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(54) Swash plate type compressor

(57) A swash plate type compressor has a cylinder
block, a drive shaft, a piston, a pair of first and second
shoes and a swash plate. The swash plate has a first
surface on the far side of the swash plate from the cylinder
bore in slide contact with the first shoe and a second
surface on the same side of the swash plate as the cyl-
inder bore in slide contact with the second shoe. The

swash plate has first and second edges formed between
the first and second surfaces and an outer peripheral
surface of the swash plate, respectively. The swash plate
has a curved surface formed on the first edge at and
adjacent to the bottom dead center of the swash plate
whose radius of curvature is larger than that of the surface
of the second edge.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a swash plate
type compressor used for a vehicle air conditioner, and
the like.
[0002] Japanese Patent Application Publication No.
2001-317453 discloses a swash plate type compressor
in which a shoe is interposed between a swash plate
connected to a drive shaft driven to rotate and a recipr-
ocable piston. In the swash plate type compressor, the
swash plate has a smooth convex curved surface formed
on an axial end faces of the swash plate on which the
shoes slide with an extremely large radius of curvature.
A wedge-shaped clearance is provided between the con-
vex curved surface of the swash plate and the plane sur-
face of the shoe. Lubricating oil is supplied through such
clearance to sliding surfaces of the swash plate and the
shoes, thus improving the sliding characteristics between
the swash plate and the shoes, and reducing abrasion
occurring during sliding.
[0003] Japanese Patent Application Publication No.
2001-317453 discloses a typical swash plate type vari-
able displacement compressor wherein the inclination
angle of the swash plate relative to the drive shaft is varied
to control the displacement of the compressor. When the
compressor is required to be operated at the maximum
displacement, the inclination angle of the swash plate is
increased, and the reciprocating stroke length of the pis-
ton is increased, accordingly. As a result, reciprocating
inertia force of the shoe disposed on the front side of the
swash plate or on the far side of the swash plate from
the cylinder bore is increased. This reciprocating inertia
force acting on the shoe becomes maximum when the
shoe contacts with the swash plate at the bottom dead
center of the swash plate. Fig. 10 schematically illustrates
a state wherein the swash plate 50 is positioned at the
maximum inclination angle thereof, and the swash plate
50 is in contact at the bottom dead center thereof with
the shoe 51A. As shown in Fig. 10, the reciprocating in-
ertia force F acting on the shoe 51A in arrow direction
(or leftward in Fig. 10) causes a slight clearance H to be
formed between the plane surface 51C of the shoe 51A
and the sliding surface 50A of the swash plate 50. The
plane surface 51C of the shoe 51A is in edge contact
with the edge 50B of the swash plate 50 at and adjacent
to the bottom dead center thereof. In this state, the edge
50B of the swash plate 50 also receives a reaction force
against suction force acting so as to urge the shoe 51A
against the swash plate 50, as well as a normal force
acting so as to urge the swash plate 50 against the shoe
51A. Thus, a load applied to the edge 50B becomes max-
imum. Then, the contact pressure applied to the plane
surface 51C of the shoe 51A that is in contact with the
edge 50B becomes also maximum. As a result, the plane
surface 51C of the shoe 51A or the edge 50B of the swash
plate 50 is abraded, thereby producing abrasion powder.

Abrasion powder mixed in refrigerant gas deteriorates
the performance of the compressor. Japanese Patent
Application Publication No. 2001-317453 refers to a
swash plate having a smooth convex curved surface on
axial end faces thereof with an extremely large radius of
curvature. However, no reference is made by Publication
to an edge between the convex curved surface and the
outer peripheral surface of the swash plate at and adja-
cent to the bottom dead center thereof. It is noted that
the slight clearance H between the plane surface 51C of
the first shoe 51A and the sliding surface 50A of the
swash plate 50 is shown exaggerated in Fig. 10 for the
sake of understanding the problem underlying the
present invention.
[0004] To solve the above problem, it may be contem-
plated that the swash plate is made with an increased
outer diameter, so that the edge of the swash plate at
and adjacent to the bottom dead center thereof may be
out of contact with the shoe. However, if the outer diam-
eter of the swash plate is increased, it is necessary to
design the swash plate in consideration of harmful inter-
ference of the swash plate with a piston when the swash
plate is positioned at the minimum inclination angle there-
of. As a result, the compressor is made larger in size.
[0005] The present invention, which has been made
in light of the above problems, is directed to a swash
plate type compressor which may restrict the abrasion
of an edge of the swash plate or a plane surface of a
shoe that are located on the far side of the swash plate
from the cylinder bore.

SUMMARY OF THE INVENTION

[0006] In accordance with an aspect of the present in-
vention, a swash plate type compressor has a cylinder
block, a drive shaft, a piston, a pair of first and second
shoes and a swash plate. The cylinder block has a plu-
rality of cylinder bores. The drive shaft is supported by
the cylinder block. The piston is accommodated in the
cylinder bore. The first and second shoes are accommo-
dated in the piston. The swash plate is connected to the
drive shaft so as to be rotated integrally with the drive
shaft. The swash plate is connected to the piston through
the first and second shoes. The swash plate rotates
around the drive shaft, and moves between the top dead
center and the bottom dead center of the swash plate
thereby to reciprocate the piston. The swash plate has a
first surface on the far side of the swash plate from the
cylinder bore in slide contact with the first shoe and a
second surface on the same side of the swash plate as
the cylinder bore in slide contact with the second shoe.
The swash plate has a first edge formed between the
first surface and an outer peripheral surface of the swash
plate and a second edge formed between the second
surface and the outer peripheral surface of the swash
plate. The swash plate has a curved surface formed on
the first edge at and adjacent to the bottom dead center
of the swash plate whose radius of curvature is larger
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than a radius of curvature of the surface of the second
edge.
[0007] A swash plate type compressor has a cylinder
block, a drive shaft, a piston, a pair of a first shoe and a
second shoe and a swash plate. The cylinder block has
a plurality of cylinder bores. The drive shaft is supported
by the cylinder block. The piston is accommodated in the
cylinder bore. The first and second shoes are accommo-
dated in the piston. The swash plate is connected to the
drive shaft so as to be rotated integrally with the drive
shaft. The swash plate is connected to the piston through
the first and second shoes. The swash plate rotates
around the drive shaft, and moves between the top dead
center and the bottom dead center of the swash plate
thereby to reciprocate the piston. The swash plate has a
first surface on the far side of the swash plate from the
cylinder bore in slide contact with the first shoe and a
second surface on the same side of the swash plate as
the cylinder bore in slide contact with the second shoe.
The swash plate has a first edge formed between the
first surface and an outer peripheral surface of the swash
plate and a second edge formed between the second
surface and the outer peripheral surface of the swash
plate. having a flat chamfered surface formed on the first
edge at and adjacent to the bottom dead center of the
swash plate. The swash plate has a coating layer formed
on the first surface and the first edge whose thickness
on the first edge at and adjacent to the bottom dead center
of the swash plate is larger than the thickness on the first
surface.
[0008] Other aspects and advantages of the invention
will become apparent from the following description, tak-
en in conjunction with the accompanying drawings, illus-
trating by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] 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 showing
a swash plate type compressor of a first preferred
embodiment of the present invention;

