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(54) Compressor having a mechanism for separating and recovering lubrication oil

(57) A compressor has a discharge passage, an oil
separation mechanism, an oil supply passage, and a
valve mechanism. The oil supply passage supplies the
separated lubrication oil into an oil recovery region. The
valve mechanism is formed in the oil supply passage and
includes a valve chamber, a spool and an urging member.
The spool separates the valve chamber into a first pres-
sure sensing chamber and a second pressure sensing

chamber. The amount of the lubrication oil supplied to
the oil recovery region is adjusted in such a manner that
as the pressure differential between the first and the sec-
ond pressure sensing chambers increases, the spool
slides in the valve chamber and the opening degree of
the oil supply passage increases to the maximum and
then decreases, and that when the compressor is
stopped, the opening degree of the oil supply passage
is minimized by the urging force of the urging member.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a compressor
used in an air conditioner for a vehicle, and more specif-
ically to a compressor having a mechanism for separating
lubrication oil from compressed refrigerant gas and re-
covering the lubrication oil.
[0002] In a compressor for use in an air conditioner for
a vehicle, lubrication oil is mixed in the form of mist in
refrigerant gas and lubricates movable sliding parts.
When the lubrication oil mixed in the refrigerant gas flows
out of the compressor together with the refrigerant gas
and circulates in the external refrigerant circuit, the oil
adheres to an inner wall of an evaporator and the like,
and deteriorates the heat exchange efficiency.
[0003] Conventionally, an oil separator is formed out-
side a compressor and is located in the high-pressure
piping connecting the compressor to a condenser. The
separated lubrication oil is recovered into the compressor
through an oil recovery passage. When the oil separator
outside of the compressor is utilized, however, the con-
struction of the whole refrigerant circuit becomes con-
gested with equipments and additional piping. Further-
more, the oil recovery passage is elongated and has a
small diameter so that problems such as clogging may
occur. Therefore, an oil separator formed inside a com-
pressor has been offered recently.
[0004] In the above-described compressor, the lubri-
cation oil is separated in the oil separation mechanism
and is supplied from the oil separation mechanism to a
low pressure region through an oil supply passage. When
the compressor is stopped, all the stored oil flows out to
the low pressure region through the oil supply passage.
Therefore, when the compressor restarts, highly-pressu-
rized refrigerant gas may flow reversely through the oil
supply passage, and the lubrication oil stored in the low
pressure region may be compressed in liquid state. In
order to avoid such problems, Unexamined Japanese
Patent Publication No. 05-240158 discloses a compres-
sor which includes an oil separation chamber, a primary
oil storage chamber, a main oil storage chamber, an oil
recovery hole, and a valve means. The oil separation
chamber is formed in a high pressure region inside the
compressor. The primary oil storage chamber for recov-
ering lubrication oil is located below the oil separation
chamber. The main oil storage chamber is connected to
the primary oil storage chamber via a hole. The hole ex-
tends upward from a bottom portion of the primary oil
storage chamber to the main oil storage chamber. The
lubrication oil in the primary oil storage chamber flows
upward through the hole and drops downward in the main
storage chamber. The oil recovery hole is opened in a
valve seat surface formed at the bottom of the main oil
storage chamber and connects the main oil storage
chamber to the low pressure region inside the compres-
sor. The valve means adjusts the flow rate of the lubri-

cation oil to be recovered in accordance with the pressure
differential between the high pressure region and the low
pressure region. In accordance with the increase of the
pressure differential between the high pressure region
and the low pressure region, the valve means adjusts
the flow rate of the lubrication oil to be gradually de-
creased. The valve means ensures an optimal amount
of the lubrication oil based on the balance between the
amount of the separated lubrication oil and the required
amount of the lubrication oil to be recovered. On the other
hand, after the compressor is stopped, the move of the
separated lubrication oil between the primary oil storage
chamber and the main oil storagae chamber is stopped
at the time when the pressure differential is balanced to
the force due to the weight of the lubrication oil which is
in the hole. When the pressure in the refrigerant circuit
is balanced, the optimal amount of the lubrication oil is
stored in the primary oil storage chamber. However,
when the pressure differential is relatively small due to
the small flow rate of the refrigerant gas, the opening
degree of the oil recovery hole is fully opened and the
amount of the separated lubrication oil is small in com-
parison to the amount of the recovered lubrication oil.
Accordingly, all the stored oil flows out to the low pressure
region. As described above, the refrigerant gas may flow
reversely and the lubrication oil may be compressed in
liquid state. Furthermore, the structure of the valve
means is complicated, thereby needs many assembling
processes and accuracy in manufacturing.

SUMMARY OF THE INVENTION

[0005] In accordance with the present invention, a
compressor has an outlet, a discharge passage, an oil
separation mechanism, an oil supply passage, and a
valve mechanism. The outlet discharges refrigerant gas
out from the compressor. The discharge passage is con-
nected to the outlet, and the refrigerant gas is discharged
through the discharge passage and the outlet from the
compressor. The oil separation mechanism separates
lubrication oil from the refrigerant gas. The oil supply pas-
sage supplies the separated lubrication oil into an oil re-
covery region. The valve mechanism is formed in the oil
supply passage and includes a valve chamber, a spool
and an urging member. The spool separates the valve
chamber into a first pressure sensing chamber and a
second pressure sensing chamber. The amount of the
lubrication oil supplied to the oil recovery region is ad-
justed in such a manner that as the pressure differential
between the first pressure sensing chamber and the sec-
ond pressure sensing chamber increases, the spool
slides in the valve chamber and the opening degree of
the oil supply passage increases to the maximum and
then decreases, and that when the compressor is
stopped, the opening degree of the oil supply passage
is minimized by the urging force of the urging member.
[0006] Other aspects and advantages of the invention
will become apparent from the following description, tak-
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en in conjunction with the accompanying drawings, illus-
trating by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The features of the present invention that are
believed to be novel are set forth with particularity in the
appended claims. The invention together with objects
and advantages thereof, may best be understood by ref-
erence to the following description of the presently pre-
ferred embodiments together with the accompanying
drawings in which:

