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(57) A control valve for a clutch type variable dis-
placement compressor includes a liquid-discharge pas-
sage for connecting a second port in communication with
a control-pressure chamber of the compressor to a third
port in communication with the suction-pressure region
of the compressor. Opening and closing the liquid-dis-
charge passage are controlled by movement of a pres-
sure-sensing member of a pressure-sensing mecha-

FIG.

Control valve for clutch type variable displacement compressor

nism. The pressure-sensing member is placed such that
the liquid-discharge passage is opened while pressure
equalization inside the compressor at a stop of the com-
pressor is maintained in starting the compressor from its
stop state. The pressure-sensing member is moved in a
direction which causes the liquid-discharge passage to
be closed when a pressure in the suction-pressure region
is lowered and reaches a predetermined pressure as the
compressor is started.
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Description
BACKGROUND OF THE INVENTION

[0001] The presentinvention relates to a control valve
of a compressor and, particularly, to a control valve for
use in a clutch type variable displacement compressor.
[0002] Generally, avariable displacement compressor
(hereinafter referred to merely as "compressor"), which
can variably control its displacement, is known as a com-
pressor for use in a vehicle air-conditioner. Such a com-
pressor includes a cylinder block defining therein cylinder
bores, a front housing joined to the front end of the cyl-
inder block, and a rear housing defining therein a suction
chamber and a discharge chamber. A control-pressure
chamber (or crank chamber) is defined in the front hous-
ing, in which a drive shaft is rotatably supported. The
drive shaft is connected to an external drive source such
as an engine or the like such that the drive shaft is driven
thereby to rotate. In a clutch type compressor, a clutch
mechanism is engaged to transmit the drive force from
the external drive source to the compressor or disen-
gaged to shut off the transmission.

[0003] A swash plate is accommodated in the control-
pressure chamber. The swash plate is inclinable relative
to the drive shaft while being rotated synchronously with
the drive shaft, thereby causing a piston in each cylinder
bore to reciprocate for a distance of its piston stroke ac-
cording to the inclination of the swash plate. The piston
stroke depends on the pressure difference between the
pressure in the control-pressure chamber and a suction
pressure. As the pressure in the control-pressure cham-
berisraised, the swash plate isinclined toward its vertical
position with respect to the axis of the drive shaft (or the
inclination angle of the swash plate is decreased). As the
pressure in the control-pressure chamber is lowered, on
the other hand, the swash plate is inclined approaching
the axis of the drive shaft or moving away from its vertical
position (or the inclination angle of the swash plate is
increased). When the pressure in the control-pressure
chamber is high and the inclination angle of the swash
plate is small, the piston reciprocates for a short distance
of stroke thereby to provide a small displacement of the
compressor. On the other hand, when the pressure in
the control-pressure chamber is low and the inclination
angle of the swash plate is large, the piston reciprocates
for a long distance of stroke thereby to provide a large
displacement of the compressor.

[0004] The displacement of the compressor is control-
led by a control valve. Some control valves has a valve
body whose movementis controlled according to the urg-
ing force of a pressure-sensing member of a pressure-
sensing mechanism and the suction pressure thereby to
open or close a refrigerant passage connecting the dis-
charge-pressure region to the control-pressure chamber,
thus controlling the pressure in the control-pressure
chamber. For example, when cooling load is small and
the suction pressure is low, the refrigerant passage is
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opened to increase the pressure in the control-pressure
chamber, with the result that the displacement is de-
creased. Such a control valve is disclosed in Japanese
Paten Application Publication No. 2002-48058.

[0005] In a clutch type compressor having the control
valve, the drive force from the external drive source is
shut off by the clutch mechanism if cooling is not needed.
If the compressor is at a stop for a long period of time,
the pressure inside the compressor is equalized and a
refrigerating circuit including the compressor is gradually
cooled by the ambient air. Since the compressor is easy
to cool, a refrigerant in the refrigerating circuit tends to
flow into the compressor. More specifically, when the re-
frigerating circuit is cooled and the temperature thereof
falls below the temperature at the saturated vapor pres-
sure of the refrigerant, the refrigerant converts into liquid
state. This refrigerant of liquid (hereinafter referred to as
"liquid refrigerant") tends to be accumulated in the com-
pressor.

[0006] In the prior art, when the compressor having
the liquid refrigerant accumulated therein is started from
its stop state by the drive force transmitted through the
clutch mechanism, the compressor attempts to obtain
the displacement according to the current cooling load,
but the pressure in the control-pressure chamber cannot
be lowered immediately after a start-up of the compres-
sor. This is because liquid refrigerant exists in the control-
pressure chamber and, therefore, the pressure of refrig-
erant in the control-pressure chamber will not be lowered
in dependence on the saturated vapor pressure of the
refrigerant. In this state of the compressor, the pressure
in the control-pressure chamber is not lowered at least
unless the liquid refrigerant accumulated in the control-
pressure chamber is vaporized or discharged out of the
compressor to the refrigerating circuit. Thus, since the
liquid refrigerant is accumulated in the control-pressure
chamber while the compressor is at a stop, the pressure
in the control-pressure chamber is not lowered immedi-
ately after a start-up of the compressor and, therefore,
the inclination angle of the swash plate is not controlled
according to the required displacement. This phenome-
non is called "delay of cooling" (or "delay of return") and
deteriorates the start-up response of the compressor.
[0007] The present invention is directed to a control
valve for a clutch type variable displacement compressor
which improves its start-up response.