Fig. 2 is a fragmentary enlarged cross-sectional view
showing the swash plate of Fig. 1 in the bottom dead
center thereof and in contact with a shoe;

Fig. 3 is a schematic view showing the swash plate
of Fig. 1 as viewed from the front of the compressor;

Fig. 4 is a cross-sectional view taken along the line
I-I of FIG. 3;

Fig. 5A is a schematic view showing the swash plate
in the bottom dead center thereof and in contact with
the shoe according to the first preferred embodiment;

Fig 5B is a schematic view showing the swash plate
in an intermediate position thereof between the top
and bottom dead centers thereof and in contact with
the shoe according to the first preferred embodiment;

Fig. 5C is a schematic view showing the swash plate
in the top dead center thereof and in contact with the
shoe according to the first preferred embodiment;

Fig. 6 is a cross-sectional view similar to Fig. 4, but
showing a swash plate according to a second pre-
ferred embodiment;

Fig. 7 is a fragmentary enlarged cross-sectional view
showing the swash plate in the bottom dead center
thereof and in contact with the shoe according to a
third preferred embodiment;

Fig. 8 is a cross-sectional view similar to Fig. 4, but
showing a swash plate according to the third pre-
ferred embodiment;

Fig. 9A is a schematic view showing the swash plate
in the bottom dead center thereof and in contact with
the shoe according to the third preferred embodi-
ment;

Fig. 9B is a schematic view showing the swash plate
in an intermediate position between the top and bot-
tom dead centers thereof and in contact with the shoe
according to the third preferred embodiment;

Fig. 9C is a schematic view showing the swash plate
in the top dead center thereof and in contact with the
shoe according to the third preferred embodiment;
and

Fig. 10 is a fragmentary enlarged cross-sectional
view showing the background art.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0010] The following will describe a variable displace-
ment type compressor having a single-headed piston
(hereinafter referred to merely as "compressor") accord-
ing to the first preferred embodiment of the present in-
vention with reference to Figs. 1 through 4, and 5A
through 5C. Referring to Fig. 1, a compressor 10 has a
housing 11 forming the outer shell of the compressor 10.
The housing 11 includes a cylinder block 12, a front hous-
ing 13, and a rear housing 14. The cylinder block 12 has
a plurality of cylinder bores 12A formed threrein. The front
housing 13 is joined to the front end of the cylinder block
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12. The rear housing 14 is joined to the rear end of the
cylinder block 12. In Fig. 1, the left side of the drawing
corresponds to the front side of the compressor 10, and
the right side of the drawing corresponds to the rear side
of the compressor 10. The front housing 13, the cylinder
block 12 and the rear housing 14 are fastened together
in the longitudinal direction of the compressor 10 by a
plurality of bolts 15 inserted through the front housing 13,
the cylinder block 12 and the rear housing 14, thus form-
ing the housing 11.
[0011] The front housing 13 has a crank chamber 16
formed therein whose rear end is closed by the cylinder
block 12, and through which a drive shaft 17 extends.
The drive shaft 17 is rotatably supported by the cylinder
block 12 and the front housing 13 through radial bearings
18, 19. A shaft seal mechanism 20 is provided on the
drive shaft 17 in front of the radial bearing 18 supporting
the front part of the drive shaft 17. The shaft seal mech-
anism 20 is disposed in slide contact with the circumfer-
ential surface of the drive shaft 17. The drive shaft 17 is
connected at the front end thereof to an external drive
source (not shown) through a power transmission mech-
anism (not shown).
[0012] A lug plate 21 is secured to the drive shaft 17
in the crank chamber 16 for integral rotation therewith. A
swash plate 22 forming a part of the displacement chang-
ing mechanism of the compressor is provided on the drive
shaft 17 behind the lug plate 21. The swash plate 22 is
supported by the drive shaft 17 so as to be slidable in
the axial direction of the drive shaft 17 and inclinable
relative to the axis of the drive shaft 17. A hinge mecha-
nism 23 is interposed between the swash plate 22 and
the lug plate 21, through which the swash plate 22 and
the lug plate 21 are connected. Thus, the swash plate 22
is synchronously rotatable with the lug plate 21 and in-
clinable relative to the drive shaft 17.
[0013] A coil spring 24 is disposed on the drive shaft
17 between the lug plate 21 and the swash plate 22. A
sleeve 25 is slidably disposed on the drive shaft 17 and
urged rearward by the coil spring 24. The swash plate
22 is urged by the coil spring 24 through the sleeve 25
rearward or in the direction that decreases the inclination
angle of the swash plate 22. The inclination angle of the
swash plate 22 means an angle made by a plane per-
pendicular to the axis of the drive shaft 17 and the surface
of the swash plate 22.
[0014] The swash plate 22 has a stop 22A projecting
from the front end thereof. The stop 22A is contactable
with the lug plate 21, thereby regulating the maximum
inclination angle of the swash plate 22. The drive shaft
17 has a snap ring 26 fitted thereon behind the swash
plate 22, and a coil spring 27 disposed thereon in front
of the snap ring 26. The swash plate 22 is contactable
with the front part of the coil spring 27, thereby regulating
the minimum inclination angle of the swash plate 22. Re-
ferring to Fig. 1, the swash plate 22 indicated by the solid
line is positioned at the maximum inclination angle there-
of, and the swash plate 22 indicated by the chain double-

