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(54) Variable displacement compressor

(57) A variable displacement compressor for forming
a refrigerant circuit with an external refrigerant circuit in-
cludes a housing, a drive shaft, a swash plate, a shaft
seal member, a supply passage, a control valve and a
gas passage. The housing has a suction chamber, a
crank chamber, a discharge chamber and a shaft seat
chamber formed therein. The discharge chamber is in

communication with the crank chamber through the sup-
ply passage. The supply passage has the shaft seal
chamber. The discharge chamber is in communication
with the external refrigerant circuit through the gas pas-
sage, The supply passage is formed differently from the
gas passage. A part of the supply passage is located
adjacent to the suction chamber and nearer to the suction
chamber than the discharge chamber.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a variable dis-
placement compressor whose displacement is variable
by changing angle of inclination of a swash plate of the
compressor.
[0002] In this type of variable displacement compres-
sor (hereinafter referred to merely as a compressor), re-
frigerant gas in a discharge chamber is supplied into a
crank chamber through a supply passage while the re-
frigerant gas in the crank chamber is drawn out to a suc-
tion chamber through a bleed passage for controlling
pressure in the crank chamber, whereby the angle of
inclination of the swash plate is adjusted. A control valve
is provided in the supply passage. As an opening degree
of the control valve is adjusted, flow rate of the refrigerant
gas supplied into the crank chamber is adjusted, so that
the angle of inclination of the swash plate is adjusted
thereby to adjust stroke of a piston and hence the dis-
placement of the compressor.
[0003] A shaft seal chamber is provided in an outer
side of a drive shaft in a housing of the compressor. A
shaft seal member is accommodated in the shaft seal
chamber for preventing the refrigerant gas from leaking
out of the compressor along the circumferential surface
of the drive shaft. Since the shaft seal member is con-
stantly in slide contact with the circumferential surface of
the drive shaft, the shaft seal member generates heat
during operation of the compressor. To prevent degra-
dation caused by excessive generation of heat of the
shaft seal member, the compressor has a structure for
cooling the shaft seal member.
[0004] Japanese Unexamined Patent Application
Publication (KOKAI) No. 4-179874 discloses one exam-
ple of the structure. Specifically, the shaft seal chamber
is provided in the supply passage, through which the re-
frigerant gas is supplied from the discharge chamber to
the crank chamber. The refrigerant gas is decompressed
by the control valve to lower its temperature, and then is
supplied into the crank chamber through the shaft seal
chamber. Therefore, the refrigerant gas is blown to the
shaft seal member in the shaft seal chamber thereby to
cool the shaft seal member. This prevents the degrada-
tion caused by excessive generation of heat of the shaft
seal member.
[0005] In the above-referenced compressor, however,
since the refrigerant gas discharged into the discharge
chamber is high temperature, even if the refrigerant gas
is decompressed by the control valve to lower its tem-
perature, the refrigerant gas blown to the shaft seal mem-
ber in the shaft seal chamber is still high temperature.
Therefore, cooling effect of the shaft seal member
caused by the refrigerant gas is not sufficiently per-
formed.
[0006] The present invention is directed to a variable
displacement compressor for sufficiently cooling the

shaft seal member.

SUMMARY OF THE INVENTION

[0007] The present invention provides a variable dis-
placement compressor for forming a refrigerant circuit
with an external refrigerant circuit. The variable displace-
ment compressor includes a housing, a drive shaft, a
swash plate, a shaft seal member, a supply passage, a
control valve and a gas passage. The housing has a suc-
tion chamber, a crank chamber, a discharge chamber
and a shaft seal chamber formed therein. The drive shaft
is rotataby supported by the housing. The swash plate
is connected to the drive shaft so that angle of inclination
of the swash plate relative to the drive shaft is variable.
The swash plate is accommodated in the crank chamber.
The shaft seal member is accommodated in the shaft
seal chamber. The discharge chamber is in communica-
tion with the crank chamber through the supply passage.
The supply passage includes the shaft seal chamber.
The control valve is disposed in the supply passage. Flow
rate of refrigerant gas supplied from the discharge cham-
ber to the crank chamber through the supply passage is
adjusted by adjusting an opening degree of the control
valve. The discharge chamber is in communication with
the external refrigerant circuit through the gas passage.
The supply passage is formed differently from the gas
passage. A part of the supply passage is located adjacent
to the suction chamber and nearer to the suction chamber
than the discharge chamber.
[0008] Other aspects and advantages of the invention
will become apparent from the following description, tak-
en in conjunction with the accompanying drawings, illus-
trating by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The features of the present invention that are
believed to be novel are set forth with particularity in the
appended claims. The invention together with objects
and advantages thereof, may best be understood by ref-
erence to the following description of the presently pre-
ferred embodiments together with the accompanying
drawings in which:

FIG. 1 is a longitudinal sectional view showing a var-
iable displacement compressor according to a first
embodiment of the present invention;

FIG. 2 is a cross sectional view taken in the direction
of the arrows substantially along the line 2-2 of FIG.
1;

FIG. 3 is a longitudinal sectional view showing a var-
iable displacement compressor according to a sec-
ond embodiment of the present invention;

FIG. 4 is a longitudinal sectional view showing a var-
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iable displacement compressor according to a third
embodiment of the present invention;

FIG. 5 is a cross sectional view taken in the direction
of the arrows substantially along the line 5-5 of FIG.
4;