FIG. 1 is a longitudinal cross-sectional view of a var-
iable displacement swash plate compressor accord-
ing to a first preferred embodiment of the present
invention;

FIG. 2 is an enlarged schematic view of a valve
mechanism in a state where the valve mechanism
is fully opened;

FIG. 3 is an enlarged schematic view of the valve
mechanism in a state where the compressor is at a
maximum displacement operational mode accord-
ing to the first preferred embodiment of the present
invention;

FIG. 4 is an enlarged schematic view of the valve
mechanism in a state where the compressor is
stopped according to the first preferred embodiment
of the present invention;

FIG. 5 is a graph showing a relation between the
pressure differential acting on a spool of the valve
mechanism and the opening degree of an oil supply
passage according to the present invention;

FIG. 6 is a longitudinal cross-sectional view of a var-
iable displacement swash plate compressor accord-
ing to a second preferred embodiment of the present
invention;

FIG. 7 is an enlarged schematic view of a valve
mechanism in a state where the valve mechanism
is fully opened according to the second preferred
embodiment of the present invention;

FIG. 8 is an enlarged schematic view of the valve
mechanism in a state where the compressor is at a
maximum displacement operational mode accord-
ing to the second preferred embodiment of the
present invention;

FIG. 9 is an enlarged schematic view of the valve
mechanism in a state where the compressor is
stopped according to the second preferred embod-
iment of the present invention;

FIG. 10 is a longitudinal cross-sectional view of a
variable displacement swash plate compressor ac-
cording to a third preferred embodiment of the
present invention;

FIG. 11 is a longitudinal cross-sectional view of a
variable displacement swash plate compressor ac-
cording to a fourth preferred embodiment of the
present invention; and

FIG. 12 is a longitudinal cross-sectional view of a
variable displacement swash plate compressor ac-
cording to an alternative embodiment of the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0008] A first preferred embodiment of a variable dis-
placement swash plate compressor 10 (hereinafter re-
ferred to as a "compressor") according to the present
invention will now be described with reference to FIGS.
1 through 5.
[0009] Referring to FIG. 1, the compressor 10 includes
a cylinder block 11, a front housing 12 and a rear housing
14. The left-hand side of the compressor 10 corresponds
to the front side and the right-hand side of the compressor
10 corresponds to the rear side as viewed in Fig. 1. The
front housing 12 is connected to the front end of the cyl-
inder block 11. The rear housing 14 is connected to the
rear end of the cylinder block 11 through a valve port
plate assembly 13. The cylinder block 11, the front hous-
ing 12 and the rear housing 14 cooperate to form a hous-
ing of the compressor 10. A crank chamber 15 is defined
by the cylinder block 11 and the front housing 12. A drive
shaft 16 is rotatably disposed in the crank chamber 15.
The front end portion of the drive shaft 16 protrudes from
the crank chamber 15 and is coupled to a vehicle engine
(not shown) to receive driving force so that the drive shaft
16 is rotated.
[0010] A lug plate 17 is disposed in the crank chamber
15 and fixed to the drive shaft 16 for rotation therewith.
A swash plate 18 is disposed in the crank chamber 15.
The swash plate 18 is supported by the drive shaft 16 so
as to be slidable in the axial direction of the drive shaft
16 and also inclinable relative to the axis of the drive shaft
16. The swash plate 18 is connected to the lug plate 17
via a hinge mechanism 19. The hinge mechanism 19 is
provided between the lug plate 17 and the swash plate
18. Through the hinge mechanism 19 the swash plate
18 is synchronously rotatable with the lug plate 17 and
the drive shaft 16 and inclinable relative to the axial di-
rection of the drive shaft 16 with sliding on the drive shaft
16. The inclination angle of the swash plate 18 is adjusted
by a control valve 20.
[0011] A plurality of cylinder bores 21 (two of the cyl-
inder bores are shown in FIG. 1) are formed in the cylinder
block 11 for accommodating a reciprocable single-head-
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ed piston 22 respectively. In each cylinder bore 21, a
compression chamber 23 is defined by the piston 22 and
the valve port plate assembly 13. Each piston 22 is en-
gaged with the outer periphery of the swash plate 18
through a pair of shoes 24. The rotation of the swash
plate 18 in accordance with the rotation of the drive shaft
16 is converted to the reciprocation of the pistons 22
through the pair of shoes 24 so that each piston 22 re-
ciprocates in the respective cylinder bore 21.
[0012] A suction chamber 25 is defined in the rear
housing 14 at the center thereof, and a discharge cham-
ber 26 is defined around the suction chamber 25 in the
rear housing 14. Suction ports 27 and suction valves 28
are formed in the valve port plate assembly 13. Discharge
ports 29 and discharge valves 30 are formed in the valve
port plate assembly 13. Refrigerant gas in the suction
chamber 25 is introduced into the compression chamber
23 through the respective suction port 27 by pushing
away the respective suction valve 28 as the piston 22
moves from its top dead center position to its bottom dead
center position. The refrigerant gas is compressed in the
compression chamber 23 to a predetermined pressure
level, and is discharged into the discharge chamber 26
through the discharge port 29 while pushing away the
discharge valve 30 as the piston 28 moves from its bottom
dead center position to its top dead center position.
[0013] The rear housing 14 has an inlet 31 and an out-
let 32. The inlet 31 is connected to an external refrigerant
circuit (not shown) and the refrigerant gas is introduced
into the suction chamber 25 through the inlet 31. The
outlet 32 is connected to the external refrigerant circuit.
A discharge passage 33 is formed to connect the outlet
32 and the discharge chamber 26. The refrigerant gas in
the discharge chamber 26 is discharged out from the
compressor 10 through the discharge passage 33 and
the outlet 32. An oil separation mechanism is formed in
the discharge passage 33. The oil separation mechanism
includes an oil separation chamber 34 and an oil sepa-
ration cylinder 35. The oil separation chamber 34 is
formed with a cylindrical shape with a bottom surface at
the rear end thereof. The oil separation cylinder 35 is
received in the oil separation chamber 34. A valve mech-
anism is integrally formed with the oil separation mech-
anism. As shown in FIG. 1, the valve mechanism is
formed adjacent to the oil separation mechanism so that
the front end of the oil separation mechanism is shared
by the rear end of the valve mechanism. The valve mech-
anism includes a valve chamber 36, a spool 38, and a
spring 39 as an urging member. The valve chamber 36
is formed in the rear housing 14 and has a cylindrical
shape with a bottom surface. The diameter of the valve
chamber 36 is greater than that of the oil separation
chamber 34. The spool 38 separates the valve chamber
36 into a first pressure sensing chamber S1 and a second
pressure sensing chamber S2. The first pressure sensing
chamber S1 is in communication with the discharge
chamber 26 and the discharge passage 33 as a high
pressure region through the oil separation chamber 34.