SUMMARY OF THE INVENTION

[0008] According to the present invention, a control
valve for a clutch type variable displacement compressor
having a control-pressure chamber, a discharge-pres-
sure region and a suction-pressure region includes a first
port in communication with the discharge-pressure re-
gion, a second port in communication with the control-
pressure chamber, a third port in communication with the
suction-pressure region, arefrigerant-supply passage for
connecting the first port to the second port, a valve body
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operable to open and close the refrigerant-supply pas-
sage, a pressure-sensing mechanism operable to control
the valve body according to a pressure in the suction-
pressure region and including a pressure-sensing mem-
ber, a rod operable to move the valve body for opening
and closing the refrigerant-supply passage, and a liquid-
discharge passage for connecting the second port to the
third port. Opening and closing the liquid-discharge pas-
sage are controlled by movement of the pressure-sens-
ing member. The pressure-sensing member is placed
such that the liquid-discharge passage is opened while
pressure equalization inside the compressor at a stop of
the compressor is maintained in starting the compressor
from its stop state. The pressure-sensing member is
moved in a direction which causes the liquid-discharge
passage to be closed when a pressure in the suction-
pressure region is lowered and reaches a predetermined
pressure as the compressor is started.

[0009] 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

[0010] 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. 1is a longitudinal cross-sectional view of a var-
iable displacement compressor equipped with a con-
trol valve according to a first preferred embodiment
of the present invention;

FIG. 2 is a cross-sectional view of the control valve
during maximum-displacement operation of the
compressor according to the first preferred embod-
iment;

FIG. 3 is a cross-sectional view of the control valve
during stop of the compressor according to the first
preferred embodiment;

FIG. 4 is a cross-sectional view of the control valve
during variable-displacement operation of the com-
pressor according to the first preferred embodiment;

FIG. 5 is a cross-sectional view of the control valve
of a variable displacement compressor during its
maximum-displacement operation according to a
second preferred embodiment of the present inven-
tion;

FIG. 6A is a cross-sectional view of the control valve
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during the stop of the compressor according to the
second preferred embodiment; and

FIG. 6B is a cross-sectional view of the control valve
during the variable-displacement operation of the
compressor according to the second preferred em-
bodiment.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0011] The following will describe a clutch type variable
displacement compressor (hereinafter referred to merely
as "compressor") according to a first preferred embodi-
ment of the present invention with reference to FIGS. 1
through 4. Referring to FIG. 1, the compressor 10 has a
housing 11 as an outer shell including a cylinder block
12 defining therein a plurality of cylinder bores 12a, a
front housing 13 and arear housing 14. The front housing
13 is joined to the front end of the cylinder block 12 and
the rear housing 14 is joined to the rear end of the cylinder
block 12. The front housing 13, the cylinder block 12 and
the rear housing 14 are integrally fixed to each other by
a plurality of bolts 15 (only one being shown in FIG. 1)
inserted through the front housing 13, the cylinder block
12 and the rear housing 14.

[0012] The front housing 13 and the cylinder block 12
cooperate to define a control-pressure chamber (or a
crank chamber) 16 through which a drive shaft 17 ex-
tends. The drive shaft 17 is rotatably supported by a radial
bearing 18 provided at the front of the front housing 13
and a radial bearing 19 provided at the center of the cyl-
inder block 12. A shaft seal mechanism 20 is provided
on the drive shaft 17 forward of the radial bearing 18 in
slide contact with the outer circumferential surface of the
drive shaft 17. The shaft seal mechanism 20 has a lip
seal which functions to preventarefrigerantin the control-
pressure chamber 16 from leaking from between the front
housing 13 and the drive shaft 17.

[0013] The drive shaft 17 is connected at its front end
to an external drive source (not shown) through a clutch
mechanism (not shown). The clutch mechanism is en-
gaged to transmit the drive force from the external drive
source to the drive shaft 17 or disengaged to shut off the
transmission. A lug plate 21 is secured to the drive shaft
17 in the control-pressure chamber 16 for rotation there-
with. A swash plate 23 of a displacement-changing mech-
anism 22 is provided behind the lug plate 21 and sup-
ported by the drive shaft 17 so as to be slidable in the
axial direction of the drive shaft 17 and inclinable relative
to the axis of the drive shaft 17. A hinge mechanism 24
is interposed between the swash plate 23 and the lug
plate 21 so that the swash plate 23 and the lug plate 21
are connected therethrough. The hinge mechanism 24
allows the swash plate 23 and lug plate 21 to rotate syn-
chronously with and to be inclined relative to the drive
shaft 17.

[0014] A coil spring 25 is disposed on the drive shaft
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17 between the lug plate 21 and the swash plate 23. A
tubular body 26 is slidably disposed on the drive shaft 17
and urged rearward by the coil spring 25. The tubular
body 26 urges the swash plate 23 rearward or in the
direction which causes the inclination angle of the swash
plate 23 to be decreased. It is noted that the inclination
angle of the swash plate 23 refer to an angle made be-
tween an imaginary plane perpendicular to the axis of
the drive shaft 17 and the flat surface of the swash plate
23. The swash plate 23 has a stopper 23a projecting from
the front thereof for determining the maximum inclination
of the swash plate 23 by contact with the lug plate 21 as
shown in FIG.1. A retaining ring 27 is fitted on the drive
shaft 17 in rear of the swash plate 23 and a coil spring
28 is disposed on the drive shaft 17 between the retaining
ring 27 and the swash plate 23. The minimum inclination
of the swash plate 23 is determined by the contact thereof
with the front of the coil spring 28.

