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(54) Shoe for use in swash plate type compressor and method of forming the same

(57) A shoe in a swash plate type compressor has
a spherical engaging surface that engages with a piston,
and a plane engaging surface that is substantially a
plane and engages with a swash plate. The plane en-
gaging surface includes a substantially planar sliding
surface, a substantially radially extending peripheral
surface and a connecting surface. The sliding surface
is formed near a center of the plane engaging surface

and slides over the swash plate. The peripheral surface
is formed near a periphery of the plane engaging sur-
face, is formed at a distance from the sliding surface
away from the surface of the swash plate so as to form
an inwardly-directed step in the plane engaging surface,
and is connected to the spherical engaging surface at
its outer periphery. The connecting surface connects the
sliding surface to the peripheral surface.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a shoe for use
in a swash plate type compressor and a method of form-
ing the shoe.
[0002] A swash plate type compressor compresses
gas by converting rotation of a swash plate to recipro-
cation of a piston. A pair of shoes, or sliding members,
is interposed between the swash plate, which rotates at
a high speed, and the piston, which reciprocates at a
high speed, to ensure smooth operations of the swash
plate and the piston. Since the swash plate rotates at a
high speed, sliding performance between the swash
plate and the piston is required to be relatively high. The
shoe is generally hemispherical crown-shaped. Namely,
the shoe includes a substantially plane engaging sur-
face engaging with the swash plate, and a substantially
hemispherical engaging surface engaging with the pis-
ton. In the hemispherical crown shoe, sliding perform-
ance between a plane sliding surface and a sliding sur-
face of the swash plate is desired to be relatively high.
Lubricant oil is thus generally required to be involved in
between the sliding surfaces. On the other hand, exist-
ing foreign substances are required not to be involved
in between the sliding surfaces so that the foreign sub-
stances do not flaw the sliding surfaces.
[0003] In order to fulfill the above two contradicting re-
quirements, as shown in Japanese Unexamined Patent
Publication No. 2002-332959, a shoe, in which a side
surface connects a hemispherical engaging surface to
a plane engaging surface, is disclosed. For example, the
side surface is formed such that the side surface is in-
clined with respect to the surface of the swash plate at
an angle of 45° . The shoe has relatively high sliding
performance.
[0004] The above mentioned shoe is preferably
formed by forging similarly to a common shoe. In forging
the above mentioned shoe, a pair of dies that includes
a first die for forming the hemispherical engaging sur-
face and a second die for forming the plane engaging
surface and the side surface is utilized. A blank piece is
set in the middle of the pair of dies, and the pair of dies
is closed so as to form the shoe. The blank piece plas-
tically flows to an outer periphery of a cavity of the pair
of dies in the cavity and reaches a surface correspond-
ing to a side surface of the pair of dies. Then, the blank
piece plastically flows along the surface, and finally the
shoe is formed by strongly pressing the blank piece
against the entire surface of the pair of dies.
[0005] Dimensional accuracy in a shoe is required to
be relatively high. Especially, the dimensional accuracy
in the height of the shoe, or the dimensional accuracy
in a distance between the plane engaging surface and
the hemispherical engaging surface, is required to be
relatively high since tolerance for clearance is small due
to a mechanism of a swash plate type compressor. On

the other hand, variation in quantities of blank pieces
may be permitted to some extent.
[0006] Although the periphery of the cavity in the pair
of dies molds a surface that connects the side surface
to the hemispherical engaging surface, the periphery of
the cavity functions as a space for absorbing the above
variation in the quantities of the blank pieces. However,
as mentioned above, since the side surface is inclined
with respect to the surface of the swash plate at a rela-
tively large angle, a part of a surface of the pair of dies
for molding the side surface causes resistance to plastic
flow of the blank piece. As a result, for example, when
the quantity of the blank piece is larger than a predeter-
mined normal quantity, rate of increase in reactive force
from the blank piece to the pair of dies and in amount of
spring back becomes large. Namely, when a shoe is
manufactured through forging, in which relatively large
resistance to the plastic flow of the blank piece is gen-
erated, the shoe is not accurately forged due to the var-
iation in the quantities of the blank pieces.

SUMMARY OF THE INVENTION

[0007] The present invention provides a shoe that has
relatively high sliding performance and dimensional ac-
curacy.
[0008] According to one preferred embodiment, a
shoe for use in a swash plate type compressor, inter-
posed between a swash plate and a piston, has a spher-
ical engaging surface and a plane engaging surface.
The spherical engaging surface engages with the pis-
ton. The plane engaging surface being substantially a
plane engages with the swash plate. The plane engag-
ing surface includes a substantially planar sliding sur-
face, a substantially radially extending peripheral sur-
face and a connecting surface. The sliding surface is
formed near a center of the plane engaging surface and
slides over a surface of the swash plate. The peripheral
surface is formed near a periphery of the plane engaging
surface. The peripheral surface is formed at a distance
from the sliding surface away from the surface of the
swash plate so as to form an inwardly-directed step in
the plane engaging surface. The peripheral surface is
connected to the spherical engaging surface at its outer
periphery. The connecting surface connects the sliding
surface to the peripheral surface.
[0009] According to one method embodiment, the
present invention also provides a method of forming a
shoe that is interposed between a swash plate and a
piston in a swash plate type compressor. The shoe in-
cludes a spherical engaging surface and a plane engag-
ing surface. The plane engaging surface is substantially
a plane and has a substantially planar sliding surface,
a substantially radially extending peripheral surface and
a connecting surface. The sliding surface is formed near
a center of the plane engaging surface and has a pre-
determined outer diameter. The peripheral surface is
formed near a periphery of the plane engaging surface
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and is formed at a distance from the sliding surface so
as to form an inwardly-directed step in the engaging sur-
face. The connecting surface connects the sliding sur-
face to the peripheral surface. The method embodiment
includes the steps of preparing a blank piece having a
predetermined outer diameter that is smaller than that
of the sliding surface, preparing a pair of dies including
a first die for molding the spherical engaging surface and
a second die for molding the plane engaging surface,
setting the blank piece in the pair of the dies and closing
the pair of the dies for forging the shoe.

BRIEF DISCRIPTION OF THE DRAWINGS

[0010] The features of the present invention that are
believed to be novel are set forth with particularity in the
appended claims. The invention together with objects
and advantages thereof, may best be understood by ref-
erence to the following description of the presently pre-
ferred embodiments together with the accompanying
drawings in which:

FIG. 1 is a longitudinal cross-sectional view of a
swash plate type compressor provided with a pair
of shoes in an embodiment according to the present
invention;

FIG. 2 is an enlarged cross-sectional view of one of
the pair of shoes in FIG. 1;

FIG. 3 is a partially enlarged cross-sectional view
of one of the pair of shoes in FIG. 2 sliding over the
swash plate according to the embodiment;

FIG 4 is a partially enlarged cross-sectional view of
one of pair of shoes in another embodiment accord-
ing to the present invention;

FIG. 5 is a perspective view of a blank piece from
which the shoe is forged;

FIG. 6 is a schematic view of a preparing process
for preparing a blank piece;

FIG. 7 is a schematic view of a forging process for
forging a shoe;

FIG. 8 shows plastic flow of a part of the blank piece
corresponding to the periphery of the shoe upon
forging the shoe;

FIG 9 is a cross-sectional view of a comparative
shoe;

FIG 10 is a schematic view of a forging process for
forging a comparative shoe;

FIG. 11 shows plastic flow of a part of a blank of the

comparative shoe corresponding to the periphery
of the comparative shoe upon forging the compar-
ative shoe;

FIG. 12 is a graph of the change of the reactive force
with respect to the molding time upon forging the
shoe in the embodiment and the comparative shoe;
and

