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(54) CONTROL DEVICE FOR VARIABLE CAPACITY COMPRESSOR

(57) A control device for a variable-capacity com-
pressor, the discharge capacity of which decreases as
the pressure in a crankcase 24 rises and increases as
the pressure in the crankcase 24 becomes lower, adopts
a structure that includes a supply passage 40 that allows
a discharge chamber 27 and the crankcase 24 to com-
municate with each other and a bleed passage 41 that
allows the crankcase 24 and an intake chamber 26 to
communicate with each other so as to adjust the pres-
sure in the crankcase 24 via the supply passage 40 and
the bleed passage 41. The structure further includes a
differential pressure regulating valve 44 that allows the
crankcase 24 and the intake chamber 26 to communi-
cate with each other when the difference between the
pressure in the discharge chamber 27 and the pressure
in another area (the intake chamber 26 or the crankcase
24) becomes equal to or smaller than a predetermined
value. The structure, which satisfies the need for power
efficiency through higher efficiency achieved in the com-
pressor, can be adopted in a clutchless variable-capac-
ity compressor. The structure also assures a desirable
startup response in the compressor.



EP 1 586 772 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

TECHNICAL FIELD

[0001] The present invention relates to a control de-
vice for a variable-capacity compressor, which varies
the discharge capacity by adjusting the pressure in a
control pressure chamber via a supply passage that al-
lows a discharge pressure area and the control pressure
chamber to communicate with each other and a bleed
passage that allows the control pressure chamber and
an intake pressure area to communicate with each oth-
er.

BACKGROUND ART

[0002] As power efficiency in on vehicle air-condition-
ing systems becomes more important, externally con-
trolled variable-capacity compressors, the discharge
capacity of which can be adjusted freely have become
more common. In particular, clutchless type variable-ca-
pacity compressors are now routinely used in order to
achieve compressor weight reduction and to lower the
production cost.
[0003] Variable-capacity control is achieved by ad-
justing the pressure in the crank-case of the compressor
with a control valve, and a standard structure includes
an external control valve disposed at a supply passage
communicating between a discharge pressure area and
the crank-case and a fixed orifice disposed at a bleed
passage communicating between the crank-case and
an intake pressure area (see Patent Reference 1). In
addition, the use of a control valve adopting a three-way
valve system in which the supply passage communicat-
ing between the discharge pressure area and the crank-
case and the bleed passage communicating between
the crank-case and the intake pressure area are con-
trolled simultaneously has been proposed (see Patent
Reference 2)

(Patent Reference 1) Japanese Unexamined Pat-
ent Publication No. 2001-153042 (column 0030 and
FIGS. 1 and 3)
(Patent Reference 2) Japanese Unexamined Pat-
ent Publication No. 2001-12358 (columns 0024 to
0029, FIG. 3)

[0004] In a clutchless variable-capacity compressor,
a very small quantity of coolant is discharged even at
the minimum discharge capacity, i.e., even when the air-
conditioning system is in an OFF state. In order to dis-
allow the outflow of the coolant into the refrigerating cy-
cle when the discharge capacity is at the minimum level,
i.e., when the air-conditioning system is in an OFF state,
an internal circulating path having a check valve dis-
posed in the discharge passage of the compressor,
through which the coolant in the discharge pressure ar-
ea is returned to the intake pressure area via the crank-

case, needs to be formed.
[0005] While the first structure, in which the bleed pas-
sage (between Pc and Ps) remains in an open state at
all times, as shown in FIG. 16, has an advantage in that
the circulation of the coolant inside the compressor can
be assured at the minimum discharge capacity, a great
quantity of compressed gas needs to be supplied at an
intermediate discharge capacity so as to sustain the
pressure inside the crankcase at a predetermined level,
which leads to poor compressor efficiency and difficulty
in achieving power efficiency.
[0006] For this reason, it is desirable to set the diam-
eter of the orifice constituting a release passage to a
value as small as possible in the first structure. However,
if the diameter of the release passage is too small, the
gas having entered the crankcase as blow-by cannot be
released promptly. As a result, the pressure in the crank-
case does not become sufficiently lowered even as the
supply passage is cut off with the control valve to result
in a problem in that control that allows the pistons to
achieve the maximum stroke cannot be implemented.
Thus, it is necessary to set the diameter of the release
passage to a smallest possible value within the range
over which the control valve is enabled to control piston
strokes up to the maximum stroke with the control valve.
[0007] However, at a startup of the compressor hav-
ing the release passage adjusted as described above,
a very small quantity of blow-by gas will have been gen-
erated although the piston stroke is at the minimum level
and the pressure applied to the piston has not risen to
a sufficiently high level. As a result, sufficient moment
for increasing the tilt angle (rocking angle) of the swash
plate may not be generated and, in such a case, it may
not be possible to start up the compressor.
[0008] In addition, if the compressor remains in an
OFF state over an extended period of time, liquid cool-
ant will be collected in the crankcase. In this condition,
the crankcase pressure will not be lowered until all the
liquid coolant is a gasified and released via the bleed
passage and thus, the compressor cannot be started up
immediately.
[0009] In contrast, the second structure, in which the
supply passage is made to open to a greater degree and
the opening of the bleed passage is narrowed as the
discharge capacity of the compressor becomes smaller,
as shown in FIG. 17, does not require a great quantity
of compressed gas in order to sustain the crankcase
pressure at a predetermined level, thereby achieving
superior compressor efficiency and satisfying the need
for power efficiency. However, at the minimum dis-
charge capacity, the bleed passage is completely
closed, which cuts off the coolant circulation inside the
compressor. For this reason, the second structure can-
not be adopted in an ideal manner in a clutchless vari-
able-capacity compressor. There is another problem in
that when the bleed passage is completely cut off, the
pressure in the crankcase rises to an excessively high
level, which is bound to increase the extent of machine
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loss.
[0010] Accordingly, an object of the present invention
is to provide a control device for a variable-capacity
compressor that addresses the problems that occur in
the various types of variable-capacity compressors as
discussed above, satisfies the need for power efficiency
by achieving higher efficiency in the compressor and
can be adopted in conjunction with a clutchless com-
pressor. Another object of the present invention is to as-
sure highly responsive startup characteristics in the
compressor.

DISCLOSURE OF THE INVENTION

[0011] In order to achieve the objects described
above, a control device according to the present inven-
tion for a variable-capacity compressor a discharge ca-
pacity of which decreases as the pressure in a control
pressure chamber (crankcase) rises and increases as
the pressure in the control pressure chamber becomes
lower, adopting a structure having a supply passage that
allows a discharge pressure area and the control pres-
sure chamber to communicate with each other and a
bleed passage that allows the control pressure chamber
and an intake pressure area to communicate with each
other so as to adjust the pressure in the control pressure
chamber via the supply passage and the bleed passage,
is characterized in that a differential pressure regulating
valve which communicates between the control pres-
sure chamber and the intake pressure area when the
difference between the pressure in the discharge pres-
sure area and the pressure in another area such as the
intake pressure area or the control pressure chamber
becomes equal to or smaller than a predetermined value
is included.
[0012] As the discharge capacity decreases, the dif-
ference between the pressure in the discharge pressure
area and the pressure in the intake pressure area or the
control pressure chamber, too, becomes smaller, and
once the pressure difference between the discharge
pressure area and the intake pressure area or the con-
trol pressure chamber becomes equal to or smaller than
the predetermined value, the differential pressure regu-
lating valve is engaged in operation to communicate be-
tween the control pressure chamber and the intake
pressure area. As a result, even when the communica-
tion achieved with the bleed passage is cut off, the state
of communication between the control pressure cham-
ber and the intake pressure area is sustained. This, in
turn, makes it possible to assure the coolant circulation
inside the compressor even at the minimum discharge
capacity. In addition, at startup, the differential pressure
regulating valve is open, assuring the state of commu-
nication between the control pressure chamber and the
intake pressure area due to a small difference between
the pressure in the discharge pressure area and the
pressure in the intake pressure area or the control pres-
sure chamber. Thus, the crankcase pressure can be

