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(54) Swash plate compressor

(57)  Aswash plate type compressor includes a drive
shaft, a swash plate, a piston, a cylinder block, a housing,
acylinderbore, a compression chamber, suction and dis-
charge chambers and first and second thrust bearings.
The cylinder bore is formed in the cylinder block and re-
ceiving therein the piston engaged with the swash plate
mounted on the drive shaft. The compression chamber
is defined in the cylinder bore by the piston so as to be

communicable with the suction and the discharge cham-
bers formed in the housing. The first and the second
thrust bearings are disposed on opposite sides of the
swash plate. The drive shaft extends through the cylinder
block and supported in a thrust direction by the first and
the second thrust bearings, and either one of the firstand
the second thrust bearings is disposed outside the cyl-
inder block and between the housing and the drive shaft.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a swash plate
compressor.
[0002] Japanese Patent Application Publication No.

7-197883 discloses a swash plate compressor. The
swash plate compressor includes first and second cylin-
derblocks, front and rear housings, a drive shaft, a swash
plate and a plurality of pistons.

[0003] A plurality of first cylinder bores is formed in the
first cylinder block around the axis of the drive shaft at a
predetermined angular interval.

Secound cylinder bores of the same number as the first
cylinder bores is formed in the second cylinder block
around the axis of the drive shaft at positions correspond-
ing to the respective cylinder bores in the first cylinder
block. A crank chamber is formed between the first and
the second cylinder blocks. Each first cylinder bore is in
communication with its corresponding second cylinder
bore through the crank chamber. Each pair of the first
and the second cylinder bores forms a cylinder bore. The
cylinder bore includes the first cylinder bore formed on
the front side of the cylinder block and the second cylinder
bore formed on the rear side of the cylinder block.
[0004] Each piston includes a first piston head recipr-
ocable in the first cylinder bore and a second piston head
reciprocable in the second cylinder bore. The first piston
head is inserted in the first cylinder bore and a first com-
pression chamber is defined by the first piston head in
the first cylinder bore. The second piston head is inserted
in the second cylinder bore and a second compression
chamber is defined by the second piston head in the sec-
ond cylinder bore. Each piston is engaged with the swash
plate through a pair of shoes and reciprocates in its cor-
responding cylinder bore with the rotation of the swash
plate.

[0005] The front housing is connected to the front end
of the first cylinder block. A first valve unitis held between
the front housing and the first cylinder block. A first suc-
tion chamber and a first discharge chamber are formed
between the front housing and the first valve unit. The
first suction chamber and the first discharge chamber are
communicable with the first compression chamber, re-
spectively.

[0006] The rear housing is connected to the rear end
of the second cylinder block. A second valve unit is held
between the rear housing and the second cylinder block.
A second suction chamber and a second discharge
chamber are formed between the rear housing and the
second valve unit so as to be communicable with the
second compression chamber, respectively.

[0007] A drive shaftis disposed extending through the
front housing and thefirst and the second cylinder blocks.
The swash plate is mounted on the drive shaft for rotation
therewith in the crank chamber.

[0008] In the swash plate compressor, a first thrust
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bearing is disposed between the first cylinder block and
the swash plate and a second thrust bearing is disposed
between the second cylinder block and the swash plate.
The first and the second thrust bearings are located on
the opposite sides of the swash plate in the crank cham-
ber. The drive shaft extending through the front housing
and the first and the second cylinder blocks is supported
in thrust direction by the first and the second thrust bear-
ings. According to the compressor, the thrust force de-
rived from the suction reaction force and applied to the
piston during its suction stroke and the compression re-
action force applied to the piston during its compression
stroke are received by the first and the second thrust
bearings.

[0009] For improving the ease of mounting the above
compressor in a vehicle, the compressor is required to
improve the degree of freedom in design, such as light-
ening of weight while maintaining the desired displace-
ment capacity of the compressor. Meanwhile, the fixed
displacement swash plate compressor is required to en-
sure the specific strength by employing bearings of a
predetermined size, such as the first and the second
thrust bearings.