FIG 13 is a graph of the change of the maximal re-
active force with respect to the change of the quan-
tity of the blank piece upon forging the shoe in the
embodiment and the comparative shoe.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0011] An embodiment of the present invention will
now be described by referring to FIGs. 1 to 13. A pair of
shoes in a swash plate type compressor for use in an
air conditioner of a vehicle will be described, for exam-
ple. The front side and the rear side respectively corre-
spond to the left side and the right side in FIG. 1.
[0012] As shown in FIG. 1, a reference numeral 10
denotes a cylinder block, and a plurality of cylinder bores
12 is formed in the cylinder block 10 on an identical cir-
cumference relative to the central axis of the cylinder
block 10. The cylinder bores 12 extend in the direction
of the central axis of the cylinder block 10. A single-
headed piston 14 is accommodated in each of the cyl-
inder bores 12 so as to reciprocate. A front housing 16
is fixed to the front end surface of the cylinder block 10,
and a rear housing 18 is fixed to the rear end of the cyl-
inder block 10 through a valve plate assembly 20. The
front housing 16, the rear housing 18 and the cylinder
block 10 constitute a housing of the swash plate type
compressor. A suction chamber 22 and a discharge
chamber 24 are defined between the rear housing 18
and the valve plate assembly 20 and are connected to
an external refrigerant circuit, which is not shown,
through an inlet 26 and an outlet 28, respectively. A suc-
tion port 32, a suction valve 34, a discharge port 36 and
a discharge valve 38 are formed in the valve plate as-
sembly 20.
[0013] A drive shaft 50 is supported by the housing so
as to rotate with respect to the central axis of the cylinder
block 10. The drive shaft 50 is rotatably supported by
the front housing 16 and the cylinder block 10 through
bearings. A support hole 56 is formed in the center of
the cylinder block 10 along the central axis of the cylin-
der block 10 and supports the rear end of the drive shaft
50 through one of the bearings. The front end of the drive
shaft 50 is connected to a vehicle engine, as a driving
source, which is not shown, through a clutch mechanism
such as an electromagnetic clutch. Therefore, when the
drive shaft 50 is connected to the vehicle engine by the
clutch mechanism upon an operation of the vehicle en-
gine, the drive shaft 50 rotates around its axis.
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[0014] A swash plate 60 is operatively connected to
the drive shaft 50 so as to move along and to tilt with
respect to the axis of the drive shaft 50. A through hole
61 is formed in the swash plate 60 along the central axis
of the swash plate 60, and the drive shaft 50 is inter-
posed through the through hole 61. The through hole 61
gradually increases in diameter toward both opening
ends of the through hole 61, and the cross section of the
opening ends are oblong holes. A lug plate 62 is secured
to the drive shaft 50 and is supported by the front hous-
ing 16 through a thrust bearing 64. A hinge mechanism
66 allows the swash plate 60 to integrally rotate with the
drive shaft 50 and to tilt with respect to the axis of the
drive shaft 50. The hinge mechanism 66 includes a pair
of support arms 67 fixed to the lug plate 62, a pair of
guide pins 69 slidably fitted into a pair of guide holes 68
of the support arms 67, the through hole 61 of the swash
plate 60, and the outer circumferential surface of the
drive shaft 50.
[0015] The piston 14 includes an engaging portion 70
and a head 72. The engaging portion 70 overpasses the
periphery of the swash plate 60. The head 72 is integral
with the engaging portion 70 and is fitted into the cylinder
bore 12. The head 72 in the present embodiment is a
hollow head to be light in weight. The head 72, the cyl-
inder bore 12 and the valve plate assembly 20 cooper-
atively define a compression chamber. The engaging
portion 70 engages with the periphery of the swash plate
60 through a pair of shoes 76, which is substantially
hemispherical. The shoes 76 will be described later.
[0016] Rotation of the swash plate 60 is converted into
reciprocation of the piston 14 through the pair of shoes
76. As the piston 14 moves from a top dead center to-
ward a bottom dead center, refrigerant gas in the suction
chamber 22 is sucked into the compression chamber in
the cylinder bore 12 through the suction port 32 and the
suction valve 34. As the piston moves from the dead
center toward the top center, the refrigerant gas in the
compression chamber in the cylinder bore 12 is com-
pressed and discharged into the discharge chamber 24
through the discharge port 36 and the discharge valve
38. Compression reactive force is applied to the piston
14 in a direction of the axis of the drive shaft 50 in ac-
cordance with compressing the refrigerant gas. The
front housing 16 receives the compression reactive
force through the piston 14, the swash plate 60, the lug
plate 62 and the thrust bearing 64.
[0017] A supply passage 80 is formed in the cylinder
block 10 so as to extend through the cylinder block 10.
The supply passage 80 interconnects the discharge
chamber 24 and a crank chamber 86 that is defined be-
tween the front housing 16 and the cylinder block 10. A
control valve 90 is disposed on the supply passage 80.
The value of an electric current supplied to a solenoid
92 of the control valve 90 is controlled by a controller
mainly constituted of a computer, which is not shown,
based on information such as cooling load.
[0018] A bleed passage 100 is formed inside the drive

shaft 50. The bleed passage 100 opens its one end to
the support hole 56, and opens its other end to the crank
chamber 86. The support hole 56 interconnects to the
suction chamber 22 through a bleed port 104.
[0019] The swash plate type compressor in the
present embodiment is a variable displacement type.
The pressure in the crank chamber 86 is controlled by
utilizing pressure differential between the discharge
chamber 24 as a relatively high pressure region and the
suction chamber 22 as a relatively low pressure region.
Thereby, pressure differential between the pressure in
the compression chambers in the cylinder bores 12 ap-
plied to the pistons 14 and the pressure in the crank
chamber 86 is adjusted, and strokes of the pistons 14
are varied by varying the inclination angle of the swash
plate 60, thus adjusting the displacement of the com-
pressor. Additionally, the crank chamber 86 disconnects
from the discharge chamber 24 and interconnects with
the discharge chamber 24 by opening and closing the
control valve 90. Thereby, the pressure in the crank
chamber 86 is controlled.
[0020] The cylinder block 10 and the pistons 14 are
preferably made of aluminum alloy. The outer circum-
ferential surfaces of the pistons 14 are preferably coated
with fluororesin. With the pistons 14 coated with fluor-
oresin, seizure is inhibited by avoiding directly contact-
ing with a metal of the same kind, and clearances be-
tween the cylinder block 12 and the pistons 14 are re-
duced. The material of the cylinder block 10, the pistons
14 and the coating layers are not limited as described
above, but may be changed into other materials.
[0021] The engaging portions 70 of the pistons 14 are
substantially U-shaped. The engaging portions 70 each
provide a pair of arms 120,122 and a connecting portion
124. The pair of arms 120, 122 extends in parallel with
each other in a direction perpendicular to the central axis
of the head 72. The connecting portion 124 intercon-
nects the bases of the arms 120, 122. Spherical con-
cave surfaces 128 are formed on the facing surfaces of
the arms 120, 122 for supporting the shoes 76 and slid-
ing over the shoes 76, respectively. The spherical con-
cave surfaces 128 cooperatively form a part of an iden-
tical hypothetical spherical sliding surface.
[0022] A base member of the swash plate 60, which
slides over the shoes 76, is made of ductile iron. Alumi-
num layers are formed on the sliding surfaces 132,134
of the base member of the swash plate 60 by metal
spraying, and lubricant layers are further formed on the
aluminum layers. The lubricant layers are made of syn-
thetic resin dispersedly containing molybdenum di-
sulfide and graphite as a solid lubricant. The aluminum
layers sufficiently reduce friction generated between the
sliding surfaces, and ensure relatively high sliding per-
formance between the shoes 76 and the swash plate
60. Even if the lubricant layers abrade or peel off due to
some causes, the aluminum layers maintain a smooth
slide. The structure of the swash plate 60, such as ma-
terial of the base member of the swash plate 60, the ma-
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terial and the thickness of the lubricant layer, with or
without the lubricant layer, the thickness of the alumi-
num spraying layers, and with or without the aluminum
spraying layer, can be varied.
[0023] As shown in FIG 2, the shoe 76 includes a
spherical engaging surface 150 and a plane engaging
surface 152. The spherical engaging surface 150 is sub-
stantially a part of a sphere surface in shape and engag-
es with the piston 14. The plane engaging surface 152
is substantially a plane in shape and engages with the
swash plate 60. The plane engaging surface 152 in-
cludes a plane sliding surface 154, a peripheral surface
156 and an annular connecting surface 158. The plane
sliding surface 154 is formed near the center of the plane
engaging surface 152 and slides over the sliding surfac-
es 132 or 134 of the swash plate 60. The peripheral sur-
face 156 is formed adjacent to the periphery of the plane
engaging surface 152. The peripheral surface 156 ex-
tends in a substantially radial direction, such that the pe-
ripheral surface 156 is oriented in a range from substan-
tially parallel to the plane sliding surface 154 to slightly
inclined with respect to the plane siding surface 154.
The peripheral surface 156 and the plane sliding surface
154 form an inwardly-directed step therebetween.
Namely, the peripheral surface 156 is formed at a dis-
tance from an extended plane surface of the plane slid-
ing surface 154 away from the sliding surface 132 or
134 facing the plane sliding surface 154. The peripheral
surface 156 is connected to the spherical engaging sur-
face 150. The connecting surface 158 connects the
plane sliding surface 154 to the peripheral surface 156.
In FIG. 2, the step between the peripheral surface 156
and the plane sliding surface 154 is exaggeratingly
shown for easy understanding. Preferably, the plane
sliding surface 154 forms a convex surface, the radius
of the curvature of which is very large. In the present
embodiment, where a first hypothetical plane includes
the periphery of the plane engaging surface 152, and
where a second hypothetical plane that is parallel with
the first hypothetical plane contacts the plane engaging
surface 152, a distance between the first and second
hypothetical planes is 5µm along a straight line perpen-
dicular to the first and second hypothetical planes. A first
shoe recess 160 is formed at the center of the plane
engaging surface 152 so as to store lubricant oil therein.
Thereby, high sliding performance is ensured. Conse-
quently, the plane engaging surface 152 is annular in
shape. Meanwhile, the spherical engaging surface 150
includes a spherical sliding surface 162 and a peripheral
rounded surface 164. The spherical sliding surface 162
is substantially a part of a sphere surface and slides over
the spherical concave surface 128 of the piston 14. A
second shoe recess 163 is formed at the center of the
spherical sliding surface 162 so as to be pressed by a
dowel pin upon forging. The peripheral rounded surface
164 connects the spherical sliding surface 162 to the
peripheral surface 156 of the plane engaging surface
152. The shoe 76 is generally called a hemispherical