dashed line is positioned at the minimum inclination angle
thereof.
[0015] Each cylinder bore 12A (five cylinder bores in
this preferred embodiment) of the cylinder block 12 has
a single-headed piston 28 accommodated therein for re-
ciprocation. The piston 28 has a neck 28A having a re-
cess 28B formed therein. A pair of hemispherical first and
second shoes 29A, 29B are received in the recess 28B,
and the swash plate 22 is held at the outer peripheral
portion by and between the first and second shoes 29A,
29B. The first shoe 29A has a spherical surface 29E and
a plane surface 29C, and the second shoe 29B has a
spherical surface 29F and a plane surface 29D. The first
shoe 29A is located on the front side of the swash plate
22 or on the far side of the swash plate 22 from the cyl-
inder bore 12A, and the second shoe 29B is located on
the rear side of the swash plate 22 or the same side of
the swash plate 22 as the cylinder bore 12A. The first
and second shoes 29A, 29B are engaged at the spherical
surfaces thereof with the surface of the recess 28B of
the piston 28, and in slide contact at the flat surfaces
thereof with the flat surfaces of the swash plate 22. As
the drive shaft 17 is rotated, the swash plate 22 is rotated
integrally with the drive shaft 17, making a wobbling mo-
tion in the axial direction of the drive shaft 17, thereby
causing the piston 28 to reciprocate through the first and
second shoes 29A, 29B forward and backward.
[0016] As shown in Fig. 1, the front end of the rear
housing 14 is joined to the rear end of the cylinder block
12 through a valve plate assembly 31. The rear housing
14 has a suction chamber 32 formed at the radially inner
region thereof, and a discharge chamber 33 formed at a
radially outer region thereof. The suction chamber 32 and
the discharge chamber 33 communicate with compres-
sion chambers 30 in the cylinder bores 12A through suc-
tion ports 31 A and discharge ports 31B, respectively.
When the piston 28 moves toward the bottom dead center
from the top dead center thereof, refrigerant gas is drawn
into the compression chamber 30 in the cylinder bore
12A through the suction port 31A. Refrigerant gas thus
drawn into the compression chamber 30 is compressed
to a predetermined pressure by the movement of the pis-
ton 28 from the bottom dead center to the top dead center
thereof, and discharged into the discharge chamber 33
through the discharge port 31B.
[0017] A displacement control valve 34 is disposed in
the rear housing 14 for changing the inclination angle of
the swash plate 22, thereby adjusting the stroke of the
piston 28 or the displacement of the compressor 10. The
displacement control valve 34 is arranged in a supply
passage (not shown) which connects the discharge
chamber 33 to the crank chamber 16. High-pressure re-
frigerant gas is introduced from the discharge chamber
33 into the crank chamber 16 by adjusting the opening
of the displacement control valve 34. Refrigerant gas
flows out from the crank chamber 16 into the suction
chamber 32 through a bleed passage (not shown) con-
necting the crank chamber 16 to the suction chamber 32.
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Therefore, the pressure of the crank chamber 16 is de-
termined depending on the relation between the amount
of the refrigerant gas introduced into the crank chamber
16 and the amount of the refrigerant gas flowing out of
the crank chamber 16. The pressure difference between
the crank chamber 16 and the compression chamber 30
through the piston 28 is varied, thereby changing the in-
clination angle of the swash plate 22.
[0018] Fig. 2 is an enlarged view showing a state
wherein the swash plate 22 is in contact with the first and
second shoes 29A, 29B when the swash plate 22 is driv-
en to rotate at the maximum inclination angle or posi-
tioned at the bottom dead center thereof. The positions
of the top dead center and the bottom dead center of the
swash plate 22 indicates the positions of the swash plate
22 in slide contact with the first and second shoes 29A,
29B when the piston 28 is positioned at the top dead
center or the bottom dead center of the piston 28. The
swash plate 22 has a first surface 22B on the front side
of the swash plate 22 or on the far side of the swash plate
22 from the cylinder bore 12A, and a second surface 22C
on the rear side of the swash plate 22 or on the same
side of the swash plate 22 as the cylinder bore 12A. The
first shoe 29A is located on the front side of the swash
plate 22 or on the far side of the swash plate 22 from the
cylinder bore 12A, and the second shoe 29B is located
on the rear side of the swash plate 22 or the same side
of the swash plate 22 as the cylinder bore 12A. The first
shoe 29A is disposed so that the spherical surface 29E
is engaged with the front-side surface of the recess 28B
of the piston 28 on the far side of the swash plate 22 from
the cylinder bore 12A, and the plane surface 29C is in
slide contact with the first surface 22B of the swash plate
22 on the far side of the swash plate 22 from the cylinder
bore 12A. The second shoe 29B is disposed so that the
spherical surface 29F is engaged with the rear-side sur-
face of the recess 28B of the piston 28 on the same side
of the swash plate 22 as the cylinder bore 12A, and the
plane surface 29D is in slide contact with the second
surface 22C of the swash plate 22 on the same side of
the swash plate 22 as the cylinder bore 12A. The shoes
29A, 29B are made of an aluminum-based material.
[0019] A first edge 22E is formed between the first sur-
face 22B and an outer peripheral surface 22D of the
swash plate 22 on the far side of the swash plate 22 from
the cylinder bore 12A. A second edge 22F is formed be-
tween the second surface 22C and the outer peripheral
surface 22D of the swash plate 22 on the same side of
the swash plate 22 as the cylinder bore 12A. The first
edge 22E at and adjacent to the bottom dead center of
the swash plate 22 has a curved surface R whose radius
of curvature is larger than that of the second edge 22F.
[0020] The swash plate 22 shown in Fig. 2 is positioned
at the maximum inclination angle thereof, where the
stroke length of the reciprocating piston 28 becomes
maximum, and the reciprocating inertia force F1 acting
on the first shoe 29A becomes also maximum. Because
of the reciprocating inertia force F1 acting in arrow direc-

tion (or leftward in Fig. 2), a slight clearance G is formed
between the plane surface 29C of the first shoe 29A and
the first surface 22B of the swash plate 22 on which the
plane surface 29C of the first shoe 29A slides. Therefore,
the plane surface 29C of the first shoe 29A is in edge
contact with the first edge 22E of the swash plate 22. It
is noted that the slight clearance G in Fig. 2 formed be-
tween the plane surface 29C of the first shoe 29A and
the first surface 22B of the swash plate 22 on which the
plane surface 29C of the first shoe 29A slides is shown
exaggerated for the sake of explanation.
[0021] As shown in Fig. 3, the bottom dead center Q
of the swash plate 22 is located at a position that is sub-
stantially symmetrical to that of the top dead center P of
the swash plate 22 with respect to a horizontal center
line M passing through the axial center O. The first edge
22E at and adjacent to the bottom dead center Q of the
swash plate 22 has a curved surface R. A range for form-
ing the curved surface R is indicated by double-headed
arrow in Fig. 3. The first edge 22E of the swash plate 22
except the part thereof at and adjacent to the bottom
dead center Q and the entire second edge 22F of the
swash plate 22 are chamfered with a radius of curvature
smaller than that of the curved surface R. Referring to
Fig. 3, one of the pistons 28 is engaged with the swash
plate 22 at the top dead center P, but no piston is engaged
with the swash plate 22 at the bottom dead center Q. In
accordance with the rotation of the swash plate 22 around
the drive shaft and the movement between the top dead
center P and the bottom dead center Q, each piston 28
reciprocates in the corresponding cylinder bore 12A be-
tween the top dead center and the bottom dead center
thereof.
[0022] Referring to Fig. 4, a ferrous metal is used for
the base material of the swash plate 22 and the surface
of the base material is hardened. The first edge 22E
formed between the outer peripheral surface 22D and
the first surface 22B in slide contact with the plane surface
29C of the first shoe 29A at and adjacent to the bottom
dead center Q has the curved surface R whose radius
of curvature is half as large as the thickness T of the
swash plate 22. Meanwhile, the second edge 22F formed
between the outer peripheral surface 22D and the second
surface 22C in slide contact with the plane surface 29D
of the second shoe 29B has a curved surface S which is
formed by ordinary chamfering and has a radius of cur-
vature smaller than that of the curved surface R. As men-
tioned earlier, the first edge 22E of the swash plate 22
except the part thereof at and adjacent to the bottom
dead center Q has a curved surface S which are cham-
fered in the same manner as the entire second edge 22F
of the swash plate 22.
[0023] The hardened surface of the base material has
coating layers 35A, 35B formed thereon for improving
the characteristics of sliding in contact with the plane sur-
faces 29C, 29D of the first and second shoes 29A, 29B.
The coating layers 35A, 35B are formed by applying a
coating having molybdenum disulfide (MoS2) which is
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dispersed in resin binder. As shown in Fig. 4, the coating
layer 35A is formed in such a manner that the coating
layer 35A is thickened at the curved surface R. More
particularly, the coating layer 35A on the flat first surface
22B has a predetermined uniform thickness, while the
coating layer 35A at the curved surface R of the first edge
22E is formed thicker toward the outer peripheral surface
of the swash plate 22, and the surface of the coating layer
35A is formed flat. In other words, the coating layer 35A
at the curved surface of the first edge 22E is thicker than
the coating layer 35A on the first surface 22B. The coating
layer 35B on the second surface 22C of the swash plate
22 is made of the same material as the coating layer 35A.
The coating layer 35B is formed slightly thicker at the
curved surface S of the second edge 22F than the coating
layer 35B on the second surface 22C. The surface of the
coating layer 35B is formed flat. Though not shown in the
drawing, the first edge 22E except the curved surface R
has the same coating layer 35A as the coating layer 35B
on the second edge 22F.
[0024] The following will describe the operation of the
compressor 10 of the first preferred embodiment. In ac-
cordance with the rotation of the drive shaft 17, the swash
plate 22 is rotated while making a wobbling motion. Ac-
cordingly, the piston 28 connected to the swash plate 22
reciprocates in the cylinder bore 12A in the longitudinal
direction of the compressor 10. Thus, the compressor 10
performs suction, compression and discharge of refrig-
erant gas. The inclination angle of the swash plate 22 is
adjusted by the displacement control valve 34 which con-
trols the pressure difference between the crank chamber
16 and the compression chamber 30 through the piston
28. The following will describe the state wherein the
swash plate 22 rotates at the maximum inclination angle
or at the maximum displacement thereof.
[0025] Fig. 5A shows the swash plate 22 in the bottom
dead center Q and a state wherein the swash plate 22
is in contact with the first and second shoes 29A, 29B
engaged with the piston 28. In this state, the piston 28 is
positioned at the bottom dead center thereof, which
means that suction of refrigerant gas is completed, and
the piston 28 is just about to move for compression of
the refrigerant gas. In Fig. 5A, arrow F1 shows a recip-
rocating inertia force acting on the first shoe 29A, arrow
F2 shows a force being applied from the spherical recess
of the piston 28 to the first shoe 29A, and arrow F3 shows
a normal force acting from the swash plate 22 on the first
shoe 29A. The forces act in directions indicated by arrows
F1, F2, F3 in Fig. 5A. When the swash plate 22 is posi-
tioned at the maximum inclination angle thereof, the
stroke length of the piston 28 becomes maximum, and
the reciprocating inertia force F1 acting on the first shoe
29A becomes maximum, accordingly.
[0026] The force F2 applied to the first shoe 29A from
the piston 28 corresponds to the reaction force against
the suction force acting rearward or in the direction op-
posite to the reciprocating inertia force F1. The force F2
is smaller than the reciprocating inertia force F1. Thus,