The second pressure sensing chamber S2 is in commu-
nication with the suction chamber 25 as a low pressure
region through a pressure introduction passage 37. The
spring 39 is disposed in the second pressure sensing
chamber S2 and urges the spool 38 in the direction to-
ward the rear end of the valve mechanism, or toward the
oil separation mechanism. In a side surface of the spool
38 which faces the first pressure sensing chamber S1,
an oil introduction hole 40 is formed so as to face a cir-
cumferential surface of the valve chamber 36. An oil pas-
sage 41 supplies the lubrication oil to the suction chamber
25, and is formed in such a manner that one end of the
oil passage 41 opens to the suction chamber 25 and the
other end of the oil passage 41 opens to the circumfer-
ential surface of the valve chamber 36. The opening end
of the oil passage 41 opened to the valve chamber 36 is
formed at a position where the oil introduction hole 40
overlaps the opening end of the oil passage 41 when the
spool 38 slides. In the first preferred embodiment, an oil
supply passage includes the oil separation chamber 34,
the valve chamber 36, the oil introduction hole 40, and
the oil passage 41. The valve mechanism is formed in
the oil supply passage to adjust the opening degree of
the oil supply passage.
[0014] The following will describe the operation of the
compressor 10 of the first embodiment. As the drive shaft
16 is rotated, the swash plate 18 is rotated therewith and
the piston 22 engaged with the swash plate 18 recipro-
cates in the cylinder bore 21, accordingly. As the piston
22 reciprocates, the refrigerant gas is introduced into the
compression chamber 23 from the suction chamber 25,
and is compressed in the compression chamber 23, and
then discharged to the discharge chamber 26. The high-
ly-pressurized refrigerant gas is introduced into the oil
separation chamber 34 from the discharge chamber 26
through the discharge passage 33. The refrigerant gas
introduced into the oil separation chamber 34 flows
through the opening of the oil separation cylinder 35 to
the inside of the oil separation cylinder 35 while swirling
along the inner cylindrical wall of the oil separation cham-
ber 34. The refrigerant gas is sent to the external refrig-
erant circuit (not shown) through the outlet 32. In the
meantime, the oil mixed in the refrigerant gas is separat-
ed from the refrigerant gas by the centrifugal force gen-
erated by the swirling flow.
[0015] When the compressor 10 is not operated, the
opening degree of the oil supply passage is minimum.
When the compressor 10 starts, pressure differential is
generated between the pressure in the first pressure
sensing chamber S1 which acts on the rear side of the
spool 38 and the pressure in the second pressure sensing
chamber S2 which acts on the front side of the spool 38.
The pressure in the first pressure sensing chamber S1
is based on the refrigerant gas introduced from the dis-
charge chamber 26 through the discharge passage 33.
The pressure in the second pressure sensing chamber
S2 is based on the refrigerant gas introduced from the
suction chamber 25 through the pressure introduction
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passage 37. Accordingly, the pressure differential be-
tween the first pressure sensing chamber S1 and the
second pressure sensing chamber S2, that is, the pres-
sure differential which acts on the spool 38, overcomes
the urging force of the spring 39, and the spool 38 slides
frontward, or in the direction away from the oil separation
mechanism to some extent in such a manner that the
volume of the second pressure sensing chamber S2 is
decreased and the oil introduction hole 40 begins to over-
lap with the opening end of the oil passage 41. As shown
in Fig. 2, when the oil passage 41 is fully opened, the
opening degree of the oil supply passage increases to
the maximum. The oil separation chamber 34 is in com-
munication with the oil passage 41 through the oil intro-
duction hole 40. The lubrication oil separated in the oil
separation chamber 34 is temporarily stored in the oil
separation chamber 34, and introduced into the oil pas-
sage 41 through the oil introduction hole 40. Then the
lubrication oil is recovered to the suction chamber 25.
[0016] As the pressure differential which acts on the
spool 38 increases, the amount of the lubrication oil sup-
plied to the suction chamber 25 increases until the open-
ing degree of the oil supply passage increases to the
maximum. Then, the spool 38 slides further, and the oil
introduction hole 40 begins to pass through the opening
end of the oil passage 41. When the spool 38 slides and
moves to a position to partially close the opening of the
oil passage 41, as shown in Fig. 3, the opening degree
of the oil supply passage becomes decreasing. As a re-
sult, small amount of the lubrication oil is recovered to
such an extent that the lubrication oil in the oil separation
chamber 34 does not flow out completely. Thereby, the
circulation of lubrication oil in the compressor 10 is main-
tained.
[0017] When the operation of the compressor 10 is
stopped, the pressure in the first pressure sensing cham-
ber S1 decreases to substantially the same level as the
pressure in the second pressure sensing chamber S2.
The urging force of the spring 39 overcomes the pressure
differential which acts on the spool 38 so that the spool
38 is pushed rearward, or in the direction toward the oil
separation mechanism to make contact with the rear end
surface of the first pressure sensing chamber S1. The
opening end of the oil passage 41 is closed by the spool
38, and the communication between the valve chamber
36 and the oil passage 41 is shut. In other words, the
opening degree of the oil supply passage is minimized
by the urging force of the spring 39. Thus, when the com-
pressor 10 is stopped, the circulation of the lubrication
oil inside the compressor 10 is stopped, and accordingly
the recovery of the lubrication oil to the suction chamber
25 is stopped.
[0018] According to the first preferred embodiment of
the present invention, the following advantageous effects
are obtained.