crown shoe. Practically, a spherical engaging surface
and a plane engaging surface of the hemispherical
crown shoe are respectively modified from a strict
spherical engaging surface and a strict plane engaging
surface so as to improve sliding performance. For ex-
ample, a plane sliding surface forms a convex surface
such that the center of the plane sliding surface pro-
trudes by 5 to 10µm from the periphery of the plane slid-
ing surface. The hemispherical crown shoe in the
present embodiment includes the modified plane en-
gaging surface. Although the shoe in the present em-
bodiment can be used in variable and fixed displace-
ment type compressors, generally, a shoe for use in a
variable displacement type compressor is smaller than
a hemisphere, and a shoe for use in a fixed displace-
ment type compressor is larger than a hemisphere. In
the variable displacement type compressor, both spher-
ical engaging surfaces of the pair of shoes on each side
of the swash plate needs to cooperatively form a part of
identical hypothetical spherical surface. Each of the
shoes is substantially a part of sphere and is smaller in
thickness by substantially a half of the thickness of the
swash plate than a hemisphere. On the other hand, in
the fixed displacement type compressor, no such limi-
tations as that of the variable displacement type com-
pressor is required. Therefore, thickness of each of the
shoes is more than a hemisphere in order to inhibit the
area of the sliding surface of the shoe from reducing
even if the plane engaging surface abrades.
[0024] Referring to FIGs. 1 and 2, the pair of shoes
76 is slidably held by the spherical concave surface 128
of the piston engaging portion 70. The plane sliding sur-
faces 154 of the pair of shoes 76 are in contact with the
sliding surfaces 132 and 134, which are both surfaces
of the periphery of the swash plate 60, and the swash
plate 60 is interposed between the pair of shoes 76. In
other words, the plane sliding surfaces 154 of the pair
of shoes 76 slide over the swash plate 60, and the spher-
ical sliding surfaces 162 of the pair of shoes 76 slide
over the piston 14. The spherical sliding surfaces 162
of the pair of shoes 76 cooperatively form a part of an
identical hypothetical spherical sliding surface. Namely,
the shoe 76 is substantially a part of a sphere, the thick-
ness of which is substantially smaller than a hemisphere
by a half of the thickness of the swash plate 60.
[0025] The shoe 76 includes a base member and a
metal plating layer that coats the surface of the base
member of the shoe 76. The base member is made of
Al-Si series alloy such as A4032, the base of which is
aluminum and contains silicone such that the composi-
tion ratio is closer to that of eutectic. The metal plating
layer is formed by electroless plating with nickel. The
hardness and the strength of the metal plating layer is
relatively high. Thereby, the shoe is inhibited from
abrading and being flawed. The average thickness of
the electroless nickel plating layer is 50µm and is omit-
ted in FIG. 2. The structure of the shoe 76, such as the
material of the base member of the shoe 76, and the
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material and the thickness of the metal plating layer, are
not limited to that in the present embodiment. The shoe,
the base member of which is made of aluminum series
alloy, is relatively right in weight. Therefore, the shoe is
appropriate for use in a swash plate type compressor
installed in an air conditioner of a vehicle. A kind of alu-
minum series alloy is not limited. Aluminum series alloy,
which is generally used in various fields, or which is well
known, may be applied. For example, Al-Si having eu-
tectic composition of approximately A4032 (JIS H 4000)
may be applied. Al-Si series alloy has relatively small
coefficient of thermal expansion and relatively high
abrasion resistance. Therefore, the shoe, the base
member of which is made of Al-Si series alloy, slides
smoothly. Also, for example, Al-Cu-Mg series alloy such
as A2017 and A2024 (JIS H 4000) may be applied.
Since the strength of the Al-Cu-Mg series alloy is rela-
tively high, the shoe, the base member of which is made
of Al-Cu-Mg series alloy, performs relatively high
strength and high durability. It is preferable that the sur-
face of the base member made of aluminum series alloy
is coated with metal plating layer. The metal plating layer
is preferably electroless nickel plating layer such as Ni-
P and Ni-B. Electroless nickel plating layer is uniform.
When solidified, electroless nickel plating layer has a
hardness of more than Hv500 (Vickers hardness).
Thereby, electroless nickel plating layer performs rela-
tively high abrasion and high anti-corrosion. Further-
more, the shoe made of aluminum series alloy is usually
forged from a cylindrical blank piece. Quantities of the
cylindrical blank pieces vary in a wide range. However,
since the shoe in the present invention is accurately
forged as mentioned later, the shoe made of aluminum
series alloy is advantageous to the present invention.
The base member of the shoe in the present invention
may also be made of iron series alloy. Iron series alloy
is relatively low cost and relatively high in strength and
hardness. Therefore, the shoe, the base member of
which is made of iron series alloy, is relatively low cost,
and provides relatively high abrasion resistance and
high durability. A kind of iron series alloy is not limited.
High carbon chromium bearing steel SUJ2 (JIS G 4805)
is preferably employed. The shoe made of high carbon
chromium bearing steel is manufactured by thermal re-
fining such as quenching or tempering, and nitriding. A
relatively large load is required upon forging the shoe
made of high carbon chromium bearing steel compared
to the shoe made of aluminum series alloy. In the shoe
in the present invention, since the blank piece plastically
flows easily upon forging even when the quantities of
the blank pieces vary in a wide range, cost of a die is
reduced. Therefore, the shoe made of high carbon chro-
mium bearing steel is advantageous to the present in-
vention. Furthermore, metallic material such as magne-
sium, and resin may be employed as material of the
base member of the shoe.
[0026] As shown in FIG. 3, the connecting surface 158
is located in the step between the plane sliding surface