quickly released into the intake pressure area.
[0013] The control device according to the present in-
vention may be adopted in conjunction with an intake/
outlet control-type compressor having a control valve
used to individually adjust the state of communication
achieved with the supply passage for communicating
between the discharge pressure area and the crank-
case and the state of communication achieved with the
bleed passage for communicating between the crank-
case and the intake pressure area, with the control valve
controlled by using a control signal provided from the
outside so as to adjust the pressure in the control pres-
sure chamber or in conjunction with an intake control
type compressor having a control valve used to adjust
the state of communication at the supply passage and
a bleed passage which includes a constriction, with the
control valve controlled by using a control signal provid-
ed from the outside so as to adjust the pressure in the
control pressure chamber. The differential pressure reg-
ulating valve may be disposed at the housing of the var-
iable-capacity compressor as a component independ-
ent of the control valve, or it may constitute an integrated
part of the control valve.
[0014] Alternatively, a control device according to the
present invention for a variable-capacity compressor a
discharge capacity of which decreases as the pressure
in a control pressure chamber rises and increases as
the pressure in the control pressure chamber becomes
lower, adopting a structure having a supply passage that
allows a discharge pressure area and the control pres-
sure chamber to communicate with each other, a bleed
passage that allows the control pressure chamber and
an intake pressure area to communicate with each other
and a control valve that adjusts the state of communi-
cation achieved with the supply passage and the state
of communication achieved with the bleed passage,
with the control valve controlled by using a control signal
provided from the outside so as to adjust the pressure
in the control pressure chamber, is characterized in that
the control valve achieves opening characteristics
whereby the degree of openness of the supply passage
is increased and the degree of openness of the bleed
passage is decreased as the discharge capacity de-
creases and the communication between the control
pressure chamber and the intake pressure area is as-
sured at a minimum discharge capacity.
[0015] This structure, in which the degree of open-
ness of the supply passage increases and the degree
of openness of the bleed passage decreases as the dis-
charge capacity of the compressor becomes smaller,
does not require a great quantity of compressed gas in
order to sustain the pressure in the control pressure
chamber at a specific level. In addition, since the state
of communication achieved with the supply passage is
sustained, the coolant circulation inside the compressor
is assured even at the minimum discharge capacity.
[0016] It is desirable to adopt the control device de-
scribed above in conjunction with, for instance, a swash
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plate type variable-capacity compressor comprising a
drive shaft disposed inside a cylinder block, a drive
swash plate allowed to rotate together with the drive
shaft, an angle of inclination of which relative to the drive
shaft can be varied freely, a cylinder disposed inside the
cylinder block and having an axis extending parallel to
the drive shaft, a piston slidably disposed in the cylinder
to make a reciprocal movement inside the cylinder as
the drive swash plate rotates, a compression space de-
fined by the cylinder and the piston, a crankcase consti-
tuting a control pressure chamber formed at the piston
on a side opposite the compression space side, an in-
take chamber constituting an intake pressure area that
comes into communication with the compression space
during an intake stroke of the piston and a discharge
chamber constituting a discharge pressure area that
comes into communication with the compression space
during a compression stroke of the piston.
[0017] As described above, the control device accord-
ing to the present invention for a variable-capacity com-
pressor the discharge capacity of which decreases as
the pressure in the control pressure chamber rises and
increases as the pressure in the control pressure cham-
ber decreases, adopting a structure having a supply
passage that allows a discharge pressure area and the
control pressure chamber to communicate with each
other and a bleed passage that allows the control pres-
sure chamber and an intake pressure area to commu-
nicate with each other so as to adjust the pressure in
the control pressure chamber via the supply passage
and the bleed passage, further includes a differential
pressure regulating valve that causes the control pres-
sure chamber and the intake pressure area to come into
communication with each other when the difference be-
tween the pressure in the discharge pressure area and
the pressure in another area becomes equal to or small-
er than a predetermined value. As a result, even if the
communication enabled by the control valve at the bleed
passage becomes cut off at the minimum discharge ca-
pacity, the state of communication between the control
pressure chamber and the intake pressure area can be
maintained so as to ensure that the coolant is allowed
to circulate inside the compressor. Consequently, higher
efficiency is achieved in the compressor to better meet
the need for power efficiency and the control device can
be adopted with a high level of effectiveness in conjunc-
tion with a clutchless variable-capacity compressor.
[0018] In addition, since the control valve that adjusts
the state of communication achieved with the supply
passage for communicating between the discharge
pressure area and the control pressure chamber and the
state of communication achieved with the bleed pas-
sage for communicating between the control pressure
chamber and the intake pressure area achieves open-
ing characteristics whereby the degree of openness of
the supply passage increases and the degree of open-
ness of the bleed passage decreases as the discharge
capacity becomes lower and the state of communication

between the control pressure chamber and the intake
pressure area is assured at the minimum discharge ca-
pacity. As a result, it meets the need for power efficiency
by assuring a higher level of efficiency in the compres-
sor, and since the state of communication achieved with
the supply passage is sustained at the minimum dis-
charge capacity, the coolant is allowed to circulate in-
side the compressor even when the discharge capacity
is at the minimum level, which allows the control device
to be adopted with a high level of effectiveness in con-
junction with a clutchless variable-capacity compressor.
[0019] Moreover, when starting up the compressor af-
ter it has been left in an OFF state in which the difference
between the pressure in the discharge pressure area
and the pressure in the intake pressure area or the con-
trol pressure chamber remains equal to or smaller than
the predetermined value over an extended period of
time, the pressure in the crankcase can be lowered
promptly by communicating between the control pres-
sure chamber and the intake pressure area via the dif-
ferential pressure regulating valve so as to improve the
startup characteristics of the compressor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

FIG. 1 schematically shows the refrigerating cycle
and the control device for a variable-capacity com-
pressor, achieved in an embodiment of the present
invention;
FIG. 2 is a sectional view of a structural example
that may be adopted in a clutchless variable-capac-
ity compressor in the embodiment of the present in-
vention;
FIG. 3 is a sectional view of a structural example
that may be adopted in the differential pressure reg-
ulating valve used in the compressor shown in FIG.
2;
FIG. 4 is a diagram showing the characteristics of
the differential pressure regulating valve;
FIG. 5 is a diagram showing the characteristics of
the effective passage area of the passage that com-
municates between the discharge chamber and the
crankcase and the effective passage area of the
passage that communicates between the crank-
case and the intake chamber;
FIG. 6 is a sectional view of a structural example
that may be adopted in a clutch type variable-ca-
pacity compressor achieved in another embodi-
ment of the present invention;
FIG. 7 is a sectional view of an example of the struc-
ture that may be adopted in the differential pressure
regulating valve used in the compressor shown in
FIG. 6;
FIG. 8 is a sectional view of a structural example
that may be adopted in a clutchless variable-capac-
ity compressor in another embodiment of the
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present invention;
FIG. 9 is a sectional view of a structural example
that may be be adopted in the differential pressure
regulating valve used in the compressor shown in
FIG. 8;
FIG. 10 is a diagram showing the characteristics of
the effective passage area of the passage that com-
municates between the discharge chamber and the
crankcase and the effective passage area of the
passage that communicates between the crank-
case and the intake chamber;
FIG. 11 is a sectional view of a structural example
that may be adopted in a clutch type variable-ca-
pacity compressor achieved in another embodi-
ment of the present invention;
FIG. 12 is a sectional view of a structural example
that may be adopted in the pressure control valve;
FIG. 13 is a diagram of the opening characteristics
of a pressure control valve;
FIG. 14 is a structural example that may be adopted
in the pressure control valve having the opening
characteristics shown in FIG. 13;
FIG. 15 shows another structural example that may
be adopted in the pressure control valve having the
opening characteristics shown in FIG. 13;
FIG. 16 is a diagram showing the opening charac-
teristics of a compressor in the related art having a
fixed orifice disposed in the bleed passage; and
FIG. 17 is a diagram showing the opening charac-
teristics of a duty control valve adopting a three-way
valve system in the related art.

BEST MODE FOR CARRYING OUT THE INVENTION

[0021] The following is an explanation of the preferred
embodiments of the present invention, given in refer-
ence to the attached drawings.
[0022] In the structural example of the refrigerating
cycle installed in a vehicle shown in FIG. 1, the refriger-
ating cycle 1 comprises a variable-capacity compressor
(hereafter referred to as a compressor) 3 having a pres-
sure control valve 2 used to vary the discharge capacity
thereof, a radiator 4 that cools a coolant, an expansion
device 5 that reduces the pressure of the coolant and
an evaporator 6 that gasifies the coolant through evap-
oration. In the refrigerating cycle 1, the discharge side
of the compressor 3 is connected to the expansion de-
vice 5 via the radiator 4 and a high pressure line 7 is
constituted with a path extending from the discharge
side of the compressor 3 to the inflow side of the expan-
sion device 5. In addition, the outflow side of the expan-
sion device 5 is connected to the evaporator 6, the out-
flow side of the evaporator 6 is connected to the intake
side of the compressor 3, and a low pressure line 8 is
constituted with the path extending from the outflow side
of the expansion device 5 to the intake side of the com-
pressor 3.
[0023] Accordingly, the coolant having been com-

pressed at the compressor 3 enters the radiator 4 as a
high-temperature, high pressure coolant, and the cool-
ant cooled at the radiator 4 is then supplied to the ex-
pansion device 5. The pressure of the coolant is lowered
at the expansion device 5 and the coolant thus becomes
low-temperature, low pressure wet steam. At the evap-
orator 6, the coolant exchanges heat with the air passing
through the evaporator 6 and thus becomes gasified,
before it is returned to the compressor3.
[0024] Reference numeral 9 indicates a pressure sen-
sor that detects and intake pressure Ps at the compres-
sor disposed in the low pressure line 8, and a signal gen-
erated at the pressure sensor 9 is then input to a control
unit 13 together with various sensor signals provided by
an outlet air temperature sensor 11 that detects the tem-
perature of the air having passed through the evaporator
6 and the like and signals originating from an operation
panel 12 at which the target temperature for the air in-
side the cabin and the like are set.
[0025] The control unit 13 is constituted with an input
circuit to which the various signals mentioned above are
input as data, a memory unit which includes a read only
memory (ROM) and a random access memory (RAM),
a central processing unit (CPU) that processes the data
and generates control data through arithmetic opera-
tions by calling up a program stored in the memory unit,
a control signal output circuit that outputs a control sig-
nal to be provided to the pressure control valve 2 and
the like.

