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(54) VARIABLE CAPACITY COMPRESSOR

(57) [Object]
To provide a variable capacity compressor capable

of improving the startup performance of the compressor,
reducing the amount of refrigerant circulating internally
during an intermediate stroke, and eliminating the risk of
becoming out of control due to contaminants in the re-
frigerant or the like.

[Solution]
The variable capacity compressor includes an open

passage 50 communicating a control pressure chamber
4 with a suction chamber 33 and a valve accommodating
chamber 51 formed in the open passage and the open
passage 50 includes an upstream side open passage
50a communicating the control pressure chamber 4 with
the valve accommodating chamber 51 and a downstream
side open passage 50b communicating the valve accom-
modating chamber 51 with the suction chamber 33. In
addition, the variable capacity compressor is provided
with a valve element 52 accommodated in the valve ac-
commodating chamber 51 so as to open or close the
downstream side open passage 50b, urging means
(spring 53) that urges the valve element 52 so as to open
the downstream side open passage 50b, a discharge
pressure introduction passage 54 communicating the
valve accommodating chamber 51 with the discharge
chamber, and a check valve 55, provided in the upstream
side open passage 50a, that allows only a flow of the
fluid from the control pressure chamber 4 to the valve

accommodating chamber 51.
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Description

Technical Field

[0001] The present invention relates to a variable ca-
pacity compressor that changes a discharge capacity by
adjusting the pressure of a control pressure chamber
and, more particularly, to a variable capacity compressor
that adjusts the pressure of the control pressure chamber
via a supply passage communicating a discharge cham-
ber with the control pressure chamber and a bleeding
passage communicating the control pressure chamber
with a suction chamber.

Background Art

[0002] A variable capacity compressor adopts a mech-
anism in which the stroke amount of a piston is adjusted
by changing the tilt angle of a swash plate by adjusting
the pressure of a control pressure chamber and the dis-
charge capacity is thereby changed. In such a compres-
sor, there is a known structure in which the bleeding pas-
sage communicates the control pressure chamber with
the suction chamber, a control valve is provided in the
supply passage communicating the discharge chamber
with the control pressure chamber, and the pressure of
the control pressure chamber is controlled by adjusting
the amount of refrigerant flowing into the control pressure
chamber by adjusting the opening of the supply passage
using this control valve.
[0003] In the above pressure adjustment of the control
pressure chamber, the refrigerant flowing into the control
pressure chamber via the supply passage from the dis-
charge chamber does not flow out of the compressor,
but is turned back to the suction chamber. The refrigerant
circulating through the compressor without circulating
through the refrigeration cycle does no contribute to the
refrigeration capability of the refrigeration cycle at all, so
the refrigerant is preferably as little as possible to improve
the performance in the intermediate stroke state.
[0004] If the compressor stops for a long time without
operating, the pressures in the refrigeration cycle are bal-
anced and refrigerant in the refrigeration cycle is liquefied
in the portion of the refrigeration cycle in which the tem-
perature is lowest. Of the components constituting the
refrigeration cycle, the compressor has the largest ther-
mal capacity and does not easily heat up following chang-
es in the outdoor temperature, so an event of liquefaction
of the refrigerant in the refrigeration cycle occurs in the
compressor. When the refrigerant is liquefied in the com-
pressor, the liquid refrigerant is also stored in the crank
chamber, which is the control pressure chamber.
[0005] When the compressor is started up in the state
in which the pressures are balanced, the operation of the
compressor reduces the pressure in the suction chamber
and the refrigerant in the crank chamber is thereby ex-
hausted to the suction chamber via the bleeding pas-
sage. However, if liquid refrigerant is stored in the crank