154 and the peripheral surface 156. The connecting sur-
face 158 includes a chamfered surface 180, a first
rounded corner 182 and a second rounded corner 184.
The chamfered surface 180 is a side surface of a circular
truncated cone. The diameter of the chamfered surface
180 near the peripheral surface 156 is larger than that
of the chamfered surface 180 near the plane sliding sur-
face 154. The first rounded corner 182 connects the
chamfered surface 180 to the plane sliding surface 154.
The second rounded corner 184 connects the cham-
fered surface 180 to the peripheral surface 156. Each
boundary is indicated by a circle in FIG. 3 for the sake
of convenience. A distance D of the step between the
plane sliding surface 154 and the peripheral surface 156
is a predetermined distance. The distance D of the step
corresponds to a distance between an extended plane
sliding surface 186, which is substantially perpendicular
to the central axis of the shoe 76 and contacts the plane
sliding surface 154, and a periphery of the peripheral
surface 156 connecting to the second rounded corner
184. When the plane sliding surface 154 is a plane in
shape and parallel to the peripheral surface 156, the dis-
tance D is a distance between the plane sliding surface
154 and the peripheral surface 156. In the present em-
bodiment, the distance D is 0.2mm. A chamfered sur-
face angle α between the chamfered surface 180 and
the extended plane sliding surface 186, the radius r of
curvature of the first rounded corner 182 and the radius
r' of the second rounded corner 184 are respectively de-
termined. In the shoe 76 in the present embodiment, the
chamfered angle is preferably 45° , and the radii r and
r' of curvature are preferably 0.2mm.
[0027] In FIG. 3, the shoe 76 is in contact with the
swash plate 60 such that a central axis of the shoe 76
is perpendicular to the sliding surface 132 of swash plate
60. The plane sliding surface 154 of the shoe 76 is slight-
ly convex in shape as mentioned above. Therefore, a
small clearance 190 that gradually increases in a direc-
tion of the periphery of the shoe 76 is maintained be-
tween the plane sliding surface 154 and the sliding sur-
face 132. The clearance 190 is exaggeratingly shown
in FIG. 3 for easy understanding. A layer of lubricant oil
is formed in between the sliding surfaces. Thereby, slid-
ing performance improves. The extended plane sliding
surface 186 as a standard for the distance D and cham-
fered surface angle α is a plane that is perpendicular to
the central axis of the shoe 76 and contacts the plane
sliding surface 154 as mentioned above. In FIG. 3, since
the plane sliding surface 154 of the shoe 76 is slightly
convex in shape, the extended plane sliding surface 186
corresponds to the sliding surface 132 of the swash
plate 60. The distance D corresponds to a distance be-
tween the sliding surface 132 of the swash plate 60 and
the peripheral surface 156, and the chamfered surface
angle α corresponds to an angle between the cham-
fered surface 180 and the sliding surface 132 of the
swash plate 60.
[0028] When the shoe 76 slides over the swash plate
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60, that is, the shoe 76 relatively moves toward a direc-
tion indicated by an arrow in FIG. 3, lubricant oil on the
surface of the swash plate 60, which is omitted in the
drawings, is led from a space 192 between the connect-
ing surface 158 of the shoe 76 and the sliding surface
132 of the swash plate 60 into the clearance 190. The
cross section of the space 192 is wedge-shaped. When
foreign substances 194 are involved in the space 192,
since the chamfered surface angle α and the radius r of
curvature of the first corner 182 are appropriately de-
signed, relatively large foreign substances 194, which
may affect sliding performance, is retarded from being
involved in the clearance 190. Namely, when the con-
necting surface 158 is appropriately formed at the pe-
riphery of the plane sliding surface 154 as shown in FIG.
3, the foreign substances 194 can be excluded while the
lubricant oil is included between the sliding surfaces.
Therefore, when the shoe includes the connecting sur-
face 158, the shape of which is appropriate, high sliding
performance is ensured. As mentioned above, unless
lubricant oil is included between the sliding surfaces and
harmful foreign substances are not included between
the sliding surfaces, relatively high sliding performance
between the sliding surfaces cannot be obtained. In-
cluding the lubricant oil and excluding the foreign sub-
stances will be described by referring to a swash plate
type compressor constituting an air conditioner. The lu-
bricant oil is included in the refrigerant gas, and the lu-
bricant oil forms oil film such that relatively high sliding
performance between the sliding surfaces is main-
tained. Therefore, when the lubricant oil is not included
between the sliding surfaces, sliding performance dete-
riorates. Also, there may be various foreign substances
in the swash plate type compressor, such as, for exam-
ple, tailing generated due to friction in various places,
remaining microscopic burrs from manufacturing, and
dusts introduced from a refrigerant conduit connected
to the compressor. These foreign substances should be
sufficiently managed. However, it is hard to completely
remove these foreign substances. Therefore, these for-
eign substances exist in between the sliding surfaces,
and then remain. When the foreign substances remain
between the sliding surfaces, the sliding surfaces are
flawed, and sliding performance between the sliding
surfaces deteriorates. To sufficiently include the lubri-
cant oil and to sufficiently exclude the foreign substanc-
es, the geometry of the shoe 76, which slides over the
swash plate 60, is important. In the shoe in the present
invention, these requirements can be satisfied by ad-
justing the shape of the connecting surface 158 adjacent
to the periphery of the plane sliding surface 154. The
structure in the present embodiment is one of the exam-
ples. Characteristics for excluding foreign substances
and characteristics for including lubricant oil are regu-
lated by adjusting the shapes of the chamfered surface
180 and the first rounded corner 182. Therefore, a shoe
having relatively high sliding performance is obtained.
Meanwhile, since the chamfered surface is formed in the

step, which is relatively small, the length of the cham-
fered surface 180, which is a distance of the chamfered
surface 180 in the height of the shoe, is relatively short.
For example, when the step is relatively small and the
first and second rounded corners 182 and 184 are rel-
atively large, the length of the chamfered surface 180 is
extremely short. In an ultimate case, the length of the
chamfered surface 180 is zero. In this case, a boundary
between the first rounded corner 182 and the second
rounded corner 184 can be regarded as the chamfered
surface 180. In the present embodiment, the chamfered
surface 180 includes the above configurations.
[0029] In FIG. 3, a representative foreign substance
194 is substantially a sphere in shape, the diameter of
which is about 100µm. Since the foreign substance 194,
which is relatively large, contacts the chamfered surface
180, characteristics for excluding foreign substance is
determined based on the chamfered angle α. When the
foreign substances are relatively small, the foreign sub-
stances contact the first rounded corner 182, not the
chamfered surface 180. Therefore, characteristics for
excluding foreign substances are determined based on
the radius r of curvature of the first rounded corner 182.
More particularly, when the foreign substances contact
the first rounded corner 182, characteristics for exclud-
ing foreign substances is determined based on a tan-
gent plane angle between the extended plane sliding
surface 186 and a tangent plane to the first sliding
rounded corner 182 at a point of contact, where the for-
eign substances contact the first rounded corner 182.
When the tangent plane angle is relatively large, the for-
eign substance is easily excluded. When the tangent
plane angle is relatively small, the foreign substances
are easily included between the sliding surfaces. When
the diameter of the foreign substance is unchanged, as
the radius r of curvature of the first rounded corner 182
is small, characteristics for excluding foreign substanc-
es become excellent. On the other hand, as the radius
r of curvature of the first rounded corner 182 is large,
the lubricant oil is easily included between the sliding
surfaces. When the radius r of curvature of the first
rounded corner 182 is extremely small and the first
rounded corner 182 contacts the sliding surface 132 of
the swash plate 60, the first rounded corner 182 may
peel off the lubricant layer containing a solid lubricant
because of the relatively low strength and hardness of
the lubricant layer. Also, when the radius r of curvature
of the first rounded corner 182 is extremely small, the
rounded corner 182 excludes not only the foreign sub-
stances but also the lubricant oil. Furthermore, the sur-
faces of the shoes 76 are usually smoothed by barrel
polishing, and the shoes 76 abut against each other up-
on barrel polishing. Therefore, when the radius r of cur-
vature of the first rounded corner 182 is extremely small,
the shoes 76 may be flawed from the first rounded cor-
ner 182. Accordingly, the chamfered surface angle α
and the radius r of curvature of the first rounded corner
182 can be appropriately determined in accordance with
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the purpose of the shoe 76 in view of characteristics for
excluding foreign substances and characteristics for in-
cluding lubricant oil. When the chamfered surface angle
α is an appropriate angle, which is relatively small, the
lubricant oil is sufficiently included between the sliding
surfaces. However, when the chamfered surface angle
α is too small, characteristics for excluding foreign sub-
stances deteriorates. In other words, the foreign sub-
stances are easily caught in between the chamfered
surface 180 and the sliding surface 132 of the swash
plate 60, when the shoe 76 moves in this state, the for-
eign substances are included between the plane sliding
surface 154 of the shoe 76 and the sliding surface 132
of the swash plate 60. On the other hand, when the
chamfered surface angle α is increased to an angle of
90° , the chamfered surface 180 pushes the foreign sub-
stances aside. Namely, as the chamfered surface angle
α is large, characteristics for excluding foreign sub-
stances improves. Even when the chamfered surface
angle α is relatively large, the chamfered surface 180
substantially does not restrict the plastic flow of the
blank piece upon forging due to the relatively small dis-
tance D. Therefore, the chamfered surface 180 hardly
becomes one of causes that reduce the dimensional ac-
curacy in the shoe 76. To obtain relatively high charac-
teristics for excluding foreign substances, it is preferable
that the chamfered surface angle α is 35° or above. The
chamfered surface angle α is more preferably 40° or
above. On the other hand, it is preferable that the cham-
fered surface angle α is 90° or below. In view of char-
acteristics for involving lubricant oil and for restricting
the plastic flow of the blank piece upon forging, the
smooth plastic flow requires the smaller chamfered sur-
face angle α, the chamfered surface angle α is prefer-
ably 75° or below, more preferably 60° or below, and
much more preferably 50° or below. When the length of
the chamfered surface 180 is substantially zero, the
chamfered surface angle α is defined as an angle be-
tween the first and second rounded corner. That is,
where the cross-section of the shoe is taken along a hy-
pothetical plane including a central axis of the shoe and
perpendicular to the plane sliding surface 154, the
chamfered surface angle α is defined as an angle be-
tween the extended plane sliding surface 186 and a hy-
pothetical tangent line of both the first and second
rounded corners 182 and 184. In view of characteristics
for involving the lubricant oil in between the sliding sur-
faces, for inhibiting the shoe from being flawed upon
barrel polishing, and for avoiding the metal plating layer
from abrading, the radius r of curvature of the first round-
ed corner 182 is preferably 0.05mm or above. The radi-
us r of curvature of the first rounded corner 182 is more
preferably 0.1 mm or above, and is much more prefer-
ably 0.15mm or above. When the radius r of curvature
of the first rounded corner 182 is relatively large, rela-
tively small foreign substances contact the first rounded
corner 182, not the chamfered surface 180. In such a
state, characteristics for excluding foreign substances