(1) The compressor 10 has the valve mechanism
which has the valve chamber 36, the spool 38, and

the spring 39. The valve chamber 36 is formed with
the cylindrical shape with the bottom surface in the
rear housing 14. The spool 38 separates the valve
chamber 36 into the first pressure sensing chamber
S1 and the second pressure sensing chamber S2.
The first pressure sensing chamber S1 is in commu-
nication with the discharge chamber 26 and the dis-
charge passage 33. The second pressure sensing
chamber S2 is in communication with the suction
chamber 25. The spring 39 is disposed in the second
pressure sensing chamber S2 and urges the spool
38 in the direction rearward, or toward the oil sepa-
ration mechanism. The oil introduction hole 40 is
formed in the side surface of the spool 38 which faces
the first pressure sensing chamber S1 so as to face
the circumferential surface of the valve chamber 36.
The oil passage 41 has a opening end in the circum-
ferential surface of the valve chamber 36 at a position
where the opening end of the oil passage 41 overlaps
the oil introduction hole 40 when the spool 38 slides.
Accordingly, when the compressor 10 starts, the
pressure differential which acts on the spool 38 over-
comes the urging force of the spring 39 to move the
spool 38 frontward, or in the direction so as to de-
crease the volume of the second pressure sensing
chamber S2. The oil separation chamber 34 and the
oil passage 41 communicate through the oil intro-
duction hole 40, and the lubrication oil separated in
the oil separation chamber 34 is introduced into the
oil passage 41 through the oil introduction hole 40,
and then is recovered to the suction chamber 25. As
the pressure differential acting on the spool 38 in-
creases further, the spool 38 slides to a position
where the oil introduction hole 40 partially faces the
opening end of the oil passage 41 and the spool 38
partially closes the opening end of the oil passage
41, that is, the front end of the oil introcudtion hole
40 passes through the front end of the oil passage
41, so that the opening degree of the oil supply pas-
sage is decreased accordingly. Thus, the opening
degree of the oil supply passage becomes maximum
from minimum and then becomes smaller than the
maximum in accordance with the pressure differen-
tial acting on the spool 38. The opening degree of
the oil supply passage is set at an optimal value in
accordance with the pressure differential acting on
the spool 38 as shown in the graph in Fig. 5, and that
can ensure the optimal amount of the recovered lu-
brication oil, without excess nor deficiency, at any
operational mode.
Further, the oil introduction hole 40 is formed in the
side surface of the spool 38, and the relation with
the opening end of the oil passage 41 is changed in
accordance with the sliding movement of the spool
38. The communicating area where the oil introduc-
tion hole 40 and the opening end of the oil passage
41 overlaps increases in accordance with the in-
crease of the pressure differential acting on the spool
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38, and after the communicating area becomes the
maximum, the communicating area decreases. Ac-
cordingly, the opening degree of the oil supply pas-
sage is adjusted with the simple structure manufac-
tured by simple processes.

(2) The oil separation chamber 34 and the valve
chamber 36 are adjacent to each other, and the front
end of the oil separation chamber 34 is shared by
the rear end of the valve chamber 36. As the pressure
differential acting on the spool 38 increases, the
spool 38 slides frontward, or in the direction away
from the oil separation mechanism so as to decrease
the volume of the second pressure sensing chamber
S2. Accordingly, the first pressure sensing chamber
S1 which is on the rear side of the spool 38 can be
used as an additional oil separation space. Therefore
the whole space used for storing lubrication oil is
increased. In general, when pressure differential be-
tween a high pressure region and a low pressure
region in the compressor 10 is large, the flow rate in
the compressor 10 is large. Thus, the volume of the
whole space can be enlarged in accordance with the
amount of the separated lubrication oil, which in-
creases in accordance with the increase of the flow
rate of the refrigerant gas. Further, the front end of
the oil separation chamber 34 is applicable as a valve
seat of the spool 38, so the compressor 10 can be
manufactured by simple structure.
A second preferred embodiment of the present in-
vention will now be described with reference to FIG.
6. The compressor of the second embodiment differs
from that of the first embodiment in that the structure
of the valve mechanism is modified, and the rest of
the structure of the compressor of the second em-
bodiment is substantially the same as the first em-
bodiment. For the sake of convenience of explana-
tion, therefore, like or same parts or elements will be
referred to by the same reference numerals as those
which have been used in the first embodiment, and
the description thereof will be omitted.
As shown in Fig. 6, a valve mechanism of the second
embodiment has the valve chamber 36, the spool
38, and the spring 39 as the urging member. The
valve chamber 36 is formed in the rear housing 14
and has the cylindrical shape with the bottom sur-
face. The spool 38 separates the valve chamber 36
into the first pressure sensing chamber S1 and the
second pressure sensing chamber S2. The first pres-
sure sensing chamber S1 is in communication with
the discharge chamber 26 and the discharge pas-
sage 33 as a high pressure region through the oil
separation chamber 34. The second pressure sens-
ing chamber S2 is in communication with the suction
chamber 25 as a low pressure region through the oil
passage 41. The spring 39 is disposed in the second
pressure sensing chamber S2 of the valve chamber
36 and urges the spool 38 rearward, or in the direc-