chamber, the inside of the crank chamber is put in the
saturated state in which the gaseous phase refrigerant
and the liquid phase refrigerant are present together. Ac-
cordingly, even if the refrigerant in the crank chamber is
exhausted to the suction chamber via the bleeding pas-
sage, the pressure in the crank chamber is kept at the
saturated pressure. Accordingly, until all liquid refrigerant
is vaporized and exhausted from air bleeding passage,
the pressure in the crank chamber (control pressure
chamber) is not reduced, thereby causing inconvenience
of disabling discharge capacity control (discharge capac-
ity is not increased).
[0006] To solve the above problem, there is proposed
a structure in which a differential pressure adjusting valve
is provided to ensure the startup of the compressor by
communicating the control pressure chamber with the
suction chamber when the pressure difference between
the discharge chamber and the suction chamber be-
comes equal to or less than a predetermined value (see
PTL 1).
[0007] This differential pressure adjusting valve is il-
lustrated in, for example, Fig. 6 and includes an accom-
modation space 102 in which a spool 101 is accommo-
dated slidably, a high pressure port 104, formed so as to
face one end side of the spool 101, that communicates
with a discharge chamber 103, a low pressure port 106,
formed so as to face the other end side of the spool 101,
that communicates with a suction chamber 105, a control
pressure port 108 that is communicable with the low pres-
sure port 106, communicates with a control pressure
chamber 107, and has an opening adjusted by the dis-
placement of the spool 101, and a spring 109 urging the
spool 101 toward the high pressure port 104.
[0008] In such a structure, when the difference be-
tween pressure Pb of the discharge chamber 103 and
pressure Ps of the suction chamber 105 becomes smaller
than the urging force of the spring 109, the spool 101 is
displaced toward the high pressure port 104 and the con-
trol pressure port 108 communicates with the lowpres-
sureport 106 as illustrated in Fig. 6 (a). In contrast, when
the difference between pressure Pb of the discharge
chamber 103 and pressure Ps of the suction chamber
105 becomes larger than the urging force of the spring
109, the spool 101 is displaced toward the low pressure
port 106 against the urging force of the spring 109, closes
the control pressure port 108, and blocks communication
between the control pressure port 108 and the low pres-
sure port 106 as illustrated in Fig. 6(b).
[0009] Accordingly, at the startup time when the differ-
ence between the pressure of the discharge chamber
103 and the pressure of the suction chamber 105 is small,
since the control pressure port 108 communicates with
the low pressure port 106 and the refrigerant in the control
pressure chamber 107 is exhausted to the suction cham-
ber 105 through two channels (the channel passing
through a conventional air bleeding passage 110 and the
channel through which the control pressure port 108
communicates with the low pressure port 106), the pres-
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sure of the control pressure chamber 107 can be reduced
early (the time until the liquid refrigerant stored in the
control pressure chamber is fully vaporized and exhaust-
ed to the suction chamber is reduced), it is possible to
avoid inconvenience of extension of the time until the
discharge capacity control is enabled.
[0010] After the liquid refrigerant stored in the control
pressure chamber is fully vaporized and exhausted to
the suction chamber, when the difference between the
pressure of the discharge chamber 103 and the pressure
of the suction chamber 105 is gradually increased and
becomes equal to or more than a predetermined pres-
sure difference, communication between the control
pressure port 108 and the low pressure port 106 is
blocked and the refrigerant in the control pressure cham-
ber 107 is exhausted to the suction chamber 105 only
through the conventional air bleeding passage 110.
[0011] An example of the structure illustrated in Fig. 7
is also proposed for the differential pressure adjusting
valve. This differential pressure adjusting valve includes
a spool 202 accommodated slidably in a spool accom-
modating unit 201 formed in the cylinder block, a ball
valve 204, accommodated in a ball valve accommodating
unit 203 formed next to the spool accommodating unit
201, that makes contact with the spool 202, a high pres-
sure port 206, connected toward the end of the spool
accommodating unit 201, that communicates with a dis-
charge chamber 205, a control pressure port 208,
opened in the ball valve accommodating unit 203, that
communicates with a control pressure chamber 207, and
a low pressure port 211 that is formed in a valve plate
209 covering the ball valve accommodating unit 203,
communicates the ball valve accommodating unit 203
with a suction chamber 210, and is opened or closed by
the ball valve 204. A spring 212 is inserted into the ball
valve accommodating unit 203 via the low pressure port
211 from the low pressure chamber so that the ball valve
204 makes constant contact with the spool 202.
[0012] In such a structure, when the difference be-
tween the pressure of the discharge chamber 205 and
the pressure of the control pressure chamber 207 be-
comes smaller than the urging force of the spring 212,
the spool 202 is displaced toward the high pressure port
206 by the spring force of the spring 212 as illustrated in
Fig. 7(a) and the control pressure port 208 communicates
with the low pressure port 211.
[0013] In contrast, when the difference between the
pressure of the discharge chamber 205 and the pressure
of the control pressure chamber 207 is larger than the
urging force of the spring 212, as illustrated in Fig. 7(b),
the spool 202 urges the ball valve 204 against the urging
force of the spring 212 and displaces the ball valve 204
toward the low pressure port, the ball valve 204 closes
the low pressure port 211, and communication between
the control pressure port 208 and the low pressure port
211 is thereby blocked.
[0014] Accordingly, at the startup time when the differ-
ence between the pressure of the discharge chamber

205 and the pressure of the control pressure chamber
207 is small, since the control pressure port 208 commu-
nicates with the low pressure port 211 and the refrigerant
in the control pressure chamber 207 is exhausted to the
suction chamber 210 through two channels (the channel
passing through a conventional air bleeding passage 213
and the channel through which the control pressure port
208 communicates with the low pressure port 211), the
pressure of the control pressure chamber 207 can be
reduced early (the time until the liquid refrigerant stored
in the control pressure chamber is fully vaporized and
exhausted to the suction chamber is reduced), it is pos-
sible to avoid inconvenience of extension of the time until
the discharge capacity control is enabled.
[0015] After the liquid refrigerant stored in the control
pressure chamber is fully vaporized and released to the
suction chamber, when the difference between the pres-
sure of the discharge chamber 205 and the pressure of
the suction chamber 210 is gradually increased and be-
comes equal to or more than a predetermined pressure
difference, communication between the control pressure
port 208 and the low pressure port 211 is blocked and
the refrigerant in the control pressure chamber 207 is
exhausted to the suction chamber 210 only through the
conventional air bleeding passage 213.