[0015] Asingle-headed piston 29 is reciprocatably dis-
posed in each of the cylinder bores 12a of the cylinder
block 12. The piston 29 is engaged at its neck with the
outer periphery of the swash plate 23 through a pair of
shoes 30. When the swash plate 23 is driven to rotate
by the drive shaft 17, each piston 29 reciprocates through
the shoes 30. As shown in FIG. 1, a valve plate 32, valve-
forming plates 33 and 34 and a retainer 35 are interposed
between the rear housing 14 and the cylinder block 12.
The rear housing 14 defines therein at the center a suc-
tion chamber 38 which is in communication with a com-
pression chamber 31 in each cylinder bore 12a through
a suction port 36 formed in the valve plate 32. The rear
housing 14 defines therein at the radially outer region a
discharge chamber 39. The discharge chamber 39 and
the suction chamber 38 are separated by a partition 14a
formed in the rear housing 14.

[0016] The valve plate 32 and each piston 29 cooper-
ate to define the compression chamber 31 in the respec-
tive cylinder bore 12a. The valve plate 32 has the suction
port 36 which is in communication with the suction cham-
ber 38 and a discharge port 37 which is in communication
with the discharge chamber 39. The valve-forming plate
33 is a plate which forms a suction valve (not shown)
interposed between each compression chamber 31 and
the suction chamber 38, while the valve-forming plate 34
is a plate which forms a discharge valve 34a or a reed
valve interposed between each discharge port 37 and
the discharge chamber 39. The retainer 35 functions to
limit the maximum opening of the discharge valve 34a.
[0017] As the piston 29 moves from its top dead center
toward its bottom dead center, the refrigerant in the suc-
tion chamber 38 is drawn into the compression chamber
31 through the suction port 36 and the suction valve. As
the piston 29 moves from its bottom dead center toward
its top dead center, the refrigerant drawn in the compres-
sion chamber 31 is compressed to a predetermined pres-
sure and discharged into the discharge chamber 39
through the discharge port 37 and the discharge valve
34a. The inclination angle of the swash plate 23 is deter-
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mined depending on the balance among the rotation mo-
ment developed by the centrifugal force of the swash
plate 23, the moment of inertia caused by the inertial
force of the piston 29, the moment caused by the pres-
sure of the refrigerant and the like. The moment caused
by the pressure of the refrigerant is a moment which is
determined by the relation between the pressure in the
compression chamber 31 and the pressure in the control-
pressure chamber 16 acting on the back of the piston 29
and this moment is applied in the direction which causes
the swash plate 23 to be increased or decreased depend-
ing on the variation of the pressure in the control-pressure
chamber 16.

[0018] The following will describe an external refriger-
ant circuit 42 in which the above-described compressor
10 is connected. In this preferred embodiment, the com-
pressor 10 and the external refrigerant circuit 42 com-
prise a refrigerating circuit through which the refrigerant
circulates. The suction chamber 38 is connected to the
external refrigerant circuit 42 through an inlet 40 formed
in the rear housing 14. Thus, the refrigerant is supplied
from the external refrigerant circuit 42 through the inlet
40 into the suction chamber 38. In this preferred embod-
iment, the suction chamber 38 and the inlet 40 comprise
a suction-pressure region of the compressor 10. The dis-
charge chamber 39 is connected to the external refrig-
erant circuit 42 through an outlet 41 formed in the rear
housing 14. Thus, the refrigerant in the discharge cham-
ber 39 is discharged out of the compressor 10 into the
external refrigerant circuit 42 through the outlet 41. In this
preferred embodiment, the discharge chamber 39 and
the outlet 41 comprise a discharge-pressure region of
the compressor 10. As shown schematically in FIG. 1,
the external refrigerant circuit 42 includes a heat ex-
changer or condenser 43 for removing heat from the re-
frigerant, an expansion valve 44 and a heat exchanger
or an evaporator 45 for transferring the heat of the am-
bient air to the refrigerant. The expansion valve 44 is an
automatic valve which is operable to sense the temper-
ature of the refrigerant at the outlet of the evaporator 45
and to control the flow of the refrigerant according to the
variation in the temperature.

[0019] Thecompressor 10 has acontrol valve 50 which
is operable to adjust the pressure in the control-pressure
chamber 16 thereby to appropriately change the moment
due to the pressure of the refrigerant, so that the inclina-
tion angle of the swash plate 23 is set between the min-
imum and the maximum inclination angles.

[0020] As shownin FIG. 1, the control valve 50 is pro-
vided in the rear housing 14 which supplies the refrigerant
in the discharge-pressure region into the control-pres-
sure chamber 16. As shown in FIG. 2, the control valve
50 includes a tubular valve housing 51 having therein a
plurality of chambers, a valve body 63 operable to open
and close a refrigerant-supply passage in the control
valve 50, a pressure-sensing mechanism 66 which op-
erates according to the variation of the pressure in the
suction chamber 38, and a reciprocatable rod 70 whose
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movement is controlled by the pressure-sensing mech-
anism 66.

[0021] As shown in FIG. 2, the valve housing 51 de-
fines therein a pressure-sensing chamber 52, a commu-
nication chamber 53, and a valve chamber 54. The pres-
sure-sensing chamber 52 is located at the lower end of
the valve housing 51, the valve chamber 54 is located at
the upper end of the valve housing 51, and the commu-
nication chamber 53 is located between the pressure-
sensing chamber 52 and the valve chamber 54. A parti-
tion member 55 is provided in the valve housing 51 be-
tween the pressure-sensing chamber 52 and the com-
munication chamber 53 and has a shaft hole 55a. The
pressure-sensing chamber 52 and the communication
chamber 53 are separated by the partition member 55.
The valve housing 51 has a partition 51 awhich separates
the communication chamber 53 and the valve chamber
54. The partition 51 a has a valve hole 56.