the reciprocating inertia force F1 is greater than the force
F2, with the result that a slight clearance G is formed
between the plane surface 29C of the first shoe 29A and
the first surface 22B of the swash plate 22. Therefore,
the plane surface 29C of the first shoe 29A is in edge
contact with the first edge 22E at and adjacent to the
bottom dead center Q of the swash plate 22. The first
edge 22E of the swash plate 22 receives the normal force
F3 acting so as to urge the swash plate 22 against the
first shoe 29A, as well as the force F2 acting from the
piston 28 so as to urge the first shoe 29A against the
swash plate 22. In this state, the load acting on the first
edge 22E becomes maximum.
[0027] The first edge 22E is formed with the curved
surface R at and adjacent to the bottom dead center of
the swash plate 22 whose radius of curvature is half as
large as the thickness T of the swash plate 22, and larger
than that of the second edge 22F. The first edge 22E with
the curved surface R is formed with the coating layer 35A
of thick resin containing therein molybdenum disulfide
(MoS2). The plane surface 29C of the first shoe 29A is
in contact with the first edge 22E formed by the coating
layer 35A. Thus, when the coating layer 35A is in contact
repeatedly with the plane surface 29C of the first shoe
29A made of an aluminum-based material, the abrasion
of the plane surface 29C is restricted, but the coating
layer 35A is gradually abraded. Since the first edge 22E
with the curved surface R is formed by the coating layer
35A of thick resin, however, the coating layer 35A can
extend the endurance time until the coating layer 35A is
abraded to expose the surface of the base material of
the swash plate 22.
[0028] If the coating layer 35A is abraded to expose
the surface of the base material of the swash plate 22,
the curved surface R directly contacts with the plane sur-
face 29C of the first shoe 29A. That is because the sur-
face of the base material of the first edge 22E has the
curved surface R whose radius of curvature is half as
large as the thickness T of the swash plate 22. According
to Hertzian contact stress of tribology, the contact pres-
sure between a plane surface and a cylindrical surface
is decreased with an increase of the radius of curvature
of the cylindrical surface. Thus, the contact pressure act-
ing on the plane surface 29C of the first shoe 29A may
be reduced. Therefore, the abrasion of the plane surface
29C of the first shoe 29A due to contact with the first edge
22E of the swash plate 22 may be reduced, thereby fur-
ther improving the durability of the plane surface 29C.
[0029] Fig 5B shows the swash plate 22 in an interme-
diate position thereof between the top dead center P and
the bottom dead center Q of the swash plate 22 and in
contact with the first and second shoes 29A, 29B. In this
state, the piston 28 is positioned at an intermediate po-
sition between the top dead center and the bottom dead
center thereof. Thus, either compression or suction of
refrigerant gas is being performed, and the surfaces 22B,
22C of the swash plate 22 are in slide and surface contact
with the plane surfaces 29C, 29D of the shoes 29A, 29B,
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respectively.
[0030] Fig. 5C shows the swash plate 22 in the top
dead center P and in contact with the first and second
shoes 29A, 29B engaged with the piston 28. In this state,
the piston 28 is positioned at the top dead center thereof,
discharge of compressed refrigerant gas is completed,
and the piston 28 is just about to move for suction of
refrigerant gas. In Fig. 5C, arrow F1 shows a reciprocat-
ing inertia force acting on the second shoe 29B, arrow
F2 shows a force acting on the second shoe 29B from
the spherical recess of the piston 28, and arrow F3 shows
a normal force acting on the second shoe 29B from the
swash plate 22. The forces act in directions indicated by
arrows F1, F2, F3 in Fig. 5C, respectively. The swash
plate 22 in Fig. 5C is located at the maximum inclined
angle thereof, and the reciprocation stroke length of the
piston 28 becomes also maximum. Accordingly, the re-
ciprocating inertia force F1 applied to the second shoe
29B becomes maximum.
[0031] The force F2 applied from the piston 28 to the
second shoe 29B corresponds to the reaction force
against the compression force directed toward the front
side of the compressor 10 or in the direction opposite to
the direction of the reciprocating inertia force F1. The
force F2 is greater than the reciprocating inertia force F1.
Therefore, the force F2 applied from the piston 28 is
greater than the force applied to the second shoe 29B.
The plane surface 29D of the second shoe 29B is urged
against the second surface 22C of the swash plate 22 in
slide and surface contact with the second surface 22C
of the swash plate 22. Thus, the second edge 22F is
hardly in edge contact with the plane surface 29D of the
second shoe 29B.
[0032] According to the compressor 10 of the present
invention, the following advantageous effects are ob-
tained.

(1) The first edge 22E at and adjacent to the bottom
dead center Q of the swash plate 22 is formed with
the curved surface R having a radius of curvature
that is larger than that of the second edge 22F, so
that the curved surface R of the first edge 22E is in
direct contact with the plane surface 29C of the first
shoe 29A. According to Hertzian contact stress of
tribology, the contact pressure between a plane sur-
face and a cylindrical surface is decreased with an
increase of the radius of curvature of the cylindrical
surface. Thus, the contact pressure acting on the
plane surface 29C of the first shoe 29A may be re-
duced. Therefore, the abrasion of the plane surface
29C of the first shoe 29A due to contact with the first
edge 22E of the swash plate 22 may be reduced.