Citation List

Patent Literature

[0016] PTL 1: Japanese Patent No. 4501112

Summary of Invention

Technical Problem

[0017] However, in the conventional structure de-
scribed above, since the valve element accommodated
in the accommodation space is configured by a spool
that displaces slidably on the inner wall of the accommo-
dation space or the valve element accommodated in the
valve accommodating unit is displaced by a spool ac-
commodated slidably in the spool accommodating unit,
the pressure (Pd) of the discharge chamber is applied
as the back pressure for controlling the motion of the
spool. Accordingly, it is necessary to strictly manage the
accommodation space or the clearance between the in-
ner wall of the spool accommodating unit and the spool
to reduce leakage of the back pressure, there is incon-
venience of high cost.
[0018] In addition, when the accommodation space or
the clearance between the inner wall of the spool accom-
modating unit and the spool is set to a small value, al-
though the leakage of the back pressure can be effec-
tively suppressed, contaminants and the like are easily
caught in the accommodation space or the slide contact
surface between the inner wall of the spool accommo-
dating unit and the spool and the spool does not operate,
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possibly causing trouble of the pressure control of the
control pressure chamber.
[0019] The invention addresses the above problems
with the main object of providing a variable capacity com-
pressor capable of improving the startup performance of
the compressor, reducing the amount of refrigerant cir-
culating internally during an intermediate stroke, and
eliminating the risk of becoming out of control due to con-
taminants in the refrigerant or the like.

Solution to Problem

[0020] To achieve the above object, the variable ca-
pacity compressor according to the invention including a
compression chamber for compressing working fluid, a
suction chamber for accommodating the working fluid to
be compressed by the compression chamber, a dis-
charge chamber for accommodating the working fluid
compressed and discharged by the compression cham-
ber, a control pressure chamber through which a drive
shaft penetrates and which accommodates a swash plate
rotating as the drive shaft rotates, a supply passage com-
municating the discharge chamber with the control pres-
sure chamber, and a bleeding passage constantly com-
municating the control pressure chamber with the suction
chamber, the variable capacity compressor changing a
discharge capacity by adjusting a pressure of the control
pressure chamber, the variable capacity compressor in-
cludes an open passage communicating the control pres-
sure chamber with the suction chamber and a valve ac-
commodating chamber formed in the open passage, the
open passage having an upstream side open passage
communicating the control pressure chamber with the
valve accommodating chamber and a downstream side
open passage communicating the valve accommodating
chamber with the suction chamber, a valve element ac-
commodated in the valve accommodating chamber so
as to open and close the downstream side open passage,
urging means urging the valve element so as to open the
downstream side open passage, a discharge pressure
introduction passage that communicates the valve ac-
commodating chamber with the discharge chamber so
that a pressure introduced from the discharge chamber
to the valve accommodating chamber causes the valve
element to close the downstream side open passage,
and a check valve provided in the upstream side open
passage, the check valve allowing only a flow of the fluid
from the control pressure chamber to the valve accom-
modating chamber.
[0021] As described above, when the compressor
stops for a long time and the pressures in the refrigeration
cycle are balanced, liquid refrigerant is stored in the con-
trol pressure chamber. Since pressures before and after
the valve element accommodated in the valve accom-
modating chamber are balanced, the valve element is
urged by the urging means to open the downstream side
open passage. When the pressure of the suction cham-
ber becomes lower than the pressure of the control pres-

sure chamber as the compressor starts up, the vaporized
refrigerant in the control pressure chamber is exhausted
to the suction chamber via the bleeding passage, flowed
into the valve accommodating chamber via the upstream
side open passage, and is exhausted to the suction
chamber from the valve accommodating chamber via the
downstream side open passage.
[0022] This enables the refrigerant in the control pres-
sure chamber to immediately escape to the suction
chamber and enables reduction in the time until the liquid
refrigerant stored in the control pressure chamber is fully
vaporized and exhausted to the suction chamber.
[0023] After that, when the suction chamber capacity
of the compressor is increased because the pressure of
the control pressure chamber is sufficiently reduced, the
pressure of the discharge chamber rises, the force ap-
plied by the valve element to close the downstream side
open passage caused by the difference between the
pressure introduced to the valve accommodation cham-
ber via the discharge chamber introduction passage and
the pressure of the low pressure chamber exceeds the
urging force of the urging means, and the valve element
closes the downstream side open passage. In contrast,
although the pressure of the valve accommodating
chamber is higher than the pressure of the control pres-
sure chamber due to the pressure of the discharge cham-
ber introduced to the valve accommodating chamber via
the discharge pressure introduction passage, the up-
stream side open passage connecting the control pres-
sure chamber to the valve accommodating chamber is
provided with a check valve allowing only a flow of the
fluid from the control pressure chamber to the valve ac-
commodating chamber. Accordingly, the check valve is
closed to break a flow of refrigerant from the discharge
pressure introduction passage to the control pressure
chamber.
[0024] Accordingly, since the check valve surely pre-
vents the refrigerant having flowed into the valve accom-
modating chamber via the discharge pressure introduc-
tion passage from flowing into the control pressure cham-
ber after the valve element closes the downstream side
open passage, it is possible to prevent the occurrence
of inconvenience such as trouble of discharge capacity
control due to flowing of pressure of the discharge cham-
ber to the control pressure chamber or reduction in per-
formance because of increase in the amount of internal
circulating through the compressor.
[0025] Since the check valve for breaking a flow of re-
frigerant from the discharge pressure introduction pas-
sage to the control pressure chamber is provided in ad-
dition to the valve element for opening or closing the
downstream side open passage as described above, the
valve element does not need to include a spool valve and
the clearance between the valve element and the valve
accommodating chamber does not need to be managed
strictly.
[0026] In addition, the disuse of a spool valve also pre-
vents the valve element from becoming out of control due
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to contaminants in refrigerant or the like. That is, at least
in a state in which the valve element closes the down-
stream side open passage, the valve element does not
need to close communication between the portion toward
which the discharge pressure introduction passage of
the valve accommodating chamber is opened and the
portion toward which the upstream side open passage
is opened or the valve element does not need to follow
a member that slides in the discharge pressure introduc-
tion passage (no narrow portion is necessary between
the discharge pressure introduction passage and the up-
stream side open passage or in the discharge pressure
introduction passage in the state in which the valve ele-
ment closes the downstream side open passage), so the
motion of the valve element is not easily affected by con-
taminants or the like.