[0010] In the above conventional double-headed
swash plate compressor, the first and the second thrust
bearings are located in the crank chamber between the
front and the rear heads of the respective pistons, that
is inside of the pistons, so that the axial length of the
pistons tends to be increased. In such a case, it is difficult
for the swash plate compressor to reduce its weight and
size. Therefore, the increased the size of the swash plate
compressor is inevitable due to the presence of the bear-
ings between the front and the rear heads of the respec-
tive pistons.

[0011] The swash plate compressor having a drive
shaft with a large axial length has a problem in that the
strength of the drive shaft against torsion may be re-
duced. The thickness of the compressor housing needs
to be increased in order to ensure the strength of the
drive shaft, which further increases the size and weight
of the swash plate compressor. Thus, the swash plate
compressor is difficult to reduce its weight and size.
[0012] Inthe swash plate type compressor wherein the
pistons are located radially outward of the first and the
second thrust bearings, shortening the axial length of the
piston while maintaining the volume of the cylinder bores
causes the housing to be increased in radial direction. In
this case, the swash plate compressor is difficult to re-
duce its weight and size. Reducing the volume of the
cylinder bores causes the swash plate compressor to fail
to maintain the displacement capacity.

[0013] The presentinvention is directed to providing a
swash plate compressor that ensures high degree of
freedom in design to achieve reduction in its weight while
maintaining the desired displacement capacity and the
strength of the swash plate compressor for the displace-
ment capacity.
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SUMMARY OF THE INVENTION

[0014] In accordance with the present invention, a
swash plate type compressor includes a drive shaft, a
swash plate, a piston, a cylinder block, a housing, a cyl-
inder bore, a compression chamber, suction and dis-
charge chambers and first and second thrust bearings.
The swash plate is mounted on the drive shaft for rotation
with the drive shaft. The piston is engaged with the swash
plate. The cylinder block accommodates the swash plate.
The housing is connected to the cylinder block. The cyl-
inder bore is formed in the cylinder block and receives
the pistonin the cylinder bore. The compression chamber
is defined in the cylinder bore by the piston. The suction
chamber is formed in the housing so as to be communi-
cable with the compression chamber. The discharge
chamber is formed in the housing so as to be communi-
cable with the compression chamber. The first thrust
bearing and a second thrust bearing are disposed on
opposite sides of the swash plate. The drive shaftextends
through the cylinder block and supported in a thrust di-
rection by the first thrust bearing and the second thrust
bearing, and at least either one of the first thrust bearing
and the second thrust bearing is disposed outside the
cylinder block and between the housing and the drive
shaft.

[0015] 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

[0016] The invention together with objects and advan-
tages thereof, may best be understood by reference to
the following description of the presently preferred em-
bodiments together with the accompanying drawings in
which:

Fig. 1is alongitudinal sectional view showing a fixed
displacement double-headed piston type swash
plate compressor according to a preferred embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0017] The following will describe a preferred embod-
iment with reference to Fig. 1. The fixed displacement
type double-headed piston type swash plate compressor
(hereinafter referred to simply as "compressor") shown
in Fig. 1 is designed to be mounted on a vehicle and
forms a part of the refrigerant circuit for use in a vehicle
air conditioner.

[0018] Referring to Fig. 1, the compressor includes a
housing 1, a first cylinder block 17, a second cylinder
block 19, a drive shaft 3, a swash plate 5, a plurality of
pistons 7 and first and second thrust bearings 9, 11. The
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first and the second cylinder blocks 17, 19 correspond
to a cylinder block of the present invention.

[0019] The first cylinder block 17 has formed therein a
plurality of first cylinder bores 17A on the front side there-
of and afirst shaft hole 17B through which the drive shaft
3 is inserted. The first cylinder bores 17A are formed
around and parallel to the first shaft hole 17B at an equi-
angular spaced interval. A first slide bearing 31A is dis-
posed in the first shaft hole 17B. A first suction passage
33A is formed extending through the first cylinder block
17 in the axial direction of the drive shaft 3. A first retainer
(not shown) is formed in the first cylinder block 17 to limit
the lift of a first suction reed valve 24A which will be de-
scribed later.