[0022] The valve housing 51 has a third port 57 which
is in communication with the pressure-sensing chamber
52, a second port 58 which is in communication with the
communication chamber 53 and a first port 59 which is
in communication with the valve chamber 54. As shown
in FIG. 1, the third port 57 is in communication with the
suction chamber 38 through a passage 60 formed in the
rear housing 14, the second port 58 is in communication
with the control-pressure chamber 16 through a passage
61 formed in the rear housing 14, the retainer 35, the
vale forming plate 34, the valve plate 32, the valve-form-
ing plate 33 and the cylinder block 12, and the first port
59 is in communication with the discharge chamber 39
through a passage 62 formed in the rear housing 14.
[0023] The refrigerant-supply passage is provided in
the valve housing 51 passing through the valve chamber
54, the valve hole 56 and the communication chamber
53 thereby connecting the first port 59 to the second port
58. In other words, the refrigerant-supply passage in-
cludes the valve chamber 54, the valve hole 56 and the
communication chamber 53. A spherical valve body 63
and a coil spring 64 as an urging member are disposed
in the valve chamber 54. The valve body 63 has a diam-
eter greater than that of the valve hole 56 for closing the
valve hole 56. The valve body 63 is constantly urged by
the coil spring 64 in the direction that causes the valve
hole 56 to be closed.

[0024] The pressure-sensing mechanism 66 is dis-
posed in the pressure-sensing chamber 52. The pres-
sure-sensing mechanism 66 includes a bellows 67 as a
pressure-sensing member which divides the pressure-
sensing chamber 52 into a variable-pressure chamber
52a and a constant-pressure chamber 52b. The bellows
67 is fixed at its fixed end to an end wall 69 which closes
the lower end of the valve housing 51. The constant-
pressure chamber 52b inside the bellows 67 is hermiti-
cally closed and maintained at a predetermined constant
pressure. The variable-pressure chamber 52a is located
around the constant-pressure chamber 52b, and the
pressure in the variable-pressure chamber 52a varies
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according to the variation of the pressure in the suction
chamber 38. Thus, when the pressure in the variable-
pressure chamber 52a is lower than that in the constant-
pressure chamber 52b, the bellows 67 expands. On the
other hand, when the pressure in the variable-pressure
chamber 52a is higher than that in the constant-pressure
chamber 52b, the bellows 67 contracts. In other words,
the pressure difference between the constant-pressure
chamber 52b and the variable-pressure chamber 52a
produces a force causing the bellows 67 to move, name-
ly, expand or contract.

[0025] A movable member 68 is fixed to the movable
end of the bellows 67. The movable member 68 is also
fixed to the lower end of the rod 70. The rod 70 has a
diameter corresponding to that of the shaft hole 55a. The
length of the rod 70 is set such that when the bellows 67
expands to its maximum length, the rod 70 moves the
valve body 63 away from the valve hole 56 against the
urging force of the coil spring 64. The rod 70 has a recess
70a formed in the lateral surface thereof and extending
in the axial direction thereof. The recess 70a is formed
in the rod 70 such that when the bellows 67 contracts
substantially to its minimum length the pressure-sensing
chamber 52 and the communication chamber 53 are
made in fluid communication through the recess 70a, as
shown in FIG. 3. In other words, a liquid-discharge pas-
sage is provided in the valve housing 51 passing through
the communication chamber 53, the recess 70a and the
pressure-sensing chamber 52 for connecting the second
port 58 to the third port 57, that is, the liquid-discharge
passage includes the communication chamber 53, the
recess 70a and the pressure-sensing chamber 52. The
liquid-discharge passage is provided for discharging or
removing the liquid refrigerant accumulated in the con-
trol-pressure chamber 16 into the suction chamber 38 at
the start-up of the compressor 10. It is noted that the
liquid-discharge passage may be provided merely by
forming the recess 70a in the lateral surface of the rod
70. Meanwhile, a bleed passage 46 having a throttle is
formed in the cylinder block 12, the valve-forming plate
33, the valve plate 32, the vale forming plate 34 and the
retainer 35, thus connecting the control-pressure cham-
ber 16 to the suction chamber 38, as shown in FIG. 1.
The bleed passage 46 is provided for releasing the pres-
sure in the control-pressure chamber 16.

[0026] The following will describe the operation of the
control valve 50. In the case where the compressor 10
remains at a stop for a long period of time, the pressure
inside the compressor 10 is equalized and the refriger-
ating circuit including the compressor 10 is gradually
cooled by the ambient air. Since the compressor 10 is
relatively easy to cool, the refrigerant in the refrigerating
circuit tends to flow into the compressor 10. More spe-
cifically, the refrigerant converts into liquid state if the
refrigerating circuit is cooled so that the temperature
thereoffalls below the temperature of the saturated vapor
pressure of the refrigerant, and the liquid refrigerant
tends to be accumulated in the compressor 10. In the
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case where the compressor 10 remains at a stop for a
long period of time, the equalized pressure in the refrig-
erating circuit is much higher than the pressure that is
present in the suction-pressure region during the opera-
tion of the compressor 10. In other words, the pressure
in the variable-pressure chamber 52a is much higher
than that constant-pressure chamber 52b in the in the
pressure-sensing chamber 52. Thus, as shown in FIG.
3, the bellows 67 contracts to its minimum length thereby
to provide the fluid communication between the commu-
nication chamber 53 and the pressure-sensing chamber
52 through the recess 70a of the rod 70, and the valve
body 63 then closes the valve hole 56. In this state, the
refrigerant-supply passage is closed and the liquid-dis-
charge passage is opened in the control valve 50.