Advantageous Effects of Invention

[0027] As described above, according to the invention,
the variable capacity compressor that adjusts the pres-
sure of control pressure chamber via the supply passage
communicating the discharge chamber with the control
pressure chamber and the bleeding passage communi-
cating the control pressure chamber with the suction
chamber is provided with the valve accommodating
chamber connected to the upstream side open passage
communicating with the control pressure chamber and
the downstream side open passage communicating with
the suction chamber, the valve accommodating chamber
accommodates the valve element that opens or closes
the downstream side open passage and is urged by the
urging means so as to open the downstream side open
passage, the discharge pressure introduction passage
for applying the pressure of the discharge chamber to
the valve element so as to close the downstream side
open passage is connected to the valve accommodating
chamber, and the upstream side open passage is pro-
vided with a check valve allowing only a flow of the fluid
from the control pressure chamber to the valve accom-
modating chamber. Accordingly, at the startup time of
the compressor when the pressure of the discharge
chamber substantially equals the pressure of the suction
chamber, the valve element accommodated in the valve
accommodating chamber opens the downstream side
open passage via the urging means, so the vaporized
refrigerant in the control pressure chamber can be im-
mediately exhausted to the suction chamber and the star-
tup performance of the compressor can be improved.
[0028] In addition, when the pressure of the discharge
chamber rises and the difference between the pressure
of the discharge chamber introduced to the valve accom-
modating chamber via the discharge chamber introduc-
tion passage and the pressure of the low pressure cham-
ber exceeds the urging force of the urging means, the
valve element closes the downstream side open pas-
sage, the check valve provided in the upstream side open
passage is closed, and a flow of refrigerant from the dis-

charge pressure introduction passage to the control pres-
sure chamber can be completely blocked, thereby pre-
venting the occurrence of inconvenience such as trouble
of discharge capacity control or reduction in performance
because of increase in the amount of refrigerant circu-
lating internally. In addition, since the valve element does
not need to have a spool valve, it is possible to prevent
the valve element from becoming out of control due to
contaminants in refrigerant or the like.

Brief Description of Drawings

[0029]

[Fig. 1] Fig. 1 is a cross sectional view illustrating the
compressor according to the invention and illustrates
the state of the compressor in the early stage of star-
tup.
[Fig. 2] Fig. 2 is a cross sectional view illustrating the
compressor according to the invention and illustrates
the state in the full stroke.
[Fig. 3] Fig. 3 is an image view illustrating an open
state adjustment mechanism for adjusting the open
state of the open passage, Fig. 3 (a) illustrates the
state of the compressor in the early stage, and Fig.
3(b) illustrates the state of the compressor that is
operating.
[Fig. 4] Fig. 4 illustrates a specific example of the
structure of the open state adjustment mechanism
for adjusting the open state of the open passage,
Fig. 4(a) illustrates the state of the compressor in the
early stage, and Fig. 4(b) illustrates the state of the
compressor in the intermediate stroke.
[Fig. 5] Fig. 5 is a characteristic diagram illustrating
the time transition of the pressure (Pd) of the dis-
charge chamber, the pressure (Pc) of the control
pressure chamber, and the pressure (Ps) of the suc-
tion chamber of the compressor according to the in-
vention.
[Fig. 6] Fig. 6 illustrates an example of the structure
of the differential pressure adjusting valve conven-
tionally proposed for a variable capacity compressor.
[Fig. 7] Fig. 7 illustrates another example of the struc-
ture of the differential pressure adjusting valve con-
ventionally proposed for a variable capacity com-
pressor.

