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(57) ABSTRACT

In the compressor of the present invention, first and second
recessed strip portions are recessed in a second supporting
member. First and second annular members are respectively
provided in the first and second recessed strip portions. The
first and second annular members respectively include joint
gap formed by first to third cutouts. The third cutouts function
as aperture in the first and second annular members. The first
and second annular members respectively move in the first
and second recessed strip portions according to a pressure
difference between a pressure regulation chamber and a
swash plate chamber. Consequently, the compressor adjusts a
flow rate of a refrigerant circulating from the pressure regu-
lation chamber to the swash plate chamber and adjusts a
supply amount of lubricant supplied to a second sliding bear-
ing and the like.
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VARIABLE DISPLACEMENT SWASH PLATE
TYPE COMPRESSOR

TECHNICAL FIELD

[0001] The present invention relates to a variable displace-
ment swash plate type compressor.

BACKGROUND ART

[0002] Japanese Patent Laid-Open No. 8-105384 discloses
a conventional variable displacement swash plate type com-
pressor (hereinafter referred to as compressor). In the com-
pressor, a housing is formed by a front housing, a cylinder
block, and a rear housing. A suction chamber and a discharge
chamber are respectively formed in the front housing and the
rear housing. A pressure regulation chamber is formed in the
rear housing.

[0003] In the cylinder block, a swash plate chamber, a plu-
rality of cylinder bores, and a center bore are formed. The
center bore is formed on a rear side of the cylinder block.
[0004] A drive shaft is inserted through the housing and is
rotatably supported in the housing. A swash plate rotatable by
the rotation of the drive shaft is provided in the swash plate
chamber. A link mechanism that allows a change in an incli-
nation angle of the swash plate is provided between the drive
shaft and the swash plate. Here, the inclination angle is an
angle formed by the swash plate with respect to a direction
orthogonal to a rotational axis of the drive shaft.

[0005] In the respective cylinder bores, pistons are respec-
tively accommodated to be reciprocatingly movable. Com-
pression chambers are respectively formed in the cylinder
bores. A conversion mechanism is configured to reciprocat-
ingly move the pistons in the cylinder bores at a stroke cor-
responding to the inclination angle according to the rotation
of the swash plate. An actuator is capable of changing the
inclination angle. A control mechanism is configured to con-
trol the actuator.

[0006] The actuator includes a first movable body, a second
movable body, a thrust bearing, and a control pressure cham-
ber. The first movable body is arranged in the center bore and
is movable in the center bore in a rotational axis direction. In
the first movable body, a shaft hole, through which a rear end
portion of the drive shaft is inserted, is formed. Consequently,
the rear end portion of the drive shaft is rotatable in the shaft
hole of the first movable body. An O-ring and a pair of sealing
rings are provided between the outer circumferential surface
of the first movable body and the inner circumferential sur-
face of the center bore.

[0007] The second movable body is inserted through the
drive shaft. The second movable body is arranged in the front
of'the first movable body and is movable in the rotational axis
direction. The thrust bearing is provided between the first
movable body and the second movable body.

[0008] The control pressure chamber is formed on the rear
end side of the center bore because the first movable body is
arranged in the center bore. The control pressure chamber
communicates with the pressure regulation chamber. The
pressure regulation chamber and the control pressure cham-
ber are partitioned from the swash plate chamber by the above
explained the O-ring and the sealing rings.

[0009] The control mechanism performs communication
control between the control pressure chamber and the suction
chamber and performs communication control between the
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control pressure chamber and the discharge chamber to
thereby regulate the pressure of a refrigerant in the control
pressure chamber.

[0010] Inthecompressor, the control mechanism is capable
of moving the first and second movable bodies and the thrust
bearing in the rotational axis direction by regulating the pres-
sure of the refrigerant in the control pressure chamber. Con-
sequently, in the compressor, the link mechanism allows a
change in the inclination angle of the swash plate and is
capable of changing a discharge capacity per one rotation of
the drive shaft.

[0011] However, in the above explained conventional com-
pressor, there is a concern that lubrication between the drive
shaft and the shaft hole is insufficient, seizure occurs here,
and durability is deteriorated.

[0012] The present invention has been devised in view of
the above explained the actual situations in the past and a
problem to be solved by the present invention is to provide a
variable displacement swash plate type compressor capable
of displaying high durability in a compressor that changes a
discharge capacity using an actuator.

SUMMARY OF THE INVENTION

[0013] A variable displacement swash plate type compres-
sor of the present invention comprises: a housing in which a
suction chamber, a discharge chamber, a swash plate cham-
ber, and a cylinder bore are formed; a drive shaft rotatably
supported by the housing; a swash plate rotatable in the swash
plate chamber by the rotation of the drive shaft; a link mecha-
nism provided between the drive shaft and the swash plate and
configured to allow a change in an inclination angle of the
swash plate with respect to a direction orthogonal to a rota-
tional axis of the drive shaft; a piston accommodated to be
reciprocatingly movable in the cylinder bore; a conversion
mechanism configured to reciprocatingly move the piston in
the cylinder bore at a stroke corresponding to the inclination
angle according to the rotation of the swash plate; an actuator
capable of changing the inclination angle; and a control
mechanism configured to control the actuator. The swash
plate chamber communicates with the suction chamber. The
actuator includes: a fixed body fixed to the drive shaft in the
swash chamber; a movable body movable in the rotational
axis direction in the swash plate chamber; and a control
pressure chamber defined by the fixed body and the movable
body and configured to introduce a refrigerant including
lubricant in the discharge chamber to thereby move the mov-
able body. In the housing, a pressure regulation chamber that
communicates with the discharge chamber and the control
pressure chamber and a shaft hole that allows the swash plate
chamber and the pressure regulation chamber to communi-
cate with each other are formed. In the shaft hole, a bearing
rotatably supporting the drive shaft is arranged. A communi-
cation path that allows the pressure regulation chamber and
the swash plate chamber to communicate with each other via
the bearing is provided between the drive shaft and the shaft
hole. In the communication path, an annular member
arranged around the drive shaft is provided. The annular
member includes an aperture that allows the pressure regula-
tion chamber and the swash plate chamber to always commu-
nicate with each other. The annular member moves in the
communication path on the basis of a pressure difference
between the pressure regulation chamber and the swash plate
chamber to thereby adjust a flow rate of the refrigerant circu-
lating through the communication path.
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[0014] Other aspects and advantages of the present inven-
tion will be apparent from embodiments disclosed in the
attached drawings, illustrations exemplified therein, and the
concept of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a sectional view at a time of a maximum
capacity in a compressor in embodiment 1.

[0016] FIG. 2 is a schematic diagram showing a control
mechanism, according to the compressor of embodiment 1.
[0017] FIG. 3 is an essential part enlarged sectional view
showing rear end portion of a drive shaft, according to the
compressor of embodiment 1.

[0018] FIG. 4A is a top perspective view showing first and
second annular members, according to the compressor of
embodiment 1.

[0019] FIG. 4B is an essential part enlarged front view
showing the first and second annular members, according to
the compressor of embodiment 1.

[0020] FIG. 4C is an enlarged sectional view seen in a
direction of arrows C-C in FIG. 4B.

[0021] FIG. 5A is an essential part enlarged sectional view
showing a position of the first annular member in a first
recessed strip portion and a position of the second annular
member in a second recessed strip portion and showing posi-
tions of the first and second annular members in a state in
which a pressure difference between a pressure regulation
chamber and a swash plate chamber is large, according to the
compressor of embodiment 1.

[0022] FIG. 5B is an essential part enlarged sectional view
showing a position of the first annular member in a first
recessed strip portion and a position of the second annular
member in a second recessed strip portion and showing posi-
tions of the first and second annular members in a state in
which the pressure difference between the pressure regulation
chamber and the swash chamber is small, according to the
compressor of embodiment 1.

[0023] FIG. 6 is a sectional view at a time of a minimum
capacity in the compressor in embodiment 1.