[0027] Subsequently, if cooling is required, the clutch
mechanism is engaged to transmit the drive force from
the external drive source to the compressor 10 for starting
the compressor 10 which is then at a stop. At the begin-
ning of the start-up, the swash plate 23 of the compressor
10is inclined at its minimum inclination angle, that is, the
compressor 10 operates at its minimum displacement.
During this minimum-displacement operation of the com-
pressor 10 at the beginning of the start-up, each of the
pistons 29 reciprocates in the respective cylinder bore
12a for its minimum distance of stroke. When the liquid-
discharge passage is opened, the reciprocation of the
pistons 29 causes the refrigerant to flow from the control-
pressure chamber 16 through the suction chamber 38
into the compression chamber 31. Since the liquid-dis-
charge passage is then opened, the liquid refrigerant in
the control-pressure chamber 16 is fully discharged into
the suction chamber 38 flowing through the passage 61,
the control valve 50 (the second port 58, the communi-
cation chamber 53, the recess 70a, the variable-pressure
chamber 52a and the third port 57) and the passage 60
as the pistons 29 reciprocate in the cylinder bores 12a.
[0028] Since the liquid refrigerant in the control-pres-
sure chamber 16 is thus fully discharged into the suction
chamber 38, the pressure in the control-pressure cham-
ber 16 can be lowered below the saturated vapor pres-
sure of the refrigerant. As the pressure in the control-
pressure chamber 16 is lowered, the inclination angle of
the swash plate 23 is increased, thus increasing the dis-
placement of the compressor 10. With an increase in the
displacement of the compressor 10, the pressure in the
variable-pressure chamber 52a in the control valve 50 is
lowered further and the bellows 67 expands, accordingly.
For example, during the maximum displacement opera-
tion of the compressor 10 when the cooling load is high,
the bellows 67 expands to such a degree that the rod 70
approaches close to but is yet to be in contact with the
valve body 63 as shown in FIG. 2. In this position of the
rod 70, the liquid-discharge passage is closed. In this
case, the liquid-discharge passage in the control valve
50 is closed by the rod 70 and the pressure in the control-
pressure chamber 16 is released through the bleed pas-
sage 46 for maintaining the maximum displacement op-
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eration of the compressor 10. Incidentally, blow-by gas
constantly flows from the compression chamber 31 into
the control-pressure chamber 16 through the clearance
between the piston 29 and the cylinder bore 12a, thereby
increasing the pressure in the control-pressure chamber
16.

[0029] For improving the operating efficiency of the
compressor 10, the communication between the com-
munication chamber 53 and the variable-pressure cham-
ber 52a should preferably be closed at the moment when
the liquid refrigerant in the control-pressure chamber 16
is just fully discharged. The pressure in the suction cham-
ber 38is gradually lowered from the saturated vapor pres-
sure level when the liquid refrigerant is discharged out
of the compressor 10 and the inclination angle of the
swash plate 23 is increased. Therefore, it is preferable
that the pressure which is slightly below the saturated
vapor pressure should be set as a predetermined pres-
sure at which the bellows 67 expands to move the rod
70 so that the liquid-discharge passage is closed. How-
ever, since the saturated vapor pressure depends on
temperature, the above predetermined pressure cannot
be determined readily. In this preferred embodiment, if
chlorofluorocarbon (HFC-134a) is used as the refriger-
ant, the predetermined pressure is setat 0.4 to 0.45 MPa
on the basis of a saturated vapor pressure of 0.49 MPa
at a temperature of 15°C. Since the suction pressure
ranges from 0.2 to 0.4 MPa while the compressor 10 is
operating at its maximum or medium displacement, the
liquid-discharge passage may be closed after the liquid
refrigerant is fully discharged and the displacement of
the compressor 10 is increased.

[0030] When the cooling load is decreased, the com-
pressor 10 then operates such that its displacement is
decreased from the maximum at the maximum displace-
ment operation. More specifically, the compressor 10 at-
tempts to maintain its maximum-displacement operation
in spite of the decreased cooling load, but the pressure
in the suction-pressure region is lowered further due to
the decreased cooling load. Accordingly, the pressure in
the variable-pressure chamber 52a is lowered, so that
the bellows 67 expands further than that at the maximum
displacement operation of the compressor 10 thereby to
cause the rod 70 to press the valve body 63 against the
coil spring 64 and the valve hole 56 to be opened, as
shown in FIG. 4.

[0031] With the valve hole 56 opened, a part of the
high-pressure refrigerant in the discharge chamber 39 is
introduced into the control-pressure chamber 16 through
the passage 62, the control valve 50 (the first port 59,
the valve chamber 54, the valve hole 56, the communi-
cation chamber 53 and the second port 58) and the pas-
sage 61. Thus, the inclination angle of the swash plate
23 is decreased and the compressor 10 performs its var-
iable-displacement operation in response to the varying
cooling load. During the variable-displacement operation
of the compressor 10, the liquid-discharge passage is
kept closed. Itis noted that opening and closing the valve
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hole 56 by the valve body 63 depend on the balance
between the urging force of the coil spring 64 and the
urging force of the rod 70 developed by the pressure-
sensing mechanism 66.

[0032] According to the control valve 50 of the above-
described preferred embodiment, the following advanta-
geous effects are achieved.