FIG. 6 is a cross sectional view of a variable dis-
placement compressor showing another example of
a position at which a part of a supply passage is
arranged;

FIG. 7 is a cross sectional view of a variable dis-
placement compressor showing another example of
a position at which a part of a supply passage is
arranged;

FIG. 8 is a cross sectional view of a variable dis-
placement compressor showing another example of
a position at which a part of a supply passage is
arranged; and

FIG. 9 is a cross sectional view of a variable dis-
placement compressor showing another example of
a position at which a part of a supply passage is
arranged.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0010] The following will describe a variable displace-
ment compressor (hereinafter referred to merely as a
compressor) according to a first preferred embodiment
of the present invention with reference to FIGs. 1 and 2.
[0011] FIG. 1 shows a longitudinal sectional view of a
compressor 10 of the first embodiment. In FIG. 1, the left
side and the right side of the drawing correspond to the
front side and the right side of the compressor 10, re-
spectively. As shown in FIG 1, the compressor 10 in-
cludes a cylinder block 11, a front housing 12 which is
fixedly joined to the front end of the cylinder block 11,
and a rear housing 14 which is fixedly joined to the rear
end of the cylinder block 11 through a valve plate assem-
bly 13. The cylinder block 11, the front housing 12 and
the rear housing 14 form a housing of the compressor 10.
[0012] The cylinder block 11 and the front housing 12
define a crank chamber therebetween. A drive shaft 16
is rotatably supported by the cylinder block 11 and the
front housing 12 so as to pass through the crank chamber
15. The drive shaft 16 includes a cylindrical hollow first
shaft portion 16a having an opening at the rear end there-
of (at the right end of FIG. 1) and a cylindrical hollow
second shaft portion 16b having openings at the opposite
ends thereof (at the right and left ends of FIG. 1) and
press-fitted (or inserted) into the first shaft portion 16a to
form double pipe structure. An O-ring 17 is held between
the inner circumferential surface of the first shaft portion
16a and the outer circumferential surface of the second

shaft portion 16b at the front side of the second shaft
portion 16b (at the left side of FIG. 1).
[0013] The drive shaft 16 is rotatably supported at the
opposite sides thereof (at the right and left sides of FIG.
1) by radial bearings 18 and 19, respectively In the front
housing 12, a shaft seal chamber 20 is formed forward
of the radial bearing 18. A lip seal 21 that serves as a
shaft seal member is provided between the circumferen-
tial surface of the front side of the drive shaft 16 (or the
first shaft portion 16a) and the shaft seal chamber 20.
The lip seal 21 is constantly in slide contact with the drive
shaft 16 thereby to prevent refrigerant gas from leaking
from the crank chamber 15 to the outside of the com-
pressor 10 along the circumferential surface of the drive
shaft 16.
[0014] In the cylinder block 11, an accommodation
space S is defined rearward of the radial bearing 19. The
rear side of the drive shaft 16 is accommodated in the
accommodation space S.
[0015] In the crank chamber 15, a lug plate 22 is se-
cured to the drive shaft 16 for rotation therewith. A thrust
bearing 23 is provided between the lug plate 22 and the
inner wall surface of the front housing 12. In the crank
chamber 15, a swash plate 24 is accommodated. An in-
sertion hole 24a is bored in the middle of the swash plate
24, in which the drive shaft 16 is inserted. A hinge mech-
anism 25 is interposed between the lug plate 22 and the
swash plate 24. The swash plate 24 is connected to the
lug plate 22 through the hinge mechanism 25 and sup-
ported by the drive shaft 16 through the insertion hole
24a. This permits the swash plate 24 to rotate synchro-
nously with the lug plate 22 and the drive shaft 16 and
incline with respect to the drive shaft 16 while sliding in
the direction of an axis T of the drive shaft 16.
[0016] The cylinder block 11 has a plurality of cylinder
bores 26 (only one of them being shown in FIG. 1) around
the drive shaft 16 at equiangular intervals, extending in
the direction of the axis T. Each cylinder bore 26 receives
therein a single-headed piston 27 for reciprocation. The
front and rear openings of the cylinder bore 26 are closed
by the piston 27 and the valve plate assembly 13, re-
spectively. In the cylinder bore 26, a compression cham-
ber (not shown) is defined. The volume of the compres-
sion chamber varies in accordance with the reciprocation
of the piston 27. The piston 27 engages with the outer
peripheral portion of the swash plate 24 through a pair
of shoes 29.
[0017] In the rear housing 14, the suction chamber 30
and the discharge chamber 31 are defined so as to face
the valve plate assembly 13. More specifically, the dis-
charge chamber 31 is provided in the middle of the rear
housing 14 and a partition wall 14a is formed radially
outward of the discharge chamber 31. In the rear housing
14, the suction chamber 30 is provided radially outward
of the discharge chamber 31 through the partition wall
14a in an annular shape so as to surround the discharge
chamber 31. In addition, in the rear housing 14, a periph-
eral wall 14c is formed radially outward of the outer pe-
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ripheral portion of the suction chamber 30 for forming a
part of the rear housing 14. A suction port 32 and a suction
valve (not shown) are provided in the valve plate assem-
bly 13 so as to be located between the corresponding
compression chamber and the suction chamber 30. In a
similar manner, a discharge port 34, a discharge valve
(not shown) and a retainer 35 are provided in the valve
plate assembly 13 so as to be located between the cor-
responding compression chamber and the discharge
chamber 31.
[0018] In the rear housing 14, an accommodation
chamber 50 is defined and is in communication with the
discharge chamber 31 through a discharge passage 51.
The discharge chamber 31 is connected to an external
refrigerant circuit 40 through the discharge passage 51
and the accommodation chamber 50, so that high-pres-
sure refrigerant gas discharged to the discharge chamber
31 is led to the external refrigerant circuit 40 through the
discharge passage 51 and the accommodation chamber
50. Thus, the discharge passage 51 and the accommo-
dation chamber 50 form a gas passage for leading the
refrigerant gas discharged to the discharge chamber 31
to the external refrigerant circuit 40.
[0019] The refrigerant gas which is led to the external
refrigerant circuit 40 through the gas passage is cooled
by a condenser 40a which forms the external refrigerant
circuit 40. Subsequently, the refrigerant gas is expanded
by an expansion valve 40b and then transferred to an
evaporator 40c to be evaporated therein. The refrigerant
gas returned from the evaporator 40c (which forms the
external refrigerant circuit 40) is drawn into the suction
chamber 30. The compressor 10 of the present embod-
iment forms a refrigerant circuit with the external refrig-
erant circuit 40.
[0020] In the accommodation chamber 50 of the gas
passage, an oil separator 52 is disposed for separating
lubricating oil contained in the refrigerant gas discharged
to the discharge chamber 31 from the refrigerant gas.
The oil separator 52 includes an oil separation portion
52a for separating the lubricating oil from the refrigerant
gas by centrifugal separation and an oil reservoir 52b in
which the oil separated by the oil separation portion 52a
is temporarily reserved.
[0021] In the oil separator 52, the oil separation portion
52a has a cylindrical shape, the lower end of which is
opened to the oil reservoir 52b. The discharge passage
51 is opened to the accommodation chamber 50 at a
position facing the oil separation portion 52a. The refrig-
erant gas led from the discharge chamber 31 to the ac-
commodation chamber 50 through the discharge pas-
sage 51 is circled around the oil separation portion 52a
in the circumferential direction thereof. At this time, the
lubricating oil is separated from the refrigerant gas by
centrifugal separation and the separated lubricating oil
is temporarily reserved in the oil reservoir 52b. A part of
the refrigerant gas whose lubricating oil is separated
passes through the inside of the oil separation portion
52a and then is supplied to the condenser 40a of the

