top foil
piece 11 can be prevented from deforming or breaking.
[0144] In the fixed part 51 of the first modification, the
welding that may cause distortion to the top foil 10 is
used. However, since the top foil piece 11 of the top foil
10 of the first modification is held by the sandwiched part
14 and the fixed part 51, the number of welded positions
can be significantly decreased as compared to the con-
ventional case. Therefore, it is possible to reduce the
distortion caused to the top foil 10 and to limit the load
capacity of the thrust foil bearing 3 from deteriorating due
to the distortion of the top foil 10.
[0145] In the first modification, the flat part 23 of the
back foil piece 21 is also fixed to the base plate 30 through

the fixed part 51. Therefore, even if a load is applied from
the inclined part 12 to the support 22 of the back foil piece
21, this load can be appropriately supported by the sand-
wiched part 24 and the fixed part 51. Consequently, an
appropriate load capacity of the thrust foil bearing 3 can
be maintained.
[0146] In FIG. 27, the bent part 25 and the insertion
groove 31 of the first embodiment are omitted. In a case
where the fixed part 51 is used, the bent part 25 and the
insertion groove 31 may not be provided in the thrust foil
bearing 3 or may be provided therein.
[0147] Instead of the above first modification, the fol-
lowing modifications may be adopted.
[0148] FIG. 28 is a plan view showing a top foil 10 of
a thrust foil bearing 3 of a second modification of the
above first embodiment. FIG. 29 is a cross-sectional view
taken along line F-F and viewed in an arrow direction in
FIG. 28.
[0149] As shown in FIGS. 28 and 29, in the second
modification, a fixed part 52 is provided instead of the
fixed part 51 of the first modification. That is, an extending
part 13 of a top foil piece 11 of the second modification
includes the fixed part 52 that is fixed to the base plate
30. The fixed part 52 of the extending part 13 is fixed to
the base plate 30 through caulking. The base plate 30 is
provided with a hole 53 having a circular shape in a plan
view. The extending part 13 is pressed by a pressing tool
(not shown) while overlapping the flat part 23 of the back
foil piece 21, and parts of the extending part 13 and the
flat part 23 protrude toward the inside of the hole 53
through plastic deformation, thereby being fitted and
fixed into the hole 53. The other configurations of the
second modification are equivalent to the first modifica-
tion.
[0150] FIG. 30 is a plan view showing a top foil 10 of
a thrust foil bearing 3 of a third modification of the above
first embodiment. FIG. 31 is a cross-sectional view taken
along line G-G and viewed in an arrow direction in FIG.
30. FIG. 32 is a cross-sectional view taken along line H-
H and viewed in an arrow direction in FIG. 30.
[0151] As shown in FIGS. 30 to 32, in the third modifi-
cation, a fixed part 54 is provided instead of the fixed part
51 of the first modification. That is, an extending part 13
of a top foil piece 11 of the third modification includes the
fixed part 54 that is fixed to the base plate 30. The fixed
part 54 of the extending part 13 is fixed to the base plate
30 through caulking. The base plate 30 is provided with
a hole 55 having a rectangular shape in a plan view. The
extending part 13 is pressed by a pressing tool (not
shown) while overlapping the flat part 23 of the back foil
piece 21, and parts of the extending part 13 and the flat
part 23 protrude toward the inside of the hole 55 through
plastic deformation, thereby being fitted and fixed into
the hole 55. The other configurations of the third modifi-
cation are equivalent to the first modification.
[0152] FIG. 33 is a plan view showing a top foil 10 of
a thrust foil bearing 3 of a fourth modification of the above
first embodiment. FIG. 34 is a cross-sectional view taken
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along line I-I and viewed in an arrow direction in FIG. 33.
[0153] As shown in FIGS. 33 and 34, in the fourth mod-
ification, a fixed part 57 is provided instead of the fixed
part 51 of the first modification. That is, an extending part
13 of a top foil piece 11 of the fourth modification includes
the fixed part 57 that is fixed to the base plate 30. The
fixed part 57 of the extending part 13 is fixed to the base
plate 30 using a rivet 58. The rivet 58 is inserted through
a through-hole 30c provided in the base plate 30, a
through-hole 23c provided in the flat part 23, and a
through-hole 13c provided in the extending part 13. One
head 58a of the rivet 58 is locked to the base plate 30,
and another head 58b of the rivet 58 is locked to the
extending part 13, whereby the extending part 13 and
the flat part 23 are fixed to the base plate 30. The head
58b is disposed at a position closer to the base plate 30
in the axial direction than an end part on the other side
in the circumferential direction of the inclined part 12.
Therefore, even when the thrust collar 4 pushes the top
foil piece 11, it is possible to limit the thrust collar 4 from
contacting the head 58b. The other configurations of the
fourth modification are equivalent to the first modification.
[0154] Each of the above-described first to fourth mod-
ifications of the first embodiment can be applied to an-
other embodiment, that is, the above second to fifth em-
bodiments. For example, if the first modification is applied
to the second embodiment, as shown in FIG. 35, the fixed
part 51 is provided in each radially inner side of the two
extending parts 13 included in the top foil piece 11. If the
first modification is applied to the third embodiment, as
shown in FIG. 36, the fixed part 51 is provided in each
radially inner side of the six extending parts 13 included
in the top foil piece 11.
[0155] In the first to fourth modifications, the extending
part 13 is fixed to the base plate 30 through the flat part
23, that is, both of the extending part 13 and the flat part
23 are fixed to the base plate 30 through the fixed part,
but the present disclosure is not limited to this configu-
ration. A configuration may be used in which the fixed
part of the above first to fourth modifications fixes the flat
part 23 of the back foil piece 21 to the base plate 30 and
does not fix the extending part 13 of the top foil piece 11
thereto, and the extending part 13 is held only by the
sandwiched part 14 sandwiched between the base plate
30 and the bearing spacer 40.
[0156] On the other hand, a configuration may be used
in which the fixed part of the above first to fourth modifi-
cations fixes only the extending part 13 of the top foil
piece 11 to the base plate 30, the back foil 20 is provided
with no sandwiched part 24, and the back foil piece 21
is formed only of the support 22.
[0157] FIG. 37 is a cross-sectional view showing a
thrust foil bearing 3 of a fifth modification of the above
first embodiment. FIG. 38 is a plan view of a back foil
piece 21 of the thrust foil bearing 3 of the fifth modification
of the above first embodiment.
[0158] As shown in FIGS. 37 and 38, the fifth modifi-
cation has a configuration in which the fixed part 51 of