Description of Embodiments

[0030] An embodiment of the invention will be de-
scribed below with reference to the drawings.
[0031] Figs. 1 and 2 illustrate a clutchless type variable
capacity compressor driven by a power source such as
an engine or the like via a belt. This variable capacity
compressor includes a cylinder block 1, a rear head 3
assembled on the rear side (the right side in the drawing)
of the cylinder block 1 via a valve plate 2, and a front
head 5, assembled so as to block the front side (right
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side in the drawing) of the cylinder block 1, that defines
a control pressure chamber 4. The front head 5, the cyl-
inder block 1, the valve plate 2, and the rear head 3 are
tightened in the shaft direction by a tightening bolt 6 and
constitute the housing of the compressor.
[0032] A drive shaft 7 penetrates through the control
pressure chamber 4 defined by the front head 5 and the
cylinder block 1 and one end of the drive shaft 7 projects
from the front head 5. A drive pulley 10 rotatably inserted
onto a boss part 5a of the front head 5 via a relay member
9 attached in the shaft direction by a bolt 8 is coupled to
the part of the drive shaft 7 that projects from the front
head 5 so that rotational power is transferred via a drive
belt (not illustrated) from the engine of a vehicle. In ad-
dition, one end side of the drive shaft 7 is airtightly sealed
with respect to the front head 5 via a seal member 11
provided between the drive shaft 7 and the front head 5,
and rotatably supported by a radial bearing 12. In addi-
tion, the other end side of the drive shaft 7 is rotatably
supported by a radial bearing 14 accommodated in an
accommodating hole 13 formed substantially at the cent-
er of the cylinder block 1.
[0033] In the cylinder block 1, the accommodating hole
13 in which the radial bearing 14 is accommodated and
a plurality of cylinder bores 15 disposed at regular inter-
vals in the circumference about the accommodating hole
13 are formed. A single head piston 16 is inserted into
each of the cylinder bores 15 so as to slidably reciprocate.
[0034] A thrust flange 17 that rotates together with the
drive shaft 7 is fixed to the drive shaft 7 in the control
pressure chamber 4. The thrust flange 17 is rotatably
supported with respect to the inner surface of the front
head 5 via a thrust bearing 18 and a swash plate 20 is
coupled to the thrust flange 17 via a link member 19.
[0035] The swash plate 20 is provided tiltably about a
hinge ball 21 provided slidably on the drive shaft 7 so as
to rotate together with the thrust flange 17 in sync with
the rotation of the thrust flange 17 via the link member
19. An engagement part 16a of the single head piston
16 is engaged with the swash plate 20 via a pair of shoes
22 provided at the peripheral edge thereof.
[0036] Therefore, when the drive shaft 7 rotates, the
swash plate 20 rotates accordingly, the rotational motion
of the swash plate 20 is converted to reciprocal linear
motion of the single head piston 16 via the shoes 22, and
the capacity of a compression chamber 23 formed be-
tween the single head piston 16 and the valve plate 2 is
changed in the cylinder bore 15.
[0037] A suction hole 31 and a discharge hole 32 cor-
responding to the individual cylinder bores 15 are formed
in the valve plate 2 and a suction chamber 33 for accom-
modating working fluid to be compressed in the compres-
sion chamber 23 and a discharge chamber 34 for accom-
modating working fluid compressed and discharged in
the compression chamber 23 are defined in the rear head
3. The suction chamber 33 is formed at the center of the
rear head 3, communicates with a suction port (not illus-
trated) leading to the exit side of the evaporator, and is

communicable with the compression chamber 23 via the
suction hole 31 opened or closed by a suction valve (not
illustrated). In addition, the discharge chamber 34 is
formed around the suction chamber 33, is communicable
with the compression chamber 23 via the discharge hole
32 opened or closed by a discharge valve (not illustrated),
and communicates with a discharge space 37 formed
around the cylinder block 1 via passages 2a and 1a
formed in the valve plate 2 and the cylinder block 1. This
discharge space 37 is defined by the cylinder block 1 and
a cover 38 attached thereto, the cover 38 is provided with
an exit port 39 leading to the entry side of the condenser,
and provided with a check valve 36 for preventing the
backward flow of refrigerant from the condenser to the
discharge space 37.
[0038] The discharge amount of the compressor is de-
termined by the stroke of the piston 16 and the stroke is
determined by the tilt angle of the swash plate 20 with
respect to the surface orthogonal to the drive shaft 7. The
tilt angle of the swash plate 20 is balanced at the angle
at which the sum the following moments equals zero: the
moment derived from the pressure difference between
the pressures (the pressure within the cylinder bore) of
the compression chambers 23 applied to the individual
pistons 16 and the pressures of the control pressure
chambers 4, the moment derived from the inertial forces
of the swash plates and the pistons, and the moment
derived from the urging force by a destroke spring 24
urging the hinge ball 21. This determines the piston stroke
and determines the discharge capacity.
[0039] That is, since the pressure difference between
the compression chamber 23 and the control pressure
chamber 4 is increased when the pressure of the control
pressure chamber 4 is reduced, moment acts in the di-
rection in which the tilt angle of the swash plate 20 is
increased. Accordingly, when the tilt angle of the swash
plate 20 is increased as illustrated in Fig. 2, the hinge
ball 21 moves toward the thrust flange against an urging
force from the destroke spring 24, the stroke amount of
the piston 16 is increased, and the discharge amount is
increased.
[0040] In contrast, when the pressure of the control
pressure chamber 4 is increased and the pressure dif-
ference between the compression chamber 23 and the
control pressure chamber 4 is reduced, moment acts in
the direction in which the tilt angle of the swash plate 20
is reduced. Accordingly, the tilt angle of the swash plate
20 is reduced as illustrated in Fig. 1, the hinge ball 21
moves away from the thrust flange 17, the stroke amount
of the piston 16 is reduced, and the discharge capacity
is reduced.
[0041] In this structure example, a supply passage 40
through which the discharge chamber 34 communicates
with the control pressure chamber 4 is formed by pas-
sages 1b, 2b, and 3b formed across the cylinder block
1, the valve plate 2, and the rear head 3. In addition, a
bleeding passage 41 is formed through which the control
pressure chamber 4 communicates with the suction
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chamber 33 via the accommodating hole 13 formed in
the cylinder block 1, an orifice hole 2c formed in the valve
plate 2, a passage 7c formed in the drive shaft 7, clear-
ance of the radial bearing 14, and the like. In addition, a
pressure control valve 42 is provided on the supply pas-
sage 40 and the pressure control valve 42 controls the
pressure of the control pressure chamber 4 by adjusting
the flow rate of refrigerant flowing from the discharge
chamber 34 to the control pressure chamber 4.
[0042] The pressure control valve 42 is inserted and
mounted to a mount hole 43 formed in the rear head 3,
controls the pressure of the control pressure chamber by
adjusting the opening of the supply passage 40 so that
the suction pressure becomes the target value, fully
opens the supply passage 40 by turning off energization,
minimizes the discharge capacity by increasing the pres-
sure of the control pressure chamber, and makes other
control.
[0043] Accordingly, when energization to the pressure
control valve 42 is stopped in the state in which the com-
pressor is rotated and driven, the refrigerant discharged
to the discharge chamber 34 from the compression
chamber 23 circulates through an internal circulation
route in the compressor that sequentially connects the
discharge chamber 34, the pressure control valve 42, the
supply passage 40, the control pressure chamber 4, the
bleeding passage 41, the suction chamber 33, the suc-
tion hole 31, the compression chamber 23, the discharge
hole 32, and the discharge chamber 34. The refrigerant
gas circulating through the internal circulation route cools
and rubricates sliding parts in the compressor.
[0044] Such a compressor is provided with an open
passage 50 communicating the control pressure cham-
ber 4 with the suction chamber 33. In this example, one
end of this open passage 50 is connected to a passage
1c (upstream of the orifice hole of the bleeding passage
41) formed in the cylinder block 1 and the other end is
connected to the suction chamber 33 via the valve plate 2.
[0045] Accordingly, although the control pressure
chamber 4 communicating with the suction chamber 33
via the open passage 50 includes the case in which one
end of the open passage 50 is connected to the space
to which the pressure of the control pressure chamber 4
is reflected as is, the part to which one end of the open
passage 50 is connected is assumed to be the control
pressure chamber 4 in the following description.
[0046] This open passage 50 is provided with an open
state adjustment mechanism for automatically adjusting
the opening state of this passage.
[0047] In this open state adjustment mechanism, a
valve accommodating chamber 51 is formed in the open
passage 50, the part of the open passage 50 in which
the control pressure chamber 4 communicates with the
valve accommodating chamber 51 is an upstream side
open passage 50a, the part of the open passage 50 in
which the valve accommodating chamber 51 communi-
cates with the suction chamber 33 is a downstream side
open passage 50b, the valve accommodating chamber