[0020] The second cylinder block 19 is disposed rear-
ward of the first cylinder block 17. The second cylinder
block 19 has formed therein the same number second
cylinder bores 19A as the first cylinder bores 17A and a
second shaft hole 19B through which the drive shaft 3 is
inserted. The second cylinder bores 19A are formed
around and parallel to the second shaft hole 19B at an
equiangular interval. A second slide bearing 31 B is
mounted on the second shaft hole 19B. A second suction
passage 33B is formed extending through the second
cylinder block 19 in the axial direction of the drive shaft
3. A second retainer (not shown) is formed in the second
cylinder block 19 to limit the lift of a second suction reed
valve 23A which will be described later. The cylinder bore
includes a first cylinder bore formed on the front side of
the cylinder block and a second cylinder bore formed on
the rear side of the cylinder block.

[0021] The housing 1 includes a front housing 13 and
arear housing 15.

[0022] The front housing 13 is formed with a boss 13A
extending forward. The boss 13A has formed therein a
shaft hole 13B. A shaft seal device 25 is disposed in the
shaft hole 13B to seal between the drive shaft 3 and the
front housing 13.

[0023] Afirstsuction chamber27A and afirstdischarge
chamber 29A are formed annularly in the front housing
13. The first suction chamber 27A is formed radially in-
ward of the first discharge chamber 29A.

[0024] The front housing 13 has a first support portion
13C extending in the first suction chamber 27A. The first
support portion 13C has at the distal end thereof a re-
cessed annular first pressure receiving seat 13D.
[0025] The second suction chamber 27B and the sec-
ond discharge chamber 29B are formed annularly in the
rear housing 15. The second suction chamber 27B is
formed radially inward of the second discharge chamber
29B. The first and the second suction chambers 27A,
27B cooperate to serve as a suction chamber of the
present invention.

[0026] The rear housing 15 includes a second support
portion 15A extending in the second suction chamber
27B. The second support portion 15A has at the distal
end thereof a recessed annular second pressure receiv-
ing seat 15B.
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[0027] The front housing 13 and the rear housing 15
are fastened together by a plurality of bolts (not shown)
so as to hold therebetween the first and the second cyl-
inder blocks 17, 19. The front housing 13 is fixed to the
front end of the first cylinder block 17. The front housing
13 and the first cylinder block 17 are connected to each
other with a first valve unit 21 held therebetween. The
rear housing 15 is connected to the rear end of the second
cylinder block 19. The rear housing 15 and the second
cylinder block 19 are connected to each other with a sec-
ond valve unit 23 held therebetween.

[0028] With the front housing 13, the first and the sec-
ond cylinder blocks 17, 19 and the rear housing 15 con-
nected together, a crank chamber 35 is formed between
the first and the second cylinder blocks 17, 19. The first
and the second cylinder blocks 17, 19 accommodate
therein the swash plate 5. The crank chamber 35 is in
communication with the first suction chamber 27A
through the first suction passage 33A and with the second
suction chamber 27B through the second suction pas-
sage 33B.

[0029] Thefirst valve unit21 includes afirst valve plate
37A, a first suction valve plate 21 E, a first discharge
valve plate 21 F and a first retainer plate 39A.

[0030] Firstsuction ports 21C and first discharge ports
21 D of the same number as the first cylinder bore 17A
are formed through the first valve plate 37A. The first
suction valve plate 21 E is formed with a plurality of the
first suction reed valves 21A. The first suction reed valve
21A s configured to open and close the first suction port
21C. A plurality of first discharge reed valves 21 B is
formed through the first discharge valve plate 21 F. The
first discharge reed valve 21 B is configured to open and
close the first discharge port 21 D. The first retainer plate
39A limits the lift of the first discharge reed valves 21 B.
[0031] The second valve unit 23 includes a second
valve plate 37B, a second suction valve plate 23E, a sec-
ond discharge valve plate 23F and a second retainer
plate 39B.