[0024] FIG. 7 is an essential part enlarged sectional view
showing a rear end portion of a drive shaft, according to a
compressor of embodiment 2.

[0025] FIG. 8A is a top perspective view showing the first
and second annular members, according to a compressor of
embodiment 3.

[0026] FIG. 8B is an essential part enlarged front view
showing the first and second annular members, according to a
compressor of embodiment 3.

[0027] FIG. 8C is an enlarged sectional view seen in a
direction of arrow C-C in FIG. 8B.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0028] Embodiments 1 to 3 embodying the present inven-
tion are explained below with reference to the drawings.
Compressors in embodiments 1 to 3 are variable displace-
ment swash plate type compressors. All of the compressors
are mounted on a vehicle and configure a refrigeration circuit
of an air-conditioning apparatus for a vehicle.

Embodiment 1

[0029] As shownin FIG. 1, the compressor in embodiment
1 includes a housing 1, a drive shaft 3, a swash plate 5, a link
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mechanism 7, a plurality of pistons 9, a pair of shoes 11a and
115, an actuator 13, and a control mechanism 15 shown in
FIG. 2.

[0030] As shown in FIG. 1, the housing 1 includes a front
housing 17 located in the front of the compressor, a rear
housing 19 located in the rear of the compressor, first and
second cylinder blocks 21 and 23 located between the front
housing 17 and the rear housing 19, and first and second valve
forming plates 39 and 41.

[0031] In the front housing 17, a boss 17a projecting for-
ward is formed. A shaft seal device 25 is provided in the boss
17a. In the front housing 17, a first suction chamber 274 and
a first discharge chamber 29a are formed. The first suction
chamber 274 is located on the inner circumferential side of
the front housing 17. The first discharge chamber 29a is
formed in an annular shape and is located on the outer cir-
cumferential side of the first suction chamber 274 in the front
housing 17.

[0032] Further, in the front housing 17, a first front side
communication path 18q is formed. The front end side of the
first front side communication path 18a communicates with
the first discharge chamber 29a. The rear end side of the first
front side communication path 18a opens to the rear end of
the front housing 17.

[0033] In the rear housing 19, the above explained control
mechanism 15 is provided. In the rear housing 19, a second
suction chamber 275, a second discharge chamber 2954, and a
pressure regulation chamber 31 are formed. The pressure
regulation chamber 31 is located in a center portion of the rear
housing 19. The second suction chamber 275 is formed in an
annular shape and is located on the outer circumferential side
of'the pressure regulation chamber 31 in the rear housing 19.
The second discharge chamber 294 is also formed in an
annular shape and is located on the outer circumferential side
of the second suction chamber 275 in the rear housing 19.
[0034] Further, in the rear housing 19, a first rear side com-
munication path 20a is formed. The rear end side of the first
rear side communication path 20a communicates with the
second discharge chamber 295. The front end side of the first
rear side communication path 20a opens to the front end of
the rear housing 19.

[0035] A swash plate chamber 33 is formed between the
first cylinder block 21 and the second cylinder block 23. The
swash plate chamber is located in substantially the center in
the front-rear direction in the housing 1.

[0036] In the first cylinder block 21, a plurality of first
cylinder bores 21a are formed in the circumferential direction
at equal angle intervals in parallel to one another. In the first
cylinder block 21, a first shaft hole 215, through which the
drive shaft 3 is inserted, is formed. In the first shaft hole 215,
a first sliding bearing 22a is provided. Note that a roller
bearing may be provided instead of the first sliding bearing
22a.

[0037] Further, in the first cylinder block 21, a firstrecessed
portion 21¢ communicating with the first shaft hole 215 and
coaxial with the first shaft hole 215 is formed. The first
recessed portion 21¢ communicates with the swash plate
chamber 33 and forms a part of the swash plate chamber 33.
The first recessed portion 21c is formed in a shape reduced in
diameter stepwise toward the front end. At the front end ofthe
first recessed portion 21c¢, a first thrust bearing 354 is pro-
vided. Further, in the first cylinder block 21, a first commu-
nication path 374, which allows the swash plate chamber 33
and the first suction chamber 274 to communicate with each
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other, is formed. In the first cylinder block 21, a first retainer
groove 2le, which regulates a maximum opening degree of
first suction reed valves 391a explained below, is recessed.

[0038] Further, in the first cylinder block 21, a second front
side communication path 185 is formed. The front end of the
second front side communication path 185 opens to the front
end side of the first cylinder block 21. The rear end of the
second front side communication path 186 opens to the rear
end side of the first cylinder block 21.

[0039] In the second cylinder block 23, as in the first cyl-
inder block 21, a plurality of second cylinder bores 23a are
formed. The second cylinder bores 23a form pairs with the
first cylinder bores 21a in the front and the rear. The first
cylinder bores 21a and the second cylinder bores 23a are
formed in the same diameter.

[0040] Inthe second cylinder block 23, a second shaft hole
23b, through which the drive shaft 3 is inserted, is formed.
The second shaft hole 235 communicates with the pressure
regulation chamber 31 on the rear end side. The second shaft
hole 235 is equivalent to the shaft hole in the present inven-
tion. In the second shaft hole 235, a second sliding bearing
22bis provided. The second sliding bearing 225 is equivalent
to the radial bearing in the present invention. Note that aroller
bearing may be provided instead of the second sliding bearing
22b.

[0041] In the second cylinder block 23, a second recessed
portion 23¢ communicating with the second shaft hole 235
and coaxial with the second shaft hole 235 is formed. The
second recessed portion 23¢ also communicates with the
swash plate chamber 33 and forms a part of the swash plate
chamber 33. Consequently, the second shaft hole 2356 com-
municates with the swash plate chamber 33 on the front end
side. The second recessed portion 23c¢ is formed in a shape
reduced in diameter stepwise toward the rear end. A second
thrust bearing 354 is provided at the rear end of the second
recessed portion 23¢. Further, in the second cylinder block 23,
a second communication path 375, which allows the swash
plate chamber 33 and the second suction chamber 275 to
communicate with each other, is formed. In the second cyl-
inder block 23, a second retainer groove 23e¢, which regulates
a maximum opening degree of second suction reed valves
411a explained below, is recessed.

[0042] In the second cylinder block 23, a discharge port
230, a confluent delivery chamber 231, a third front side
communication path 18¢, a second rear side communication
path 205, and a suction port 330 are formed. The discharge
port 230 and the confluent delivery chamber 231 communi-
cate with each other. The confluent delivery chamber 231 is
connected to a not-shown condenser, which configures a con-
duit, via the discharge port 230.

[0043] The front end side of the third front side communi-
cation path 18¢ opens to the front end of the second cylinder
block 23. The rear end side of the third front side communi-
cation path 18¢ communicates with the confluent delivery
chamber 231. The first cylinder block 21 and the second
cylinder block 23 are joined, whereby the third front side
communication path 18¢ communicates with the rear end side
of the second front side communication path 184.

[0044] The front end side of the second rear side commu-
nication path 205 communicates with the confluent delivery
chamber 231. The rear end side of the second rear side com-
munication path 205 opens to the rear end of the second
cylinder block 23.
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[0045] The suction port 330 is formed in the second cylin-
der block 23. The swash plate chamber 33 is connected to a
not-shown evaporator, which configures the conduit, via the
suction port 330.

[0046] The first valve forming plate 39 is provided between
the front housing 17 and the first cylinder block 21. The
second valve forming plate 41 is provided between the rear
housing 19 and the second cylinder block 23.

[0047] Thefirst valve forming plate 39 includes a first valve
plate 390, a first suction valve plate 391, a first discharge valve
plate 392, and a first retainer plate 393. In the first valve plate
390, the first discharge valve plate 392, and the first retainer
plate 393, first suction holes 390a as many as the first cylinder
bores 21a are formed. In the first valve plate 390 and the first
suction valve plate 391, first discharge holes 3905 as many as
the first cylinder bores 21a are formed. Further, in the first
valve plate 390, the first suction valve plate 391, the first
discharge valve plate 392, and the first retainer plate 393, first
suction communication holes 390¢ are formed. In the first
valve plate 390 and the first suction valve plate 391, first
discharge communication holes 3904 are formed.