(When the compressor is a clutchless intake/outlet
control type compressor)

[0026] The compressor 3 may be, for instance, a
clutchless swash plate type variable-capacity compres-
sor such as that shown in FIG. 2. A housing 20 of the
compressor 3 includes a front head 21 that defines a
crankcase 24, a cylinder block 22 in which a plurality of
cylinders 25 are defined and a rear head 23 attached to
the cylinder block 22 via a valve plate 19, which defines
intake chambers 26 and an outlet chamber 27.
[0027] A drive shaft 28 passing through the housing
20 is rotatably held at the front head 21 and the cylinder
block 22 respectively via bearings 29a and 29b. The
drive shaft 28 is connected with a traveling engine (not
shown) via a belt and a pulley so that as the motive pow-
er of the engine is transmitted, the drive shaft 28 is
caused to rotate. In addition, a swash plate 30, which
rotates together with the drive shaft 28 as the drive shaft
28 rotates and is allowed to tilt freely relative to the drive
shaft 28, is disposed at the drive shaft 28.
[0028] The plurality of cylinders 25 are formed over
predetermined intervals around the drive shaft 28 inside
the cylinder block 22. The cylinders are each formed in
a cylindrical shape with a central axis thereof extending
parallel to the axis of the drive shaft 28. A piston 31 held
at the swash plate 30 via a rod is slidably inserted within
each cylinder 25.
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[0029] As the drive shaft 28 rotates, the swash plate
30, too, rotates with a specific tilt and, as a result, the
edge of the swash plate 30 is caused to rock over a spe-
cific width along the axis of the drive shaft 28 in the struc-
ture described above. This causes each piston 31 held
at the edge of the swash plate 30 to move reciprocally
along the axis of the drive shaft 28 to alter the volumetric
capacity of a compression space 32 formed inside the
cylinder 25. As a result, the coolant is taken in from the
intake chamber 26 via an intake port 34 which is opened/
closed with an intake valve 33 and is formed at the valve
plate 19 and the compressed coolant is discharged into
the discharge chamber 27 via a discharge port 36 which
is opened/closed with a discharge valve 35 and is
formed at the valve plate 19.
[0030] The discharge capacity of the compressor 3 is
determined in conformance to the stroke of the piston
31, and the piston stroke is determined based upon the
difference between the pressure applied to the front sur-
face of the piston 31, i.e., the pressure in the compres-
sion space 32, and the pressure applied to the rear sur-
face of the piston, i.e., the pressure inside the crankcase
24 (crankcase pressure Pc). More specifically, as the
pressure inside the crankcase 24 is raised, the pressure
difference between the compression space 32 and the
crankcase 24 becomes smaller and the angle of inclina-
tion (rocking angle) of the swash plate 30 becomes
smaller to result in a smaller piston stroke and a lowered
discharge capacity. If, on the other hand, the pressure
in the crankcase 24 is reduced, the pressure difference
between the compression space 32 and the crankcase
24 increases and the angle of inclination (rocking angle)
of the swash plate 30, too, increases to result in a great-
er piston stroke and a higher discharge capacity.
[0031] The pressure Pc in the crankcase 24 is varied
by controlling the quantity of coolant flowing into the
crankcase 24 from the discharge chamber 27 and the
quantity of coolant flowing out of the crankcase 24 into
the intake chamber 26 with the pressure control valve 2
disposed at the rear head 23. The pressure control valve
2 used in the embodiment is constituted with a duty con-
trol valve adopting a three-way valve system capable of
simultaneously adjusting the state of communication
achieved with a supply passage 40 which communi-
cates between the discharge chamber 27 (discharge
pressure area) and the crankcase 24 (control pressure
chamber) and the state of communication achieved with
a bleed passage 41 which communicates between the
crankcase (control pressure chamber) and the intake
chamber (intake pressure area). The average degree of
openness per unit time at each passage is determined
based upon the ratio of the length of time over which the
supply passage is to remain open and the length of time
over which the bleed passage is to remain open, which
is determined based upon an external duty signal. The
control achieved with such a duty control valve in itself
is of the known art as disclosed in, for instance, Japa-
nese Unexamined Patent Publication No. 2001-12358.

The pressure control valve 2, which is controlled with a
control signal provided by the control unit 13, controls
the discharge capacity by adjusting the crankcase pres-
sure Pc so as to achieve a target intake pressure.
[0032] In addition, the pressure control valve 2 has
the valve opening characteristics shown in FIG. 17,
whereby the degree of openness of the supply passage
40 (the rate at which the supply passage 40 is set in an
open state through the duty control achieved with the
pressure control valve 2) is increased and the degree of
openness of the bleed passage 41 (the rate at which the
bleed passage 41 is set in an open state through the
duty control implemented with the control valve) is re-
duced when the discharge capacity needs to be de-
creased to a greater extent and the supply passage 40
and the bleed passage 41 are respectively set in a fully
open state and a fully closed state at the minimum dis-
charge capacity.
[0033] In the compressor 3 structured as described
above, a pressure differential regulating valve 44 that
allows the crankcase 24 and the intake chamber 26 to
communicate with each other when the difference be-
tween the pressure Pd in the discharge chamber 27 and
the pressure Ps in the intake chamber 26 is equal to or
smaller than a predetermined value is disposed at the
rear head 23.
[0034] As shown in FIG. 3, the differential pressure
regulating valve 44 may be constituted with, for in-
stance, a sleeve 46 slidably housed inside a housing
space 45, a high pressure port 47 which is formed so as
to face one end of the sleeve 46 and communicates with
the discharge chamber 27, a low pressure port 48 which
is formed so as to face another end of the sleeve 46 and
communicates with the intake chamber 26, a control
pressure port 49 which is formed so as to be allowed to
communicate with the low pressure port 48 and also
communicates with the crankcase 24 with the degree of
its openness adjusted in correspondence to the dis-
placement of the sleeve 46, and a spring 50 that applies
a force to the sleeve 46 toward the high pressure port.
As long as the pressure Pd at the discharge chamber
27 is greater than the pressure Ps at the intake chamber
26 by a sufficient degree, the sleeve 46 is displaced to-
ward the low pressure port against the force applied by
the spring 50 and the control pressure port 49 is closed
to cut off the communication between the control pres-
sure port 49 and the low pressure port 48, as shown in
FIG. 3(a). As the difference between the pressure Pd at
the discharge chamber 27 and the pressure Ps at the
intake chamber 26 becomes smaller than the force P1
applied by the spring 50, the sleeve 46 is displaced to-
ward the high pressure port, thereby setting the control
pressure port 49 and the low pressure port 48 in a state
of communication, as shown in FIG. 3(b).
[0035] Thus, as the degree of openness of the supply
passage 40 increases, raising the pressure in the crank-
case 24, and the angle of inclination of the swash plate
30 changes to reduce the piston stroke, the discharge
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capacity becomes smaller and the difference between
the pressure at the discharge chamber 27 and the pres-
sure in the intake chamber 26 decreases. As the differ-
ence in the pressure becomes smaller than a pressure
P1, which is in balance with the force applied by the
spring 50, the differential pressure regulating valve 44
is engaged in operation and the crankcase 24 and the
intake chamber 26 start to communicate with each other
(see FIG. 3(b)). Consequently, the area of the passage
communicating between the crankcase 24 and the in-
take chamber 26 increases, as shown in FIG. 4.
[0036] The effective passage opening area S of the
passage between the crankcase 24 and intake chamber
26, which is opened by the differential pressure regulat-
ing valve 44 at the minimum discharge capacity, is set
within a range of 0.4 mm2 to 1.5 mm2, and the spring
constant of the spring 50 is set so that the pressure P1
is approximately 0.1 MPa when the coolant is R134a
and 0.3 to 1 MPa when the coolant is carbon dioxide
(CO2).
[0037] Accordingly, integrated characteristics such as
those shown in FIG. 5 are achieved by using the pres-
sure control valve 2 and the differential pressure regu-
lating valve 44 in combination. At the minimum dis-
charge capacity, the bleed passage 41 is fully closed by
the pressure control valve 2 but the state of communi-
cation between the crankcase 24 and the intake cham-
ber 26 is sustained by the differential pressure regulat-
ing valve 44 disposed at the rear head 23, thereby al-
lowing the coolant to circulate inside the compressor.
Thus, since the degree of openness of the bleed pas-
sage 41 keeps decreasing as the discharge capacity be-
comes lower until the pressure difference between the
discharge chamber 27 and the intake chamber 26 be-
comes equal to P1, power efficiency is achieved in the
highly efficient compressor 3. In addition, since the cool-
ant is allowed to circulate inside the compressor at the
minimum discharge capacity, the control device can be
adopted with a high level of effectiveness in a clutchless
variable-capacity compressor. It is to be noted that while
the differential pressure regulating valve 44 allows the
crankcase 24 and the intake chamber 26 to communi-
cate with each other when the difference between the
pressure Pd at the discharge chamber 27 and the pres-
sure Ps at the intake chamber 26 is equal to or smaller
than the predetermined value in the structure described
above, the crankcase 24 and the intake chamber 26
may instead be made to communicate with each other
when the difference between the pressure Pd at the dis-
charge chamber 27 and the pressure in another area,
e.g., the pressure Pc at the crankcase 24, becomes
equal to or smaller than a predetermined value.
[0038] While the differential pressure regulating valve
44 is disposed at the housing 20 (rear head 23) of the
clutchless variable-capacity compressor 3 in the struc-
tural example described above, a differential pressure
regulating valve that allows the crankcase and the low
pressure chamber to communicate with each other