depends on an angle between a tangent plane at a point
of contact with foreign substance and the extended
plane sliding surface, that is, a tangent plane angle.
When the shoe contacts foreign substances at its cham-
fered surface, characteristics for excluding foreign sub-
stances improves as the tangent plane angle increases.
In addition, when a foreign substance of the same di-
ameter contacts the first rounded corner 182, the tan-
gent plane angle increases as the radius r of curvature
of the first rounded corner 182 decreases. Namely, as
the radius r of curvature of the first rounded corner 182
reduces, characteristics for excluding foreign substanc-
es improves. Accordingly, when focusing on character-
istics for excluding foreign substances, the radius r of
curvature of the first rounded corner 182 is 0.5mm or
below, is preferably 0.4mm or below, and is more pref-
erably 0.3mm or below. Furthermore, Japanese Unex-
amined Patent No. 2002-332959 can be referred to
about a relationship between the diameter of the foreign
substance and the radius r of curvature for a help of un-
derstanding.
[0030] The distance D of the step between the periph-
eral surface 156 and the plane sliding surface 154 af-
fects characteristics of the shoe 76. In the present em-
bodiment, since the distance D of the step between the
peripheral surface 156 and the plane sliding surface 154
is preferably about 0.2mm, the foreign substance, the
diameter of which is smaller than 200µm, is not caught
in between the sliding surface 132 of the swash plate
60 and the peripheral surface 156. The distance D can
be set in accordance with largeness of expected foreign
substances, the shape of the connecting surface 158
and easiness of plastic flow of a blank piece upon forg-
ing as will be mentioned later. When the distance D is
too small, it is hard to include the lubricant oil between
the sliding surface 132 of the swash plate 60 and the
plane sliding surface 154 of the shoe 76. When consid-
ering the above description, it is preferable that the dis-
tance D is 0.02mm or above. As the distance D is small,
it is easy to include relatively small foreign substances
in between the peripheral surface 156 and the sliding
surface 132 of the swash plate 60. When the distance
D is much smaller, the shape of the connecting surface
158 is limited, and the connecting surface 158 may not
be appropriately formed such that the lubricant oil is suf-
ficiently included between the sliding surface 132 of the
swash plate 60 and the plane sliding surface 154 of the
shoe 76 and the foreign substances are sufficiently ex-
cluded. When considering the above descriptions, it is
preferable that the distance D is 0.05mm or above.
When focusing on excluding larger foreign substances,
the distance D is preferably 0.1 mm or above, and is
more preferably 0.15mm or above. On the other hand,
when the distance D is relatively large, the resistance to
the plastic flow of the blank piece upon forging becomes
large. When considering the above description, it is pref-
erable that the distance D is 0.5mm or below. When fo-
cusing on that the resistance is reduced more, the dis-
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tance is preferably 0.3mm or below, and is more prefer-
ably 0.25mm or below. Furthermore, in the above men-
tioned embodiment, the peripheral surface 156 is sub-
stantially parallel to the plane sliding surface 154. When
considering that the resistance to the plastic flow of the
blank piece upon forging is reduced, the structure is
preferable. However, as shown in FIG. 4, the peripheral
surface 156 can be inclined with respect to the plane
sliding surface 154. In this case, it is desired that the
peripheral surface 156 is formed such that an angle β
between the peripheral surface 156 and the extended
plane sliding surface 186 is less than 10° . In the above
range of the angle β, the resistance to the plastic flow
of the blank piece does not increase upon forging as will
be mentioned in detail later. In addition, the width of the
peripheral surface 156, that is, a distance between the
outer and the inner edges of the peripheral surface 156,
can be determined by considering variation in quantities
of blank pieces and the easiness of plastic flow of the
blank upon forging. As the area of the plane sliding sur-
face 154 is large, sliding becomes stable. It is desired
that the width of the peripheral surface 156 is deter-
mined such that the sufficient area of the plane sliding
surface 154 is ensured. Since the peripheral rounded
surface 164, which is an outer periphery of the shoe 76,
is a part for absorbing variation in quantities of blank
pieces, the shape of the peripheral rounded surface 164
is different in each shoe.
[0031] One of the manufacturing processes of the
shoe 76 in the present embodiment will be described.
The shoe is manufactured by the steps of a preparing
process for preparing a blank piece, a forging process,
a thermal refining process, a grinding and polishing
process, a plating process and a finishing process. A
method of forming a shoe according to an embodiment
of the present invention includes the preparing process
and the forging process.
[0032] The blank is the aluminum series alloy as men-
tioned above. A blank piece 200 formed from the blank
is cylindrical as shown in FIG. 5. Particularly, the cylin-
drical blank 200 has an outer diameter that is smaller
than that of the plane sliding surface 154 of the shoe 76,
and a height that is larger than that of the shoe 76. A
first recess 202 corresponding to the first shoe recess
160 on the plane engaging surface 152 of the shoe 76
is formed on one end surface and a second recess 203
corresponding to the second shoe recess 163 on the
plane engaging surface 152 of the shoe 76 is formed on
the other end surface. The blank piece 200 is made by
forming the first and second recesses 202 and 203 in a
cylindrical blank base. The blank base is preferably
made by the steps of molding a billet made of aluminum
series alloy with predetermined composition, forming a
cylindrical rod with a predetermined diameter by extrud-
ing and drawing the billet, annealing the cylindrical rod,
cutting the cylindrical rod into pieces with a predeter-
mined length by a sawing machine or a shear, and
smoothing a surface of the cut blank by barrel polishing.

[0033] As shown in FIG. 6, the first and second re-
cesses 202 and 203 are formed by upset forging. A pair
of dies 206 for forming a recess includes a drag 212 sup-
ported by a base 210 through a spring damper 208, and
a cope 213 opposite to the drag 212. The drag 212 has
a setting recess 214 where a blank base 204 is set. The
setting recess 214 is formed such that the inner diame-
ter of the setting recess 214 is slightly larger than the
outer diameter of the blank base 204 and the depth of
the setting recess 214 is smaller than the height of the
blank piece 200. The drag 212 has a circular through
hole 215 that connects the center of the bottom of the
setting recess 214. A cylindrical pin 216 is formed on
the base 210. One end of the cylindrical pin 216 is fixed
to the base 210, and the other end of the cylindrical pin
216 is interposed in the circular through hole 215. The
cope 213 has a contacting recess 218 such that the bot-
tom of the contacting recess 218 contacts one end of
the blank base 204 when the pair of dies 206 is closed.
The inner diameter of the contacting recess 218 is slight-
ly larger than the outer diameter of the blank base 204.
A protrusion 219 is formed on the center of the bottom
of the contacting recess 218. In a state when the blank
base 204 is set in the setting recess 214 of the drag 212,
when the cope 213 is operated downward, the cope 213
and the drag 212 are closed, and then the drag 212 is
lowered with respect to the base 210. Therefore, the one
end of the cylindrical pin 216 protrudes into the setting
recess 214 from the circular through hole 215, and the
one end of the cylindrical pin 216 and the protrusion 219
of the cope 213 are pressed against each of the end
surfaces of the blank base 204. Accordingly, the first and
second recesses 202 and 203 are formed on each of
the surfaces of the blank base 204, and the blank piece
200 is completed.
[0034] The preparing process finishes as mentioned
above. The preparing process is not limited to the above
mentioned embodiment. For example, when a shoe is
formed from a spherical blank piece, the spherical blank
piece is made in the preparing process. In this case, the
preparing process includes the steps of cutting a cylin-
drical blank into pieces, pressing, flushing, grinding and
polishing. When a shoe is formed from a blank piece
that does not have a recess, a recess does not need to
be formed in the blank piece in the preparing process.
When a predetermined blank piece is purchased, the
preparing process is not necessarily performed. A shoe
may be formed from the purchased predetermined
blank piece.
[0035] The blank piece 200 is applied to the forging
process. A forging process is schematically shown in
FIG. 7. A forging apparatus with a pair of dies 224 in-
cluding a cope 220 and a drag 222 is used for cold forg-
ing. In a state when the cope 220 and the drag 222 are
closed, a cavity, which has substantially the same shape
as the shoe 76, is formed. The cavity has substantially
the same shape as the base member of the shoe 76.
The cavity is smaller than the shoe 76 substantially by
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a portion corresponding to the thickness of the electro-
less nickel plating layer formed on the surface of the
base member of the shoe 76. The drag 222 has a pro-
trusion 226, the shape of which is substantially the same
shape as the first recess 202. The blank piece 200 is
positioned on the drag 222 by fitting the protrusion 226
into the first recess 202. The cope 220 has a movable
dowel pin 227. The top end of the dowel pin 227 is fitted
into the second recess 203 formed in the blank piece
200. In this manner, since the first and second recesses
202 and 203 are previously formed before a forging
process, the blank piece 200 is positioned appropriately
in the pair of dies 224 by means of the first and second
recesses 202 and 203, the protrusion 226 and the dowel
pin 227. Thereby, the blank piece 200 plastically flows
isotropically. The shapes and the dimensions of the
forged base members of the shoes 76 vary in a narrow
range, and the shoes 76 ensure high quality. After
putting the blank piece 200 on the drag 222, the base
member of the shoe 76 is forged by operating the cope
220 downward and fitting the cope 220 onto the drag
222.
[0036] More particularly, a molding surface of the
cope 220 as a first die molds the spherical engaging sur-
face 150 of the shoe 76. A molding surface of the drag
222 as a second die molds the plane engaging surface
152 of the shoe 76. In a state when the cope 220 and
the drag 222 are closed, a space between a part of the
surface of the drag 222 that molds the plane sliding sur-
face 154 and the surface of the cope 220 determines
the dimension of the height of the base member of the
shoe 76. The cope 220 and the drag 222 are closed so
that the periphery of the cope 220 contacts the periphery
of the drag 222. Therefore, the pair of the dies 224 con-
tributes to improve dimensional accuracy in the height
of the base member of the shoe 76. However, since the
contact between the pair of dies 224 has an influence
on a durability of the dies, it is desired to determine
whether the cope 220 contacts the drag 222 or not, and
which parts of the cope 220 and the drag 222 contact
each other by considering the influence.
[0037] The cavity of the pair of dies 224 is formed such
that a surplus space 228 that is not filled with the blank
piece in the periphery of the cavity is left. The surplus
space 228 absorbs the variation in the quantities of the
blank pieces 200. In other words, the surface of the drag
222 that molds the peripheral surface 156 extends to-
ward the periphery of drag 222, and the surface of the
cope 220 that molds the spherical sliding surface 162
extends. The surplus space 228 is defined by the ex-
tended surfaces of the drag 222 and the cope 220. On
the contrary, the quantity of the blank piece 200 is de-
termined such that the surplus space 228 is left unfilled.
The peripheries of the base materials of the shoes 76,
which are formed in the surplus space 228, are slightly
different from each other due to the variation in the quan-
tities of the blank pieces 200. However, in a state when
the shoe 76 is put in a swash plate type compressor,