tion toward the oil separation mechanism. A groove
42 is formed in the circumferential surface of the
valve chamber 36. The groove 42 is formed at a po-
sition where the groove 42 is partially covered by the
spool 38 and formed so that the communication be-
tween the groove 42 and the first pressure sensing
chamber S1 is shut, when the compressor 10 is
stopped. In addition, the position of the groove 42 is
set so that the first pressure sensing chamber S1
and the second pressure sensing chamber S2 com-
municate through the groove 42 to open the oil sup-
ply passage, when the spool 38 slides frontward from
the rear end of the valve mechanism. In the second
embodiment, specifically, the groove 42 is formed
along the sliding direction of the spool 38, as shown
in FIG. 7 through FIG. 9. The oil supply passage of
the second embodiment includes the oil separation
chamber 34, the valve chamber 36, the oil passage
41 and the groove 42. The valve mechanism is
formed in the oil supply passage to adjust the open-
ing degree of the oil supply passage.
When the compressor 10 starts, the pressure differ-
ential acting on the spool 38 overcomes the urging
force of the spring 39, and the spool 38 slides to
some extent in the direction away from the oil sep-
aration mechanism, as shown in Fig. 7. Accordingly,
the first pressure sensing chamber S1 and the sec-
ond pressure sensing chamber S2 communicate
through the groove 42 as shown in Fig. 7, and the
separated lubrication oil in the oil separation cham-
ber 34 is introduced into the oil passage 41 through
the groove 42, and then is recovered to the suction
chamber 25.
As the pressure in the first pressure sensing cham-
ber S1 increases, the pressure differential acting on
the spool 38 increases, and the amount of the lubri-
cation oil supplied to the suction chamber 25 increas-
es until the opening degree of the oil supply passage
is maximum. Then, the spool 38 slides to a position
where the area of the groove 42 communicating with
the first pressure sensing chamber S1 becomes larg-
er than the area of the groove 42 communicating
with the second pressure sensing chamber S2, as
shown in Fig. 8. Accordingly, the opening degree of
the oil supply passage is decreased. As a result,
small amount of the lubrication oil is recovered to
such an extent that the stored lubrication oil does
not flow out completely, thereby the circulation of the
lubrication oil is maintained.
When the compressor 10 is stopped, the pressure
in the first pressure sensing chamber S1 decreases
to substantially the same level as that of the second
pressure sensing chamber S2. The urging force of
the spring 39 overcomes the pressure differential
acting on the spool 38 so that the spool 38 is pushed
toward the end surface of the first pressure sensing
chamber S1 so as to make contact with the end sur-
face of the first pressure sensing chamber S1, and
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then the communication between the first pressure
sensing chamber S1 and the groove 42 is shut. Thus,
when the compressor 10 is stopped, the circulation
of the lubrication oil inside the compressor 10 is
stopped, and accordingly the recovery of the lubri-
cation oil to the suction chamber 25 is stopped.
According to the second embodiment of the present
invention, the similar effect as (2) of the first embod-
iment is obtained, and further, the following advan-
tageous effect (3) instead of (1) of the first embodi-
ment is obtained.

(3) The compressor 10 includes the valve mecha-
nism which has the valve chamber 36, the spool 38,
and the spring 39. The valve chamber 36 is formed
with the cylindrical shape with the bottom surface in
the rear housing 14. The spool 38 separates the
valve chamber 36 into the first pressure sensing
chamber S1 and the second pressure sensing cham-
ber S2. The first pressure sensing chamber S1 is in
communication with the discharge chamber 26 and
the discharge passage 33. The second pressure
sensing chamber S2 is in communication with the
suction chamber 25. The spring 39 is disposed in
the second pressure sensing chamber S2 and urges
the spool 38 in the direction toward the oil separation
mechanism so as to increase the volume of the sec-
ond pressure sensing chamber S2. The groove 42
is formed in the circumferential surface of the valve
chamber 36 at a position where the communication
between the groove 42 and the first pressure sensing
chamber S1 is shut by the spool 38 when the com-
pressor 10 is stopped. In addition, the position of the
groove 42 is set so that the first pressure sensing
chamber S1 and the second pressure sensing cham-
ber S2 communicate through the groove 42 to open
the oil supply passage, when the spool 38 slides
frontward from the rear end of the valve mechanism.
Accordingly, when the compressor 10 starts, the
pressure differential acting on the spool 38 over-
comes the urging force of the spring 39 to move the
spool 38 in the direction away from the oil separation
mechanism. Thus, the first pressure sensing cham-
ber S1 and the second pressure sensing chamber
S2 communicate through the groove 42, and the lu-
brication oil separated in the oil separation chamber
34 is introduced into the oil passage 41 through the
groove 42, and is recovered to the suction chamber
25. As the pressure differential acting on the spool
38 increases further, the spool 38 slides to a position
where the area of the groove 42 communicating with
the first pressure sensing chamber S1 becomes larg-
er than the area of the groove 42 communicating
with the second pressure sensing chamber S2, and
accordingly the opening degree of the oil supply pas-
sage is decreased. As a result, an optimal amount
of the lubrication oil can be ensured, without excess
nor deficiency at any operational mode. Further, the