when the difference between the pressure in the dis-
charge chamber, i.e., the discharge pressure area, and
the pressure in another area is equal to or smaller than
a predetermined value may be installed in a clutch type
variable-capacity compressor instead.

(When the compressor is a clutch intake/outlet control
compressor)

[0039] A specific structural example that may be
adopted in a clutch intake/outlet control-type compres-
sor is presented in FIG. 6. The variable-capacity com-
pressor in the example, having a clutch by which the
motive power from the traveling engine is transmitted,
comprises a cylinder block 122, a rear head 123 mount-
ed on the rear side (the right side in the figure) of the
cylinder block 122 via a valve plate 119 and a front head
121 mounted so as to close off the front side (the left
side in the figure) of the cylinder block 122. The front
head 121, the cylinder block 122, the valve plate 119
and the rear head 123 are fastened together along the
axial direction with a fastening bolt 118, and constitute
a housing 120 for the entire compressor.
[0040] In a crankcase 124 defined by the front head
121 and the cylinder block 122, a drive shaft 128 with
one and thereof projecting out beyond the front head
121 is housed. A clutch plate 116 is secured to the por-
tion of the drive shaft 128 projecting out beyond the front
head 121, via a relay member 117 mounted along the
axial direction. A drive pulley 115 externally fitted at a
boss portion 121a of the front head 121 so as to be al-
lowed to rotate freely faces opposite the clutch plate
116. As power is supplied to an exciting coil 114 embed-
ded in the drive pulley 115, the clutch plate 116 is at-
tracted to and held at the drive pulley 115 and, as a re-
sult, the rotary motive power applied to the drive pulley
115 is transmitted to the drive shaft 128. In addition, the
area ranging between the one end of the drive shaft 128
and the front head 121 is sealed with a high level of air-
tightness via a seal member 113 disposed between the
one end and the front head 121 and the one end of the
drive shaft 128 is also rotatably supported with a radial
bearing 129a, whereas the other end of the drive shaft
128 is rotatably supported with a radial bearing 129b
housed inside the cylinder block 122.
[0041] At the cylinder block 122, a through hole 140
within which the radial bearing 129b is disposed and a
plurality of cylinder bores 125 disposed over equal in-
tervals on a circumference around the through hole 140
located at the center thereof are formed. A single-ended
piston 131 is inserted at each cylinder bore 125 so as
to be allowed to slide reciprocally. The single-ended pis-
ton 131 is a hollow piston formed by bonding a head
portion 131a to be inserted within the cylinder bore 125
to an engaging portion 131b to project out into the crank-
case 124 along the axial direction.
[0042] A thrust flange 141 which is to rotate as one
with the drive shaft 128 inside the crankcase 124 is fixed
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to the drive shaft 128. A swash plate 130 is linked via a
link member 142 to the thrust flange 141 which is rotat-
ably supported via a thrust bearing 139 so as to be al-
lowed to rotate freely relative to the front head 121. The
swash plate 130 is mounted so as to be allowed to tilt
around a hinge ball 143 disposed on the drive shaft 128
and is allowed to rotate synchronously as the thrust
flange 141 rotates. The peripheral edge of the swash
plate 130 is held to the engaging portion 131b of the
single-ended piston 131 via a pair of shoes 145 dis-
posed to the front and the rear of the peripheral edge.
[0043] Thus, as the drive shaft 128 rotates, the swash
plate 130, too, rotates and the rotating motion of the
swash plate 130 is converted to a reciprocal linear
movement of the single-ended piston 131 via the shoes
145, thereby causing the volumetric capacity of a com-
pression space 132 formed between the single-ended
piston 131 and the valve plate 119 inside the cylinder
bore 125 to change.
[0044] At the valve plate 119, an intake hole 134 and
a discharge hole 136 are formed in correspondence to
each cylinder bore 125, and an intake chamber 126 in
which the work fluid to be supplied to the compression
space 132 is stored and a discharge chamber 127 in
which the work fluid discharged from the compression
space 132 is stored are formed at the rear head 123 in
correspondence to each cylinder. The intake chambers
126, formed in the central area of the rear head 123,
each communicate with an intake port (not shown) con-
necting to the outlet side of the evaporator and are each
allowed to also communicate with the corresponding
compression space 132 via the intake hole 134 at the
valve plate 119. The discharge chamber 127 formed
continuously around the intake chambers 126 commu-
nicates with an outlet port 146 connecting to the intake
side of the condenser and is allowed to also communi-
cate with the corresponding compression space 132 via
the discharge hole 136 at the valve plate 119. The intake
hole 134 is opened/closed by an intake valve 133 dis-
posed at the valve plate 119 on its end surface toward
the cylinder block, whereas the discharge hole 136 is
opened/closed by a discharge valve 135 disposed at the
valve plate 119 on its end surface toward the rear head.
[0045] The discharge capacity of the compressor 3 is
determined by the stroke of the piston 131 and the
stroke, in turn, is determined in correspondence to the
difference between the pressure applied to the front sur-
face of each piston 131, i.e., the pressure in the com-
pression space (the pressure inside the cylinder bore),
and the pressure applied to the rear surface of the piston
131, i.e., the pressure inside the crankcase 124 (the
crankcase pressure Pc). More specifically, when the
pressure inside the crankcase is raised, the pressure
difference between the compression space 132 and the
crankcase 124 becomes smaller to reduce the angle of
inclination (the rocking angle) of the swash plate 130.
As a result, the stroke of the pistons 131 becomes small-
er and the discharge capacity decreases. If, on the other