external refrigerant circuit 40.
[0022] In the rear housing 14, an electromagnetic type
displacement control valve 60 that serves as a control
valve is disposed on the downstream side of the accom-
modation chamber 50. In addition, a communication pas-
sage 59 is formed in the rear housing 14. The oil reservoir
52b and the control valve 60 are in communication with
each other through the communication passage 59. Fur-
thermore, a first passage 61 is formed in the rear housing
14. The control valve 60 and a second passage 62 formed
in the valve plate assembly 13 are in communication with
each other through the first passage 61. As shown in
FIG. 2, a part of the first passage 61 is formed so as to
pass through the peripheral wall 14c of the rear housing
14 in the direction of the axis T. That is, the part of the
first passage 61 is located radially outward of the partition
wall 14a which separates the suction chamber 30 and
the discharge chamber 31, and is located radially out-
ward of the suction chamber 30 so as to be located ad-
jacent to the suction chamber 30. In other words, the part
of the first passage 61 is located adjacent to the suction
chamber 30 so that the refrigerant gas in the part of the
first passage 61 is cooled by the refrigerant gas in the
suction chamber 30.
[0023] As shown in FIG. 1, the second passage 62 is
in communication with a third passage 63 formed in the
cylinder block 11, and the third passage 63 is in commu-
nication with the accommodation space S. In the drive
shaft 16, a fourth passage 64 is formed in the second
shaft portion 16b so as to pass through the second shaft
portion 16b in the direction of the axis T. The fourth pas-
sage 64 is in communication with the accommodation
space S. In addition, in the drive shaft 16, a fifth passage
65 is formed so as to extend on the front side of the first
shaft portion 16a in the direction of the axis T and extend
in the radial direction of the axis T. The fifth passage 65
is in communication with the fourth passage 64 and is in
communication with the shaft seal chamber 20 in the front
housing 12. The shaft seal chamber 20 is in communi-
cation with the crank chamber 15 through a sixth passage
66 formed in the front housing 12.
[0024] Therefore, the discharge passage 51, the ac-
commodation chamber 50 (or the oil reservoir 52b), the
communication passage 59, the control valve 60, the first
passage 61, the second passage 62, the third passage
63, the accommodation space S, the fourth passage 64,
the fifth passage 65, the shaft seal chamber 20 and the
sixth passage 66 form a supply passage for supplying
the refrigerant gas in the discharge chamber 31 to the
crank chamber 15. The supply passage is formed differ-
ently from the gas passage. When the control valve 60
is operated, the opening degree of the supply passage
is adjusted. A controller (not shown) is connected to the
control valve 60 for performing control of current supply
(duty cycle control). In the supply passage, the control
valve 60 is provided on the upstream side of the first
passage 61 located adjacent to the suction chamber 30.
That is, in the supply passage, the first passage 61 which
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forms the part of the supply passage is located down-
stream from the control valve 60.
[0025] In the drive shaft 16, a bleed port 16c is formed
in the first shaft portion 16a at a position between the
swash plate 24 and the lug plate 22. The bleed port 16c
is in communication with a seventh passage 67 formed
between the inner circumferential surface of the first shaft
portion 16a and the outer circumferential surface of the
second shaft portion 16b. The seventh passage 67 is in
communication with the accommodation space S. The
accommodation space S is in communication with an
eighth passage 68 formed in the cylinder block 11, and
the eighth passage 68 is in communication with a ninth
passage 69 formed in the valve plate assembly 13. The
ninth passage 69 is in communication with the suction
chamber 30. The bleed port 16c, the seventh passage
67, the accommodation space S, the eighth passage 68
and the ninth passage 69 form a bleed passage for draw-
ing the refrigerant gas from the crank chamber 15 to the
suction chamber 30. In the accommodation space S, a
lip seal L is interposed between the inner wall surface of
the accommodation space S and the outer circumferen-
tial surface of the rear end of the second shaft portion
16b of the drive shat 16 in such a way that a part of the
supply passage and a part of the bleed passage which
are defined in the accommodation space S are shut off
from each other.
[0026] The operation of the compressor 10 of the
present embodiment will now be described. As the drive
shaft 16 is rotated by a drive source (not shown), the
swash plate 24 is rotated and the pistons 27 are recip-
rocally moved in the respective cylinder bores 26, ac-
cordingly. At this time, the refrigerant gas circulating
through the external refrigerant circuit 40 is drawn from
the suction chamber 30 into the cylinder bores 26 through
the corresponding suction valves and suction ports 32,
thereby to be compressed in the compression chambers
(not shown), respectively. The compressed refrigerant
gas is discharged to the discharge chamber 31 through
the corresponding discharge ports 34 and discharge
valves. The refrigerant gas discharged to the discharge
chamber 31 is led to the oil separator 52 in the accom-
modation chamber 50 through the discharge passage
51, and the oil separation portion 52a of the oil separator
52 separates the oil from the refrigerant gas.
[0027] A part of the refrigerant gas whose lubricating
oil is separated passes through the inside of the oil sep-
aration portion 52a and then is supplied to the condenser
40a of the external refrigerant circuit 40. That is, the part
of the refrigerant gas is led to the external refrigerant
circuit 40 through the gas passage including the accom-
modation chamber 50 and the discharge passage 51.
Meanwhile, the other part of the refrigerant gas whose
lubricating oil is separated in the oil separator 52 passes
through the oil reservoir 52b and then is led to the control
valve 60 through the communication passage 59 with the
lubricating oil in the oil reservoir 52b. That is, the refrig-
erant gas discharged to the discharge chamber 31 is di-