51 accommodates a valve element 52 for opening or clos-
ing the downstream side open passage 50b, and the
valve element 52 is constantly urged by a spring 53 (urg-
ing means) so as to open the downstream side open
passage 50b.
[0048] In addition, a discharge pressure introduction
passage 54 is connected to the valve accommodating
chamber 51. The discharge pressure introduction pas-
sage 54 communicates with the discharge chamber 34
and applies, to the valve element, the pressure intro-
duced to the valve accommodating chamber 51 from the
discharge chamber 34 so as to close the downstream
side open passage 50b. This valve element 52 has a
shape (that is, a shape in which there is no narrow portion
between the discharge pressure introduction passage 54
of the valve accommodating chamber 51 and the up-
stream side open passage 50a) that does not close the
part between the part of the valve accommodating cham-
ber 51 toward which the discharge pressure introduction
passage 54 is opened and the part toward which the up-
stream side open passage 50a is opened in the state in
which the downstream side open passage 50b is closed.
[0049] In addition, the upstream side open passage
50a is provided with a check valve 55 allowing only a flow
of the fluid from the control pressure chamber 4 (the pas-
sage 1c formed in the cylinder block 1) to the valve ac-
commodating chamber 51.
[0050] Accordingly, when the force applied to the valve
element 52 by the pressure difference between the dis-
charge chamber 34 and the suction chamber 33 is less
than the urging force of the spring 53, the valve element
52 is moved by the urging force of the spring 53 to the
position in which the downstream side open passage 50b
is opened. When the pressure of the control pressure
chamber 4 is larger than the pressure of the suction
chamber 33 in this state, the check valve 55 is opened
and the pressure in the control pressure chamber 4 is
exhausted from the upstream side open passage 50a to
the suction chamber 33 via the valve accommodating
chamber 51 and the downstream side open passage 50b.
[0051] In addition, when the pressure difference be-
tween the discharge chamber 34 and the suction cham-
ber 33 is larger than the urging force of the spring 53, the
pressure of the discharge chamber 34 introduced to the
valve accommodating chamber 51 via the discharge
pressure introduction passage 54 causes the valve ele-
ment 52 to close the downstream side open passage
50b. In addition, since the pressure of the discharge
chamber 34 is also transmitted to the upstream side open
passage 50a via the valve accommodating chamber 51,
the check valve 55 provided in the upstream side open
passage 50a is closed. Accordingly, a flow of refrigerant
(pressure) from the control pressure chamber 4 to the
suction chamber 33 is blocked and the refrigerant (pres-
sure) having flowed into the valve accommodating cham-
ber 51 from the discharge chamber 34 via the discharge
pressure introduction passage 54 does not flow into the
control pressure chamber 4 via the upstream side open
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passage 50a.
[0052] The above open state adjustment mechanism
can have various specific structures and may have, for
example, the structure illustrated in Fig. 4.
[0053] In this example, a valve holder 61 is mounted
in a holder mount hole 60 formed in the cylinder block 1,
the valve accommodating chamber 51 surrounded by the
valve holder 61 and a lid body 62 screwed with the valve
holder 61 is formed in the valve holder 61, a relay space
63 for attaching the check valve 55 is formed adjacently
to the holder mount hole 60, the relay space 63 is com-
municated with the valve accommodating chamber 51
via a side hole 68 formed in a holder body 61a, and the
relay space 63 is communicated with the passage 1c
communicating with the control pressure chamber 4 via
a communication path 64. The communication path 64,
the relay space 63, and the side hole 68 formed in the
valve holder constitute the upstream side open passage
50a communicating the control pressure chamber 4 (pas-
sage 1c) with the valve accommodating chamber 51.
[0054] In addition, a high pressure introduction space
60a is formed in the part of the holder mount hole 60
close to the insertion end of the valve holder 61 and the
high pressure introduction space 60a communicates with
a high pressure communication path 65 communicating
with the discharge chamber 34.
[0055] In addition, the valve holder 61 is provided with
a first shaft hole 66 connected to a passing hole 2d that
has one end connected to the valve accommodating
chamber 51 and the other end formed in the valve plate
2 and opened toward the suction chamber 33. In addition,
the valve holder 61 is provided with a second shaft hole
67 having one end connected to the valve accommodat-
ing chamber 51 and the other end connected to the high
pressure introduction space 60a.
[0056] The first shaft hole 66 and the passing hole 2d
constitute the downstream side open passage 50b, and
the second shaft hole 67, the holder mount hole 60, and
the high pressure communication path 65 constitute the
discharge pressure introduction passage 54.
[0057] The valve accommodating chamber 51 accom-
modates the valve element 52 formed as, for example,
a steel ball. The valve element 52 is accommodated in
the valve accommodating chamber 51 so as to open or
close the downstream side open passage 50b and urged
by the spring 53 held by the valve holder 61 so as to
release the downstream side open passage 50b.
[0058] In addition, the check valve 55 provided in the
upstream side open passage is provided in the commu-
nication path 64 communicating the relay space 63 with
the passage 1c leading to the control pressure chamber
4 and formed as, for example, a steel ball. The check
valve 55 formed as a steel ball seats on a base provided
in an intermediate part of the communication path 64
from the relay space 63 to close the upstream side open
passage. In contrast, when the check valve 55 opens the
upstream side open passage, the lift amount is restricted
by a pin 69 fixed to the cylinder block so as to project to