(2) The coating layer 35A is formed on the first sur-
face 22B and the first edge 22E of the swash plate
22 in such a manner that the coating layer 35A on
the first edge 22E is thicker than the coating layer
35A on the first surface 22B. Thus, the coating layer

35A may extend the endurance time until the coating
layer 35A is abraded to expose the surface of the
base material of the first edge 22E.

(3) The first edge 22E at and adjacent to the bottom
dead center Q of the swash plate 22 is formed with
the curved surface R whose radius of curvature is
half as large as the thickness T of the swash plate
22, and larger than that of the second edge 22F.
Thus, in comparison with a structure wherein the
curved surface R whose radius of curvature is half
as large as the thickness T of the swash plate 22 is
formed along the entire first edge 22E, the manufac-
turing cost may be reduced. In comparison with form-
ing a curved surface R whose radius of curvature is
relatively minute, the curved surface R is easier to
form, and hence less susceptible to errors in the ma-
chining such curved surfaces.

(4) The compressor 10 is a variable displacement
compressor which is operable to vary the displace-
ment thereof by adjusting the inclination angle of the
swash plate 22 relative to the drive shaft 17. In a
fixed displacement swash plate type compressor,
since the inclination angle of the swash plate is con-
stant, the outer diameter of the swash plate may be
increased, so that the edge of the swash plate may
be out of contact with the shoe. In the case of a var-
iable displacement swash plate type compressor,
however, it is required to consider the interference
between the swash plate and a piston at the mini-
mum inclination angle of the swash plate. It is difficult
to keep the edge of the swash plate from being out
of contact with the shoe during large-displacement
operation of the compressor and, therefore, the abra-
sion of the swash plate at and adjacent to the bottom
dead center thereof tends to occur. According to the
above-described first preferred embodiment, the first
edge 22E of the swash plate 22 at and adjacent to
the bottom dead center Q that is subjected to the
maximum load is formed with the curved surface R
whose radius of curvature is half as large as the thick-
ness T of the swash plate 22. The coating layer 35A
containing therein molybdenum disulfide (MoS2) is
formed on the curved surface R. Therefore, the var-
iable displacement compressor of the first preferred
embodiment offers more remarkable effects against
abrasion of the shoe in comparison with the fixed
displacement compressor.

[0033] The following will describe a swash plate type
compressor according to a second preferred embodi-
ment of the present invention with reference to Fig. 6.
The second preferred embodiment differs from the first
preferred embodiment in that hardened surface of the
base material of the swash plate 22 of the first preferred
embodiment is modified. The rest of the structure of the
compressor of the second preferred embodiment is sub-
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stantially the same as that of the first preferred embodi-
ment. For the sake of convenience of explanation, there-
fore, like or same parts or elements will be referred to by
the same reference numeral as those which have been
used in the first embodiment, and the description thereof
will be omitted.
[0034] As shown in Fig. 6, ferrous metal is used for the
base material of the swash plate 22 of the second pre-
ferred embodiment. No treatment such as hardening is
applied to the front-side surface of the base material of
the swash plate 22 on the far side of the swash plate 22
from the cylinder bore 12A. Meanwhile, a rear-side sur-
face of the base material of the swash plate 22 on the
same side of the swash plate 22 as the cylinder bore 12A
is treated by spraying. During operation of the compres-
sor 10, a load due to reaction force against suction force
is mainly applied to a first surface 40B of a swash plate
40 on the far side of the swash plate 40 from the cylinder
bore 12A. Meanwhile, a load due to reaction force against
compression force is mainly applied to the second sur-
face 40C of the swash plate 40 on the same side of the
swash plate 40 as the cylinder bore 12A. The reaction
force against the compression force is much greater than
that against the suction force. Thus, the surface of the
base material subjected to a relatively small load is ex-
posed, while the surface of the base material subjected
to a relatively large load is treated by spraying for improv-
ing the sliding characteristics of the surface.
[0035] A first edge 40E is formed between an outer
peripheral surface 40D and the first surface 40B in slide
contact with the plane surface 29C of the first shoe 29A.
The first edge 40E is formed with the curved surface R
at and adjacent to the bottom dead center Q whose radius
of curvature is half as large as the thickness T of the
swash plate 40. A second edge 40F is formed between
the outer peripheral surface 40D and the second surface
40C in slide contact with the plane surface 29D of the
second shoe 29B. The second edge 40F is formed with
the curved surface S which is formed by ordinary cham-
bering and whose radius of curvature is smaller than that
of the curved surface R. The part of the first edge 40E
other than that at and adjacent to the bottom dead center
Q is formed with the curved surface S which is made by
chamfering in the same manner as the second edge 40F.
[0036] Coating layers 41A, 41B are formed on the first
and second surfaces 40B, 40C by applying a coating
having molybdenum disulfide (MoS2) dispersed in resin
binder for improving the sliding characteristics against
the plane surfaces 29C, 29D of the shoes 29A, 29B. As
shown in Fig. 6, the coating layer 41A is formed in the
following manner. The coating layer 41A is thickened at
the curved surface R. More particularly, the flat first sur-
face 40B has a predetermined uniform thickness, while
the coating layer 41A at the curved surface R of the first
edge 40E is formed thicker toward the outer peripheral
surface of the swash plate 40. Therefore, the surface of
the coating layer 41A is flat. The coating layer 41B is
formed on the second surface 40C by the same material

as the coating layer 41A. The coating layer 41B is formed
in such a manner that the thickness at the curved surface
S of the second edge 40F is slightly larger than the rest
of the coating layer 41B. Thus, the surface of the coating
layer 41B is flat. Though not shown in the drawing, the
first edge 40E except the curved surface R is formed in
the same manner as the second edge 40F.
[0037] The structure of the swash plate 40 according
to the second preferred embodiment is substantially the
same as the swash plate 22 according to the first pre-
ferred embodiment. Accordingly, operation of the second
preferred embodiment is also substantially the same as
the first preferred embodiment and, therefore, the de-
scription of operation of the swash plate 40 will be omit-
ted. According to the second preferred embodiment, ad-
vantageous effects same as (1) through (4) of the first
preferred embodiment may be obtained. In addition, the
base material of the swash plate 40 requiring surface
treatment only on one surface thereof is less costly.
[0038] The following will describe a swash plate type
compressor according to a third preferred embodiment
of the present invention with reference to Figs. 7 through
8, and 9A through 9C. The compressor 10 of the third
preferred embodiment differs from that of the first pre-
ferred embodiment in that chamfered shape of the curved
surface R of the first edge of the swash plate 22 of the
first embodiment is modified. The rest of the structure of
the compressor 10 according to the third preferred em-
bodiment is substantially the same as that of the first
preferred embodiment. For the sake of convenience of
explanation, therefore, like or same parts or elements
will be referred to by the same reference numeral as
those which have been used in the first preferred em-
bodiment, and the description thereof will be omitted.
[0039] A swash plate 45 in Fig. 7 has a first surface
45B, a second surface 45C, a first edge 45E and a second
edge 45F. The first edge 45E is formed between an outer
peripheral surface 45D of the swash plate 45 and the first
surface 45B on the far side of the swash plate 45 from
the cylinder bore 12A. The second edge 45F is formed
between the outer peripheral surface 45D and the second
surface 45C on the same side as the cylinder bore 12A.
The first edge 45E at and adjacent to the bottom dead
center of the swash plate 45 is formed by a flat chamfered
surface X, on which a coating layer 46A is formed. As
shown in Fig. 7, as in the case of the first preferred em-
bodiment, the reciprocating inertia force F11 becomes
maximum when the swash plate 45 is at the maximum
inclination angle or at the bottom dead center thereof. At
this time, the plane surface 29C of the first shoe 29A is
in edge contact with the first edge 45E of the swash plate
45. The range of the swash plate 45 where a flat cham-
fered surface X is formed is the same as that of the swash
plate 22 where the chamfer curved surface R is formed
in the first preferred embodiment.
[0040] As shown in Fig. 8, as in the case of the first
preferred embodiment, ferrous metal is used for the base
material of the swash plate 45 of the third preferred em-