since the peripheral rounded surface 164 corresponding
to the surface of the periphery of the base material of
the shoe 76 dose not slide over a piston and a swash
plate, the above mentioned variation does not affect per-
formance of the swash plate type compressor.
[0038] After the blank piece 200 is set in the pair of
dies 224, once the pair of dies 224 begins to close, the
blank piece 200 is pressed by the pair of dies 224 in a
vertical direction. Thereby, the blank piece 200 deforms
such that the blank piece 200 spreads toward the outer
periphery of the cavity. Namely, the blank piece 200
plastically flows toward the outer periphery of the cavity.
As the cope 220 is lowered, the side surface of the blank
piece 200 moves toward the outer periphery of the cav-
ity. When the pair of dies 224 has finished closing, the
cope 220 and the drag 222 tightly press the blank piece
200, and the cavity is filled with the blank piece 200 ex-
cept the above mentioned surplus space 228. At the
time, the forging process has finished. Besides, in a
case that the forged shoe 76 is taken from the pair of
dies 224, the dowel pin 227 is pushed down as the cope
220 is operated upward. Thereby, the forged shoe 76 is
separated from the cope220 and is easily taken from the
pair of dies 224.
[0039] Plastic flow of a part of the blank piece 200 cor-
responding to the periphery of the shoe 76 is shown in
FIG. 8. In the forging process for the shoe 76 in the
present embodiment, the blank piece 200 spreads to-
ward the outer periphery of the cavity. A step part 230
of the surface of the drag 222 for forming the connecting
surface 158 can cause resistance to the plastic flow of
the blank piece 200. However, since the distance D of
the step between the peripheral surface 156 and the
plane sliding surface 154 is relatively short, the blank
piece 200 plastically flows over the step part 230. There-
fore, the resistance to the plastic flow of the blank piece
200 is relatively small. As a result, relatively large load
is not required upon forging, and the amount of spring
back is relatively small after forging. Besides, when the
blank piece 200, the quantity of which is larger than a
predetermined normal quantity, is forged with the pair of
dies 224, increase in the resistance to the plastic flow
of the blank piece 200 is relatively small. Accordingly,
the variation in the dimensions of the forged shoes 76
by the variation in the quantities of the blank pieces 200
becomes relatively small due to the shape of the shoe
76.
[0040] For comparison, a comparative shoe that has
a side surface connecting a spherical engaging surface
to a plane engaging surface, and forging the compara-
tive shoe will be described. A cross-sectional view of a
comparative shoe 250 is shown in FIG. 9. The compar-
ative shoe 250 includes a spherical engaging surface
252 for engaging with a piston, a plane engaging surface
254 for engaging with a swash plate and a peripheral
surface 256 on its outer surface. The peripheral surface
256 connects the spherical engaging surface 252 to the
plane engaging surface 254. The peripheral surface 256
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includes a chamfered surface 260 and a rounded sur-
face 264. The chamfered surface 260 is inclined with
respect to a plane sliding surface 258 of the plane en-
gaging surface 254 at an angle of 45° . The rounded
surface 264 connects the chamfered surface 260 to a
spherical sliding surface 262 of the spherical engaging
surface 252. Similarly to the shoe 76 in the present em-
bodiment, the chamfered surface 260 is adjacent to the
plane sliding surface 258 through a small rounded cor-
ner, and the rounded surface 264 corresponds to a part
for absorbing variation in quantities of blank pieces upon
forging. Furthermore, the plane engaging surface 254
and the spherical engaging surface 252 respectively in-
clude a first shoe recess 266 and a second shoe recess
268.
[0041] A forging process for forging the comparative
shoe 250 is schematically shown in FIG. 10. With re-
spect to a pair of dies, the same reference numerals de-
note the same identical elements as those in FIG. 7. Up-
on forging the comparative shoe 250, the same pair of
dies 224 is utilized, and the same forging process is per-
formed as the shoe 76 of the present embodiment. What
is different with respect to the pair of dies 224 is that a
drag 222 includes a surface that can mold the cham-
fered surface 260 of the peripheral surface 256. Simi-
larly, the cavity in the pair of dies 224 is formed such
that a surplus space 228 that is not filled with the blank
piece 200 in the periphery of the cavity is left for absorb-
ing the variation in the quantities of the blank pieces 200.
[0042] Plastic flow of a part of the blank corresponding
to the periphery of the shoe 250 is shown in FIG. 11.
Upon forging the comparative shoe 250, the blank piece
200 similarly spreads toward the outer periphery of the
cavity. What is different from forging the shoe 76 in the
present embodiment is that the drag 222 includes a
molding surface 270, toward which the side surface of
the blank piece 200 moves. After the side surface of the
blank piece 200 contacts the molding surface 270 at a
point of A in FIG. 11, the molding surface 270 causes
relatively large resistance to the plastic flow of the blank
piece 200. More particularly, a force for pressing the
blank piece 200 toward a corner part B in FIG. 11, and
a force for moving the blank piece 200 toward the sur-
plus space 228 along the molding surface 270 while
pressing the blank piece 200 against the molding sur-
face 270, that is, a force indicated by an arrow a and a
force indicated by an arrow b, are required. Therefore,
a relatively large load has to be applied to the blank
piece 200. When the blank piece 200, the quantity of
which is larger than a predetermined normal quantity, is
forged with the pair of dies 224, a much larger load is
required for forging. Since the blank piece 200 receives
a much larger load, the amount of spring back becomes
large after forging. As a result, in the comparative shoe
250, the resistance to the plastic flow of the blank 200
is generated due to the shape of the comparative shoe
250, and the comparative shoe 250 may vary in shape
when the quantities of the blank pieces 200 vary. Since