the relay space to prevent a drop.
[0059] In the above structure, in the state in which the
compressor stops for a long time, the pressure of the
discharge chamber 34, the pressure of the control pres-
sure chamber 4, and the pressure of the suction chamber
33 are substantially the same, the pressure control valve
42 is fully opened because energization is stopped (off),
and the tilt angle of the swash plate 20 with respect to
the surface orthogonal to the drive shaft 7 is small.
[0060] When the engine is turned on in this state, the
compressor starts rotating in the state in which energiza-
tion to the pressure control valve 42 is stopped and the
piston starts operating in the minimum stroke. Accord-
ingly, although the amount of refrigerant much enough
to internally circulating through the compressor is dis-
charged to the discharge chamber, this amount is insuf-
ficient to push and open the check valve 36 provided in
the discharge space 37. Therefore, the refrigerant is not
supplied to the external cycle.
[0061] In this state, as illustrated in Fig. 5, from time t0
when the engine is turned on, the pressure (suction pres-
sure Ps) in the suction chamber 33 becomes slightly low-
er than when the engine stops, the pressure (discharge
pressure Pd) of the discharge chamber 34 becomes
slightly higher than when the engine stops, and the pres-
sure (Pc) of the control pressure chamber 4 also be-
comes slightly higher because the pressure control valve
42 is fully opened.
[0062] After that, when the external cycle starts up and
energization to the pressure control valve 42 starts (time
t1), the supply passage 40 is closed, the supply of the
pressure from the compression chamber 34 to the control
pressure chamber 4 stops, and the discharge chamber
pressure Pd rises accordingly. Although the supply of the
pressure from the discharge chamber 34 to the control
pressure chamber 4 stops at this time, since the liquid
refrigerant stored in the control pressure chamber 4 con-
tinues to vaporize, the pressure in the control pressure
chamber 4 is kept without being reduced.
[0063] Since the difference between the discharge
chamber pressure (Pd) and the suction chamber pres-
sure (Ps) is small in the early stage of startup, it is possible
to keep the valve element 52 in the position in which the
downstream side open passage 50b is opened using the
urging force of the spring 53. In addition, since the pres-
sure of the control pressure chamber is higher than the
pressure of the suction chamber, the check valve 55 is
opened, the vaporized refrigerant in the control pressure
chamber 4 flows into the valve accommodating chamber
51 through the upstream side open passage 50 and flows
from the valve accommodating chamber 51 into the suc-
tion chamber 33.
[0064] Accordingly, even while the liquid refrigerant
stored in the control pressure chamber 4 vaporizes, since
the vaporized refrigerant continues to flow into the suc-
tion chamber 33 via the open passage 50 in addition to
the bleeding passage 41 via the orifice 2c, the pressure
in the control pressure chamber 4 can immediately es-
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cape to the suction chamber, the pressure in the control
pressure chamber 4 reduces, and time T until the com-
pressor starts operating can be shortened.
[0065] Insidentaly, if the urging force of the spring 53
is set too small, since the valve element 52 is closed
before the liquid refrigerant is fully vaporized and the
pressure in the control pressure chamber 4 is reduced
sufficiently, the startup of the compressor cannot be has-
tened sufficiently. In contrast, if the urging force is set too
large, since the force applied to the valve element 52
according to the difference between the pressure in the
discharge chamber and the pressure in the suction cham-
ber becomes lower than the urging force of the spring
and when the compressor normally operates under low
loads, the valve element 52 is opened, the pressure in
the control pressure chamber does not rise, and the valve
element 52 may become out of control. Accordingly, the
urging force of the spring 53 is preferably set to a value
larger than value (α) applied to the valve element accord-
ing to the difference between the pressure in the dis-
charge chamber and the pressure in the suction chamber
when the liquid refrigerant stored in the control pressure
chamber 4 continues to vaporize in consideration of the
time necessary for substantially all of the liquid refrigerant
stored in the control pressure chamber 4 to vaporize and
be released to the suction chamber 33 via the open pas-
sage 50, and smaller than value (β) applied to the valve
element according to the difference between the pres-
sure in the discharge chamber and the pressure in the
suction chamber during low load operation.
[0066] After that, the pressure of the discharge cham-
ber 34 rises because the discharge capacity of the com-
pressor becomes large, the difference between the pres-
sure in the discharge chamber 34 introduced to the valve
accommodating chamber via the discharge chamber in-
troduction passage and the pressure in the suction cham-
ber 33 exceeds the urging force of the spring 53 and the
downstream side open passage 50b is closed by the
valve element 52. At the same time, since the pressure
in the discharge chamber 34 tries to flow into the control
pressure chamber 4 via the upstream side open passage
50a, the check valve 55 is closed, thereby completely
blocking a flow of refrigerant from the discharge chamber
34 to the suction chamber 33 and the control pressure
chamber 4.
[0067] Accordingly, even if the valve element 52 is not
configured like a spool valve, since there is not risk of
causing the refrigerant of the discharge chamber 34 to
flow into the control pressure chamber 4 after the down-
stream side open passage 50b is closed by the valve
element 52, inconvenience such as losses of discharge
capacity control is not caused by a flow of the pressure
in the discharge chamber 34 into the control pressure
chamber 4. In addition, since a flow of refrigerant from
the discharge chamber 34 to the control pressure cham-
ber 4 can be surely blocked, it is possible to prevent oc-
currence of inconvenience of reduction in performance
due to increase in the amount of refrigerant circulating