hand, the pressure inside the crankcase 124 is lowered,
the pressure difference between the compression
space 132 and the crankcase 124 increases, and the
angle of inclination (the rocking angle) of the swash
plate 130 becomes larger. Thus, the stroke of the piston
131 becomes greater and the discharge capacity in-
creases.
[0046] In this example, a supply passage 40 which
communicates between the discharge chamber 127
and the crankcase 124 is constituted with a passage
formed at the cylinder block 122, the valve plate 119 and
the rear head 123, whereas a bleed passage 41 that
communicates between the through hole 140 commu-
nicating with the crankcase 124 and the intake chamber
126 is constituted with a passage formed at the valve
plate 119 and the rear head 123. In addition, a pressure
control valve 2 fitted at a control valve mounting hole
147 formed at the rear head 123 is disposed on the sup-
ply passage 40 and the bleed passage 41. The pressure
control valve 2, which controls the pressure in the crank-
case 124 (the crankcase pressure Pc) by adjusting the
degrees of openness at the supply passage 40 and the
bleed passage 41, includes an actuator such as an elec-
tromagnetic solenoid and implements control so as to
achieve the characteristics shown in FIG. 17 with regard
to the degrees of openness at the supply passage 40
and the bleed passage 41 by adjusting the level of the
electrical current supplied to the solenoid.
[0047] In addition, a communicating passage 150 that
communicates between the crankcase 124 and the in-
take chamber 126 via the cylinder block 122 and the
valve plate 119 is formed in the compressor 3, with a
differential pressure regulating valve 44 used to open/
close the communicating passage 150 disposed half-
way through the communicating passage 150. As
shown in FIG. 7, the differential pressure regulating
valve 44 includes a sleeve 152 slidably housed inside a
housing space 151 located halfway through the commu-
nicating passage 150, a high pressure port 153 connect-
ed to one end of the housing space 151 and communi-
cating with the discharge chamber 127, a communicat-
ing port 154 connected to another end of the housing
space 151 and communicating with the through hole
140 which, in turn, communicates with the crankcase
124, a low pressure port 155 made to open so as to face
a side surface of the sleeve 152 and constituting part of
the communicating passage 150 communicating with
the intake chamber 126, a control pressure port 156
made to open so as to face a side surface of the sleeve
152 and constituting part of the communicating passage
150 communicating with the crankcase 124 and a spring
157 that applies a force to the sleeve 152 toward the
high pressure port. In addition, at the side surface of the
sleeve 152, a circular groove 158 that adjusts the state
of communication between the low pressure port 155
and the control pressure port 156 as the sleeve 152 is
displaced is formed. When the pressure Pd in the dis-
charge chamber 127 is greater than the pressure inside
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the through role 140, which is equivalent to the crank-
case pressure by a sufficient extent, the sleeve 152 is
displaced toward the communicating port against the
force applied by the spring 157 and the communication
is cut off by blocking the low pressure port 155 and the
control pressure port 156 with the side surface of the
sleeve 152, as shown in FIG. 7(a). When the difference
between the pressure Pd in the discharge chamber 127
and the pressure inside the through hole which is equiv-
alent to the crankcase pressure becomes smaller than
the force P1 applied by the spring 157, on the other
hand, the sleeve 152 is displaced toward the high pres-
sure port and the low pressure port 155 and the control
pressure port 156 are allowed to communicate with
each other via the circular groove 158, as shown in FIG.
7(b)
[0048] Thus, as the degree of openness of the supply
passage 40 increases, raising the pressure in the crank-
case 124 and the angle of inclination of the swash plate
130 and the piston stroke both become smaller, the dis-
charge capacity decreases and the pressure difference
between the discharge chamber 127 and the crankcase
124, too, becomes smaller. Once the pressure differ-
ence becomes smaller than a pressure P1, which is in
balance with the level of the force applied from the
spring 157, the differential pressure regulating valve 44
is engaged in operation and the crankcase 124 and the
intake chamber 126 start to communicate with each oth-
er, thereby increasing the passage area of the passage
between the crankcase 124 and the intake chamber
126, as shown in FIG. 4.
[0049] As a result, the integrated characteristics
shown in FIG. 5 are achieved by using the pressure con-
trol valve 2 and the differential pressure regulating valve
44 in combination. At the minimum discharge capacity,
the bleed passage 41 is fully closed by the pressure con-
trol valve 2 but the state of communication between the
crankcase 124 and the intake chamber 126 is sustained
via the differential pressure regulating valve 44 dis-
posed at the cylinder block 122. Thus, while a very small
quantity of blow-by gas is generated at a startup of the
compressor 3 during which the piston stroke is at its
smallest, the blow-by gas can be released toward the
low pressure side with a high level of effectiveness. Con-
sequently, moment which increases the angle of incli-
nation (rocking angle) of the swash plate 130 can be
generated to ensure that the compressor 3 can be start-
ed up promptly even when the pressure to be applied to
the piston 131 has not been raised to a sufficiently high
level. In addition, while the liquid coolant is collected in
the crankcase 124 if the compressor 3 remains in an
OFF state over an extended period of time, the com-
pressor 3 can be started up from such a state with a high
level of reliability by releasing the gasified liquid coolant
to the low pressure side promptly via the differential
pressure regulating valve and thus lowering the crank-
case pressure quickly.
[0050] It is to be noted that while the differential pres-

sure regulating valve 44 in the example described above
allows the crankcase 124 and the intake chamber 126
to communicate with each other when the difference be-
tween the pressure Pd in the discharge chamber 127
and the pressure in the through hole 140 which reflects
the pressure Pc in the crankcase 124 becomes equal to
or smaller than a predetermined value, it may instead
allow the crankcase 124 and the intake chamber 126 to
communicate with each other when the difference be-
tween the pressure Pd in the discharge chamber 127
and the pressure in another area such as the pressure
Ps in the intake chamber 126 becomes equal to or small-
er than a predetermined value.
[0051] While the intake/outlet control, through which
the degrees of openness of the supply passage 40 and
the bleed passage 41 are adjusted with the control valve
2, is implemented in the compressor described above,
a similar differential pressure regulating valve 44 may
be installed in an intake control-type compressor, in
which the degree of openness of the supply passage 40
is adjusted with the control valve 2 and the bleed pas-
sage 41 includes a constriction such as a fixed orifice,
as well.

(When the compressor is a clutchless intake control-
type compressor)

[0052] FIG. 8 presents an example in which the struc-
ture described above is adopted in a clutchless variable-
capacity compressor. The bleed passage 41 in this com-
pressor is not controlled with the control valve 2, and is
constituted with gaps such as a shaft hole 160 formed
at a drive shaft 128 one end thereof connecting with the
through hole 140 and the other end thereof connecting
with the space 159 formed between the seal member
113 and the radial bearing 129a and communicates with
the crankcase 124 via the thrust bearing 139 and the
radial bearing 129a, and a radial bearing 129b disposed
around the drive shaft 128 supported at the cylinder
block 122, and a passage having a constriction that al-
lows the crankcase 124 and the intake chamber 126 to
communicate with each other via an orifice hole 161
formed at the valve plate 119 and communicating with
the through hole 140. A pressure control valve 2 mount-
ed at the control valve mounting hole 147 at the rear
head 123 is disposed on the supply passage 40 formed
over the cylinder block 122, the valve plate 119 and the
rear head 123, which allows the discharge chamber 127
and the crankcase 124 to communicate with each other.
The degree of openness of the supply passage 40 is
adjusted with the pressure control valve 2 so as to con-
trol the pressure in the crankcase 124 (the crankcase
pressure Pc).
[0053] In the compressor, a differential pressure reg-
ulating valve 44 is disposed parallel to the orifice hole
161 at the bleed passage 41. The differential pressure
regulating valve 44 is constituted with a spool 163 slid-
ably housed inside a spool housing unit 162 formed at
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the cylinder block 122, a ball valve 165 housed inside a
ball valve housing unit 164 formed continuous to the
spool housing unit 162 and set in contact with the spool
163, a high pressure port 166 connected to the front end
of the spool housing unit 162 and allowed to communi-
cate with the discharge chamber 127, a control pressure
port 167 made to open at the ball valve housing unit 164
and connected with the through hole 140 leading to the
crankcase 124 and a low pressure port 168 formed at
the valve plate 119 covering the ball valve housing unit
164, communicating between the ball valve housing unit
164 and the intake chamber 126 and opened/closed by
the ball valve 165. A spring 169 is inserted at the ball
valve housing unit 164 from the low pressure chamber
side via the low pressure port 168 and the spring 169
applies a constant force to the ball valve 165 to place it
in contact with the spool 163.
[0054] Since other structural features are similar to
those of the compressor shown in FIG. 6 except that the
compressor in this example does not include a clutch
mechanism, the same reference numerals are assigned
to identical features to preclude the necessity for a re-
peated explanation thereof.
[0055] Accordingly, if the pressure in the discharge
chamber 127 is greater than the pressure in the through
hole 140 connecting with the crankcase 124 by a suffi-
cient extent, the spool 163 applies a force to the ball
valve 165 to displace it toward the low pressure port
against the force applied by the spring 169, the low pres-
sure port 168 is thus blocked with the ball valve 165 and
the communication between the control pressure port
167 (the through hole 140) and the low pressure port
168 (the intake chamber 126) is cut off. When the differ-
ence between the pressure in the discharge chamber
127 and the pressure in the through hole 140 connecting
to the crankcase 124 becomes smaller than the force
P1 applied by the spring 169, however, the spring force
of the spring 169 displaces the spool 163 toward the
high pressure port 166, thereby allowing the control
pressure port 167 and the low pressure port 168 to com-
municate with each other.
[0056] Thus, while the bleed passage 41 is sustained
in an open state at all times through the orifice hole 161
in this example, the discharge capacity decreases as
the degree of openness of the supply passage 40 in-
creases to raise the pressure at the crankcase 124 and
the piston stroke as well as the angle of inclination of
the swash plate 130 becomes smaller. As a result, the
pressure difference between the discharge chamber
127 and the crankcase 124 is reduced and once the
pressure difference becomes smaller than the pressure
P1, which is in balance with the force applied by the
spring 169, the differential pressure regulating valve 44
is engaged in operation. Thus, the crankcase 124 and
the intake chamber 126 start to communicate with each
other and the passage area of the passage between the
crankcase 124 and the intake chamber 126 increases,
as shown in FIG. 4.