vided into the gas passage for the external refrigerant
circuit 40 and the communication passage 59 for the con-
trol valve 60 through the discharge passage 51. There-
fore, the refrigerant gas is separately led to the external
refrigerant circuit 40 and the control valve 60.
[0028] Of the refrigerant gas led to the control valve
60, flow rate of the refrigerant gas supplied to the crank
chamber 15 through the supply passage is adjusted by
adjusting the opening degree of the control valve 60.
When the refrigerant gas passes through the control
valve 60, the refrigerant gas is throttled by a valve portion
(not shown) of the control valve 60 thereby to be decom-
pressed. When the refrigerant gas is decompressed, the
temperature of the refrigerant gas is reduced.
[0029] In addition, the refrigerant gas whose temper-
ature is reduced passes through the first passage 61.
The part of the first passage 61 is disposed in the periph-
eral wall 14c so as to be located adjacent to the suction
chamber 30, Meanwhile, the refrigerant gas which circu-
lates through the external refrigerant circuit 40 thereby
to be lowered in temperature is drawn into the suction
chamber 30. The refrigerant gas in the suction chamber
30 is lower in temperature than the refrigerant gas pass-
ing through the supply passage (the first passage 61).
Therefore, the refrigerant gas passing through the first
passage 61 of the supply passage is cooled by the re-
frigerant gas in the suction chamber 30. That is, the re-
frigerant gas which is discharged to the discharge cham-
ber 31 and then passes through the control valve 60 and
a part of the supply passage is cooled by two cooling
means, in other words, the control valve 60 and the suc-
tion chamber 30. Thus, the refrigerant gas which is dis-
charged to the discharge chamber 31 and then passes
through the control valve 60 and a part of the supply
passage is lower in temperature than the refrigerant gas
in the discharge chamber 31.
[0030] In the drive shaft 16, the seventh passage 67
is formed radially outward of the fourth passage 64 so
as to surround the fourth passage 64 which forms a part
of the supply passage. Therefore, the refrigerant gas
which passes through the seventh passage 67 performs
insulation effect for shutting off transfer of heat from the
outside of the outer circumferential surface of the drive
shaft 16 to the fourth passage 64, thereby to maintain
the refrigerant gas in the fourth passage 64 (the supply
passage) at low temperature.
[0031] The refrigerant gas which passes through the
first passage 61 to be lowered in temperature is drawn
into the shaft seal chamber 20 through the second pas-
sage 62, the third passage 63, the accommodation space
S, the fourth passage 64 and the fifth passage 65, and
then is blown to the lip seal 21 in the shaft seal chamber
20. The lip seal 21 which generates heat due to constant
sliding contact with the drive shaft 16 is thus cooled by
the refrigerant gas. Thereafter, the refrigerant gas drawn
into the shaft seal chamber 20 is supplied from the sixth
passage 66 to the crank chamber 15.
[0032] The refrigerant gas in the crank chamber 15 is
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drawn to the bleed passage, and furthermore drawn to
the suction chamber 30. The balance between the flow
rate of the refrigerant gas supplied into the crank chamber
15 through the supply passage and the flow rate of the
refrigerant gas drawn from the crank chamber 15 through
the bleed passage is controlled to determine (or adjust)
the pressure in the crank chamber 15. When the pressure
in the crank chamber 15 is changed, the pressure differ-
ence between the crank chamber 15 and the cylinder
bores 26 through the respective pistons 27 is changed
thereby to change angle of inclination of the swash plate
24. Consequently, stroke of each piston 27 (displace-
ment of the compressor 10) is adjusted.
[0033] The first embodiment has the following advan-
tageous effects.