opening degree of the oil supply passage is adjusted
with the simple structure manufactured by simple
processes.
A third preferred embodiment of the present inven-
tion will now be described with reference to FIG. 10.
The compressor of the third embodiment differs from
that of the first embodiment in that the method for
adjusting the valve mechanism is modified, and the
rest of the compressor of the third embodiment is
substantially the same as the first embodiment. For
the sake of convenience of explanation, therefore,
like or same parts or elements will be referred to by
the same reference numerals as those which have
been used in the first embodiment, and the descrip-
tion thereof will be omitted.
As shown in Fig. 10, a valve mechanism of the third
embodiment has a second pressure sensing cham-
ber S2 which is in communication with the down-
stream of the oil separation mechanism in the dis-
charge passage 33, instead that the second pres-
sure sensing chamber S2 of the first embodiment is
in communication with the suction chamber 25.
Thereby, during the operation of the compressor 10,
the pressure in the second pressure sensing cham-
ber S2 is substantially equal to the pressure in the
downstream of the oil separation mechanism in the
discharge passage 33.
A check valve 43 is formed in the discharge passage
33. In detail, the check valve 43 is formed between
the oil separation mechanism and a branching point
connecting to the second pressure sensing chamber
S2. Thereby, when the compressor is stopped, only
the pressure in the second pressure sensing cham-
ber S2 is substantially equal to the pressure in the
external refrigerant circuit. In the third embodiment,
the oil supply passage includes the oil separation
chamber 34, the valve chamber 36, the oil introduc-
tion hole 40, and the oil passage 41.
When the compressor 10 starts, pressure differential
is generated between the upstream and the down-
stream of the oil separation mechanism in the dis-
charge passage 33, and thereby pressure differen-
tial is generated between the first pressure sensing
chamber S1 and the second pressure sensing cham-
ber S2. The pressure differential acting on the spool
38 overcomes the urging force of the spring 39 to
move the spool 38 frontward, or in the direction away
from the oil separation mechanism to some extent.
Thereby the oil separation chamber 34 and the oil
passage 41 communicate through the oil introduc-
tion hole 40, and the lubrication oil separated in the
oil separation chamber 34 is introduced into the oil
passage 41 through the oil introduction hole 40, and
then is recovered to the suction chamber 25.
As the flow rate in the compressor 10 increases, the
pressure differential between the upstream and the
downstream of the oil separation mechanism in-
creases, and as a result the pressure differential act-
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ing on the spool 38 increases. In accordance with
the increase in the pressure differential acting on the
spool 38, the spool 38 slides to a position where the
opening degree of the oil supply passage is maxi-
mum, and then to a position where the oil introduction
hole 40 is moved past the opening end of the oil
passage 41 and the spool 38 partially covers the oil
passage 41 so that the opening degree of the oil
supply passage is decreased.
When the operation of the compressor 10 is stopped,
the pressure in the discharge passage 33 decreases
gradually, and approaches the pressure in the ex-
ternal refrigerant circuit. Thereby, when the com-
pressor 10 is stopped, the pressure in the second
pressure sensing chamber S2 is substantially equal
to the pressure in the external refrigerant circuit. On
the other hand, the check valve 43 is closed, and the
pressure in the first pressure sensing chamber S1
is substantially equal to the pressure in the discharge
chamber 26. Thereby the pressure in the second
pressure sensing chamber S2 becomes larger than
the pressure in the first pressure sensing chamber
S1, and the spool 38 slides to the end surface of the
first pressure sensing chamber S1 by the pressure
differential and the urging force of the spring 39 so
as to shut the communication between the valve
chamber 36 and the oil passage 41. Thus, when the
compressor 10 is stopped, the circulation of the lu-
brication oil in the compressor 10 and the recovery
to the suction chamber 25 is accordingly stopped.
According to the third embodiment of the present
invention, the similar effect as (2) of the first embod-
iment is obtained, and further, the following advan-
tageous effects (4) through (6) instead of (1) of the
first embodiment are obtained.

(4) The compressor 10 includes the valve mecha-
nism which has the valve chamber 36, the spool 38,
and the spring 39. The valve chamber 36 is formed
with the cylindrical shape with the bottom surface in
the rear housing 14. The spool 38 separates the
valve chamber 36 into the first pressure sensing
chamber S1 and the second pressure sensing cham-
ber S2. The first pressure sensing chamber S1 is in
communication with the discharge chamber 26 and
the discharge passage 33. The second pressure
sensing chamber S2 is in communication with the
downstream of the oil separation mechanism. The
spring 39 is disposed in the second pressure sensing
chamber S2 and urges the spool 38 in the direction
toward the oil separation mechanism so as to in-
crease the volume of the second pressure sensing
chamber S2. When the compressor 10 starts, the
pressure differential is generated between the up-
stream and the downstream of the oil separation
mechanism in the discharge passage 33, and there-
by the pressure differential acts on the spool 38. Due
to the pressure differential, the spool 38 slides in the