a relatively large load is applied upon forging, the pair
of dies 224 receives a relatively large load. When a shoe
is forged from a blank piece made of material having
relatively high strength such as high carbon chromium
bearing steel, the strength of the pair of dies 224 has to
be enhanced. Thereby, cost for manufacturing a shoe
increases
[0043] With respect to reactive force that the pair of
dies 224 receives upon forging, the case of forging the
shoe 76 in the present embodiment is compared with
that of forging the comparative shoe 250. When the re-
active force is large, the load upon forging has to be rel-
atively large, and the blank piece 200 receives a rela-
tively large load. The comparison is analyzed by CAE
(computer-aided experiment). For the analysis, blank
pieces are aluminum alloy, and a normal quantity of the
blank piece is estimated to be 3g. Cases of forging from
blank pieces having the normal quantity and a quantity
of 3.04g, which is heavier than the normal quantity by
0.04g, are evaluated. In FIG. 12, the change of the re-
active force with respect to the molding time upon forg-
ing the shoe in the embodiment and the comparative
shoe is shown. In FIG. 13, the change of the maximal
reactive force with respect to the change of the quanti-
ties of the blank pieces upon forging the shoe of embod-
iment and the comparative shoe is shown.
[0044] According to FIG. 12, reactive forces gradually
increase after the forging starts in both shoes. As the
blanks approach a part corresponding to the periphery
of the shoe, gradients of the reactive forces become
large. Each reactive force becomes its maximum just
before the forging has finished. In the case of forging
from the blank piece having the normal quantity, when
the shoe in the present embodiment is compared with
the comparative shoe, the reactive force for the compar-
ative shoe is larger than that for the shoe in the present
embodiment as mentioned above. The maximum reac-
tive force for the shoe in the present embodiment is
about 9t while the maximum reactive force for the com-
parative shoe is about 15t. In the case of forging from
the blank piece having the quantity of 3.04g, the reactive
force increase upon forging both the shoe in the present
embodiment and the comparative shoe. The maximum
reactive force for the shoe in the present embodiment
is about 12t and increases by 3t. The degree of the in-
crease is relatively small. On the other hand, the maxi-
mum reactive force for the comparative shoe is about
26t and increases by 11t. The degree of the increase is
relatively large. FIG. 13 indicates that the degree of the
increase for the shoe in the present embodiment is
smaller than that for the comparative shoe when the
quantity of the blank increases. As a result, the required
load upon forging is smaller in the shoe in the present
embodiment than in the comparative shoe. Even when
the quantities of the blank pieces vary, since the differ-
ence between the reactive forces that the blank pieces
receive is relatively small, the shoe in the present em-
bodiment is accurately forged. Roughly speaking, the
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shoe in the present embodiment includes a periphery
surface that is offset with respect to the middle part of a
plane engaging surface, so as to form a step on its part
corresponding to a periphery of a plane engaging sur-
face in a common shoe. It is desired that the periphery
of the plane engaging surface includes lubricant oil be-
tween a plane sliding surface and a sliding surface of a
swash plate and inhibits relatively large foreign sub-
stances from being allowed between the sliding surfac-
es. Therefore, the above mentioned connecting surface,
which is located in the step corresponding to the periph-
ery of the plane engaging surface, is important. Al-
though the shape of the connecting surface is not limit-
ed, the connecting surface can include lubricant oil and
exclude foreign substances due to its above mentioned
structure. In a shoe shown in Japan Unexamined Patent
Publication No. 2002-332959, a side surface formed as
a chamfered surface can include lubricant oil and ex-
clude foreign substances. However, relatively large re-
sistance can be generated upon forging due to the side
surface. On the other hand, since the shoe in the present
embodiment does not have such a side surface that can
be cause of relatively large resistance upon forging, the
shoe in the present embodiment is accurately forged.
Therefore, relatively high sliding performance is en-
sured and dimensional accuracy is obtained. When a
shoe is forged with relatively low dimensional accuracy,
for example, it takes relatively long time to adjust the
dimension of the shoe by grinding after forging, and cost
for manufacturing a shoe increases. In this point, the
shoe in the present embodiment is manufactured at a
relatively low cost.
[0045] Dimensional accuracy will be described in de-
tail. In the forging process, the blank piece is set in the
pair of dies, and the blank piece plastically flows toward
the periphery of the cavity. As mentioned above, when
resistance to the plastic flow of the blank piece is rela-
tively large upon forging, the load is required to be rel-
atively large upon forging. Therefore, the reactive force
becomes relatively large from the blank piece to the pair
of dies. When a relatively large force is applied to the
blank piece and the pair of dies, elastic deformation is
generated in the blank piece and the pair of dies. For
example, when relatively large elastic deformation is
generated in the pair of dies, the shape of the cavity
changes. When relatively large elastic deformation is
generated in the blank piece, the amount of spring back
becomes relatively large after forging. It is assumed that
variation in quantities of blank pieces is permitted to
some extent and resistance to the plastic flow of the
blank piece is generated upon forging. In this case, even
though a space for absorbing variation in quantities of
blank pieces is unfilled, variation in dimension becomes
relatively large due to the variation in the quantities of
the blank pieces. In the shoe in the present embodiment,
since the blank piece plastically flows over the above
mentioned step upon forging, a relatively large resist-
ance is not generated. Therefore, the shoe can be

forged with a relatively small load. As a result, dimen-
sional accuracy in the height of the shoe is obtained. In
short, the periphery of the shoe between the peripheral
surface and the spherical engaging surface can function
as a part for effectively absorbing variation in quantities
of blank pieces. In conclusion, sliding performance is
compatible with relatively high dimensional accuracy in
the shoe in the present embodiment due to the shape
of the shoe. Incidentally, when dimensional accuracy in
the height of a shoe is relatively low, for example, a dis-
tance between a plane engaging surface and a spheri-
cal engaging surface is too large, foreign substances
are easily allowed between the sliding surfaces. On the
other hand, when a distance between a plane engaging
surface and a spherical engaging surface is too small,
friction between the sliding surfaces becomes relatively
large. Therefore, sliding performance deteriorates in
both cases.
[0046] As mentioned above, the blank piece plastical-
ly flows easily upon forging due to the shape of the shoe
in the present invention. Therefore, the present inven-
tion is effective to a shoe manufactured through forging.
The cylindrical blank piece is utilized in the above men-
tioned forging process. Although the cylindrical blank
piece is made by cutting a cylindrical rod at a relatively
low cost, quantities of the cylindrical blanks vary. Espe-
cially, when the cylindrical blank piece is made by
means of a shear, although the cost is cheaper, quanti-
ties of the cylindrical blank pieces vary in a wide range.
However, since the shoe in the present invention is ac-
curately forged even though quantities of the blank piec-
es vary, the present invention is effective to a shoe
forged from the cylindrical blank piece. When the rela-
tively cheap cylindrical blank piece is utilized, a relative-
ly cheap shoe can be obtained. Also, a spherical blank
piece can be utilized. In this case, similarly to manufac-
turing bearing ball, the spherical blank piece is made
through processes such as flushing and grinding, and
quantities of the spherical blank pieces vary in a narrow
range. The shape of the blank is not limited to cylinder
and sphere, and blanks having various shapes can be
utilized. Regardless of the shape of the blank piece,
since the required load is relatively small upon forging
the shoe in the present invention and the degree of the
increase in the reactive force in accordance with the in-
crease in the quantity of the blank piece is relatively
small, the shoe of the present invention is accurately
forged.
[0047] The above mentioned forging process in-
cludes one process. However, a multi-process, which
includes a plurality of sub-forging processes, may be
employed. For example, a precursor of the shoe 76,
which does not have a part corresponding to the periph-
ery of the shoe 76, can be forged first, and then the part
corresponding to the periphery of the shoe 76 can be
forged. In this case, the first forging corresponds to the
forging process in the manufacturing process in the
present invention, and the precursor of the shoe 76 cor-
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responds to the blank piece. Also, another precursor
having substantially a final shape of the shoe 76 is
forged first, and then a finishing process can be con-
ducted for adjusting dimension of the precursor. In this
case, the forging corresponds to the forging process in
the manufacturing process of the present invention.
When a multi-forging process is conducted, annealing
can be conducted after any processes.
[0048] The shoe 76 formed in the forging process is
preferably treated by thermal refining including T6 treat-
ment and T7 treatment (JIS H0001) in the thermal refin-
ing process. The shoe 76 treated by thermal refining is
ground and polished for grinding its surface in the grind-
ing and polishing process. The grinding and polishing
process includes a surface grinding process and a bar-
rel polishing process. The plane sliding surface 154 of
the shoe 76 is ground in the surface grinding process.
Several pieces of shoes 76 are aligned, and then ground
by a surface grinding apparatus by means of free abra-
sive grains. The plane sliding surface 154 can form the
convex surface in the surface grinding process. The en-
tire surface of the shoe 76 is polished in the barrel pol-
ishing process. The shoe 76 together with free abrasive
grains is put in a barrel polishing apparatus, and then
started. Either of the surface grinding process and the
barrel polishing process can be conducted first. Then,
a plating process is preferably conducted. For example,
the surface of the shoe 76 can be coated with electroless
nickel plating layer in the plating process. Finally, the
finishing process is conducted. The shoe 76 is ground
by barrel polishing in the finishing process. When nec-
essary, the shoe 76 is treated by surface grinding. The
shoe 76 can be polished by buffing. The above men-
tioned shoe 76 is completed through the above men-
tioned processes. Manufacturing processes are not lim-
ited to the above mentioned processes. The shoe in the
present invention may be manufactured by various
kinds of processes in accordance with specifications of
target shoes.
[0049] The manufacturing processes for the shoe
made of aluminum alloy is described above. In a case
of manufacturing processes for a shoe made of metal
alloy, such as high carbon chromium bearing steel, for
example, after the above mentioned forging process, a
thermal refining process including quenching is con-
ducted when necessary, and the shoe is completed
through a grinding and polishing process, a nitriding
process and a finishing process. The shoe may be dis-
torted by heat in the thermal refining process. In this
case, dimension of the shoe can be determined in the
forging process by foreseeing the deformation. Since
the shoe in the present invention is accurately forged,
the above mentioned manufacturing processes can be
conducted. Namely, since the shoe in the present inven-
tion is accurately forged, that facilitates adjusting dimen-
sion of the shoe after forging. Therefore, cost for man-
ufacturing a shoe reduces.
[0050] Therefore, the present examples and embod-

iments are to be considered as illustrative and not re-
strictive, and the invention is not to be limited to the de-
tails given herein but may be modified within the scope
of the appended claims.