internally.
[0068] In addition, since a spool valve does not need
to be used as the valve element 52 in the above structure,
the operation of the valve element is not affected by con-
taminants in refrigerant or the like, thereby eliminating
the risk of becoming out of control.
[0069] Although, in Figs. 3(a) and 4(a), the valve ele-
ment 52 closes the discharge pressure introduction pas-
sage 54 in the state in which the valve element 52 re-
leases the downstream side open passage 50b, the in-
vention is not limited to this example as long as the part
of the discharge pressure introduction passage 54
opened toward the valve accommodating chamber 51 is
configured so that the discharge pressure introduced
from the discharge chamber to the valve accommodating
chamber 51 is applied so as to cause the valve element
52 to close the downstream side open passage 50b.

Reference Signs List

[0070]

4: control pressure chamber
7: drive shaft
20: swash plate
33: suction chamber
34: discharge chamber
40: air supply passage
41: air bleeding passage
50: open passage
50a: upstream side open passage
50b: downstream side open passage
51: valve accommodating chamber
52: valve element
53: spring
54: discharge pressure introduction passage
55: check valve

Claims

1. A variable capacity compressor comprising a com-
pression chamber (23) for compressing working flu-
id, a suction chamber (33) for accommodating the
working fluid to be compressed by the compression
chamber (23), a discharge chamber (34) for accom-
modating the working fluid compressed and dis-
charged by the compression chamber (23), a control
pressure chamber (4) through which a drive shaft (7)
penetrates and which accommodates a swash plate
(20) rotating as the drive shaft (7) rotates, a supply
passage (40) communicating the discharge cham-
ber (34) with the control pressure chamber (4), and
a bleeding passage (41) constantly communicating
the control pressure chamber (4) with the suction
chamber (33), the variable capacity compressor
changing a discharge capacity by adjusting a pres-
sure of the control pressure chamber (4), charac-
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terized in that the variable capacity compressor
comprises:

an open passage (50) communicating the con-
trol pressure chamber (4) with the suction cham-
ber (33); and
a valve accommodating chamber (51) formed in
the open passage (50), the open passage (50)
having an upstream side open passage (50a)
communicating the control pressure chamber
(4) with the valve accommodating chamber (51)
and a downstream side open passage (50b)
communicating the valve accommodating
chamber (51) with the suction chamber (33);
a valve element (52) accommodated in the valve
accommodating chamber (51) so as to open and
close the downstream side open passage (50b);
urging means (53) urging the valve element (52)
so as to open the downstream side open pas-
sage (50b);
a discharge pressure introduction passage (54)
that communicates the valve accommodating
chamber (51) with the discharge chamber (34)
so that a pressure introduced from the discharge
chamber (34) to the valve accommodating
chamber (51) causes the valve element (52) to
close the downstream side open passage (50b);
and
a check valve (55) provided in the upstream side
open passage (50a), the check valve (55) allow-
ing only a flow of the fluid from the control pres-
sure chamber (4) to the valve accommodating
chamber (51).

2. The variable capacity compressor according to claim
1,
wherein the valve element (52) does not block com-
munication between a portion toward which the dis-
charge pressure introduction passage (54) (51) is
opened in the valve accommodating chamber (51)
and a portion toward which the upstream side open
passage (50a) is opened in the valve accommodat-
ing chamber (51) at least in a state in which the valve
element (52) closes the downstream side open pas-
sage (50b).

3. The variable capacity compressor according to claim
1,
wherein the valve element (52) does not follow a
member that slides in the discharge pressure intro-
duction passage (54).
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