direction away from the oil separation mechanism to
some extent. Thereby the oil separation chamber 34
and the oil passage 41 communicate through the oil
introduction hole 40. Thus, the lubrication oil sepa-
rated in the oil separation chamber 34 is introduced
into the oil passage 41 through the oil introduction
hole 40, and is recovered to the suction chamber 25.
As the flow rate of the refrigerant gas in the com-
pressor 10 increases, the pressure differential be-
tween the upstream and the downstream of the oil
separation mechanism increases accordingly, and
as a result, the pressure differential acting on the
spool 38 increases. Due to the increase in the pres-
sure differential after the opening degree of the oil
supply passage is maximum, the spool 38 slides to
a position where the oil introduction hole 40 is moved
past the opening of the oil passage 41 and the spool
38 partially covers the oil passage 41 to decrease
the opening degree of the oil supply passage. Thus,
an optimal amount of the lubrication oil can be en-
sured, without excess nor deficiency at any opera-
tional mode.

(5) The pressure differential acting on the spool 38
is substantially equal to the pressure differential be-
tween the upstream and the downstream of the oil
separation mechanism. The pressure differential
varies in accordance with the flow rate of the refrig-
erant gas in the compressor 10. Thereby the opening
degree of the oil supply passage can be adjusted in
accordance with the change in the flow rate of the
refrigerant gas.

(6) The check valve 43 is formed between the
branching point to the second pressure sensing
chamber S2 and the oil separation mechanism in the
discharge passage 33. Accordingly, when the com-
pressor 10 is stopped, the spool 38 is urged toward
the rear end surface of the valve chamber 36 by the
pressure in the external refrigerant circuit in addition
to the urging force. The oil supply passage can be
reliably shut.
A fourth preferred embodiment of the present inven-
tion will now be described with reference to FIG. 11.
The compressor of the fourth embodiment differs
from that of the first embodiment in that the structure
of the valve mechanism is modified, and the rest of
the structure of the compressor of the fourth embod-
iment is substantially the same as the first embodi-
ment. For the sake of convenience of explanation,
therefore, like or same parts or elements will be re-
ferred to by the same reference numerals as those
which have been used in the first embodiment, and
the description thereof will be omitted.
As shown in Fig. 11, a valve mechanism of the fourth
embodiment has a pair of magnets 44 as an urging
member. The pair of magnets 44 are disposed in the
valve chamber 36 to generate a repelling force with
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each other. The magnets 44 urge the spool 38 rear-
ward, or in the direction toward the oil separation
mechanism. The oil supply passage of the fourth em-
bodiment includes the oil separation chamber 34,
the valve chamber 36, the oil introduction hole 40,
and the oil passage 41.
When the compressor 10 starts, the pressure differ-
ential acting on the spool 38 overcomes the urging
force generated by the magnets 44, and the spool
38 slides in the direction away from the oil separation
mechanism to some extent. Accordingly, the oil sep-
aration chamber 34 and the oil passage 41 commu-
nicate through the oil introduction hole 40. The lubri-
cation oil separated in the oil separation chamber 34
is introduced into the oil passage 41, and is recov-
ered to the suction chamber 25.
As the pressure differential between the upstream
and the downstream of the oil separation mechanism
increases, the pressure differential acting on the
spool 38 increases. Accordingly, after the opening
degree of the oil supply passage is maximum, the
spool 38 slides to a position where the oil introduction
hole 40 is moved past the opening end of the oil
passage 41 and the spool 38 partially covers the oil
passage 41 to decrease the opening degree of the
oil supply passage.
When the compressor 10 is stopped, the pressure
in the first pressure sensing chamber S1 decreases
to substantially the same level as the pressure in the
second pressure sensing chamber S2, and the urg-
ing force generated by the magnets 44 overcomes
the pressure differential acting on the spool 38. The
spool 38 is moved in the direction toward the end
surface of the first pressure sensing chamber S1,
and the communication between the valve chamber
36 and the oil passage 41 is shut. Thus, when the
compressor 10 is stopped, the circulation of the lu-
brication oil inside the compressor 10 is stopped,
and the recovery of the lubrication oil to the suction
chamber 25 is stopped.
According to the fourth embodiment of the present
invention, the similar effects as (1) and (2) of the first
embodiment are obtained, and further, the following
advantageous effect (7) is obtained.

(7) A pair of magnets 44 as an urging member are
disposed in the valve chamber 36 so as to repel each
other. The magnets 44 urge the spool 38 in the di-
rection toward the oil separation mechanism. Ac-
cordingly, utilizing the characteristics of the variation
of the magnetic force in accordance with the tem-
perature of the magnets 44, the characteristics of
the relation between the pressure differential acting
on the spool 38 and the opening degree of the oil
passage 41 can be changed in accordance with the
temperature of the refrigerant gas.