the first modification fixes only the extending part 13 to
the base plate 30, and the back foil piece 21 is formed
only of the support 22.
[0159] As shown in FIG. 38, an end part 21b on the
other side in the circumferential direction of the back foil
piece 21 is welded (spot-welded) to the base plate 30 at
a plurality of points. That is, the back foil piece 21 is fixed
to the base plate 30 through a plurality of welded parts
21c.
[0160] FIG. 39 is a cross-sectional view showing a
thrust foil bearing 3 of a sixth modification of the above
first embodiment.
[0161] As shown in FIG. 39, the sixth modification has
a configuration in which the fixed part 52 of the second
modification fixes only the extending part 13 to the base
plate 30. The other configurations of the sixth modifica-
tion are equivalent to the fifth modification.
[0162] FIG. 40 is a cross-sectional view showing a
thrust foil bearing 3 of a seventh modification of the above
first embodiment.
[0163] As shown in FIG. 40, the seventh modification
has a configuration in which the fixed part 54 of the third
modification fixes only the extending part 13 to the base
plate 30. The other configurations of the seventh modi-
fication are equivalent to the fifth modification.
[0164] FIG. 41 is a cross-sectional view showing a
thrust foil bearing 3 of an eighth modification of the above
first embodiment.
[0165] As shown in FIG. 41, the eighth modification
has a configuration in which the fixed part 57 of the fourth
modification fixes only the extending part 13 to the base
plate 30. The other configurations of the eighth modifi-
cation are equivalent to the fifth modification.
[0166] Each of the above-described fifth to eighth mod-
ifications of the first embodiment can be applied to an-
other embodiment, that is, the above second to fifth em-
bodiments.
[0167] In the above first to eighth modifications, the
extending part 13 or the flat part 23 is fixed to the base
plate 30 using the welding (spot-welding), the caulking
or the rivet, but the present disclosure is not limited to
these configurations, and a configuration may be used
in which the fixed part fixes the extending part 13 or the
flat part 23 to the base plate 30 through adhesive-fixing
or screwing.