[0048] The first cylinder bores 21a communicate with the
first suction chamber 274 through the first suction holes 390a.
The first cylinder bores 21a communicate with the first dis-
charge chamber 29a through the first discharge holes 3905.
The first suction chamber 27a and the first communication
path 37a communicate with each other through the first suc-
tion communication holes 390c. A first front side communi-
cation path 184 and a second front side communication path
1856 communicate with each other through the first discharge
communication holes 390d.

[0049] The first suction valve plate 391 is provided on the
rear surface of the first valve plate 390. In the first suction
valve plate 391, a plurality of first suction reed valves 391a
capable of opening and closing the first suction holes 390a
through elastic deformation are formed. The first discharge
valve plate 392 is provided on the front surface of the first
valve plate 390. In the first discharge valve plate 392, a
plurality of first discharge reed valves 392a capable of open-
ing and closing the first discharge holes 3905 through elastic
deformation are formed. The first retainer plate 393 is pro-
vided on the front surface of the first discharge valve plate
392. The first retainer plate 393 regulates a maximum open-
ing degree of the first discharge reed valves 392a.

[0050] The second valve forming plate 41 includes a sec-
ond valve plate 410, a second suction valve plate 411, a
second discharge valve plate 412, and a second retainer plate
413. In the second valve plate 410, the second discharge valve
plate 412, and the second retainer plate 413, second suction
holes 4104 as many as the second cylinder bores 23a are
formed. In the second valve plate 410 and the second suction
valve plate 411, second discharge holes 41056 as many as the
second cylinder bores 234 are formed. Further, in the second
valve plate 410, the second suction valve plate 411, the sec-
ond discharge valve plate 412, and the second retainer plate
413, second suction communication holes 410¢ are formed.
In the second valve plate 410 and the second suction valve
plate 411, second discharge communication holes 4104 are
formed.

[0051] The second cylinder bores 23a communicate with
the second suction chamber 275 through the second suction
holes 410a. The second cylinder bores 23a communicate with
the second discharge chamber 295 through the second dis-
charge holes 4105. The second suction chamber 275 and the
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second communication path 376 communicate with each
other through the second suction communication holes 410c.
The first rear side communication path 20a and the second
rear side communication path 2056 communicate with each
other through the second discharge communication holes
410d4.

[0052] The second suction valve plate 411 is provided on
the front surface of the second valve plate 410. In the second
suction valve plate 411, a plurality of second suction reed
valves 411a capable of opening and closing the second suc-
tion holes 4104 through elastic deformation are formed. The
second discharge valve plate 412 is provided on the rear
surface of the second valve plate 410. In the second discharge
valve plate 412, a plurality of second discharge reed valves
412a capable of opening and closing the second discharge
holes 4105 through elastic deformation are formed. The sec-
ond retainer plate 413 is provided on the rear surface of the
second discharge valve plate 412. The second retainer plate
413 regulates a maximum opening degree of the second dis-
charge reed valves 412a.

[0053] Inthe compressor, a first discharge communication
path 18 is formed by the first front side communication path
18a, the first discharge communication holes 390d, the sec-
ond front side communication path 185, and the third front
side communication path 18¢. A second discharge communi-
cation path 20 is formed by the first rear side communication
path 20a, the second discharge communication holes 410d,
and the second rear side communication path 205.

[0054] In the compressor, the first and second suction
chambers 27a and 275 and the swash plate chamber 33 com-
municate with each other through the first and second com-
munication paths 37a and 3756 and the first and second suction
communication holes 390¢ and 410¢. Therefore, pressures in
the first and second suction chambers 27a and 276 and in the
swash plate chamber 33 are substantially equal. A low-pres-
sure refrigerant gas passed through the evaporator flows into
the swash plate chamber 33 through the suction port 330.
Therefore, the pressures in the swash plate chamber 33 and in
the first and second suction chambers 27a and 275 are lower
than pressure in the first and second discharge chambers 294
and 295.

[0055] The drive shaft 3 is configured by a drive shaft main
body 30, a first supporting member 43a, and a second sup-
porting member 43b. The drive shaft main body 30 extends
from the front side to the rear side of the housing 1. The drive
shaft main body 30 is inserted rearward from the boss 17a and
inserted through the first and second sliding bearings 22a and
22b. Consequently, the drive shaft main body 30, and by
extension, the drive shaft 3 are axially supported by the hous-
ing 1 to be rotatable around a rotational axis O. The front end
of'the drive shaft main body 30 is located in the boss 17a. The
rear end of the drive shaft main body 30 projects into the
pressure regulation chamber 31.

[0056] In the drive shaft main body 30, the swash plate 5,
the link mechanism 7, and the actuator 13 are provided. The
swash plate 5, the link mechanism 7, and the actuator 13 are
respectively arranged in the swash plate chamber 33.

[0057] The first supporting member 43a is pressed into the
front end side of the drive shaft main body 30 and located
between the drive shaft main body 30 and the first sliding
bearing 22a in the first shaft hole 215. In the first supporting
member 43a, a flange 430, which comes into contact with the
first thrust bearing 354, is formed and an attaching portion
(not shown in the figure), through which a second pin 475
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explained below is inserted, is formed. Further, the front end
of a first return spring 44a is fixed to the first supporting
member 43a. The first return spring 44a extends from the first
supporting member 43a side to the swash plate chamber 33
side in the rotational axis O direction.

[0058] As shown in FIG. 3, the second supporting member
435 is pressed into the rear end side of the drive shaft main
body 30 and located between the drive shaft main body 30 and
the second sliding bearing 225 in the second shaft hole 235.
The second supporting member 435 is equivalent to the cap in
the present invention. A flange 431 is formed at the front end
of the second supporting member 43b. The flange 431
projects into the second recessed portion 23¢ and is in contact
with the second thrust bearing 355. In the second supporting
member 435, a reduced diameter portion 432 is formed on the
rear end side. The rear end of the reduced diameter portion
432 projects into the pressure regulation chamber 31.

[0059] Further, in the second supporting member 435, first
and second recessed strip portions 433 and 434 concentric
with the rotational axis O are recessed in a position between
the flange 431 and the reduced diameter portion 432. The first
and second recessed strip portions 433 and 434 allow the
pressure regulation chamber 31 and the swash plate chamber
33 to communicate with each other via the second sliding
bearing 225b. A first annular member 614 is accommodated in
the first recessed strip portion 433. A second annular member
615 is housed in the second recessed strip portion 434. Con-
sequently, the first and second annular members 61a and 615
are located between the second supporting member 435 and
the second shaft hole 235.

[0060] The second sliding bearing 225 is pressed into the
reduced diameter portion 432. In this way, the second sliding
bearing 225 is provided in the second shaft hole 235 and
located on the rear end side of the second shaft hole 235. Since
the second sliding bearing 225 is located on the rear end side
of the second shaft hole 235, in the compressor, the second
sliding bearing 2256 is arranged further on the pressure regu-
lation chamber 31 side than the first and second annular
members 61a and 615 in the second shaft hole 235. The rear
end of the second sliding bearing 226 faces the pressure
regulation chamber 31.

[0061] The outer diameter of the first annular member 61a,
the outer diameter of the second annular member 615, and the
outer diameter of the second sliding bearing 225 are formed
substantially the same. Consequently, in the compressor, all
of the outer circumferential surface of the first annular mem-
ber 61a, the outer circumferential surface of the second annu-
lar member 615, and the outer circumferential surface of the
second sliding bearing 225 are capable of coming into slide
contact with the inner circumferential surface of the second
shaft hole 235.

[0062] Both the first and second annular members 61a and
615 are made of PEEK. The first and second annular members
61a and 615 have the same configuration. As shown in FIG.
4 A, the first and second annular members 61a and 615 respec-
tively include joint gap 63. The configuration is explained
below with reference to the joint gap 63 of the first annular
member 61a as an example.