[0057] The resulting characteristics achieved by us-
ing the pressure control valve 2 and the differential pres-
sure regulating valve 44 in combination are as shown in
FIG. 10. At the minimum discharge capacity, the bleed
passage 41, the passage area of which is determined
in correspondence to the opening at the orifice and the
like, is in a communicating state. At the same time, a
sufficient extent of communication between the crank-
case 124 and the intake chamber 126 is assured with
the differential pressure regulating valve 44 disposed at
the cylinder block 122, ensuring that the coolant is al-
lowed to circulate fully inside the compressor. Thus, by
setting the degree of openness of the bleed passage 41
to the smallest possible value until the pressure differ-
ence between the discharge chamber 127 and the in-
take chamber 126 becomes equal to P1, a higher level
of efficiency is achieved in the compressor 3 to meet the
need for power efficiency. In addition, since the coolant
circulation inside the compressor at the minimum dis-
charge capacity is assured, the structure can be effec-
tively adopted in a clutchless variable-capacity com-
pressor. While a very small quantity of blow-by gas is
generated at a startup of the compressor during which
the piston stroke is at its smallest, the blow-by gas can
be released toward the low pressure side with a high
level of effectiveness. Consequently, moment which in-
creases the angle of inclination (rocking angle) of the
swash plate can be generated to ensure that the com-
pressor can be started up promptly even when the pres-
sure to be applied to the piston has not been raised to
a sufficiently high level. In addition, while the liquid cool-
ant is collected in the crankcase 124 if the compressor
remains in an OFF state over an extended period of
time, the compressor can be started up from such a
state with a high level of reliability by releasing the gas-
ified liquid coolant to the low pressure side promptly via
the differential pressure regulating valve 44 and thus
lowering the crankcase pressure quickly.
[0058] It is to be noted that while the differential pres-
sure regulating valve 44 in the example described above
allows the crankcase 124 and the intake chamber 126
to communicate with each other when the difference be-
tween the pressure Pd in the discharge chamber 127
and the pressure in the through hole 140 which reflects
the crankcase pressure Pc becomes equal to or smaller
than a predetermined value, it may instead allow the
crankcase 24 and the intake chamber 126 to communi-
cate with each other when the difference between the
pressure Pd in the discharge chamber 127 and the pres-
sure in another area such as the pressure Ps in the low
pressure chamber becomes equal to or smaller than a
predetermined value.
[0059] In addition, while the clutchless variable-ca-
pacity compressor 3 described above is an intake con-
trol-type compressor, in which a fixed constriction is in-
cluded in the bleed passage and the degree of open-
ness all the supply passage is controlled with a control
valve, the structure may be adopted in a clutch type var-
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iable-capacity compressor that implements intake con-
trol by causing the crankcase and the low pressure
chamber to communicate with each other through a dif-
ferential pressure regulating valve when the pressure
difference between the discharge pressure area, i.e.,
the discharge chamber and another area becomes
equal to or smaller than a predetermined value.

(When the compressor is a clutch intake control-type
compressor)

[0060] As shown in FIG. 11, for instance, a structure
similar to that of the clutch type compressor in FIG. 6
may be adopted in a clutchless variable-capacity com-
pressor. The bleed passage 41 in this compressor is not
controlled with the control valve, and is constituted with
gaps such as a shaft hole 160 is formed at the drive shaft
128, one end thereof connecting with a through hole 140
and the other end thereof connecting with the space 159
formed between a seal member 113 and a radial bearing
129a, which communicates with the crankcase 124 via
a thrust bearing 139 and a radial bearing 129a, and the
radial bearing 129b disposed around the drive shaft 128
supported at the cylinder block 122, and a passage hav-
ing a constriction that allows the crankcase 124 and the
intake chamber 126 to communicate with each other via
an orifice hole 161 formed at the valve plate 119 and
communicating with the through hole 140.
[0061] A pressure control valve 2 mounted at a control
valve mounting hole 147 at the rear head 123 is dis-
posed on the supply passage (not shown) formed over
the cylinder block 122, the valve plate 119 and the rear
head 123, which allows the discharge chamber 127 and
the crankcase 124 to communicate with each other. The
degree of openness of the supply passage is adjusted
with the pressure control valve 2 so as to control the
pressure in the crankcase 124 (the crankcase pressure
Pc). A differential pressure regulating valve similar to
that shown in FIG. 7 is disposed parallel to the orifice
hole 161 at the bleed passage 41. It is to be noted that
since the other structural features are similar to those in
FIG. 6, the same reference numerals are assigned to
identical features to preclude the necessity for a repeat-
ed explanation thereof.
[0062] As a result, as the degree of openness of the
supply passage 40 increases to raise the pressure at
the crankcase 24 and the piston stroke as well as the
angel of inclination of the swash plate 30 becomes
smaller, the discharge capacity is lowered and the pres-
sure difference between the discharge chamber 127
and the crankcase 124 is reduced. Once the pressure
difference becomes smaller than a pressure P1, which
is in balance with the force applied by the spring 50, the
differential pressure regulating valve 44 is engaged in
operation, the crankcase 24 and the intake chamber 126
start to communicate with each other and the passage
area of the passage communicating between the crank-
case 124 and the intake chamber 126 increases, as

shown in FIG. 4.
[0063] The resulting characteristics achieved by us-
ing the pressure control valve 2 and the differential pres-
sure regulating valve 44 in combination are as shown in
FIG. 10. At the minimum discharge capacity the bleed
passage 41, the passage area of which is determined
by the opening at the orifice and the like, is in a commu-
nicating state. At the same time, since a sufficient extent
of communication between the crankcase 124 and the
intake chamber 126 is assured with the differential pres-
sure regulating valve 44 disposed at the cylinder block
122, a very small quantity of blow-by gas generated at
a startup of the compressor during which the piston
stroke is at its smallest, can be released toward the low
pressure side with a high level of effectiveness. Conse-
quently, moment which increases the angle of inclina-
tion (rocking angle) of the swash plate can be generated
to ensure that the compressor can be started up prompt-
ly even when the pressure to be applied to the piston
has not been raised to a sufficiently high level. In addi-
tion, while the liquid coolant is collected in the crankcase
if the compressor remains in an OFF state over an ex-
tended period of time, the compressor can be started
up from such a state with a high level of reliability by
releasing the gasified liquid coolant toward the low pres-
sure side promptly via the differential pressure regulat-
ing valve and thus lowering the crankcase pressure
quickly.
[0064] It is to be noted that while the differential pres-
sure regulating valve 44 in the example described above
allows the crankcase 124 and the intake chamber 126
to communicate with each other when the difference be-
tween the pressure Pd in the discharge chamber 127
and the pressure Pc in the crankcase 124 becomes
equal to or smaller than a predetermined value, it may
instead allow the crankcase 124 and the intake chamber
126 to communicate with each other when the differ-
ence between the pressure Pd in the discharge cham-
ber 127 and the pressure in another area such as the
pressure Ps in the low pressure chamber becomes
equal to or smaller than a predetermined value.
[0065] While the differential pressure regulating valve
44 is disposed at the housing (the cylinder head or the
cylinder block) in a clutchless or clutch type compressor
that implements intake/outlet control or intake control in
the explanation provided above, the differential pres-
sure regulating valve may instead be provided as an in-
tegrated part of the pressure control valve 2.
[0066] FIG. 12 shows a structural example in which a
differential pressure regulating valve 44 is included at a
pressure control valve 2. The pressure control valve 2
is constituted with a drive unit 60, a central block unit 70
and a valve element unit 80. The drive unit 60 includes
a cylindrical case 61 which is locked to one end of the
central block unit 70 through caulking, a cylindrical cyl-
inder 62 housed inside the case 61 and fixed to one end
of the central block unit 70, an electromagnetic coil 63
wound around the cylinder 62, a plunger 64 slidably in-
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serted within the cylinder 62 and having one end surface
located toward the central block unit 70, which comes
in contact with a valve element drive rod 68, and another
end surface at which a spring receptacle hole 65 is
formed, a spring 66 inserted at the spring receptacle
hole 65 and having one end that comes in contact with
the plunger 64 and a lid body 67 locked to the other end
of the case 61 through caulking so as to hold the spring
66 on the other end and seal the other end of the cylinder
62.
[0067] The central block unit 70 is constituted with a
cylindrical block 71 having a cylindrical projection 71a
that secures the cylinder 62 and an outer ring portion
71b to which the case 61 is fixed through caulking. The
central block unit includes a through hole 74 through
which the valve element drive rod 68 slidably passes, a
low pressure chamber 73 formed at the center of the
block 71 and a low pressure side communicating hole
72 extending from the low pressure chamber 73 along
the radial direction. The low pressure side communicat-
ing hole 72 communicates with the intake chamber 26
of the compressor 3 via a passage (not shown) formed
at the rear head so as to substantially match the pres-
sure inside the low pressure chamber 73 with the pres-
sure in the low pressure line 8 in the refrigerating cycle 1.
[0068] The valve element unit 80 includes a substan-
tially cylindrical outer case 81 and an inner case 83 fitted
inside the outer case 81. A pressure adjustment cham-
ber 86 is formed at the outer case 81 at a position toward
the central block unit and a switching portion 91 of a
valve element 90 is housed in the pressure adjustment
chamber 86. A sliding portion 93 of the valve element
90 is slidably inserted at the inner case 82 and a high
pressure chamber 84 is formed between the inner case
82 and a small diameter portion 92 of the valve element
90. The pressure adjustment chamber 86 communi-
cates with the crankcase 24 via a crankcase communi-
cating hole 85 opening at the outer case 81 and a pas-
sage (not shown) formed at the rear head 23, whereas
the high pressure chamber 84 communicates with the
discharge chamber 27 via a through hole 83 passing
through the outer case 81 and the inner case 82 and a
passage (not shown) formed at the rear head 23.
[0069] In addition, the pressure adjustment chamber
86 is formed so as to have an internal diameter greater
than the internal diameter of the low pressure chamber
73 and the internal diameter of the inner case 82 is set
smaller than the internal diameter of the pressure ad-
justment chamber 86. As a result, a low pressure side
valve seat 76 is formed between the low pressure cham-
ber 73 and the pressure adjustment chamber 86 and a
high pressure side valve seat 77 is formed between the
high pressure chamber 84 and the pressure adjustment
chamber 86. As the switching portion 91 of the valve
element 90 housed inside the pressure adjustment
chamber 86 sits at the low pressure side valve seat 76
or the high pressure side valve seat 77, communication
with the low pressure side/high pressure side is