13 14 



EP 2 042 731 A2

9

5

10

15

20

25

30

35

40

45

50

55

bodiment, and the surfaces of the base material of the
swash plate 45 are hardened. The first edge 45E at and
adjacent to the bottom dead center of the swash plate
45 has the chamfered surface X formed between the out-
er peripheral surface 45D and the first surface 45B in
slide contact with the plane surface 29C of the first shoe
29A. In Fig. 8, the angle of chamfer of the chamfered
surface X with respect to the first surface 45B is repre-
sented by angle α, and the chamfer dimensions of the
chamfered surface X are represented by dimension β
and dimension γ. The size of the chamfered surface X is
set such that the angle α is 45 degrees, the dimension
β is equal to the dimension γ, and the dimensions β, γ
are smaller than half the thickness T of the swash plate
45. In the third preferred embodiment, the dimensions β,
γ are slightly smaller than half the thickness T of the
swash plate 45. The second edge 45F formed between
the outer peripheral surface 45D and the second surface
45C in slide contact with the plane surface 29D of the
second shoe 29B has the curved surface S formed by
chamfering in the same manner as in the first preferred
embodiment. The first edge 45E except the part thereof
at and adjacent to the bottom dead center Q is formed
by the curved surface S which is formed by chamfering
in the same manner as the second edge 45F.
[0041] The hardened surfaces of the base material
have the coating layer 46A and a coating layer 46B
formed thereon for improving the characteristics of sliding
in contact with the plane surfaces 29C, 29D of the shoes
29A, 29B. The coating layers 46A, 46B are formed by a
copper (Cu) coating. As shown in Fig. 8, the coating layer
46A is formed in such a manner that the coating layer
46A is thickened at the chamfered surface X. More par-
ticularly, the coating layer 46A on the flat first surface
45B has a predetermined uniform thickness, while the
thickness of the coating layer 46A at the chamfered sur-
face X of the first edge 45E is formed thicker toward the
outer peripheral surface of the swash plate 45. Therefore,
the surface of the coating layer 46A is flat. In other words,
the coating layer 46A on the chamfered surface X of the
first edge 45E is formed thicker than the coating layer
46A on the first surface 45B. The coating layer 46B is
formed on the second surface 45C by the same material
as the layer 46A in such a manner that the thickness of
the coating layer 46B on the curved surface S of the sec-
ond edge 45F is slightly larger than the rest of the coating
layer 46B. Thus, the surface of the coating layer 46B is
flat. Though not shown in the drawing, the first edge 45E
except the chamfered surface X has the same layer as
the coating layer 46B on the second edge 45F.
[0042] The following will describe the operation of the
compressor according to the third preferred embodiment
with reference to Figs. 9A through 9C. Fig. 9A shows the
swash plate 45 at the bottom dead center Q and in contact
with the shoes 29A, 29B engaged with the piston 28. In
this state, the piston 28 is positioned at the bottom dead
center thereof, suction of refrigerant gas is completed,
and the piston 28 is just about to move for compression

of refrigerant gas. In Fig. 9A, arrow F11 shows a recip-
rocating inertia force acting on the first shoe 29A, arrow
F21 shows a force being applied from the spherical re-
cess of the piston 28 to the first shoe 29A, and arrow F31
shows a normal force being applied from the swash plate
45 to the first shoe 29A. The forces act in directions in-
dicated by arrows F11, F21, F31 shown in Fig. 9A, re-
spectively. The plane surface 29C is in edge contact with
the first edge 45E at and adjacent to the bottom dead
center Q of the swash plate 45, and the load acting on
the first edge 45E then becomes maximum for the same
reason as stated with reference to the first preferred em-
bodiment.
[0043] The first edge 45E at and adjacent to the bottom
dead center Q is formed with the chamfered surface X,
on which the coating layer 46A made of copper (Cu) is
formed thick. Thus, the plane surface 29C of the first
shoe 29A is in contact with the first edge 45E having the
coating layer 46A. The coating layer 46A which is made
of a copper (Cu) coating has a remarkably high sliding
characteristics. The coating layer 46A subjected to re-
peated contact with the plane surface 29C of the first
shoe 29A which is made of an aluminum-based material
will hardly damage the plane surface 29C. Thus, the abra-
sion of the plane surface 29C is reduced considerably.
Though the coating layer 46A is gradually abraded due
to contact with the plane surface 29C, because the layer
46A is formed thick on the chamfered surface X, the coat-
ing layer 46A can extend the endurance time until the
coating layer 46A is abraded to expose the base material
of the swash plate 45.
[0044] Fig. 9B shows the swash plate 45 at an inter-
mediate position between the top dead center P and the
bottom dead center Q and in contact with the first and
second shoes 29A, 29B. In this state, the piston 28 is
located at the intermediate position between the top dead
canter and the bottom dead center thereof during either
compression or suction of refrigerant gas, and the first
and second surfaces 45B, 45C of the swash plate 45 are
in slide and surface contact with the plane surfaces 29C,
29D of the first and second shoes 29A, 29B.
[0045] Fig. 9C shows the swash plate 45 at the top
dead center P and in contact with the first and second
shoes 29A, 29B engaged with the piston 28. In this state,
the piston 28 is located at the top dead center thereof,
discharge of compressed refrigerant gas is completed,
and the piston 28 is just about to move for suctioning of
refrigerant gas. In Fig. 9, arrow F11 shows a reciprocating
inertia force being applied to the second shoe 29B, arrow
F21 shows a force being applied from the spherical re-
cess of the piston 28 to the second shoe 29B, and arrow
F31 shows a normal force being applied from the swash
plate 45 to the second shoe 29B. The forces act in direc-
tions indicated by arrows F11, F21, F31 shown in Fig.
9C. The plane surface 29D of the second shoe 29B is
urged against the second surface 45C and in slide and
surface contact with the second surface 45C for the same
reason as described with reference to the first preferred
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embodiment. Therefore, the second edge 45F is hardly
in edge contact with the plane surface 29D of the second
shoe 29B.
[0046] According to the compressor of the third pre-
ferred embodiment, the following advantageous effects
are obtained.
[0047] (5) The first edge 45E at and adjacent to the
bottom dead center Q of the swash plate 45 is formed
with the chamfered surface X, on which the coating layer
46A made of copper (Cu) is formed. The coating layer
46A on the chamfered surface X is formed thicker than
the coating layer 46A on the first surface 45B. The plane
surface 29C of the first shoe 29A is in contact with the
first edge 45E coated by the coating layer 46A. The coat-
ing layer 46A which is made of a copper (Cu) has a re-
markably high sliding characteristics. The coating layer
46A subjected to repeated contacts with the plane sur-
face 29C of the first shoe 29A which is made of an alu-
minum-based material will hardly damage the plane sur-
face 29C. Thus, the abrasion of the plane surface 29C
is reduced considerably. Though the coating layer 46A
is gradually abraded due to contact with the plane surface
29C, because the coating layer 46A is formed thick on
the chamfered surface X, the coating layer 46A can ex-
tend the endurance time until the coating layer 46A is
abraded to expose the surface of base material of the
swash plate 45.
[0048] (6) The first edge 45E at and adjacent to the
bottom dead center Q of the swash plate 45 is formed
with the chamfered surface X that is formed in the follow-
ing manner. The chamfer angle α is 45 degrees. The
chamfer dimension β is equal to the chamfer dimension
γ. The chamfer dimensions β, γ are smaller than half the
thickness T of the swash plate 45. The coating layer 46A
is formed thick on the chamfered surface X. Thus, in com-
parison with a structure in which the chamfered surface
X and a coating layer are formed along the entire first
edge, the present embodiment is advantageous in terms
of the ease and cost of manufacturing. The chamfered
surface X which can be formed more easily than the
curved surface R is advantageous in machining the sur-
face.
[0049] (7) The compressor 10 is a variable displace-
ment type compressor in which the inclination angle of
the swash plate 45 with respect to the drive shaft 17 is
varied thereby to adjust the compressor displacement.
In the case of a fixed displacement swash plate type com-
pressor wherein the inclination angle of the swash plate
remains unchanged, the outer diameter of the swash
plate may be increased, so that the edge of the swash
plate may be out of contact with the shoe. In the case of
a variable displacement swash plate type compressor,
however, it is required to consider the interference be-
tween the swash plate and a piston at the minimum in-
clination angle of the swash plate. Thus, it is difficult to
keep the edge of the swash plate from being out of contact
with the shoe during large-displacement operation of the
compressor and, therefore, the abrasion of the swash