Claims

1. A shoe in a swash plate type compressor including
a swash plate and a piston, the shoe being inter-
posed between the swash plate and the piston, the
shoe comprising:

a spherical engaging surface for engaging with
the piston; and
a plane engaging surface being substantially a
plane, the plane engaging surface engaging
with the swash plate, the plane engaging sur-
face comprising:

a substantially planar sliding surface
formed near a center of the plane engaging
surface, the sliding surface sliding over a
surface of the swash plate;
a substantially radially extending peripher-
al surface formed near a periphery of the
plane engaging surface, the peripheral sur-
face being formed at a distance from the
extended sliding surface away from the
surface of the swash plate so as to form an
inwardly-directed step in the plane engag-
ing surface, the peripheral surface being
connected to the spherical engaging sur-
face at its outer periphery; and
a connecting surface connecting the slid-
ing surface to the peripheral surface.

2. The shoe according to claim 1, wherein a distance
between the peripheral surface and the extended
sliding surface of the shoe ranges from 0.02 mm to
0.5 mm.

3. The shoe according to claim 2, wherein the distance
between the peripheral surface and the extended
sliding surface is 0.05 mm or above.

4. The shoe according to claim 3, wherein the distance
between the peripheral surface and the extended
sliding surface is 0.1 mm or above.

5. The shoe according to claim 4, wherein the distance
between the peripheral surface and the extended
sliding surface is 0.15 mm or above.

6. The shoe according to claim 2, wherein the distance
between the peripheral surface and the extended
sliding surface is 0.3 mm or below.
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7. The shoe according to claim 6, wherein the distance
between the peripheral surface and the extended
sliding surface is 0.25 mm or below.

8. The shoe according to claim 1, wherein the periph-
eral surface is substantially parallel to the sliding
surface.

9. The shoe according to claim 1, wherein the periph-
eral surface is inclined with respect to the sliding
surface, an angle between the peripheral surface
and the extended sliding surface is 10° or below.

10. The shoe according to claim 1, wherein the con-
necting surface further comprises:

a chamfered surface forming a side surface of
a truncated cone; a diameter of the chamfered
surface near the peripheral surface being larger
than that of the chamfered surface near the slid-
ing surface; and
a rounded corner connecting the chamfered
surface to the sliding surface.

11. The shoe according to claim 10, wherein the con-
necting surface further comprising another rounded
corner that connects the chamfered surface to the
peripheral surface.

12. The shoe according to claim 1, wherein the spher-
ical engaging surface further comprises a spherical
sliding surface that is substantially a part of sphere
surface and slides over a surface of the piston, and
a peripheral rounded surface that connects the
spherical sliding surface to the peripheral surface.

13. The shoe according to claim 1 further comprising a
base member made of metal.

14. The shoe according to claim 13, wherein the metal
is aluminum series alloy.

15. The shoe according to claim 14, wherein the sur-
face of the base member is coated with metal plat-
ing layer.

16. The shoe according to claim 13, wherein the metal
is iron series alloy.

17. The shoe according to claim 16, wherein the iron
series alloy includes high carbon chromium bearing
steel.

18. The shoe according to claim 13, wherein the metal
includes magnesium.

19. The shoe according to claim 1 further comprising a
base member made of resin.

20. A swash plate type compressor comprising:

a housing;
a drive shaft rotatably supported by the hous-
ing;
a swash plate operatively connected to the
drive shaft;
a piston accommodated in the housing, the pis-
ton being operatively connected to the swash
plate; and
a pair of shoes interposed between the swash
plate and the piston, each of the shoes includ-
ing:

a spherical engaging surface for engaging
with the piston; and
a plane engaging surface being a substan-
tially plane, the plane engaging surface en-
gaging with the swash plate, the plane en-
gaging surface comprising:

a substantially planar sliding surface
formed near a center of the plane en-
gaging surface, the sliding surface
sliding over a surface of the swash
plate;
a substantially radially extending pe-
ripheral surface formed near a periph-
ery of the plane engaging surface, the
peripheral surface being formed at a
distance from the extended sliding sur-
face away from the surface of the
swash plate so as to form an inwardly-
directed step in the plane engaging
surface, the peripheral surface being
connected to the spherical engaging
surface at its outer periphery; and
a connecting surface connecting the
sliding surface to the peripheral sur-
face.

21. The swash plate type compressor according to
claim 20, wherein the connecting surface further
comprises:

a chamfered surface forming a side surface of
a truncated cone, a diameter of the chamfered
surface near the peripheral surface being larger
than that of the chamfered surface near the slid-
ing surface; and
a rounded corner connecting the chamfered
surface to the sliding surface.

22. A method of forming a shoe that is interposed be-
tween a swash plate and a piston in a swash plate
type compressor, the shoe including a spherical en-
gaging surface and a plane engaging surface that
is substantially a plane, the plane engaging surface
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having a substantially planar sliding surface that is
formed near a center of the plane engaging surface
and has a predetermined outer diameter, a substan-
tially radially extending peripheral surface that is
formed near a periphery of the plane engaging sur-
face and is formed at a distance from the extended
sliding surface so as to form an inwardly-directed
step in the plane engaging surface, and a connect-
ing surface that connects the sliding surface to the
peripheral surface, the method comprising the
steps of:

preparing a blank piece having a predeter-
mined outer diameter that is smaller than that
of the planar sliding surface;
preparing a pair of dies including a first die for
molding the spherical engaging surface and a
second die for molding the plane engaging sur-
face;
setting the blank piece in the pair of the dies;
and
closing the pair of the dies for forging the shoe.

23. The method according to claim 22, wherein the first
preparing step further includes preparing the blank
piece from a blank by forging.

24. The method according to claim 22, wherein the first
preparing step further includes preparing the blank
piece with a cylindrical shape.

25. The method according to claim 22, wherein the first
preparing step further includes preparing the blank
piece with a spherical shape.

26. A shoe manufactured by a method according to
claim 22.

27. A shoe in a swash plate type compressor including
a swash plate and a piston, the shoe being inter-
posed between the swash plate and the piston, the
shoe comprising:

a spherical engaging surface for engaging with
the piston; and
a plane engaging surface being substantially a
plane, the plane engaging surface engaging
with the swash plate, the plane engaging sur-
face comprising:

a substantially planar sliding surface
formed near a center of the plane engaging
surface, the sliding surface sliding over a
surface of the swash plate;
a peripheral surface formed near a periph-
ery of the plane engaging surface, the pe-
ripheral surface being formed at a distance
from the extended sliding surface away

from the surface of the swash plate so as
to form an inwardly-directed step in the
plane engaging surface, the peripheral sur-
face being substantially parallel with the
sliding surface such that the peripheral sur-
face is oriented at an angle, with respect to
the extended sliding surface of the shoe, of
from about 0 degree to about 10 degrees;
and
a connecting surface connecting the slid-
ing surface to the peripheral surface.

28. A set of dies for molding a shoe that is interposed
between a swash plate and a piston in a swash plate
type compressor, the shoe including a spherical en-
gaging surface for engaging with the piston and a
plane engaging surface for engaging with the
swash plate, the plane engaging surface having a
substantially planar sliding surface that is formed
near a center of the plane engaging surface, a sub-
stantially radially extending peripheral surface that
is formed near a periphery of the plane engaging
surface and is formed at a distance from the extend-
ed sliding surface so as to form an inwardly-directed
step in the plane engaging surface and a connect-
ing surface that connects the sliding surface to the
peripheral surface, the set of dies comprising:

a first die having a spherical molding surface
for molding the spherical engaging surface; and
a second die having a plane molding surface
for molding the plane engaging surface, the
plane molding surface including:

a first molding surface formed near a cent-
er of the plane molding surface for molding
the sliding surface;
a second molding surface formed near a
periphery of the plane molding surface for
molding the peripheral surface; and
a third molding surface connecting the first
molding surface to the second molding sur-
face for molding the connecting surface.
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