achieved/cut off.
[0070] A low pressure space 87 is formed between an
end of the sliding portion 93 at the valve element 90 and
the inner case 82, and the low pressure space 87 com-
municates with the intake chamber 26 via a communi-
cating hole 89 formed at a lid portion 88 used to lock the
inner case 82 to the outer case 81 and a passage (not
shown) formed at the rear head 23. In addition, a spring
94 which applies a force to the valve element 90 so as
to press it toward the low pressure side valve seat 76 is
disposed in the low pressure space 87. It is to be noted
that since the level of the force applied from the spring
94 is greater than the level of the force applied from the
spring 66, the switching portion 91 is pressed onto the
low pressure side valve seat 76 as long as no power is
supplied to the electromagnetic coil 63.
[0071] Between the communicating hole 83 commu-
nicating with the discharge chamber 27 and the low
pressure side communicating hole 72 communicating
with the intake chamber 26, a differential pressure valve
44 such as that shown in FIG. 3 is disposed so as to
allow the crankcase 24 and the intake chamber 26 to
communicate with each other by connecting the pres-
sure adjustment chamber 86 to the low pressure side
communicating hole 72 when the difference between
the pressure Pd in the discharge chamber 27 and the
pressure Ps in the intake chamber 26 becomes equal
to or smaller than a predetermined level.
[0072] Accordingly, if it is necessary to increase the
discharge capacity, the ratio of the time length over
which power is supplied to the electromagnetic coil 63
at the pressure control valve 2 increases. In this situa-
tion, the plunger 64 is attracted toward the electromag-
netic coil 63, the valve element 90 is caused to move
via the valve element drive rod 68 against the force ap-
plied from the spring 94, and the ratio of the time length
over which the switching portion 91 remains away from
the low pressure side valve seat 76 and seated on the
high pressure side valve seat 77 increases. Since this
increases the length of time over which the crankcase
24 remains in communication with the intake chamber
26 via the pressure adjustment chamber 86 and the low
pressure chamber 73, the pressure in the crankcase be-
comes lower, which increases the piston stroke and the
discharge capacity of the compressor 3.
[0073] In contrast, if it is necessary to decrease the
discharge capacity, the ratio of the time length over
which power is supplied to the electromagnetic coil 63
at the pressure control valve 2 decreases. In this situa-
tion, the plunger 64 is attracted toward the electromag-
netic coil 63, the valve element 90 is caused to move
via the valve element drive rod 68 against the force ap-
plied from the spring 94, and the ratio of the time length
over which the switching portion 91 remains away from
the low pressure side valve seat 76 and seated on the
high pressure side valve seat 77 decreases. Since this
decreases the length of time over which the crank case
24 remains in communication with the intake chamber
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26 via the pressure adjustment chamber 86 and the low
pressure chamber 73, the pressure in the crankcase be-
comes higher, which reduces the piston stroke and the
discharge capacity of the compressor 3. At the minimum
discharge capacity, the power supplied to the pressure
control valve 2 is cut off, leaving the switching portion
91 seated at the low pressure side valve seat 76 and
cutting off communication between the crankcase 24
and the intake chamber 26. The pressure Pc in the
crankcase 24 thus becomes substantially equal to the
pressure Pd in the discharge chamber 27.
[0074] As the discharge capacity of the compressor 3
becomes smaller, the pressure difference between the
discharge chamber 27 and the intake chamber 26 at the
compressor 3, too, becomes smaller. Once the pressure
difference becomes equal to or less than P1, the differ-
ential pressure regulating valve 44 is engaged in oper-
ation and the crankcase 24 and the intake chamber 26
start to communicate with each other. Thus, while the
passage between the crankcase 24 and the intake
chamber 26 is blocked by the valve element 90 of the
pressure control valve 2 at the minimum discharge ca-
pacity, the communication between the crankcase 24
and the intake chamber 26 is still sustained via the dif-
ferential pressure regulating valve 44 to allow the cool-
ant to circulate inside the compressor.
[0075] It is to be noted that while the differential pres-
sure regulating valve 44 is engaged in operation based
upon the pressure difference between the discharge
chamber 27 and the intake chamber 26 in the structure
described above, it may instead be engaged in opera-
tion based upon the pressure difference between the
discharge chamber 27 and the crankcase 24. In addi-
tion, a structure other than that shown in FIG. 6 may be
adopted to communicate between the crankcase 24 and
the intake chamber 26 when the difference between the
pressure Pd and the pressure Ps or Pc becomes equal
to or smaller than the predetermined value.
[0076] While the coolant circulation inside the com-
pressor at the minimum discharge capacity is assured
through the use of the differential pressure regulating
valve 44 without modifying the valve opening character-
istics of the pressure control valve 2 itself in the struc-
tures described above, the valve opening characteris-
tics of the pressure control valve itself may be modified,
as shown in FIG. 13 so as to increase the degree of
openness of the supply passage 40 as the discharge
capacity of the compressor 3 decreases and to initially
reduce the degree of openness of the bleed passage 41
as the discharge capacity of the compressor 3 becomes
smaller, set the degree of openness to 0 at a predeter-
mined discharge capacity, then raise the degree of
openness as the discharge capacity becomes even
smaller and reliably set the bleed passage 41 in an open
state at the minimum discharge capacity.
[0077] FIG. 14 presents a structural example that may
be adopted in a pressure control valve 2 having such
opening characteristics. FIG. 4 schematically shows the