[0032] Second suction ports 23C and second dis-
charge ports 23D of the same number as the second
cylinder bore 19A are formed through the second valve
plate 37B. The second suction valve plate 23E is formed
with a plurality of second suction reed valves 23A. The
second suction reed valve 23A is configured to open and
close the second suction port 23C. The second discharge
valve plate 23F is formed with a plurality of second dis-
charge reed valves 23B. The second discharge reed
valve 23B is configured to open and close the second
discharge port 23D. The second retainer plate 39B limits
the lift of the second discharge reed valves 23B.

[0033] The drive shaft 3 includes a first shaft portion
3A forming a front part of the drive shaft 3, a second shaft
portion 3B forming a rear part of the drive shaft 3 and a
third shaft portion 3C between the first and the second
shaft portions 3A, 3B. A thread 3D is formed on the front
end of the first shaft portion 3A. A pulley (not shown) and
an electromagnetic clutch (not shown) are connected to
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the thread 3D.

[0034] Thefirstshaft portion 3A has the same diameter
as the second shaft portion 3B. The third shaft portion
3C has a larger diameter than the first and the second
shaft portions 3A, 3B. An annular third pressure receiving
seat 3E is formed between the first shaft portion 3A and
the third shaft portion 3C, or at the front end of the third
shaft portion 3C. An annular fourth pressure receiving
seat 3F is formed between the second shaft portion 3B
and the third shaft portion 3C, or at the rear end of the
third shaft portion 3C.

[0035] The drive shaft 3 extends through the front
housing 13, the first and the second cylinder blocks 17,
19 andintherear housing 15. The drive shaft 3 is inserted
through the first and the second shaft holes 17B, 19B
which are formed in the first and the second cylinder
blocks 17, 19, respectively. The front end of the first shaft
portion 3A is positioned in the shaft hole 13B and the rear
end of the first shaft portion 3A and the third pressure
receiving seat 3E are positioned in the first suction cham-
ber 27A. The second shaft portion 3B and the fourth pres-
sure receiving seat 3F are positioned in the second suc-
tion chamber 27B. The third shaft portion 3C is rotatably
supported by the first and the second slide bearings 31A,
31 B. The drive shaft 3 is driven to rotate on the rotation
axis O by the power transmitted through the pulley and
the electromagnetic clutch.

[0036] The swash plate 5 has an annular shape. The
swash plate 5 includes a boss 5A formed at the center
thereof. A hole 5B is formed through the boss 5A. The
third shaft portion 3C of the drive shaft 3 is press-fitted
through the hole 5B, thus the swash plate 5 being con-
nected to the drive shaft 3. Thus, the swash plate 5 is
rotatable in the crank chamber 35 with the rotation of the
drive shaft 3.

[0037] The piston 7 includes a first piston head 7A, a
second piston head 7B and a intermediate portion 7C
connecting the first and the second piston heads 7A, 7B.
The first piston head 7A and the second piston head 7B
are formed on the front side and the rear side of the piston
7,respectively. The firstcylinder bore 17Areceives there-
in the first piston head 7A of the piston 7 for reciprocation
therein and the first piston head 7A defines a first com-
pression chamber 41A in the first cylinder bore 17A. The
first compression chamber 41A is formed between the
first cylinder bore 17A and the first piston head 7A. The
first compression chamber41Ais communicable with the
first suction chamber 27A through the first suction port
21C and with the first discharge chamber 29A through
the first discharge port 21 D.

[0038] The second piston head 7B is formed rearward
of the intermediate portion 7C. The second cylinder bore
19A receives therein the second piston head 7B for re-
ciprocation therein. The second piston head 7B defines
a second compression chamber 41 B in the second cyl-
inder bore 19A. the second compression chamber 41 B
is formed between the second cylinder bore 19A and the
second piston head 7B. The second compression cham-
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ber 41 B is communicable with the second suction cham-
ber 27B through the second suction port 23C and with
the second discharge chamber 29B through the second
discharge port 23D.