(1) The discharge chamber 31 and the crank cham-
ber 15 are in communication with each other through
the supply passage. A part of the supply passage
(the first passage 61) is located radially outward of
the partition wall 14a, and is located radially outward
of the suction chamber 30 (in the peripheral wall 14c)
so as to be located adjacent to the suction chamber
30. The part of the supply passage is nearer to the
suction chamber than the discharge chamber.
Therefore, the refrigerant gas which is discharged
to the discharge chamber 31 and then passes
through the control valve 60 is cooled by the low-
temperature refrigerant gas in the suction chamber
30. The cooled refrigerant gas is supplied into the
shaft seal chamber 20 through the supply passage,
so that the cooled refrigerant gas is blown to the lip
seal 21 in the shaft seal chamber 20. Thus, the re-
frigerant gas which is supplied into the shaft seal
chamber 20 is reduced in temperature compared to
the case where the refrigerant gas which is dis-
charged to the discharge chamber 31 and then pass-
es through the control valve 60 is directly supplied
into the shaft seal chamber 20. Consequently, tem-
perature of the refrigerant gas which is blown to the
lip seal 21 in the shaft seal chamber 20 is reduced
thereby to sufficiently cool the lip seal 21.

(2) The compressor 10 is so arranged that the dis-
charge chamber 31 is defined in the middle of the
rear housing 14 and the annular suction chamber 30
is defined radially outward of the discharge chamber
31 through the partition wall 14a. In the compressor
10, a part of the supply passage (the first passage
61) is located in such a position that the first passage
61 and the discharge chamber 31 sandwich the par-
tition wall 14a and the suction chamber 30. There-
fore, the refrigerant gas which passes through the
first passage 61 is not affected by the high-temper-
ature refrigerant gas in the discharge chamber 31
and is even cooled by the refrigerant gas in the suc-
tion chamber 30 directly. Thus, the refrigerant gas
which passes through the first passage 61 is effi-

ciently cooled by the refrigerant gas in the suction
chamber 30.

(3) In addition, in the compressor 10, a part of the
supply passage (the first passage 61) is located in
the peripheral wall 14c which is located radially out-
ward of the suction chamber 30. Therefore, the re-
frigerant gas in the suction chamber 30 is not directly
heated by the refrigerant gas which passes through
the first passage 61, for example, as in the case
where the first passage 61 is so arranged as to
traverse the suction chamber 30. Thus, deterioration
of the cooling efficiency in the external refrigerant
circuit 40 caused by the refrigerant gas in the suction
chamber 30 being heated is prevented,

(4) In the rear housing 14, the gas passage through
which a part of the refrigerant gas is led to the exter-
nal refrigerant circuit 40 and the communication pas-
sage 59 through which the other part of the refriger-
ant gas is led to the control valve 60 are so formed
that the communication passage 59 is separated
from the accommodation chamber 50 of the gas pas-
sage. That is, although the supply passage shares
the discharge passage 51 with the gas passage, the
supply passage is formed differently from the gas
passage. Therefore, the refrigerant gas discharged
to the discharge chamber 31 is separately led from
the discharge passage 51 to the external refrigerant
circuit 40 and the supply passage, and only the re-
frigerant gas supplied to the supply passage is
cooled by the refrigerant gas in the suction chamber
30. That is, since in the compressor 10 of the present
embodiment all the refrigerant gas discharged to the
discharge chamber 31 is not led to the external re-
frigerant circuit 40 so as to be cooled by the refrig-
erant gas in the suction chamber 30 on the way to
the external refrigerant circuit 40, temperature of the
refrigerant gas in the suction chamber 30 is hard to
rise. Consequently, as described in the above effect
(3) deterioration of the cooling efficiency in the ex-
ternal refrigerant circuit 40 caused by the refrigerant
gas in the suction chamber 30 being heated is pre-
vented.

(5) In the rear housing 14, the gas passage through
which a part of the refrigerant gas is led to the exter-
nal refrigerant circuit 40 and the communication pas-
sage 59 (the supply passage) through which the oth-
er part of the refrigerant gas is led to the control valve
60 are differently formed. Therefore, for example,
compared to the case that the gas passage through
which the refrigerant gas discharged to the discharge
chamber 31 is led to the external refrigerant circuit
40 also serves as the supply passage, increase of
the diameter of a passage which is indispensable for
ensuring the flow rate of the refrigerant gas into the
external refrigerant circuit 40 and the flow rate of the
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refrigerant gas into the crank chamber 15 is prevent-
ed.

(6) A part of the supply passage (the first passage
61) which is located adjacent to the suction chamber
30 is located on the downstream side of the control
valve 60. Therefore, the refrigerant gas is decom-
pressed by the control valve 60 and then is cooled
by the refrigerant gas in the suction chamber 30.
Thus, the refrigerant gas in the supply passage is
effectively cooled.