[0063] As shown in FIG. 4B, the joint gap 63 is formed by
first to third cutouts 630a to 630c. The first cutout 630a
extends in the axial direction of the first annular member 61a.
The second cutout 6305 extends in the axial direction of the
first annular member 61a while shifting in the circumferential
direction with respect to the first cutout 630a. The third cutout
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630c extends in the circumferential direction in the center in
the thickness direction of the first annular member 61a and is
continuous to the first cutout 630a and the second cutout
6304. The joint gap 63 is formed in a crank shape by the first
to third cutouts 630a to 630c. As shown in FIGS. 5A and 5B,
the annular members 61a and 615 are respectively provided
in the first and second recessed strip portions 433 and 434,
whereby the third cutout 630¢ allows the pressure regulation
chamber 31 and the swash plate chamber 33 to always com-
municate with each other. Therefore, as indicated by solid line
arrows in the figure, lubricant included in the refrigerant can
circulate through the third cutout 630c together with the
refrigerant.

[0064] As shown in FIG. 4C, in the joint gap 63, the third
cutout 630¢ is formed to have a small channel area for the
refrigerant and the like compared with the first and second
cutouts 630a and 6305. Consequently, the third cutout 630¢
functions as an aperture in the first and second annular mem-
bers 61a and 615. A portion between the second shaft hole
23b and the second supporting member 435, the first and
second recessed strip portions 433 and 434, and the third
cutouts 630c function as the communication path in the
present invention. Note that the annular members 61a and 615
may be formed by metal or the like.

[0065] As shown in FIG. 3, in the compressor, the second
shaft hole 235 and the pressure regulation chamber 31 are
defined by the first and second annular members 61a and 615.
As explained above, the joint gap 63 are respectively formed
in the first and second annular members 61a and 615. There-
fore, it is possible to allow the second shaft hole 235 and the
pressure regulation chamber 31 to communicate with each
other through the joint gap 63.

[0066] AsshowninFIG.1, theswashplate5is formed in an
annular flat plate shape and includes a front surface 5q and a
rear surface 5b. The front surface 5a faces the front of the
compressor in the swash plate chamber 33. The rear surface
5b faces the rear of the compressor in the swash plate chamber
33.

[0067] The swashplate5is fixed to aring plate 45. The ring
plate 45 is formed in an annular flat plate shape. An insertion
hole 454 is formed in a center portion of the ring plate 45. The
drive shaft main body 30 is inserted through the insertion hole
454 in the swash plate chamber 33, whereby the swash plate
5 is attached to the drive shaft 3.

[0068] The link mechanism 7 includes a lug arm 49. The
lug arm 49 is arranged further in the front than the swash plate
5 in the swash plate chamber 33 and located between the
swash plate 5 and the first supporting member 43a. The lug
arm 49 is formed to have a substantially L shape from the
front end side to the rear end side. As shown in FIG. 6, the lug
arm 49 comes into contact with the flange 430 of the first
supporting member 43¢ when an inclination angle of the
swash plate 5 with respect to the rotational axis O is the
smallest. A weight portion 494 is formed on the rear end side
of the lug arm 49. The weight portion 49a extends in the
circumferential direction of the actuator 13 over a half cir-
cumference thereof. Note that the shape of the weight portion
494 can be designed as appropriate.

[0069] As shownin FIG. 1, the rear end side of the lug arm
49 is connected to one end side of the ring plate 45 by a first
pin 47a. Consequently, with the axis of the first pin 47a set as
a first pivot axis M1, the front end side of the lug arm 49 is
pivotably supported around the first pivot axis M1 with
respect to one end side of the ring plate 45, that is, the swash

Jun. 18, 2015

plate 5. The first pivot axis M1 extends in a direction orthogo-
nal to the rotational axis O of the drive shaft 3.

[0070] The front end side of the lug arm 49 is connected to
the first supporting member 43a by a second pin 475. Con-
sequently, with the axis of the second pin 475 set as a second
pivot axis M2, the rear end side of the lug arm 49 is pivotably
supported around the second pivot axis M2 with respect to the
first supporting member 43a, that is, the drive shaft 3. The
second pivot axis M2 extends in parallel to the first pivot axis
M1. The lug arm 49 and the first and second pins 47a and 475
are equivalent to the link mechanism 7 in the present inven-
tion.

[0071] The weight portion 49a is provided to extend to the
rear end side of the lug arm 49, that is, the opposite side of the
second pivot axis M2 with respect to the first pivot axis M1.
Therefore, the lug arm 49 is supported on the ring plate 45 by
the first pin 47a, whereby the weight portion 49« is located on
the rear surface of the ring plate 45, that is, the rear surface 54
side of the swash plate 5 through a groove portion 455 of the
ring plate 45. A centrifugal force generated by the rotation of
the swash plate 5 around the rotational axis O acts on the
weight portion 494 on the rear surface 56 side of the swash
plate 5.

[0072] In the compressor, the swash plate 5 and the drive
shaft 3 are connected by the link mechanism 7, whereby the
swash plate 5 is capable of rotating together with the drive
shaft 3. Both ends of the lug arm 49 respectively pivot around
the first pivot axis M1 and the second pivot axis M2, whereby
the swash plate 5 is capable of changing the inclination angle.
[0073] The pistons 9 respectively include first head por-
tions 9a on the front end side and include second head por-
tions 95 on the rear end side. The first head portions 9a are
accommodated to be reciprocatingly movable in the first cyl-
inder bores 21a. First compression chambers 214 are respec-
tively defined in the first cylinder bores 21a by the first head
portions 9a and the first valve forming plate 39. The second
head portions 95 are accommodated to be reciprocatingly
movable in the second cylinder bores 23a. Second compres-
sion chambers 23d are respectively defined in the second
cylinder bores 23a by the second head portions 96 and the
second valve forming plate 41.

[0074] Engaging portions 9c¢ are formed in the centers of
the pistons 9. Semispherical shoes 11a and 115 are respec-
tively provided in the engaging portions 9c. The rotation of
the swash plate 5 is converted into reciprocating movement of
the pistons 9 by the shoes 11a and 115. The shoes 11a and 115
are equivalent to the conversion mechanism in the present
invention. Consequently, the first and second head portions
9a and 954 are respectively capable of reciprocatingly moving
in the first and second cylinder bores 21a and 23« at a stroke
corresponding to the inclination angle of the swash plate 5.
[0075] Here, in the compressor, a stroke of the pistons 9
changes according to a change in the inclination angle of the
swash plate 5, whereby top dead center positions of the first
head portion 9a and the second head portion 95 move. Spe-
cifically, as the inclination angle of the swash plate 5
decreases, the top dead center position of the second head
portion 95 more largely moves than the top dead center posi-
tion of the first head portion 9a.

[0076] As shown in FIG. 1, the actuator 13 is arranged in
the swash plate chamber 33. The actuator 13 is located further
on the rear side than the swash plate 5 and is capable of
entering the second recessed portion 23¢. The actuator 13
includes a movable body 13a, a fixed body 135, and a control
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pressure chamber 13¢. The control pressure chamber 13c¢ is
formed between the movable body 13a and the fixed body
135.

[0077] Themovablebody 13a includes a main body portion
130 and a circumferential wall 131. The main body portion
130 islocated in the rear of the movable body 13a and extends
in the radial direction in a direction away from the rotational
axis O. The circumferential wall 131 is continuous to the
outer circumferential edge of the main body portion 130 and
extends from the front to the rear. A coupling portion 132 is
formed at the front end of the circumferential wall 131. The
movable body 13« is formed in a bottomed cylindrical shape
by the main body portion 130, the circumferential wall 131,
and the coupling portion 132.

[0078] The fixed body 135 is formed in a disk shape having
a diameter substantially the same as the inner diameter of the
movable body 13a. A second return spring 445 is provided
between the fixed body 135 and the ring plate 45. Specifically,
the rear end of the second return spring 445 is fixed to the
fixed body 134. The front end of the second return spring 445
is fixed to the other end side of the ring plate 45.