(1) The refrigerant in the control-pressure chamber
16 is discharged at a start-up of the compressor 10,
so that the pressure in the control-pressure chamber
16 is lowered and the swash plate 23 is controlled
such that the displacement of the compressor 10 is
increased. The liquid-discharge passage is closed
when the refrigerant pressure in the suction-pres-
sure region is lowered and reaches the aforemen-
tioned predetermined pressure as the compressor
10 is started. Therefore, the liquid refrigerant accu-
mulated in the control-pressure chamber 16 is fully
discharged into the suction-pressure region after the
start-up of the compressor 10, thus permitting the
pressure in the control-pressure chamber 16 to be
lowered faster than in the conventional compressor.

(2) The pressure equalization inside the compressor
10 is set by the saturated vapor pressure of the re-
frigerant with respect to the temperature of the am-
bient air. The position of the rod 70 is controlled by
maintaining the pressure equalization at the start-up
of the compressor 10 and canceling the pressure
equalization afterward. According to the position of
the recess 70a of the rod 70, opening and closing
the liquid-discharge passage is controlled.

(3) The wider liquid-discharge passage requires less
time for fully discharging the liquid refrigerant from
the control-pressure chamber 16 into the suction-
pressure region. Thus, return characteristics of the
compressor 10 is improved. However, if the liquid-
discharge passage is opened to connect the control-
pressure chamber 16 to the suction-pressure region
after return of or the start-up of the compressor 10,
a lot of the refrigerant may flow from the control-pres-
sure chamber 16 into the suction-pressure region.
The flow of the refrigerant in the compressor 10 is
needed for lubricating the sliding elements in the
compressor 10 but it does not contribute to cooling
by the refrigerant circulation in the refrigerating cir-
cuit. Thus, it deteriorates cooling performance. The
cooling performance is prevented from being dete-
riorated by closing the liquid-discharge passage af-
ter the return of the compressor 10.

[0033] The following will describe a control valve 80
according to a second preferred embodiment of the
present invention with reference to FIGS. 5 and 6. Major
parts of the compressor of this preferred embodiment
except the control valve 80 are substantially the same
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as the counterparts of the first preferred embodiment.
Thus, common or similar elements or parts are designat-
ed by the same reference numerals as those of the first
preferred embodiment and, therefore, the description
thereof is omitted. Referring to FIG. 5, the control valve
80 includes a valve housing 81, arod 87 and a pressure-
sensing mechanism 96. The valve housing 81 defines
therein a pressure-sensing chamber 82 which is in com-
munication with the control-pressure chamber 16, a valve
chamber 83 which is in communication with the discharge
chamber 39 and a communication chamber 84 which is
in communication with the suction chamber 38. The pres-
sure-sensing chamber 82 is located at the lower end of
the valve housing 81, the communication chamber 84 is
provided at the upper end of the valve housing 81, and
the valve chamber 83 is located between the pressure-
sensing chamber 82 and the communication chamber
84. The valve housing 81 has a first partition 81a located
between the pressure-sensing chamber 82 and the valve
chamber 83 and having a valve hole 85 and a second
partition 81 b located between the valve chamber 83 and
the communication chamber 84 and having a shaft hole
86.

[0034] The rod 87 is reciprocatably slidably disposed
in the valve housing 81. The rod 87 has a large-diameter
portion 87a located in the communication chamber 84
and the valve chamber 83, a small-diameter portion 87b
located in the pressure-sensing chamber 82 and a
through hole 88 extending axially through the center of
therod 87. The large-diameter portion 87a has a diameter
corresponding to that of the shaft hole 86, and the small-
diameter portion 87b has a diameter smaller than that of
the valve hole 85. The rod 87 has an end surface 87c
provided at the step between the small-diameter portion
87b and the large-diameter portion 87a. The end surface
87c functions as a valve body which is contactable with
the first partition 81a, thus providing and shutting off the
fluid communication between the pressure-sensing
chamber 82 and the valve chamber 83. In this preferred
embodiment, the valve chamber 83, the valve hole 85
and the pressure-sensing chamber 82 correspond to the
refrigerant-supply passage of the control valve 80, and
the end surface 87c¢ of the rod 87 corresponds to a valve
body for opening and closing the refrigerant-supply pas-
sage. The through hole 88 of the rod 87 provides fluid
communication between the pressure-sensing chamber
82 and the communication chamber 84. The rod 87 is
urged toward the pressure-sensing chamber 82 by a coil
spring 89 disposed in the communication chamber 84.
[0035] The communication chamber 84 is located at
the upper end of the large-diameter portion 87a, and the
valve housing 81 has atits upper end a third port 90 which
is in communication with the communication chamber
84. The third port 90 is also in communication with the
suction chamber 38 through a passage 93 formed in the
rear housing 14. The valve chamber 83 is formed around
the large-diameter portion 87a, and the valve housing 81
has a first port 91 formed through its lateral wall which is
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in communication with the valve chamber 83. The first
port91is alsoin communication with the discharge cham-
ber 39 through a passage 94 formed in the rear housing
14. The pressure-sensing chamber 82 is located at the
lower end of the small-diameter portion 87b, and the
valve housing 81 has at its lower end a second port 92
which is in communication with a variable-pressure
chamber 82a. The second port 92 is also in communica-
tion with the control-pressure chamber 16 through a pas-
sage 95 formed in the rear housing 14, the valve-forming
plate 33, the valve plate 32, the valve-forming plate 34
and the retainer 35.