[0039] A recess 7D is formed in the intermediate por-
tion 7C of the piston 7 at the center thereof. A pair of
semi-spherical shoes 43A, 43B is disposed in the recess
7D. The piston 7 is engaged with the swash plate 5
through the shoes 43A, 43B.

[0040] In this compressor, the pistons 7 reciprocate in
the first and the second cylinder bores 17A, 19A in ac-
cordance with the tilt angle of the swash plate 5 relative
to a hypothetical orthogonal plane orthogonal to the ro-
tation axis O. The rotation of the swash plate 5 is con-
verted into reciprocating motion of the piston 7 in its as-
sociated first and second cylinder bores 17A, 19A in the
manner that is well known in the art. The top dead center
of the first piston head 7A in the first compression cham-
ber 41A is indicated by T1 in Fig. 1 and will be referred
to as the first top dead center. The top dead center of the
second piston head 7B in the second compression cham-
ber 41 B is indicated by T2 and will be referred to as the
second top dead center.

[0041] Thefirstthrustbearing9is arollerthrust bearing
including first and second races 9A, 9B, a roller 9C held
between the first and the second races 9A, 9B and a first
cage (notshown). A hole 9D is formed through the center
ofthefirstrace 9A. A hole 9E is formed through the center
of the second race 9B.

[0042] Thefirstthrustbearing 9 is disposed in the front
housing 13 at a position adjacent to the drive shaft 3.
Specifically, the first thrust bearing 9 is disposed in the
first suction chamber 27A at a position between the first
pressure receiving seats 13D of the front housing 13 and
the third pressure receiving seat 3E of the third shaft por-
tion 3C of the drive shaft 3. Thus, the first thrust bearing
9 is located forward of the top dead center T1 of the first
piston head 7A and outside the first cylinder block 17.
More specifically, the first thrust bearing 9 is disposed
with the first race 9A thereof in contact on the inner pe-
ripheral side thereof in contact on the inner peripheral
side thereof with the third pressure receiving seat 3E and
with the second race 9B thereof in contact with the first
pressure receiving seat 13D on the outer peripheral side
thereof and with the shaft seal device 25. The first race
9A is in contact in an area on the inner peripheral side
thereof with the third pressure receiving seat 3E, so that
the inner peripheral part of the first race 9A is elastically
deformable toward the second race 9B by a thrust force
applied to the first race 9A. The first race 9A of the first
thrust bearing 9 serves as the cushion of the present
invention.

[0043] The second thrust bearing 11 is a roller thrust
bearing including first and second races 11A, 11 B, a
roller 11C held between the first and the second race
11A, 11 B and a second cage (not shown). A hole 11 D
is formed through the center of the first race 11A. A hole
11 Eis formed through the center of the second race 11 B.
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[0044] The second thrust bearing 11 is disposed in the
rear housing 15 adjacent to the drive shaft 3. Specifically,
the second thrust bearing 11 is disposed in the second
suction chamber 27B between the second pressure re-
ceiving seat 15B of the rear housing 15 and the fourth
pressure receiving seat 3F of the third shaft portion 3C
of the drive shaft 3. Thus, the second thrust bearing 11
is located rearward of the top dead center T2 of the sec-
ond piston head 7B and outside the second cylinder block
19. More specifically, the second thrust bearing 11 is dis-
posed with the first race 11A thereof in contact with the
fourth pressure receiving seat 3F on the inner peripheral
side thereof and also with the second race 11 B thereof
in contact with the second pressure receiving seat 15B.
The first race 11A is in contact in an area on the inner
peripheral side thereof with the fourth pressure receiving
seat 3F, so that the inner peripheral part of the second
race 11 B is elastically deformable toward the second
race 11 B by a thrust force applied to the first race 11A.
The first race 11A of the second thrust bearing 11 also
serves as the cushion of the present invention. Thus, at
least one of the first and the second thrust bearings serve
as the cushion with the housing 1 and the drive shaft 3
for receiving thrust force by deforming themselves.
[0045] The first and the second thrust bearings 9, 11
which are disposed in the first suction chamber 27A and
the second suction chamber 27B, respectively, are lo-
cated on the opposite sides of the swash plate 5 in the
front and the rear housings 13, 15, respectively. The size
of the first and the second thrust bearings 9, 11 may be
determined appropriately according to the thrust force
applied to the pistons 7.