(7) A part of the supply passage (the fourth passage
64 and the fifth passage 65) is formed in the drive
shaft 16 and a part of the bleed passage (the seventh
passage 67) is formed radially outward of the part of
the supply passage (the fourth passage 64 and the
fifth passage 65). Thus, the refrigerant gas in the
crank chamber 15 passes through the bleed pas-
sage at the position between the outer circumferen-
tial surface of the drive shaft 16 and the part of the
supply passage so as to perform heat insulation be-
tween radially outward area of the outer circumfer-
ential surface of the drive shaft 16 and the inside
area of the supply passage and then is drawn out to
the suction chamber 30. Therefore, the refrigerant
gas in the supply passage is maintained at low tem-
perature thereby to blow the low-temperature refrig-
erant gas to the lip seal 21, which furthermore en-
hances the cooling effect of the lip seal 21.
The following will describe a variable displacement
compressor (hereinafter referred to merely as a com-
pressor) according to a second preferred embodi-
ment of the present invention with reference to FIG.
3. The second embodiment differs from the first em-
bodiment in that the positions of the supply passage
and the bleed passage of the first embodiment are
changed. The overlapped description for repeating
the same part is omitted.
As shown in FIG. 3, the drive shaft 16 of the second
embodiment is not provided with the double pipe
structure formed by the first shaft portion 16a and
the second shaft portion 16b but is formed in a cy-
lindrical shape. A first passage 71 is formed in the
rear housing 14, which is in communication with the
control valve 60. The first passage 71 is in commu-
nication with a second passage 72 formed in the cyl-
inder block 11. A part of the first passage 71 is located
radially outward of the partition wall 14a which sep-
arates the suction chamber 30 and the discharge
chamber 31, and is located in the peripheral wall 14c
which is located radially outward of the suction cham-
ber 30 so as to be located adjacent to the suction
chamber 30. That is, the part of the first passage 71
is arranged in such a position that the refrigerant gas
which passes through the first passage 71 is cooled
by the refrigerant gas in the suction chamber 30. The
second passage 72 is in communication with a third

passage 73 formed in the front housing 12, and the
third passage 73 is in communication with the shaft
seal chamber 20.
The shaft seal chamber 20 is in communication with
the crank chamber 15 through a fourth passage 74
formed in the front housing 12. Therefore, the dis-
charge passage 51, the accommodation chamber
50 (the oil reservoir 52b), the communication pas-
sage 59, the control valve 60, the first passage 71,
the second passage 72, the third passage 73, the
shaft seal chamber 20 and the fourth passage 74
form the supply passage for supplying the refrigerant
gas in the discharge chamber 31 to the crank cham-
ber 15. A bleed passage 77 through which the crank
chamber 15 and the suction chamber 30 are in com-
munication with each other is formed though the cyl-
inder block 11 and the valve plate assembly 13,
thereby to allow the refrigerant gas in the crank
chamber 15 to be drawn out to the suction chamber
30.
Therefore, the second embodiment has the following
advantageous effects in addition to the effects (1)
through (6) of the first embodiment.

(8) In the second embodiment, the supply passage
is formed in the housing (the cylinder block 11, the
front housing 12 and the rear housing 14) of the com-
pressor 10. Therefore, the supply passage is cooled
by air outside the housing of the compressor 10.
Thus, the temperature of the refrigerant gas blown
to the lip seal 21 is reduced thereby to sufficiently
cool the lip seal 21 in the shaft seal chamber 20.