[0036] The pressure-sensing mechanism 96 is dis-
posed in the pressure-sensing chamber 82. The pres-
sure-sensing mechanism 96 has a bellows 97 as a pres-
sure-sensing member which divides the pressure-sens-
ing chamber 82 into the variable-pressure chamber 82a
and a constant-pressure chamber 82b. The bellows 97
is fixed at its fixed lower end to an end wall 98 which
closes the lower end of the valve housing 81. The con-
stant-pressure chamber 82b inside the bellows 97 is her-
mitically closed and maintained at a predetermined con-
stant pressure. The variable-pressure chamber 82a is
located around the constant-pressure chamber 82b, and
the pressure in the variable-pressure chamber 82avaries
with the pressure in the suction chamber 38. Thus, when
the pressurein the variable-pressure chamber 82a is low-
er than that in the constant-pressure chamber 82b, the
bellows 97 expands. On the other hand, when the pres-
sure in the variable-pressure chamber 82a is higher than
that in the constant-pressure chamber 82b, the bellows
97 contracts. In other words, the pressure difference be-
tween the constant-pressure chamber 82b and the var-
iable-pressure chamber 82a creates a force which caus-
es the bellows 97 to expand or contract.

[0037] A movable member 99 is fixed to the movable
upper end of the bellows 97, and an annular valve mem-
ber 100 is fixed to the movable member 99 for selectively
providing and shutting off the fluid communication be-
tween the pressure-sensing chamber 82 and the through
hole 88. The valve member 100 has a tapered surface
100a whichis tapered toward the bellows 97. The bellows
97 expands such that the small-diameter portion 87b of
the rod 87 comes into contact at the outer periphery of
its end with the tapered surface 100a, thereby shutting
off the communication between the communication
chamber 84 and the pressure-sensing chamber 82.
When the bellows 97 contracts, on the other hand, the
valve member 100 moves away from the small-diameter
portion 87b of the rod 87, providing the communication
between the pressure-sensing chamber 82 and the com-
munication chamber 84 via the through hole 88. In this
preferred embodiment, the variable-pressure chamber
82a, the through hole 88 and the communication cham-
ber 84 correspond to the liquid-discharge passage of the
control valve 80.

[0038] The following will describe the operation of the
control valve 80 of this preferred embodiment. When the
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compressor 10 remains at a stop for along period of time,
the liquid refrigerant is accumulated in the compressor
10 and the pressure in the refrigerating circuit is substan-
tially equalized. The equalized pressure in the refriger-
ating circuit is much higher than the pressure in the suc-
tion-pressure region of the compressor 10 during its op-
eration. In other words, the pressure in the variable-pres-
sure chamber 82a is much higher than that in the con-
stant-pressure chamber 82b of the pressure-sensing
chamber 82. Thus, as shown in FIG. 6A, the bellows 97
contracts to its minimum length thereby to move the valve
member 100 away from the rod 87, and the rod 87 is
urged by the coil spring 89 such that the end surface 87¢
closes the valve hole 85. In this state of the control valve
80, the refrigerant-supply passage is closed and the lig-
uid-discharge passage is opened.

[0039] Subsequently, if cooling is required, the clutch
mechanism is engaged to transmit the drive force from
the external drive source to the compressor for starting
the compressor which is then at a stop. During the min-
imum-displacement operation of the compressor at the
beginning of the start-up, each of the pistons 29 recipro-
cates in its cylinder bore 12a for its minimum distance of
stroke. When the liquid-discharge passage is opened,
the reciprocation of the pistons 29 causes the refrigerant
in the control-pressure chamber 16 to flow therefrom
through the suction chamber 38 into the compression
chamber 31. Since the liquid-discharge passage is then
opened, the liquid refrigerant in the control-pressure
chamber 16 is fully discharged by the reciprocation of
the pistons 29 into the suction chamber 38 through the
passage 95, the control valve 80 (the second port 92, the
variable-pressure chamber 82a, the through hole 88, the
communication chamber 84 and the third port 90) and
the passage 93.

[0040] Since the liquid refrigerant in the control-pres-
sure chamber 16 is fully discharged into the suction
chamber 38, the pressure in the control-pressure cham-
ber 16 can be lowered below the saturated vapor pres-
sure of the refrigerant. As the pressure in the control-
pressure chamber 16 is thus lowered, the inclination an-
gle of the swash plate 23 is increased, thus increasing
the displacement of the compressor. As the displacement
of the compressor is increased, the pressure in the var-
iable-pressure chamber 82a in the control valve 80 is
lowered further, so that the bellows 97 expands. For ex-
ample, during the maximum-displacement operation of
the compressor when the cooling load is high, the bellows
97 expands to such a degree that the valve member 100
comes into contact with the rod 87 as shown in FIG. 5.
In this position of the rod 87, the liquid-discharge passage
is closed.

[0041] When the cooling load is decreased, the com-
pressor then operates such that its displacement is de-
creased from the maximum at the maximum-displace-
ment operation of the compressor. However, the com-
pressor attempts to maintain its maximum displacement
operation in spite of the reduced cooling load but the
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pressure in the suction-pressure region is lowered further
duetothereduced cooling load. Accordingly the pressure
in the variable-pressure chamber 82a is lowered further.
Thus, the bellows 97 expands further than at the maxi-
mum displacement operation of the compressor, causing
the valve member 100 to press the rod 70 against the
coil spring 89 and the valve hole 85 to be opened, as
shown in FIG. 6B.