[0046] The first and the second discharge chambers
29A, 29B form a single discharge chamber (not shown)
which is connected to a condenser. The condenser is
connected to an evaporator through an expansion valve.
The evaporator is connected to the crank chamber 35.
The crank chamber 35 is in communication with the first
and the second suction chambers 27A, 27B through the
first and the second suction passages 33A, 33B, respec-
tively. The compressor, the condenser, the expansion
valve and the evaporator cooperate to form a refrigerant
circuit. The condenser, the expansion valve and the
evaporator are not shown in the drawing.

[0047] Asthedrive shaft 3 ofthe above-described com-
pressor is driven to rotate by a vehicle engine or a motor
through the pulley and the electromagnetic clutch, the
pistons 7 are reciprocated in the first and the second
cylinder bores 17A, 19A for a stroke length that is deter-
mined by the inclination angle of the swash plate 5. Ac-
cordingly, refrigerant in the first and the second suction
chambers 27A, 27B is flowed into the first and the second
compression chambers 41A, 41 B for compression there-
in and the refrigerant compressed in the first and the sec-
ond compression chambers 41 A, 41 B is forced out
thereof into the first and the second discharge chambers
29A, 29B. The thrust force derived from the suction re-
action force of the pistons 7 during their suction stroke
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and also from the compression reaction force of the pis-
tons 7 during their compression stroke are received by
the first and the second thrust bearings 9, 11.

[0048] The first and the second thrust bearings 9, 11
are disposed in thefirstand the second suction chambers
27A, 27B on the opposite outer sides of the first and the
second cylinder blocks 17, 19 in the front and the rear
housings 13, 15, respectively. The first thrust bearing 9
is positioned outside the first cylinder block 17 and on
the front side of the compressor. The second thrust bear-
ing 11 is positioned outside the second cylinder block 19
and on the rear side of the compressor. Thus the first
and the second thrust bearings 9, 11 are positioned out-
side the cylinder block and between the housing 1 and
the drive shaft 3. Therefore, the first and the second thrust
bearings 9, 11 are positioned on opposite outer sides of
the crank chamber 35. The first and the second thrust
bearings 9, 11 are positioned outside the crank chamber
35, respectively. In other words, the first and the second
thrust bearings 9, 11 are positioned outside the pistons 7.
[0049] The use of the first and the second thrust bear-
ings 9, 11 having any size that is large enough to ensure
the strength will not increase of the axial length of the
piston 7 due to an increase of the axial length of the in-
termediate portion 7C may be prevented. Thus, the axial
length of the first and the second cylinder blocks 17, 19
may be reduced.

[0050] The compressor of the preferred embodiment
may ease restrictions on the shape of the pistons 7 and
the drive shaft 3. Because no thrust bearing is provided
in contact with the boss 5A of the swash plate 5, the boss
5A may be downsized.

[0051] Because the piston 7 may reduce its axial
length, the crank chamber 35 may be downsized and,
therefore, the compressor may be made smaller in size.
Accordingly, the compressor may ensure high strength
against torsion.

[0052] In designing the compressor so as to reduce its
size, the first and the second cylinder bores 17A, 19A
need not be reduced in volume. In this double-headed
swash plate compressor, wherein refrigerant gas is com-
pressed in both the first and the second compression
chambers 41A, 41 B, the displacement capacity of the
compressor will not be influenced so much by the down-
sizing of the compressor.