[0034] The following will describe a variable displace-
ment compressor (hereinafter referred to merely as a
compressor) according to a third preferred embodiment
of the present invention with reference to FIGs. 4 and 5.
The third embodiment differs from the first embodiment
in that the positions of the discharge chamber and the
suction chamber of the first embodiment are reversed
and that the positions of the supply passage and the
bleed passage of the first embodiment are changed. The
overlapped description for repeating the same part is
omitted.
[0035] As shown in FIG. 4, the suction chamber 30 is
formed in the middle of the rear housing 14. Meanwhile,
in the rear housing 14, the partition wall 14a is formed
radially outward of the suction chamber 30. In addition,
in the rear housing 14, the discharge chamber 31 is pro-
vided radially outward of the suction chamber 30 through
the partition wall 14a in a annular shape so as to surround
the suction chamber 30. Furthermore, in the rear housing
14, an outlet 31 a is formed so as to be in communication
with the discharge chamber 31. The discharge chamber
31 is connected to the external refrigerant circuit 40
through the outlet 31a. The high-pressure refrigerant gas
discharged to the discharge chamber 31 is led to the
external refrigerant circuit 40 through the outlet 31a.
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Therefore, the outlet 31a forms the gas passage.
[0036] In the rear housing 14, the control valve 60 is
disposed. In addition, in the rear housing 14, the dis-
charge passage 80 is formed so as to communicate the
discharge chamber 31 and the control valve 60. Further-
more, in the rear housing 14, a first passage 81 is formed
so as to communicate the control valve 60 and a second
passage 82 formed in the valve plate assembly 13.
[0037] As shown in FIG. 5, a part of the first passage
81 is formed in the rear housing 14 so as to pass through
the partition wall 14a. The part of the first passage 81 is
located in the inner wall surface of the partition wall 14a
which separates the discharge chamber 31 and the suc-
tion chamber 30. The part of the first passage 81 is lo-
cated adjacent to the suction chamber 30, that is, the
part of the first passage 81 is nearer to the suction cham-
ber than the discharge chamber 31. Therefore, the part
of the first passage 81 is arranged in such a position that
the refrigerant gas which passes through the first pas-
sage 81 is cooled by the refrigerant gas in the suction
chamber 30.
[0038] As shown in FIG. 4, the second passage 82 is
in communication with a third passage 83 formed in the
cylinder block 11, and the third passage 83 is in commu-
nication with a fourth passage 84 formed in the front hous-
ing 12. The fourth passage 84 is in communication with
the shaft seal chamber 20, which is in communication
with the crank chamber 15 through a fifth passage 85
formed in the front housing 12. Therefore, the discharge
passage 80, the control valve 60, the first passage 81,
the second passage 82, the third passage 83, the fourth
passage 84, the shaft seal chamber 20 and the fifth pas-
sage 85 form the supply passage for supplying the re-
frigerant gas in the discharge chamber 31 to the crank
chamber 15. A bleed passage 87 through which the crank
chamber 15 and the suction chamber 30 are in commu-
nication with each other is formed though the cylinder
block 11 and the valve plate assembly 13, thereby to
allow the refrigerant gas in the crank chamber 15 to be
drawn to the suction chamber 30.
[0039] Therefore, the third embodiment has the effects
similar to the effects (1) and (3) through (6) of the first
embodiment. In addition, modifications of the above em-
bodiments are as follows.
[0040] In a modification of the first embodiment, as
shown by alternate long and two short dashes line of FIG.
1 and additionally as shown in FIG. 6, the first passage
61 which forms a part of the supply passage may be
located so as to traverse the suction chamber 30 radially
outward of the partition wall 14a and a part of the first
passage 61 may be located inside the suction chamber
30. In a similar manner, in a modification of the second
embodiment, as shown by alternate long and two short
dashes line of FIG. 3 and additionally as shown in FIG.
6, the first passage 71 which forms a part of the supply
passage may be located so as to traverse the suction
chamber 30 radially outward of the partition wall 14a and
a part of the first passage 71 may be located inside the

suction chamber 30. In these structures, the refrigerant
gas in the suction chamber 30 is in contact with entire
circumference of each of the first passages 61, 71. There-
fore, the entire circumference of each of the first passag-
es 61, 71 is cooled by the refrigerant gas in the suction
chamber 30.
[0041] In a modification of the first embodiment, as
shown in FIG 7, a part of the first passage 61 which forms
a part of the supply passage may be located in the inner
wall surface of the peripheral wall 14c which is located
radially outward of the partition wall 14a. In a modification
of the first embodiment, as shown in FIG. 8, a part of the
first passage 61 which forms a part of the supply passage
may be located in the outer wall surface of the partition
wall 14a. In these structures, contact areas between the
outer peripheral surface of the first passage 61 and the
refrigerant gas in the suction chamber 30 are increased
compared to the case where the part of the first passage
61 is formed so as to pass through the peripheral wall
14c or the partition wall 14a without changing the shape
of the peripheral wall 14c or the partition wall 14a. There-
fore, the refrigerant gas which passes through the first
passage 61 is efficiently cooled by the refrigerant gas in
the suction chamber 30. In a similar manner, in a modi-
fication of the second embodiment, as shown in FIG. 7,
a part of the first passage 71 which forms a part of the
supply passage may be located in the inner wall surface
of the peripheral wall 14c which is located radially out-
ward of the partition wall 14a. In a modification of the
second embodiment, as shown in FIG. 8, a part of the
first passage 71 which forms a part of the supply passage
may be located in the outer wall surface of the partition
wall 14a. In these structures, contact areas between the
outer peripheral surface of the first passage 71 and the
refrigerant gas in the suction chamber 30 are increased
compared to the case where a part of the first passage
71 is formed so as to pass through the peripheral wall
14c or the partition wall 14a without changing the shape
of the peripheral wall 14c or the partition wall 14a. There-
fore, the refrigerant gas which passes through the first
passage 71 is efficiently cooled by the refrigerant gas in
the suction chamber 30.
[0042] In a modification of the third embodiment, as
shown in FIG. 9, the first passage 81 which forms a part
of the supply passage may be located so as to traverse
the suction chamber 30 radially inward of the partition
wall 14a and a part of the first passage 81 may be located
inside the suction chamber 30. In this structure, the re-
frigerant gas in the suction chamber 30 is in contact with
entire peripheral wall of the first passage 81. Therefore,
the entire peripheral wall of the first passage 81 is cooled
by the refrigerant gas in the suction chamber 30.
[0043] In a modification of each embodiment, the con-
trol valve 60 may be disposed downstream from the suc-
tion chamber 30 in the supply passage.
[0044] In a modification of the first embodiment, while
the drive shaft 16 has only the fourth passage 64 and the
fifth passage 65 formed therein, the drive shaft 16 may
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dispense with the bleed port 16c and the seventh pas-
sage 67. That is, the drive shaft 16 may be formed to
have a part of the supply passage and not to have a part
of the bleed passage. In this case, the bleed passage is
formed in the cylinder block 11.
[0045] In a modification of each embodiment, the oil
separator 52 is not necessarily needed. In this case, the
refrigerant gas discharged to the discharge chamber 31
may be directly led to the external refrigerant circuit 40
and the control valve 60.
[0046] In a modification of the third embodiment, the
first passage 81 which forms a part of the supply passage
may be formed so as to traverse the suction chamber
30. In addition, the supply passage may be formed in the
drive shaft 16 such that the crank chamber 15 and the
discharge chamber 31 are in communication with each
other.
[0047] Therefore, the present examples and embodi-
ments are to be considered as illustrative and not restric-
tive, and the invention is not to be limited to the details
given herein but may be modified within the scope of the
appended claims.
[0048] A variable displacement compressor for form-
ing a refrigerant circuit with an external refrigerant circuit
includes a housing, a drive shaft, a swash plate, a shaft
seal member, a supply passage, a control valve and a
gas passage. The housing has a suction chamber, a
crank chamber, a discharge chamber and a shaft seal
chamber formed therein. The discharge chamber is in
communication with the crank chamber through the sup-
ply passage. The supply passage has the shaft seal
chamber. The discharge chamber is in communication
with the external refrigerant circuit through the gas pas-
sage. The supply passage is formed differently from the
gas passage. A part of the supply passage is located
adjacent to the suction chamber and nearer to the suction
chamber than the discharge chamber.