[0042] With the valve hole 85 thus opened, a part of
the high-pressure refrigerant in the discharge chamber
39 is introduced into the control-pressure chamber 16
through the passage 94, the control valve 80 (the first
port 91, the valve chamber 83, the valve hole 85, the
variable-pressure chamber 82a and the second port 92)
and the passage 95. Thus, the inclination angle of the
swash plate 23 is decreased and the compressor per-
forms its variable-displacement operation according to
the cooling load. During the variable-displacement oper-
ation of the compressor, the liquid-discharge passage is
kept closed. Itis noted that opening and closing the valve
hole 85 by the rod 87 depend on the balance between
the urging force of the coil spring 89 and the urging force
of the valve member 100 created by the pressure-sens-
ing mechanism 96.

[0043] According to the control valve 80 of this pre-
ferred embodiment, substantially the same advanta-
geous effects as in the first preferred embodiment are
achieved. Any liquid refrigerant accumulated in the con-
trol-pressure chamber 16 is fully discharged into the suc-
tion-pressure region during the start-up operation of the
compressor 10, thereby lowering the pressure in the con-
trol-pressure chamber 16 faster than in the conventional
compressor. Although the pressure-sensing chamber 82
which is in communication with the second port 92 and
the communication chamber 84 which is in communica-
tion with the third port 90 are not located adjacent to each
other in the control valve 80, the through hole 88 extend-
ing through the rod 87 forms the liquid-discharge pas-
sage providing fluid communication between the above
two chambers 82, 84. Thus, the degree of freedom of
designing the control valve 80 is improved. The diameter
of the through hole 88 is set relatively large so that the
flow rate of the liquid refrigerant passing from the control-
pressure chamber 16 through the through hole 88 can
be increased. Thus, the liquid refrigerant is immediately
discharged fully from the control-pressure chamber 16
during the start-up operation of the compressor. The con-
trol valve 80 is more advantageous than the control valve
50 of the first preferred embodiment in that the through
hole 88 allows a greater flow rate of the liquid refrigerant.
[0044] The present invention is not limited to the em-
bodiments described above but may be modified into an
alternative embodiment as exemplified below. In the first
and second preferred embodiments, the liquid-discharge
passage is closed during the maximum-displacement op-
eration of the compressor. In the alternative embodiment,
the liquid-discharge passage may be opened during the
operation of the compressor other than the variable-dis-
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placement operation of the compressor.

[0045] 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.

[0046] A control valve for a clutch type variable dis-
placement compressor includes a liquid-discharge pas-
sage for connecting a second port in communication with
a control-pressure chamber of the compressor to a third
port in communication with the suction-pressure region
of the compressor. Opening and closing the liquid-dis-
charge passage are controlled by movement of a pres-
sure-sensing member of a pressure-sensing mecha-
nism. The pressure-sensing member is placed such that
the liquid-discharge passage is opened while pressure
equalization inside the compressor at a stop of the com-
pressor is maintained in starting the compressor from its
stop state. The pressure-sensing member is moved in a
direction which causes the liquid-discharge passage to
be closed when a pressure in the suction-pressure region
is lowered and reaches a predetermined pressure as the
compressor is started.

Claims

1. A control valve for a clutch type variable displace-
ment compressor having a control-pressure cham-
ber, adischarge-pressure region and a suction-pres-
sure region, the control valve including a first port in
communication with the discharge-pressure region,
a second port in communication with the control-
pressure chamber, a third portin communication with
the suction-pressure region, a refrigerant-supply
passage for connecting the first port to the second
port, a valve body operable to open and close the
refrigerant-supply passage, a pressure-sensing
mechanism operable to control the valve body ac-
cording to a pressure in the suction-pressure region
and including a pressure-sensing member, and arod
operable to move the valve body for opening and
closing the refrigerant-supply passage, character-
ized in that the control valve includes a liquid-dis-
charge passage for connecting the second port to
the third port, in that opening and closing the liquid-
discharge passage is controlled by movement of the
pressure-sensing member, in that the pressure-
sensing member is placed such that the liquid-dis-
charge passage is opened while pressure equaliza-
tion inside the compressor at a stop of the compres-
sor is maintained in starting the compressor from its
stop state, and in that the pressure-sensing member
is moved in a direction which causes the liquid-dis-
charge passage to be closed when a pressure in the
suction-pressure region is lowered and reaches a
predetermined pressure as the compressor is
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The control valve according to claim 1, wherein the
liquid-discharge passage includes a recess formed
in a lateral surface of the rod.

The control valve according to claim 1, wherein the
liquid-discharge passage includes a through hole ex-
tending through the rod.

The control valve according to any one of claims 1
through 3, wherein the pressure-sensing member is
a bellows expandable and contractible according to
the pressure in the suction-pressure region.

The control valve according to any one of claims 1
through 4, further comprising a valve housing that
defines therein a valve chamber in communication
with the first port, a communication chamber in com-
munication with one of the second and third ports
and a pressure-sensing chamber in communication
with the other of the second and third ports.

The control valve according to claim 5, wherein the
pressure-sensing mechanism is disposed in the
pressure-sensing chamber.

The control valve according to any one of claims 5
and 6, wherein the valve body is disposedin the valve
chamber.

The control valve according to any one of claims 5
through 7, wherein the liquid-discharge passage in-
cludes the communication chamber and the pres-
sure-sensing chamber.

The control valve according to any one of claims 5
through 8, wherein the communication chamber is
located between the valve chamber and the pres-
sure-sensing chamber.

The control valve according to any one of claims 5
through 8, wherein the valve chamber is located be-
tween the communication chamber and the pres-
sure-sensing chamber.

The control valve according to any one of claims 1
and 3, wherein the rod has a large-diameter portion
and a small-diameter portion, the valve body being
provided by a step formed between the large-diam-
eter portion and the small-diameter portion.
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FIG. 2
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FIG. 4
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