Industrial Applicability

[0168] The present disclosure can be used for a thrust
foil bearing that is disposed to face a thrust collar provided
on a rotary shaft.

Description of Reference Signs

[0169]

1 rotary shaft (shaft)
2 impeller
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3 thrust foil bearing
4 thrust collar
5 housing
6 tip clearance
7 radial foil bearing
10 top foil
11 top foil piece
12 inclined part
13 extending part
14 sandwiched part
15 bent part
15A bent part
16 through-hole
17 slit
18 second slit
19 bent part
19A bent part
20 back foil
21 back foil piece
22 support
22a hill part
22b valley part
23 flat part
24 sandwiched part
25 bent part
26 through-hole
27 first slit
28 second slit
30 base plate
30a insertion hole
31 insertion groove
32 insertion groove
33 inclined surface
40 bearing spacer
41 fastening bolt
42 through-hole
51, 52, 54, 57 fixed part

Claims

1. A thrust foil bearing, comprising:

a base plate including an insertion hole through
which a shaft is inserted; and
a top foil disposed around the insertion hole,
wherein
the top foil includes:

a slit dividing the top foil into an inner area
and an outer area in a radial direction of the
insertion hole,
a sandwiched part disposed in the outer ar-
ea,
an extending part extending from the sand-
wiched part to the inner area, and
an inclined part being in the inner area, hav-
ing an end on one side in a circumferential

direction of the insertion hole connected to
the extending part, extending from the ex-
tending part toward another side in the cir-
cumferential direction, and inclined with re-
spect to a flat surface of the base plate ex-
tending a direction orthogonal to an axial
direction of the insertion hole.

2. The thrust foil bearing according to claim 1, wherein
an annular member is attached to the base plate, and
the sandwiched part is sandwiched between the
base plate and the annular member.

3. The thrust foil bearing according to claim 2, compris-
ing a fastening member attaching the annular mem-
ber to the base plate, wherein
the sandwiched part is provided with a through-hole
through which the fastening member is inserted.

4. The thrust foil bearing according to claim 3, wherein
a plurality of the through-holes are provided in the
sandwiched part.

5. The thrust foil bearing according to any one of claims
1 to 4, wherein the sandwiched part is formed into
an annular shape.

6. The thrust foil bearing according to any one of claims
1 to 5, wherein the sandwiched part is connected
with a plurality of the inclined parts through a plurality
of the extending parts,

the slit extends from an edge on the other side
in the circumferential direction of the inclined
part toward the one side in the circumferential
direction, and
the top foil is provided with a second slit, the
second slit extending from a radially inner side
toward a radially outer side along the edge on
the other side in the circumferential direction of
the inclined part and being connected to the slit
at a position on the radially outer side of the in-
clined part.

7. The thrust foil bearing according to any one of claims
1 to 6, wherein an end on the other side in the cir-
cumferential direction of the inclined part is a free
end.

8. The thrust foil bearing according to any one of claims
1 to 7, wherein an end on the one side in the circum-
ferential direction of the inclined part is provided with
a bent part, the bent part being bent toward the base
plate or being bent toward a distant side from the
base plate.

9. The thrust foil bearing according to claim 8, wherein
the base plate is provided with an insertion groove
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into which the bent part being bent toward the base
plate is inserted.

10. The thrust foil bearing according to claim 1 or 2,
wherein the extending part includes a fixed part that
is fixed to the base plate.
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