Claims

1. A variable displacement compressor for forming a
refrigerant circuit with an external refrigerant circuit,
including a housing, a drive shaft, a swash plate, a
shaft seal member, a supply passage and a control
valve, the housing having a suction chamber, a crank
chamber, a discharge chamber and a shaft seal
chamber formed therein, the drive shaft being rotat-
aby supported by the housing, the swash plate being
connected to the drive shaft so that angle of inclina-
tion of the swash plate relative to the drive shaft is
variable, the swash plate being accommodated in
the crank chamber, the shaft seal member being ac-
commodated in the shaft seal chamber, the dis-
charge chamber being in communication with the
crank chamber through the supply passage, the sup-
ply passage including the shaft seal chamber, the
control valve being disposed in the supply passage,

flow rate of refrigerant gas supplied from the dis-
charge chamber to the crank chamber through the
supply passage being adjusted by adjusting an
opening degree of the control valve, characterized
in that
the discharge chamber is in communication with the
external refrigerant circuit through a gas passage,
in that the supply passage is formed differently from
the gas passage, and in that a part of the supply
passage is located adjacent to the suction chamber
and nearer to the suction chamber than the dis-
charge chamber.

2. The variable displacement compressor according to
claim 1, wherein the suction chamber is formed ra-
dially outward of the discharge chamber, the part of
the supply passage being located radially outward
of a partition wall which separates the discharge
chamber and the suction chamber.

3. The variable displacement compressor according to
claim 2, wherein the part of the supply passage is
located radially outward of the suction chamber.

4. The variable displacement compressor according to
claim 2 or 3, wherein the part of the supply passage
is located so as to traverse the suction chamber.

5. The variable displacement compressor according to
claim 1, wherein the suction chamber is formed ra-
dially inward of the discharge chamber, the part of
the supply passage being located radially inward of
a partition wall which separates the discharge cham-
ber and the suction chamber.

6. The variable displacement compressor according to
claim 5, wherein the part of the supply passage is
located so as to traverse the suction chamber.

7. The variable displacement compressor according to
claim 1, wherein the suction chamber is formed ra-
dially outward of the discharge chamber, the part of
the supply passage being located in an outer wall
surface of a partition wall which separates the dis-
charge chamber and the suction chamber.

8. The variable displacement compressor according to
claim 1, wherein the suction chamber is formed ra-
dially inward of the discharge chamber, the part of
the supply passage being located in an inner wall
surface of a partition wall which separates the dis-
charge chamber and the suction chamber.

9. The variable displacement compressor according to
any one of claims 1 through 8, wherein the part of
the supply passage is located downstream from the
control valve in the supply passage.
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10. The variable displacement compressor according to
any one of claims 1 through 9, wherein another part
of the supply passage is formed in the drive shaft.

11. The variable displacement compressor according to
any one of claims 1 through 9, wherein a bleed pas-
sage through which the refrigerant gas in the crank
chamber is drawn to the suction chamber is disposed
in the housing, and wherein at least parts of the sup-
ply passage and the bleed passage are formed in
the drive shaft, the part of the supply passage which
is formed in the drive shaft being in communication
with the shaft seal chamber, the part of the bleed
passage which is formed in the drive shaft being
formed between the part of the supply passage in
the drive shaft and an outer circumferential surface
of the drive shaft.

12. The variable displacement compressor according to
claim 11, wherein the drive shaft includes a cylindri-
cal hollow first shaft portion and a cylindrical hollow
second shaft portion inserted in the first shaft portion,
the part of the bleed passage formed in the drive
shaft being defined by an inner circumferential sur-
face of the first shaft portion and an outer circumfer-
ential surface of the second shaft portion, the part of
the supply passage formed in the drive shaft being
defined by an inner circumferential surface of the
second shaft portion.

13. The variable displacement compressor according to
claim 12, wherein an accommodation space is de-
fined in the housing for accommodating a rear end
of the drive shaft therein, parts of the supply passage
and the bleed passage being defined in the accom-
modation space by a seal member disposed on the
second shaft portion.

14. The variable displacement compressor according to
claim 13, wherein the part of the supply passage is
in communication with the accommodation space
through a valve plate assembly.

15. The variable displacement compressor according to
any one of claims 1 through 14, wherein the supply
passage and the gas passage are partially shared
and then are separated from each other.

16. The variable displacement compressor according to
any one of claims 1 through 14, wherein the supply
passage and the gas passage are separately
formed.
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