[0053] The compressoraccording to the preferred em-
bodiment may ensure high degree of freedom in design
that permits reduction in its weight while maintaining the
desired displacement of the compressor and the strength
of the compressor required for that displacement.
[0054] The first races 9A, 11A of the first and the sec-
ondthrustbearings 9, 11 are elastically deformable which
allows the first and the second thrust bearings 9, 11 to
receive thrust force generated in the compressor, with
the result that the durability of the first and the second
thrust bearings 9, 11 is increased. Therefore, the dura-
bility of the compressor may be increased and vibration
and noise development of the compressor during the op-
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eration may be prevented.

[0055] The first suction chamber 27A is formed on the
inner peripheral side of the front housing 13 and the first
discharge chamber 29A is formed on the outer peripheral
side of the front housing 13. Similarly, the second suction
chamber 27B is formed on the inner peripheral side of
the rear housing 15 and the second discharge chamber
29B is formed on the outer peripheral side of the rear
housing 15. The first thrust bearing 9 is disposed in the
first suction chamber 27A and the second thrust bearing
11 is disposed in the second suction chamber 27B.
[0056] Inthis compressor, the first thrust bearing 9 fac-
es the first suction chamber 27A and the drive shaft 3 is
supported at the rear end of the first shaft portion 3A
thereof by the first thrust bearing 9 in the first suction
chamber 27A. The second thrust bearing 11 faces the
second suction chamber 27B and the drive shaft 3 is
supported at the second shaft portion 3B thereof by the
second thrust bearing 11 in the second suction chamber
27B.

[0057] In this compressor of the preferred embodi-
ment, lubricating oil contained in the refrigerant flowing
in the first and the second suction chambers 27A, 27B
lubricate not only the drive shaft 3 but also the first and
the second thrustbearings 9, 11, thus permitting the drive
shaft 3 to rotate smoothly. The drive shaft 3 is protected
against wear and the durability of the compressor is im-
proved. Refrigerant in the suction chamber has a rela-
tively low temperature. Thus, any frictional heat gener-
ated in the first and the second thrust bearings 9, 11, is
cooled by refrigerant.

[0058] The present preferred embodiments is to be
considered as illustrative and not restrictive, and the in-
vention is not to be limited to the details given herein but
it may be modified in various ways as exemplified below.
[0059] In the first and the second thrustbearings 9, 11,
not only the first races 9A, 11A but also the second races
9B, 11 B may be formed so as to be elastically deform-
able.

[0060] Only either one of the first and the second thrust
bearings 9, 11 may be formed so as to be elastically
deformable. Alternatively, neither of the first nor the sec-
ond thrust bearings 9, 11 may be formed elastically de-
formable.

[0061] The compressor may be constructed such that
the inclination angle of the swash plate 5 is changeable
so that the displacement of the compressor per rotation
of the drive shaft 3 is variable. Also in this case, the first
and the second thrust bearings 9, 11 are positioned out-
side the crank chamber 35, so that it is easy to ensure a
space necessary for a mechanism for changing the in-
clination angle of the swash plate 5 if the crank chamber
35 is formed smaller.

[0062] Thefirstthrustbearing 9 maybe disposed within
the crank chamber 35, or inside the first cylinder block
17.Inthis case, the first thrust bearing 9 should preferably
be disposed forward of the top dead center T1 of the first
piston head 7A in the first cylinder block 17.
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[0063] Alternatively, the second thrust bearing 11 may
be disposed within the crank chamber 35, or inside the
second cylinder block 19. In this case, the second thrust
bearing 11 should preferably be disposed rearward of
the top dead center T2 of the second piston head 7B in
the second cylinder block 19.