[0079] The drive shaft main body 30 is inserted through the
movable body 13a and the fixed body 135. Consequently, in
astate in which the movable body 13a is accommodated in the
second recessed portion 23¢, the movable body 13a is
arranged to be opposed to the link mechanism 7 across the
swash plate 5. On the other hand, the fixed body 135 is
arranged in the movable body 13« further in the rear than the
swash plate 5 and is surrounded by the circumferential wall
131. Consequently, the control pressure chamber 13c¢ is
formed a space between the movable body 13 and the fixed
body 135. The control pressure chamber 13¢ is partitioned
from the swash plate chamber 33 by the main body portion
130 and the circumferential wall 131 of the movable body 13a
and the fixed body 134.

[0080] In the compressor, since the drive shaft main body
30 is inserted through the movable body 13a, the movable
body 13a is rotatable together with the drive shaft 3 and is
capable of moving in the rotational axis O direction of the
drive shaft 3 in the swash plate chamber 33. On the other
hand, the fixed body 1354 is fixed to the drive shaft main body
30 in a state in which the fixed body 135 is inserted through
the drive shaft main body 30. Consequently, the fixed body
135 is capable of only rotating together with the drive shaft 3
and is incapable of moving like the movable body 13a. In this
way, in moving in the rotational axis O direction, the movable
body 13aq relatively moves with respect to the fixed body 134.
[0081] The other end side of the ring plate 45 is connected
to the coupling portion 132 of the movable body 13a by a third
pin 47¢. Consequently, with the axis of the third pin 47¢ set as
an action axis M3, the other end side of the ring plate 45, that
is, the swash plate 5 is pivotably supported by the movable
body 13a around the action axis M3. The action axis M3
extends in parallel to the first and second pivot axes M1 and
M2. Inthis way, the movable body 13a is coupled to the swash
plate 5. The movable body 13a comes into contact with the
flange 431 of the second supporting member 435 when the
inclination angle of the swash plate 5 is the largest.

[0082] In the drive shaft main body 30, an axial path 3a
extending in the rotational axis O direction from the rear end
to the front and a radial path 35 extending in the radial direc-
tion from the front end of the axial path 3¢ and opening to the
outer circumferential surface of the drive shaft main body 30
are formed. The rear end of the axial path 3a opens to the
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pressure regulation chamber 31. On the other hand, the radial
path 35 opens to the control pressure chamber 13¢. Conse-
quently, the control pressure chamber 13¢ communicates
with the pressure regulation chamber 31 through the radial
path 35 and the axial path 3a.

[0083] A screw portion 3d is formed at the tip end of the
drive shaft main body 30. The drive shaft 3 is connected to a
not-shown pulley or electromagnetic clutch via the screw
portion 3d.

[0084] As shown in FIG. 2, the control mechanism 15
includes a low pressure passage 15a, a high pressure passage
155, a control valve 15¢, an orifice 154, the axial path 3a, and
the radial path 35.

[0085] The low pressure passage 15a is connected to the
pressure regulation chamber 31 and the second suction cham-
ber 27b. The control pressure chamber 13¢, the pressure
regulation chamber 31, and the second suction chamber 275
communicate with one another through the low pressure pas-
sage 154, the axial path 3a, and the radial path 354. The high
pressure passage 155 is connected to the pressure regulation
chamber 31 and the second discharge chamber 2956. The
control pressure chamber 13¢, the pressure regulation cham-
ber 31, and the second discharge chamber 295 communicate
with one another through the high pressure passage 155, the
axial path 3a, and the radial path 34. The orifice 154 is
provided in the high pressure passage 155.

[0086] Thecontrol valve 15¢ is provided in the low pressure
passage 15a. The control valve 15c¢ is capable of adjusting an
opening degree of the low pressure passage 15a on the basis
of the pressure in the second suction chamber 275.

[0087] Inthe compressor, a pipe joined to the evaporator is
connected to the suction port 330 shown in FIG. 1. A pipe
joined to the condenser is connected to the discharge port 230.
The condenser is connected to the evaporator via a pipe and an
expansion valve. A refrigerant circuit of an air-conditioning
apparatus for a vehicle is configured by the compressor, the
evaporator, the expansion valve, the condenser, and the like.
Note that illustration of the evaporator, the expansion valve,
the condenser, and the pipes are omitted in the figure.
[0088] In the compressor configured as explained above,
the drive shaft 3 rotates, whereby the swash plate 5 rotates and
the pistons 9 reciprocatingly move in the first and second
cylinder bores 21a and 23a. Therefore, the first and second
compression chambers 214 and 234 cause a capacity change
according to a piston stroke. Therefore, in the compressor, a
suction stroke for sucking a refrigerant gas into the first and
second compression chambers 21d and 23d, a compression
stroke in which the refrigerant gas is compressed in the first
and second compression chambers 214 and 23d, a discharge
stroke in which the compressed refrigerant gas is discharged
to the first and second discharge chambers 294 and 2954, and
the like are repeatedly performed.

[0089] The refrigerant gas discharged to the first discharge
chamber 29a reaches the confluent delivery chamber 231
through the first discharge communication path 18. Similarly,
the refrigerant gas discharged to the second discharge cham-
ber 295 reaches the confluent delivery chamber 231 through
the second discharge communication path 20. The refrigerant
gas reached the confluent delivery chamber 231 is discharged
to the condenser from the discharge port 230.

[0090] When the suction stroke and the like are performed,
apiston compression force for reducing the inclination angle
of the swash plate 5 acts on a rotating body formed by the
swash plate 5, the ring plate 45, the lug arm 49, and the first
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pin 47a. If the inclination angle of the swash plate 5 is
changed, it is possible to perform capacity control by an
increase and a decrease of the stroke of the piston 9.

[0091] Specifically, in the control mechanism 15, if the
control valve 15¢ shown in FIG. 2 increases the opening
degree of the low pressure passage 154, the pressure in the
pressure regulation chamber 31, and by extension, in the
control pressure chamber 13¢ are substantially equal to the
pressure in the second suction chamber 275. Therefore, with
the piston compression force acting on the swash plate 5, as
shown in FIG. 6, in the actuator 13, the movable body 13a
moves to the front side of the swash plate chamber 33. There-
fore, in the compressor, the movable body 13a approaches the
Iug arm 49 and the capacity of the control pressure chamber
13¢ decreases.

[0092] Consequently, the other end side of the ring plate 45,
that is, the other end side of the swash plate 5 pivots in the
clockwise direction around the action axis M3 while resisting
an urging force of the second return spring 445. The rear end
of'the lug arm 49 pivots in the clockwise direction around the
first pivot axis M1 and the front end of the lug arm 49 pivots
in the counterclockwise direction around the second pivot
axis M2. Therefore, the lug arm 49 approaches the flange 430
of'the first supporting member 43a. Consequently, the swash
plate 5 pivots with the action axis M3 set as a point of action
and with the first pivot axis M1 set as a fulcrum. Therefore,
the inclination angle of the swash plate 5 with respect to the
rotational axis O of the drive shaft 3 decreases and the stroke
of the piston 9 decreases. Therefore, in the compressor, a
discharge capacity per one rotation of the drive shaft 3
decreases. Note that the inclination angle of the swash plate 5
shown in FIG. 6 is a minimum inclination angle in the com-
pressor.

[0093] In the compressor, the centrifugal force acting on
the weight portion 49a is also applied to the swash plate 5.
Therefore, in the compressor, the swash plate 5 is easily
displaced in a direction for reducing the inclination angle.

[0094] The inclination angle of the swash plate 5 decreases,
whereby the ring plate 45 comes into contact with the rear end
of the first return spring 44a. Consequently, the first return
spring 44a is elastically deformed and the rear end of the first
return spring 44a approaches the first supporting member
43a.

[0095] Here, in the compressor, the inclination angle of the
swash plate 5 decreases and the stroke of the piston 9
decreases, whereby the top dead center position of the second
head portion 95 moves away from the second valve forming
plate 41. Therefore, in the compressor, when the inclination
angle of the swash plate 5 approaches a zero degree, com-
pression work is slightly performed on the first compression
chamber 214 side. On the other hand, compression work is
not performed on the second compression chamber 234 side.