[0019] The present invention is not limited to the em-

bodiments described above but may be modified into the
following alternative embodiments.
[0020] In the first through fourth embodiments, the oil
separation chamber 34 and the valve chamber 36 are
integrally formed. In an alternative embodiment, the oil
separation chamber 34 and the valve chamber 36 may
be formed separately and an oil storage chamber 45 is
formed therebetween, as shown in FIG. 12.
[0021] In addition to the above alternative embodiment
having the oil storage chamber 45 between the oil sep-
aration chamber 34 and the valve chamber 36, the sep-
arated lubrication oil may be supplied to the second pres-
sure sensing chamber S2, instead of supplying to the
first pressure chamber S1. When the above alternative
structure is applied to the first, third, and the fourth em-
bodiments, the oil introduction hole 40 may be formed in
the side of the second pressure sensing chamber S2 so
as to face the second pressure sensing chamber S2.
When the above alternative structure is applied to the
second embodiment, the oil passage 41 may be formed
in the side of the first pressure sensing chamber S1 so
as to face the first pessure sensing chamber S1.
[0022] In the first through third embodiments, the
spring 39 is disposed in the valve chamber 36 to urge
the spool 38 in the direction toward the end surface of
the valve chamber 36. Instead, the spool 38 and an end
surface of the valve chamber 36 may be connected by a
bellows. In this case, considering the characteristic of
bellows, the bellows may be disposed in the first pressure
sensing chamber S1, and not in the second pressure
sensing chamber S2.
[0023] In the first through fourth embodiments, the oil
passage 41 is connected to the suction chamber 25 as
an oil recovery region where the separated lubrication oil
is supplied. As an alternative, the oil passage 41 may be
connected to the crank chamber 15.
[0024] 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.
[0025] A compressor has a discharge passage, an oil
separation mechanism, an oil supply passage, and a
valve mechanism. The oil supply passage supplies the
separated lubrication oil into an oil recovery region. The
valve mechanism is formed in the oil supply passage and
includes a valve chamber, a spool and an urging member.
The spool separates the valve chamber into a first pres-
sure sensing chamber and a second pressure sensing
chamber. The amount of the lubrication oil supplied to
the oil recovery region is adjusted in such a manner that
as the pressure differential between the first and the sec-
ond pressure sensing chambers increases, the spool
slides in the valve chamber and the opening degree of
the oil supply passage increases to the maximum and
then decreases, and that when the compressor is
stopped, the opening degree of the oil supply passage
is minimized by the urging force of the urging member.
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Claims

1. A compressor (10) comprising:

an outlet (32) for discharging refrigerant gas out
from the compressor (10);
a discharge passage (33) connected to the out-
let (32), wherein the refrigerant gas is dis-
charged through the discharge passage (33)
and the outlet (32);

characterized in that
an oil separation mechanism (34, 35) for separating
lubrication oil from the refrigerant gas;
an oil supply passage (34, 36, 40, 41) supplying the
separated lubrication oil into an oil recovery region
(15, 25),
a valve mechanism (36, 38, 39) formed in the oil
supply passage (34, 36, 40, 41), wherein the valve
mechanism includes a valve chamber (36), a spool
(38) and an urging member (39, 44), wherein the
spool (38) separates the valve chamber (36) into a
first pressure sensing chamber (S1) and a second
pressure sensing chamber (S2);
wherein the amount of the lubrication oil supplied to
the oil recovery region (15, 25) is adjusted in such a
manner that as the pressure differential between the
first pressure sensing chamber (S1) and the second
pressure sensing chamber (S2) increases, the spool
(38) slides in the valve chamber (36) and the opening
degree of the oil supply passage (34, 36, 40, 41)
increases to the maximum and then decreases, and
that when the compressor (10) is stopped, the open-
ing degree of the oil supply passage (34, 36,40,41)
is minimized by the urging force of the urging mem-
ber (39,44).

2. The compressor according to claim 1, wherein the
first pressure sensing chamber (S1) is connected to
a high pressure region and the second pressure
sensing chamber (S2) is connected to a low pressure
region.

3. The compressor according to claim 2, wherein the
high pressure region includes a discharge passage
(26), and the low pressure region includes a suction
chamber (25).

4. The compressor (10) according to any one of claims
1 through 3, wherein the oil recovery region includes
a suction chamber (25).

5. The compressor (10) according to any one of claims
1 through 3, wherein the oil supply passage includes
an oil passage (41) which communicates the valve
chamber to the oil recovery region, wherein an oil
introduction hole (40) is formed in the spool (38) fac-
ing the first pressure sensing chamber (S1) so as to

face a circumferential surface of the valve chamber
(36) at a side surface thereof, wherein the oil intro-
duction hole (40) overlaps an opening end of the oil
passage (41) formed in a circumferential surface of
the valve chamber (36) when the spool (38) slides,
so as to open the oil supply passage (34, 36, 40, 41),
wherein the opening degree of the oil supply pas-
sage (34, 36, 40, 41) is adjusted in accordance with
an area where the oil introduction hole (40) and the
opening degree of the oil passage (41) overlap.

6. The compressor (10) according to any one of claims
1 through 4, wherein a groove (42) is formed on the
valve chamber to be positioned so that the first pres-
sure sensing chamber (S1) and the second pressure
sensing chamber (S2) communicate through the
groove (42) when the spool (38) slides so as to open
the oil supply passage (34, 36,40, 41).

7. The compressor (10) according to any one of claims
1 through 6, wherein the first pressure sensing cham-
ber (S1) is connected to an upstream of the oil sep-
aration mechanism (34, 36) and the second pressure
sensing chamber (S2) is connected to a downstream
of the oil separation mechanism (34, 36), wherein
the spool (38) is moved by the pressure differential
between the upstream and the downstream of the
oil separation mechanism (34, 36).

8. The compressor (10) according to claim 7, wherein
the discharge passage (33) has a branching point
connecting to the second pressure sensing chamber
(S2), and a check valve (43) is formed between the
branching point and the oil separation mechanism
(34, 36) in the discharge passage (33).

9. The compressor (10) according to any one of claims
1 through 8, wherein the oil separation chamber (34)
is integrally formed with the valve chamber (36).

10. The compressor (10) according to any one of claims
1 through 9, wherein the urging member (38) is a
spring (38).

11. The compressor (10) according to any one of claims
1 through 9, wherein the urging member (44) is a
pair of magnets (44) to be formed to generate repel-
ling force.
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