[0064] The first and the second thrust bearings 9, 11
are disposed in thefirstand the second suction chambers
27A, 27B, respectively. Alternatively, the first and the
second thrustbearings 9, 11 may be disposed to be com-
municable with the firstand the second suction chambers
27A, 27B, respectively. Thus, the first and the second
thrust bearings 9, 11 face the first and the second suction
chambers 27A, 27B, respectively. In this case, the first
and the second thrust bearings 9, 11 are communicable
with the first and the second suction chambers 27A, 27B,
respectively, through an exclusive communication pas-
sage or a clearance formed between the housing 1 and
the drive shaft 3.

[0065] A radial rolling bearing may be used instead of
the first and the second slide bearings 31A, 31 B.
[0066] The presentinventionisapplicable also to a sin-
gle-headed piston type swash plate compressor. Also in
this case, the compressor may be of either fixed displace-
ment type or variable displacement type.

[0067] A swash plate type compressor includes adrive
shaft, a swash plate, a piston, a cylinder block, a housing,
acylinderbore, a compression chamber, suction and dis-
charge chambers and first and second thrust bearings.
The cylinder bore is formed in the cylinder block and re-
ceiving therein the piston engaged with the swash plate
mounted on the drive shaft. The compression chamber
is defined in the cylinder bore by the piston so as to be
communicable with the suction and the discharge cham-
bers formed in the housing. The first and the second
thrust bearings are disposed on opposite sides of the
swash plate. The drive shaft extends through the cylinder
block and supported in a thrust direction by the first and
the second thrust bearings, and either one of the firstand
the second thrust bearings is disposed outside the cyl-
inder block and between the housing and the drive shaft.

Claims
1. A swash plate type compressor comprising:

a drive shaft (3);

a swash plate (5) mounted on the drive shaft (3)
for rotation with the drive shaft (3);

a piston (7) engaged with the swash plate (5);
a cylinder block (17, 19) accommodating the
swash plate (5);

a housing (1) connected to the cylinder block
(17, 19);

acylinderbore (17A, 19A) formed in the cylinder
block (17, 19) and receiving the piston (7) in the
cylinder bore (17A, 19A);
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a compression chamber (41A, 41 B) defined in
the cylinder bore (17A, 19A) by the piston (7);
a suction chamber (27A, 27B) formed in the
housing (1) so as to be communicable with the
compression chamber (41A, 41 B);

a discharge chamber (29A, 29B) formed in the
housing (1) so as to be communicable with the
compression chamber (41A, 41 B); and

a first thrust bearing (9) and a second thrust
bearing (11) disposed on opposite sides of the
swash plate (5),

characterized in that the drive shaft (3) extends
through the cylinder block (17, 19) and support-
ed in a thrust direction by the first thrust bearing
(9) and the second thrust bearing (11), and at
least either one of the first thrust bearing (9) and
the second thrust bearing (11) is disposed out-
side the cylinder block (17, 19) and between the
housing (1) and the drive shaft (3).

The swash plate type compressor according to claim
1, characterized in that the housing (1) includes a
front housing (13) connected to the front end of the
cylinder block (17, 19) and a rear housing (15) con-
nected to the rear end of the cylinder block (17, 19),
the cylinder bore (17A, 19A) includes the first cylin-
derbore (17A) formed on the front side of the cylinder
block (17, 19) and the second cylinder bore (19A)
formed on the rear side of the cylinder block (17, 19),
the piston (7) includes a first piston head (7A) recip-
rocable in the first cylinder bore (17A) and a second
piston head (7B) reciprocable in the second cylinder
bore (19A), the first thrust bearing (9) is disposed
between the front housing (13) and the drive shaft
(3) and the second thrust bearing (11) is disposed
between the rear housing (15) and the drive shaft (3).

The swash plate type compressor according to claim
1 or 2, characterized in that at least one of the first
thrustbearing (9) and the second thrust bearing (11),
serves as a cushion with the housing (1) and the
drive shaft (3) for receiving thrust force by deforming
thefirstthrust bearing (9) and the second thrust bear-

ing (11).

The swash plate type compressor according to any
one of claims 1 through 3, characterized in that at
least one of the first thrust bearing (9) and the second
thrust bearing (11) faces the suction chamber (27A,
27B).
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