[0096] On the other hand, if the control valve 15¢ shown in
FIG. 2 reduces the opening degree of the low pressure passage
15a, the pressure in the pressure regulation chamber 31
increases and the pressure in the control pressure chamber
13c increases. Therefore, in the actuator 13, as shown in FIG.
1, the movable body 13a moves toward the rear end side of the
swash plate chamber 33 while resisting the piston compres-
sion force acting on the swash plate 5. Therefore, in the
compressor, the movable body 13a moves away from the lug
arm 49 and the capacity of the control pressure chamber 13¢
increases.
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[0097] Consequently, in the action axis M3, the movable
body 13a tows the lower end side of the swash plate 5 to the
rear side of the swash plate chamber 33 through the coupling
portion 132. Consequently, the other end side of the swash
plate 5 pivots in the counterclockwise direction around the
action axis M3. The rear end of the lug arm 49 pivots in the
counterclockwise direction around the first pivot axis M1 and
the front end of the lug arm 49 pivots in the clockwise direc-
tion around the second pivot axis M2. Therefore, the lug arm
49 separates from the flange 430 of the first supporting mem-
ber 43a. Consequently, with the action axis M3 and the first
pivot axis M1 respectively set as a point of action and a
fulcrum, the swash plate 5 pivots in an opposite direction of
the direction in which the inclination angle decreases. There-
fore, the inclination angle of the swash plate 5 with respect to
the rotational axis O of the drive shaft 3 increases and the
stroke of the piston 9 increases. Consequently, the discharge
capacity per one rotation of the drive shaft 3 increases. Note
that the inclination angle of the swash plate 5 shown in FIG.
1 is a maximum inclination angle in the compressor.

[0098] Inthe compressor, the pressure regulation chamber
31 is formed in the rear housing 19. The control mechanism.
15 allows the second discharge chamber 2956 and the pressure
regulation chamber 31 to communicate with each other
through the high pressure passage 155 and allows the second
suction chamber 275 and the pressure regulation chamber 31
to communicate with each other through the low pressure
passage 15a4. Consequently, in the compressor, the lubricant
included in the refrigerant in the second discharge chamber
29b and the second suction chamber 275 is stored in the
pressure regulation chamber 31. As indicated by the solid line
arrows in FIG. 5A and FIG. 5B, in the compressor, with a
pressure difference between the pressure regulation chamber
31 and the second recessed portion 23¢, and by extension,
between the pressure regulation chamber 31 and the swash
plate chamber 33, the refrigerant in the pressure regulation
chamber 31 circulates to the swash plate chamber 33 through,
besides the third cutouts 630c¢ of the first and second annular
members 61a and 615, a gap between the first annular mem-
ber 61a and the first recessed strip portion 433, a gap between
the second annular member 615 and the second recessed strip
portion 434, and the like.

[0099] In the compressor, the first annular member 61a
moves in the first recessed strip portion 433 and the second
annular member 615 moves in the second recessed strip por-
tion 434 on the basis of the pressure difference between the
pressure regulation chamber 31 and the swash plate chamber
33. Consequently, in the compressor, it is possible to adjust
flow rates of the refrigerant circulating through the gap
between the first annular member 61a and the first recessed
strip portion 433 and the gap between the second annular
member 615 and the second recessed strip portion 434, that is,
a flow rate of the refrigerant circulating from the pressure
regulation chamber 31 to the swash plate chamber 33.

[0100] Specifically, as explained above, if the pressure in
the pressure regulation chamber 31 is increased to increase
the pressure difference between the pressure regulation
chamber 31 and the swash plate chamber 33, as shown in FIG.
5A, the first and second annular members 61a and 615 respec-
tively move forward in the first and second recessed strip
portions 433 and 434. Consequently, the first annular member
61a comes into contact with the front wall surface of the first
recessed strip portion 433. In this contact place, the gap
between the first annular member 61a and the first recessed
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strip portion 433 is closed. Similarly, the second annular
member 615 comes into contact with the front wall surface of
the second recessed strip portion 434. In this contact place,
the gap between the second annular member 615 and the
second recessed strip portion 434 is closed. Consequently, as
indicated by the solid line arrows in the figure, the refrigerant
in the pressure regulation chamber 31 circulates only through
the third cutouts 630c of the first and second annular members
61a and 615 and circulate to the swash plate chamber 33.
Therefore, the flow rate of the refrigerant circulating from the
pressure regulation chamber 31 to the swash plate chamber 33
decreases.

[0101] On the other hand, as explained above, if the pres-
sure in the pressure regulation chamber 31 is reduced and the
pressure difference between the pressure regulation chamber
31 and the swash plate chamber 33 is reduced, as shown in
FIG. 5B, the first and second annular members 61a and 615
respectively move to substantially the centers in the first and
second recessed strip portions 433 and 434. Therefore, as
indicated by the solid line arrows in the figure, the refrigerant
in the pressure regulation chamber 31 circulates through the
third cutouts 630c of the first and second annular members
61a and 615, the gap between the first annular member 61a
and the first recessed strip portion 433, and the gap between
the second annular member 615 and the second recessed strip
portion 434 and circulates to the swash plate chamber 33.
That is, compared with a state in which the pressure difter-
ence between the pressure regulation chamber 31 and the
swash plate chamber 33 is large shown in FIG. 5A, the flow
rate of the refrigerant circulating from the pressure regulation
chamber 31 to the swash plate chamber 33 increases.

[0102] When the refrigerant circulates through the third
cutouts 630c and the like in this way, in the compressor, the
lubricant stored in the pressure regulation chamber 31 also
circulates through the third cutouts 630c¢ and the like together
with the refrigerant. Consequently, in the compressor, it is
possible to supply the lubricant to the second sliding bearing
22b provided in the second shaft hole 235. Therefore, in the
compressor, it is possible to suitably lubricate a portion
between the second sliding bearing 226 and the second sup-
porting member 435 with the supplied lubricant. In this case,
in the compressor, as explained above, the first and second
annular members 61a and 615 adjust the flow rates of the
refrigerant circulating through the gap between the first annu-
lar member 614 and the first recessed strip portion 433 and the
gap between the second annular member 615 and the second
recessed strip portion 434. Accordingly, a supply amount of
the lubricant supplied to the second sliding bearing 225 is also
adjusted. Therefore, in the compressor, seizure less easily
occurs between the second supporting member 435 and the
second sliding bearing 225.

[0103] Therefore, the compressor in embodiment 1 dis-
plays high durability in the compressor that changes a dis-
charge capacity using the actuator 13.

[0104] In particular, in the compressor, the first and second
annular members 61a and 615 respectively adjust the flow
rates of the refrigerant flowing through the gap between the
first annular member 61a and the first recessed strip portion
433 and the gap between the second annular member 615 and
the second recessed strip portion 434. Consequently, in the
compressor, it is possible to regulate the pressure in the pres-
sure regulation chamber 31 while preventing the refrigerant
from circulating from the pressure regulation chamber 31 to
the swash plate chamber 33 more than necessary through the
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gaps and the third cutouts 630c. Therefore, in the compressor,
it is easy to change the pressure in the control pressure cham-
ber 13¢ with the pressure of the refrigerant in the second
discharge chamber 295. It is possible to suitably change the
discharge capacity.

[0105] As explained above, in the compressor, the first
annular member 61a adjusts the flow rate of the refrigerant
circulating through the gap between the first annular member
61a and the first recessed strip portion 433 and the second
annular member 615 adjusts the flow rate of the refrigerant
circulating through the gap between the second annular mem-
ber 615 and the second recessed strip portion 434. Conse-
quently, in the compressor, the first and second annular mem-
bers 61a and 615 function as valves that regulate the pressure
in the pressure regulation chamber 31. Further, the first and
second annular members 61a and 615 also function as valves
that adjust the supply amount of the lubricant supplied to the
second sliding bearing 2254. In general, since such valves have
a complicated configuration and a large size, it is difficult to
arrange the valves around the drive shaft 3. On the other hand,
in the compressor, a configuration is simple in which the first
and second annular members 61a and 615 respectively
include the joint gap 63 including the third cutouts 630c
functioning as aperture. Therefore, in the compressor, it is
possible to cause the first and second annular members 61a
and 615 to function as the valves as explained above while
arranging the first and second annular members 61a and 615
around the second supporting member 435.