plate at and adjacent to the bottom dead center thereof
tends to occur. The first edge 45E at and adjacent to the
bottom dead center Q of the swash plate 45 on which
the maximum load acts is formed with the chamfered
surface X, on which the coating layer 46A made of copper
(Cu) is formed. Thus, remarkably advantageous effects
in terms of reduction of the abrasion of the shoe are ob-
tained in the variable displacement compressor in com-
parison with the fixed displacement compressor.
[0050] The present invention is not limited to the first
through third preferred embodiments, but it may be var-
iously modified within the scope of the invention. For ex-
ample, the above embodiments may be modified as fol-
lows.
[0051] In the first and second preferred embodiments,
the radius of curvature of the curved surface R on the
first edge as half as the thickness T of the swash plate.
The radius of curvature of the curved surface R may be
of any value as far as it is larger than that of the curved
surface S of the second edge. For example, if the curved
surface S is chamfered with a radius of curvature that is
equal to or less than 0.5 mm, the curved surface R may
have a radius of curvature that is equal to or greater than
0.5 mm. Depending on the method of manufacturing of
the swash plate, no chamfer may be formed at the edge.
In such a case, the radius of curvature of the curved sur-
face S is infinitely close to zero, and the present invention
covers such structure. The radius of curvature of the
curved surface R is preferably in the range from 0.5 mm
to half the thickness T. If the radius of curvature of the
curved surface R is equal to or less than 0.5 mm, the
effect to reduce the contact pressure between the curved
surface R and plane surface of the shoe in edge contact
with each other will be decreased considerably. Mean-
while, if the radius of curvature of the curved surface R
is equal to or greater than half the thickness T, the area
of the curved surface R in slide contact with the shoe
also becomes too small.
[0052] In the third preferred embodiment, the cham-
fered surface X formed on the first edge 45E is set such
that the chamfer angle α is 45 degrees, the chamfer di-
mension β is equal to the chamfer dimension γ, and the
chamfer dimension γ is half as large as the thickness T
of the swash plate 45. Alternatively, the chamfer angle
α may be other than 45 degrees, and the chamfer dimen-
sions β, γ need not to be equal to each other. The size
of the chamfered surface X is preferably set so that the
chamfer dimension β is equal to or larger than 0.5 mm,
and the chamfer dimension γ is smaller than half the thick-
ness T when the chamfer angle α is 45 degrees. If the
chamfer dimension β is equal to or less than 0.5 mm,
sufficient thickness of a coating layer may not be able to
be coated on the chamfered surface X. If the chamfer
dimension γ is equal to or greater than half the thickness
T, the area of the chamfered surface X in slide contact
with the shoe becomes too small when the coating layer
at the edge is abraded.
[0053] In the above preferred embodiments, the size
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of the chamfered surface X formed on the first edge has
been explained in terms of the chamfer angle α and the
chamfer dimensions β, γ. Alternatively, at least one of the
edges between the chamfered surface X and the first
surface of the swash plate and between the chamfered
surface X and the peripheral surface of the swash plate
may be formed by a curved surface.
[0054] In the first and second preferred embodiments,
the coating layer on the surface of the swash plate on
which the shoe slides is formed by applying a coating
having molybdenum disulfide (MoS2) dispersed in resin
binder. In the third preferred embodiment, the coating
layer on the surface of the swash plate on which the shoe
slides is made of copper (Cu). Alternatively, copper (Cu)
may be used instead of molybdenum disulfide (MoS2) in
the first and second preferred embodiments, and molyb-
denum disulfide (MoS2) may be used instead of copper
(Cu) in the third embodiment. As solid lubricant, tungsten
disulfide, graphite, boron nitride, antimony oxide, lead
oxide, indium and stannum may be used instead of mo-
lybdenum disulfide (MoS2) and copper (Cu). The coating
layer may be formed by metal plating.
[0055] In the first and second preferred embodiments,
coating layers are provided on the surfaces (first surfaces
22B, 40B, second surfaces 22C, 40C, first edges 22E,
40E, and second edges 22F, 40F) of the swash plate on
which the shoe slides. Alternatively, the coating layer
may be formed only on the second surface of the swash
plate on the rear side of the compressor which is sub-
jected to relatively high load from a piston, or no coating
layer may be formed on the both surfaces of the swash
plate. In such a case, the surface of the base material of
the shoe is in direct contact with the surface of the base
material of the first edge of the swash plate. However,
the first edge of the swash plate at and adjacent to the
bottom dead center Q is formed by the curved surface
R, so that the contact pressure between the swash plate
and the shoe is reduced, and abrasion of the swash plate
due to slide contact with the shoe is reduced.
[0056] In the third preferred embodiment, the coating
layers are provided on the surfaces (first surface 45B,
second surface 45C, first edge 45E and second edge
45F) of the swash plate on which the shoe slides. Alter-
natively, the coating layer of a material with excellent
sliding characteristics such as copper (Cu) may be pro-
vided only on the first surface of the swash plate at and
adjacent to the bottom dead center thereof where the
abrasion of the swash plate tends to occur.
[0057] The first and second preferred embodiments
have been described with reference to a single-headed
piston swash plate type variable displacement compres-
sor. Alternatively, the swash plate type compressor may
be replaced by a fixed displacement compressor, or the
single-headed piston type compressor may be replaced
by a double-headed piston type compressor. In the case
of the double-headed piston type compressor, edges of
the swash plate are formed in the flowing manner. As
seen from a cylinder bore located on one side of the