structure of the pressure control valve 2 without includ-
ing the illustration of the drive unit and the like. The pres-
sure control valve 2 is constituted as an integrated part
of the case 100 by forming at the case 100 a supply side
opening adjustment unit 101 that adjusts the degree of
openness of the supply passage and a bleed-side open-
ing adjustment unit 102 that adjusts the degree of open-
ness of the bleed passage.
[0078] The supply side opening adjustment unit 101
includes a supply communicating hole 103 communicat-
ing with the crankcase 24, a supply valve hole 104 that
connects with the supply communicating hole 103 and
communicates with the discharge chamber 27 and a
supply side valve element unit 105 that varies the pas-
sage area of the supply valve hole 104. The bleed side
opening adjustment unit 102, on the other hand, in-
cludes a valve element moving space 106 formed at the
case 100, a bleed communicating hole 107 that con-
nects with the valve element moving space 106 and
communicates with the crankcase 24, a bleed valve hole
108 that connects with the valve element moving space
106 and communicates with the intake chamber 26 and
a bleed-side valve element unit 109 that varies the de-
gree of openness of the bleed valve hole by sliding into
and out of the bleed valve hole 108.
[0079] The supply side valve element unit 105 can be
displaced between a position at which it is in contact
with the opening end of the supply valve hole 104 block-
ing the supply valve hole 104 and a position at which it
is away from the opening end, maximizing the degree
of openness of the supply valve hole 104. The shape of
the valve element is designed so as to change the de-
gree of openness substantially in proportion to the ex-
tent of its displacement. In addition, the bleed side valve
element unit 109 can be displaced from the outside to
the inside of the valve element moving space 106 via
the bleed valve hole 108 and the shape of the valve el-
ement is designed so as to substantially match its larg-
est diameter with the diameter of the bleed valve hole
108 and to change the degree of openness substantially
in proportion to the extent of its displacement to the out-
side or the inside from the bleed valve hole 108.
[0080] The supply side valve element unit 105 and the
bleed side valve element unit 109 are linked with each
other via a linking rod 110 passing through the case 100
and projecting out into the supply valve hole 104 and
the valve element moving space 106 to constitute an
integrated valve element 111. When the supply side
valve element unit 105 assumes the position at which it
blocks the supply valve hole 104, the bleed side valve
element unit 109 is positioned outside the valve element
moving space 106, whereas the bleed side valve ele-
ment unit 109 is positioned inside the valve element
moving space 106 when the lift of the supply side valve
element unit 105 is at the largest.
[0081] In addition, the effective opening area S of the
bleed passage 41 controlled with the pressure control
valve 2 at the minimum discharge capacity is set within
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a range of 0.4 mm2 to 1.5 mm2 and, at the same time,
it is ensured that the effective opening area S is smaller
than the effective opening area of the supply passage
40 controlled with the pressure control valve 2.
[0082] In the structure, the discharge capacity is at its
maximum level at position A in FIG. 13 at which the sup-
ply side valve element unit 105 at the valve element 111
is in contact with the opening end of the supply valve
hole 104 to set the passage area between the discharge
chamber 27 and the crankcase 24 to 0 and the bleed
side valve element unit 109 at the valve element 111 is
positioned outside the valve element moving space 106
to maximize the passage area between the crankcase
24 and the intake chamber 26, as shown in FIG. 14(a).
[0083] As the discharge capacity decreases to
achieve a state B in FIG. 13, the supply side valve ele-
ment unit 105 at the valve element 111 departs the open-
ing end of the supply valve hole 104 to increase the pas-
sage area between the discharge chamber 27 and the
crankcase 24 and the bleed side valve element unit 109
is positioned inside the bleed valve hole 108 to set the
passage area between the crankcase 24 and the intake
chamber 26 to 0, as shown in FIG. 14(b). As the dis-
charge capacity further decreases, the supply side valve
element unit 105 at the valve element 111 moves further
away from the opening end of the supply valve hole 104
and the bleed side valve element unit 109 at the valve
element 111 moves into the valve element moving space
106, thereby increasing the passage area between the
crankcase 24 and the intake chamber 26, as shown in
FIG. 14(c).
[0084] Thus, the structure described above, in which
the effective passage area of the bleed passage 41 is
gradually reduced as the discharge capacity decreases
until the effective passage area becomes 0 and then the
effective passage area is gradually increased, an exces-
sively large quantity of compressed gas is not required
to sustain the pressure inside the control pressure
chamber at a specific level and thus, a higher level of
efficiency is achieved in the compressor 3. In addition,
since the communication between the crankcase 24 and
the intake chamber 26 is sustained, the coolant is al-
lowed to circulate inside the compressor even at the
minimum discharge capacity.
[0085] It is to be noted that while the characteristics
shown in FIG. 7 are achieved by adjusting the shape of
the valve element 111, the bleed side valve element unit
109 at the valve element 111 may assume a poppet
shape and the passage section of the bleed valve hole
108 may be altered along the axial direction so as to
adjust the passage area between the bleed side valve
element unit 109 and the bleed valve hole 108 as the
valve element 111 is displaced, as shown in FIG. 9(a),
instead.
[0086] In addition, the supply communicating hole
103 at the pressure control valve 2 may be made to com-
municate with the discharge chamber 27, the supply
valve hole 104 may be made to communicate with the

crankcase 24, the bleed communicating hole 107 may
be made to communicate with the intake chamber 26
and the bleed valve hole 108 may be made to commu-
nicate with the crankcase 24, as shown in FIG. 9(b), in-
stead. As a further alternative, the positional relationship
between the supply side opening adjustment unit 101
and the bleed side opening adjustment unit 102 may be
reversed, as shown in FIG. 9(c). In this case, the bleed
side opening adjustment unit 102 may adopt a structure
similar to that shown in FIG. 8, whereas the supply side
opening adjustment unit 101 may include a valve ele-
ment moving space 112 formed at the case 100, a sup-
ply communicating hole 103 which connects to the valve
element moving space 112 and communicates with the
crankcase 24, a supply valve hole 104 which connects
to the valve element moving space 112 and communi-
cates with the discharge chamber 27 and a supply side
valve element unit 105 which slides into and out of the
supply valve hole 104 to vary the degree of openness
of the supply valve hole 104.
[0087] It is to be noted that the variable-capacity com-
pressor 3 may adopt a structure other than the swash
plate system described above and the structure accord-
ing to the present invention may be adopted in another
type of compressor in which the discharge capacity de-
creases as the pressure in the crankcase 24 rises and
the discharge capacity increases as the pressure in the
crankcase 24 becomes lower.

INDUSTRIAL APPLICABILITY

[0088] The present invention is ideal in applications
in various types of variable-capacity compressors in
which the discharge capacity is varied by adjusting the
pressure in the control pressure chamber (crankcase)
via a supply passage that allows a discharge pressure
area and the control pressure chamber to communicate
with each other and a bleed passage that allows the con-
trol pressure chamber and an intake pressure area to
communicate with each other.

Claims

1. A control device for a variable-capacity compressor,
the discharge capacity of which decreases as the
pressure in a control pressure chamber rises and
increases as the pressure in said control pressure
chamber becomes lower, adopting a structure hav-
ing a supply passage (40) that allows a discharge
pressure area and said control pressure chamber
to communicate with each other and a bleed pas-
sage (41) that allows said control pressure chamber
and an intake pressure area to communicate with
each other so as to adjust the pressure in said con-
trol pressure chamber via said supply passage (40)
and the bleed passage (41), characterized in:
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that a differential pressure regulating valve (44)
which communicates between said control
pressure chamber and the intake pressure area
when the difference between the pressure in
the discharge pressure area and the pressure
in another area becomes equal to or smaller
than a predetermined value is included.

2. A control device (2) for a variable-capacity com-
pressor according to claim 1, having:

a control valve used to adjust the state of com-
munication achieved with said supply passage
(40) and the state of communication achieved
with said bleed passage (41) characterized in:

that said control valve (2) is controlled by
using a control signal provided from out-
side so as to adjust the pressure in said
control pressure chamber.

3. A control device for a variable-capacity compressor
according to claim 1, having:

a control valve (2) used to adjust the state of
communication achieved with said supply pas-
sage (40) and said bleed passage (41) which
includes a constriction, characterized in:

that said control valve (2) is controlled by
using a control signal provided from out-
side so as to adjust the pressure in said
control pressure chamber.

4. A control device for a variable-capacity compressor
according to any of claims 1 through 3, character-
ized in:

that said differential pressure regulating valve
(44) is disposed at a housing (20) of said vari-
able-capacity compressor.

5. A control device for a variable-capacity compressor
according to any of claims 1 through 3, character-
ized in:

that said differential pressure regulating valve
(44) is disposed at said control valve (2).

6. A control device for a variable-capacity compressor,
a discharge capacity of which decreases as the
pressure in a control pressure chamber rises and
increases as the pressure in said control pressure
chamber becomes lower, adopting a structure hav-
ing a supply passage (40) that allows a discharge
pressure area and said control pressure chamber
to communicate with each other, a bleed passage
(41) that allows said control pressure chamber and

an intake pressure area to communicate with each
other and a control valve (2) that adjusts the state
of communication achieved with said supply pas-
sage (40) and the state of communication achieved
with the bleed passage (41), with said control valve
(2) controlled by using a control signal provided
from outside so as to adjust the pressure in said
control pressure chamber, the opening is charac-
terized in:

that said control valve (2) achieves opening
characteristics whereby the degree of open-
ness of the supply passage (40) is increased
and the degree of openness of said bleed pas-
sage (41) is decreased as the discharge capac-
ity decreases and communication between
said control pressure chamber and said intake
pressure area is assured at a minimum dis-
charge capacity.
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