[0106] In the compressor, the joint gap 63 of the first and
second annular members 61a and 615 are configured by the
first to third cutouts 630a to 630c. As explained above, the
third cutouts 630c¢ function as the aperture in the first and
second annular members 61a and 615. Here, when the first
and second annular members 61a and 615 are respectively
assembled to the first and second recessed strip portions 433
and 434 of the second supporting member 435, in the first and
second cutouts 630a and 6305 extending in the axial direc-
tion, the width, that is, a channel area in the circulation of the
refrigerant and the lubricant easily changes because of toler-
ance and the like during the assembling besides tolerance of
the diameters of the second supporting member 435 and the
first and second recessed strip portions 433 and 434. On the
other hand, in the third cutouts 630c¢ extending in the circum-
ferential direction, a channel area less easily changes even
when the first and second annular members 61a and 615 are
assembled to the second supporting member 435. Therefore,
in the compressor, it is possible to suitably adjust the flow rate
of the refrigerant circulating from the pressure regulation
chamber 31 to the swash plate chamber 33. It is also possible
to suitably adjust the supply amount of the lubricant supplied
to the second sliding bearing 225 and the like.

[0107] Further, in the compressor, since the first and second
annular members 61a and 615 are made of PEEK, friction and
the like are less easily caused even by a load and oil resistance
is high. The first and second annular members 61a and 615 are
also excellent in affinity to the lubricant.

[0108] Further, in the compressor, since the first annular
member 61a and the second annular member 615 are pro-
vided in the second supporting member 435, the first and
second annular members 61a and 615 are capable of adjust-
ing a load that acts during actuation of the compressor. Con-
sequently, in the compressor, durability ofthe first and second
annular members 61a and 615 is high.
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[0109] In the compressor, the outer diameters of the first
and second annular members 61a and 615 and the outer
diameters of the second sliding bearing 225 are formed sub-
stantially the same. Therefore, in the compressor, the first and
second annular members 61la and 615 suitably come into
slide contact with the inner circumferential surface of the
second shaft hole 235 and the second sliding bearing 225
suitably comes into slide contact with the inner circumferen-
tial surface of the second shaft hole 235. Consequently, in the
compressor, both of the first and second annular members 61a
and 615 and the second sliding bearing 225 suitably function.
[0110] Further, in the compressor, in the second shaft hole
23b, the second sliding bearing 226 is arranged further on the
pressure regulation chamber 31 side than the first and second
annular members 61a and 615. The rear end of the second
sliding bearing 225 faces the pressure regulation chamber 31.
Consequently, in the compressor, it is possible to suitably
lubricate the second sliding bearing 2256 with the lubricant in
the pressure regulation chamber 31.

[0111] Inthe compressor, the drive shaft 3 is configured by
the drive shaft main body 30 and first and second supporting
members 43a and 43b. Therefore, in the compressor, it is
possible to suppress complication of the shape of the drive
shaft main body 30 and easily manufacture the drive shaft 3.
Since the first and second annular members 61a and 615 are
provided in the second supporting member 435, it is easy to
provide the first and second annular members 61a and 615 in
the drive shaft 3.

Embodiment 2

[0112] Inacompressorin embodiment 2, a second support-
ing member 46 shown in FIG. 7 is pressed into the drive shaft
main body 30 instead of the second supporting member 435 in
the compressor in embodiment 1. Consequently, in the com-
pressor, the drive shaft 3 is configured by the drive shaft main
body 30, the first supporting member 43a, and the second
supporting member 46.

[0113] In the compressor, a second sliding bearing 22¢ is
provided in the second shaft hole 235 instead of the second
sliding bearing 225. The second sliding bearing 22c is also
equivalent to the radial bearing in the present invention. Note
that a roller bearing may be provided instead of the second
sliding bearing 22c.

[0114] The second supporting member 46 is pressed into
the rear end side of the drive shaft main body 30 and located
in the second shaft hole 235. The second supporting member
46 is also equivalent to the cap in the present invention. A
flange 461 is formed at the front end of the second supporting
member 46. The flange 461 projects into the second recessed
portion 23¢ and is in contact with the second thrust bearing
35b. The movable body 13a comes into contact with the
flange 461 when the inclination angle of the swash plate 5 is
the largest.

[0115] A reduced diameter portion 462 is formed on the
rear end side of the second supporting member 46. In the
reduced diameter portion 462, first and second recessed strip
portions 463 and 464 concentric with the rotational axis O are
recessed. In the first recessed strip portion 463, as in the
compressor in embodiment 1, the first annular member 61a is
arranged. In the second recessed strip portion 464, the second
annular member 615 is arranged. Consequently, the first and
second annular members 61a and 615 are located between the
second supporting member 46 and the second shaft hole 235.
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The rear end of the second supporting member 46, that is, the
reduced diameter portion 462 projects into the pressure regu-
lation chamber 31.

[0116] The second sliding bearing 22c¢ is located on the
front end side of the second shaft hole 235. The inner diameter
of the second sliding bearing 22¢ is formed substantially the
same as the outer diameter of the first annular member 61a
and the outer diameter of the second annular member 615. In
the compressor, as explained above, the first and second annu-
lar members 61a and 615 are provided in the first and second
recessed strip portions 463 and 464 and located on the rear
end side of the second supporting member 46. Consequently,
in the compressor, in the second shaft hole 235, the first and
second annular members 61a and 615 are arranged further on
the pressure regulation chamber 31 side than the second slid-
ing bearing 22¢. A portion between the second shaft hole 235
and the second supporting member 46, the first and second
recessed strip portions 463 and 464, and the third cutouts
630¢ function as the communication path in the present
invention. The other components in the compressor are the
same as the components in the compressor in embodiment 1.
The same components are denoted by the same reference
numerals and signs and detailed explanation concerning the
components is omitted.

[0117] Inthe compressor, as explained above, the first and
second annular members 61a and 615 are arranged further on
the pressure regulation chamber 31 side than the second slid-
ing bearing 22c¢. In this regard, in the compressor, as in the
compressor in embodiment 1, the refrigerant and the lubricant
circulate through, besides the third cutouts 630c¢, the gap
between the first annular member 61a and the first recessed
strip portion 463, the gap between the second annular mem-
ber 615 and the second recessed strip portion 464, and the
like. Therefore, the second sliding bearing 22¢ and the like are
suitably lubricated. Therefore, in the compressor, as in the
compressor in embodiment 1, seizure less easily occurs
between the second supporting member 46 and the second
sliding bearing 22c.

[0118] In the compressor, the outer diameters of the first
and second annular members 61a and the inner diameter of
the second sliding bearing 22¢ are formed substantially the
same. Therefore, in the compressor, the first and second annu-
lar members 61a and 615 suitably come into slide contact
with the inner circumferential surface of the second shaft hole
23b and the second supporting member 46 and the inner
circumferential surface of the second sliding bearing 22¢
suitably come into slide contact with each other. Therefore, in
the compressor, as in the compressor in embodiment 1, both
of'the first and second annular members 61a and 615 and the
second sliding bearing 22¢ suitably function. The other action
in the compressor is the same as the action in the compressor
in embodiment 1.

Embodiment 3

[0119] In a compressor in embodiment 3, first and second
annular members 65a and 655 shown in FIG. 8 A are adopted
instead of the first and second annular members 61a and 615
in the compressor in embodiment 1. The first and second
annular members 65a and 655 are also made of PEEK. The
first and second annular members 654 and 656 are also
respectively accommodated in the first and second recessed
strip portions 433 and 434 and located between the second
supporting member 435 and the second shaft hole 235.
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[0120] The first and second annular members 65a and 654
have the same configuration and respectively include joint
gap 67. The configuration is explained below with reference
to the joint gap 67 of the first annular member 65a as an
example.