swash plate, an edge at and adjacent to the bottom dead
center of the swash plate on the far side of the swash
plate from the cylinder bore may have a curved surface
whose radius of curvature is larger than that of an edge
on the same side of the swash plate as the cylinder bore.
[0058] In the third preferred embodiment, the swash
plate type compressor is a single-headed piston type var-
iable displacement compressor. Alternatively, the com-
pressor may be a fixed displacement compressor, or dou-
ble-headed piston type compressor. In the case of the
double-headed piston type compressor, edges of the
swash plate are formed in the following manner. As seen
from a cylinder bore located on one side of the swash
plate, an edge of the swash plate at and adjacent to the
bottom dead center of the swash plate on the far side of
the swash plate from the cylinder bore is formed to be a
chamfered surface. A coating layer is provided on the
chamfered surface with a thickness larger than that of
the coating layer formed on the surface of the swash
plate on the far side of the swash plate from the cylinder
bore.
[0059] In the first through third preferred embodiments,
the base material of the swash plate is made of a ferrous
metal, and the base material of the shoe is made of an
aluminum-based metal. Alternatively, the base material
of the swash plate may be made of an aluminum-based
metal, and the base material of the shoe may be made
of a ferrous metal. If the base materials of both swash
plate and shoe are made of a ferrous metal, the coating
layer formed on the edge of the swash plate is abraded
to expose, so that the surface of the base material of the
swash plate may be in direct contact with the surface of
base material of the shoe. In this structure, both of the
swash plate and the shoe are abraded.
[0060] Therefore, the present examples and embodi-
ments are to be considered as illustrative and not restric-
tive, and the invention is not to be limited to the details
given herein but may be modified within the scope of the
appended claims.
[0061] A swash plate type compressor has a cylinder
block, a drive shaft, a piston, a pair of first and second
shoes and a swash plate. The swash plate has a first
surface on the far side of the swash plate from the cylinder
bore in slide contact with the first shoe and a second
surface on the same side of the swash plate as the cyl-
inder bore in slide contact with the second shoe. The
swash plate has first and second edges formed between
the first and second surfaces and an outer peripheral
surface of the swash plate, respectively. The swash plate
has a curved surface formed on the first edge at and
adjacent to the bottom dead center of the swash plate
whose radius of curvature is larger than that of the surface
of the second edge.

Claims

1. A swash plate type compressor (10) comprising:
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a cylinder block (12) having a plurality of cylinder
bores (12A);
a drive shaft (17) supported by the cylinder block
(12);
a piston (28) accommodated in the cylinder bore
(12A);
a pair of a first shoe (29A) and a second shoe
(29B) accommodated in the piston (28); and
a swash plate (22, 40) connected to the drive
shaft (17) so as to be rotated integrally with the
drive shaft (17), connected to the piston (28)
through the first shoe (29A) and the second shoe
(29B), rotating integrally with the drive shaft (17)
and moving between the top dead center and
the bottom dead center of the swash plate (22,
40) thereby to reciprocate the piston (28),
the swash plate having:

a first surface (22B, 40B) on the far side of
the swash plate (22, 40) from the cylinder
bore (12A) in slide contact with the first shoe
(29A);
a second surface (22C, 40C) on the same
side of the swash plate (22, 40) as the cyl-
inder bore (12A) in slide contact with the
second shoe (29B);
a first edge (22E, 40E) formed between the
first surface (22B, 40B) and an outer periph-
eral surface (22D, 40D) of the swash plate
(22, 40); and
a second edge (22F, 40F) formed between
the second surface (22C, 40C) and the out-
er peripheral surface (22D, 40D) of the
swash plate (22, 40),

characterized in that the swash plate (22, 40) has
a curved surface formed on the first edge (22E, 40E)
at and adjacent to the bottom dead center of the
swash plate (22, 40) whose radius of curvature is
larger than a radius of curvature of the surface of the
second edge (22F, 40F).

2. The swash plate type compressor (10) according to
claim 1,
characterized in that a coating layer (35A, 41A) is
formed on the first surface (22B, 40B) and the first
edge (22E, 40E), and in that the coating layer (35A,
41A) on the first edge (22E, 40E) at and adjacent to
the bottom dead center of the swash plate (22, 40)
is formed thicker than the coating layer (35A, 41 A)
on the first surface (22B, 40B).

3. The swash plate type compressor (10) according to
claims 1 or 2,
characterized in that the coating layer (35A, 41A)
is made of resin.

4. The swash plate type compressor (10) according to

any one of claims 1 through 3, characterized in that
the value of radius of curvature of the first edge (22E,
40E) at and adjacent to the bottom dead center of
the swash plate (22, 40) is smaller than half the thick-
ness of the swash plate (22, 40).

5. A swash plate type compressor (10) comprising:

a cylinder block (12) having a plurality of cylinder
bores (12A);
a drive shaft (17) supported by the cylinder block
(12);
a piston (28) accommodated in the cylinder bore
(12A);
a pair of a first shoe (29A) and a second shoe
(29B) accommodated in the piston (28); and
a swash plate (22, 40) connected to the drive
shaft (17) so as to be rotated integrally with the
drive shaft (17), connected to the piston (28)
through the first shoe (29A) and the second shoe
(29B), rotating integrally with the drive shaft (17)
and moving between the top dead center and
the bottom dead center of the swash plate (22,
40) thereby to reciprocate the piston (28),
the swash plate (22, 40) having:

a first surface (22B, 40B) on the far side of
the swash plate (22, 40) from the cylinder
bore (12A) in slide contact with the first shoe
(29A);
a second surface (22C, 40C) on the same
side of the swash plate (22, 40) as the cyl-
inder bore (12A) in slide contact with the
second shoe (29B);
a first edge (22E, 40E) formed between the
first surface (22B, 40B) and an outer periph-
eral surface (22D, 40D) of the swash plate
(22, 40); and
a second edge (22F, 40F) formed between
the second surface (22C, 40C) and the out-
er peripheral surface (22D, 40D) of the
swash plate (22, 40),
characterized in that the swash plate (45)
has a flat chamfered surface and a coating
layer (46A), and in that
the flat chamfered surface is formed on the
first edge (22E, 40E) at and adjacent to the
bottom dead center of the swash plate (22,
40); and in that
the coating layer (46A) is formed on the first
edge (45E) and the first surface (45B)
whose thickness on the first edge (45E) at
and adjacent to the bottom dead center of
the swash plate (22, 40) is larger than the
thickness on the first surface (22B, 40B).

6. The swash plate type compressor (10) according to
claim 5,
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characterized in that the coating layer (46A) is
made of resin.

7. The swash plate type compressor (10) according to
claims 5 or 6,
characterized in that the compressor (10) is a var-
iable displacement compressor which is operable to
vary the displacement of the compressor by adjust-
ing the inclination angle of the swash plate (45) rel-
ative to the drive shaft (17).
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