[0121] As shown in FIGS. 8A and 8B, the joint gap 67 is
formed by first to third cutouts 670a to 670c¢ and a pair of
communication grooves 670d and 670e. The first cutout 670a
extends in the axial direction of the first annular member 65a.
The second cutout 6705 extends in the axial direction of the
first annular member 65a while shifting in the circumferential
direction with respect to the first cutout 670a. The third cutout
670c extends in the circumferential direction in the center of
the thickness direction of the first annular member 654 and is
continuous to the first cutout 670a and the second cutout
6705. As shown in FIG. 8C, the communication grooves 6704
and 670e are formed in a substantially semicircular shape in
a cross section parallel to the axial direction. The communi-
cation grooves 670d and 670e extend along the third cutout
670c while being opposed to each other across the third cutout
670c and are respectively continuous to the first cutout 670a
and the second cutout 6705.

[0122] The first and second annular members 65a and 654
are respectively provided in the first and second recessed strip
portions 433 and 434, whereby the third cutout 670¢ allows
the pressure regulation chamber 31 and the swash plate cham-
ber 33 to always communicate with each other. Like the first
and second annular members 61a and 615, the third cutout
670c is formed to have a small channel area for the refrigerant
and the like compared with the first and second cutouts 670a
and 6705. Consequently, the third cutout 670¢ functions as an
aperture in the first and second annular members 65a and 655.
The portion between the second shaft hole 235 and the second
supporting member 435, the first and second recessed strip
portions 433 and 434, and the third cutouts 670c¢ function as
the communication path in the present invention. Note that
the annular members 65a and 656 may be formed by metal or
the like. The other components in the compressor are the same
as the components in the compressor in embodiment 1.
[0123] The first and second annular members 65a and 654
act the same as the first and second annular members 61a and
615 in the compressor in embodiment 1. Here, in the first and
second annular members 65a and 655, flow rates of the refrig-
erant and the lubricant can also be adjusted by the communi-
cation grooves 6704 and 670e. The other action in the com-
pressor is the same as the action in the compressor in
embodiment 1.

[0124] The present invention is explained above according
to embodiments 1 to 3. However, the present invention is not
limited to embodiments 1 to 3. It goes without saying that the
present invention can be changed as appropriate and applied
without departing from the spirit of the present invention.
[0125] For example, in the compressor in embodiment 1,
only the first annular member 61a may be provided in the
second supporting member 435. Three or more annular mem-
bers may be provided in the second supporting member 435.
The same applies to the compressors in embodiments 2 and 3.
[0126] The first and second annular members 65a and 654
in the compressor in embodiment 3 may be provided in the
compressor in embodiment 2.

[0127] Further, concerning the control mechanism 15, the
control valve 15¢ may be provided in the high pressure pas-
sage 156 and the orifice 154 may be provided in the low
pressure passage 154. In this case, it is possible to adjust the
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opening degree of the high pressure passage 1556 with the
control valve 15¢. Consequently, it is possible to quickly
increase the pressure in the control pressure chamber 13¢
with the high pressure in the second discharge chamber 295
and quickly increase a compression capacity.

[0128] The compressor may be configured such that a com-
pression chamber is formed only in one of the first cylinder
block 21 and the second cylinder block 23.

[0129] The annular member is preferably formed by resin
such as PEEK (polyether ether ketone), PPS (polyphenylene
sulfide), or PTFE (polytetrafluoroethylene) or metal. On the
other hand, for example, a member that seals the communi-
cation path and blocks circulation of the refrigerant and the
lubricant like an O-ring made of rubber is not included in the
annular member in the present invention.

1. A variable displacement swash plate type compressor

comprising:

a housing in which a suction chamber, a discharge cham-
ber, a swash plate chamber, and a cylinder bore are
formed;

a drive shaft rotatably supported by the housing;

a swash plate rotatable in the swash plate chamber by
rotation of the drive shatt;

a link mechanism provided between the drive shaft and the
swash plate and configured to allow a change in an
inclination angle of the swash plate with respect to a
direction orthogonal to a rotational axis of the drive
shaft;

a piston accommodated to be reciprocatingly movable in
the cylinder bore;

a conversion mechanism configured to reciprocatingly
move the piston in the cylinder bore at a stroke corre-
sponding to the inclination angle according to the rota-
tion of the swash plate;

an actuator capable of changing the inclination angle; and

a control mechanism configured to control the actuator,
wherein

the swash plate chamber communicates with the suction
chamber,

the actuator includes:

a fixed body fixed to the drive shaft in the swash cham-
ber;

a movable body movable in the rotational axis direction
in the swash plate chamber; and

acontrol pressure chamber defined by the fixed body and
the movable body and configured to introduce a
refrigerant including lubricant in the discharge cham-
ber to thereby move the movable body,

in the housing, a pressure regulation chamber that commu-
nicates with the discharge chamber and the control pres-
sure chamber and a shaft hole that allows the swash plate
chamber and the pressure regulation chamber to com-
municate with each other are formed,

in the shaft hole, a bearing rotatably supporting the drive
shaft is arranged,

a communication path that allows the pressure regulation
chamber and the swash plate chamber to communicate
with each other via the bearing is provided between the
drive shaft and the shaft hole,

in the communication path, an annular member arranged
around the drive shaft is provided,

the annular member includes an aperture that allows the
pressure regulation chamber and the swash plate cham-
ber to always communicate with each other, and
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the annular member moves in the communication path on
a basis of a pressure difference between the pressure
regulation chamber and the swash plate chamber to
thereby adjust a flow rate of the refrigerant circulating
through the communication path.
2. The variable displacement swash plate type compressor
according to claim 1, wherein
the communication path includes a recessed strip portion
formed between the drive shaft and the shaft hole, and
the annular member is arranged in the recessed strip por-
tion.
3. The variable displacement swash plate type compressor
according to claim 1, wherein
the annular member includes a first cutout extending in an
axial direction parallel to the rotational axis, a second
cutout extending in the axial direction in an extending
direction of'the first cutout while shifting with respect to
the first cutout in a circumferential direction orthogonal
to the axial direction, and a third cutout extending in the
circumferential direction to connect the first cutout and
the second cutout, and
the third cutout is the aperture.
4. The variable displacement swash plate type compressor
according to claim 1, wherein
the bearing is a radial bearing provided between the drive
shaft and the shaft hole,
the annular member and the radial bearing are provided
around the drive shaft and arranged between the pressure
regulation chamber and the swash plate chamber, and
the radial bearing is arranged further on the pressure regu-
lation chamber side than the annular member.
5. The variable displacement swash plate type compressor
according to claim 4, wherein
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an outer diameter of the annular member is substantially
the same as an outer diameter or an inner diameter of the
radial bearing.
6. The variable displacement swash plate type compressor
according to claim 4, wherein
an inner diameter of the annular member is substantially
the same as an outer diameter or an inner diameter of the
radial bearing.
7. The variable displacement swash plate type compressor
according to claim 1, wherein
the bearing is a radial bearing provided between the drive
shaft and the shaft hole,
the annular member and the radial bearing are provided
around the drive shaft and arranged between the pressure
regulation chamber and the swash plate chamber, and
the annular member is arranged further on the pressure
regulation chamber side than the radial bearing.
8. The variable displacement swash plate type compressor
according to claim 7, wherein
an outer diameter of the annular member is substantially
the same as an outer diameter or an inner diameter of the
radial bearing.
9. The variable displacement swash plate type compressor
according to claim 1, wherein
a plurality of the annular members are provided.
10. The variable displacement swash plate type compres-
sor according to claim 2, wherein
the drive shaft includes a drive shaft main body and a cap fit
in the drive shaft main body, the recessed strip portion
being recessed in the cap.
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