
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

74
3 

50
4

A
1

TEPZZ 74¥5Z4A_T
(11) EP 2 743 504 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
18.06.2014 Bulletin 2014/25

(21) Application number: 13196256.5

(22) Date of filing: 09.12.2013

(51) Int Cl.:
F04B 27/18 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME

(30) Priority: 11.12.2012 JP 2012270291

(71) Applicant: TGK CO., Ltd.
Tokyo 193-0942 (JP)

(72) Inventors:  
• Tonegawa, Masaaki

Tokyo, 193-0942 (JP)

• Sakakibara, Hidekazu
Tokyo, 193-0942 (JP)

• Sugamura, Ryouta
Tokyo, 193-0942 (JP)

• Saeki, Shinji
Tokyo, 193-0942 (JP)

(74) Representative: Schröer, Gernot H.
Meissner, Bolte & Partner GbR 
Bankgasse 3
90402 Nürnberg (DE)

(54) Control valve for variable displacement compressor

(57) A control valve (1) includes a body (5) having a
main passage communicating a discharge chamber with
a crankcase and a sub-passage communicating the
crankcase with a suction chamber, a main valve provided
in the main valve passage, a sub-valve passage provided
in the sub-passage, a pressure-sensing section (6) for
receiving the suction pressure of the suction chamber
and generating a drive force exerted in an opening direc-
tion of a main valve in accordance with the magnitude of
the suction pressure, and a solenoid (3) for generating a
drive force in a closing direction of the main valve in ac-
cordance with the amount of current supplied. A valve-
opening mechanism used to open the sub-valve by using
the drive force of the solenoid is further included. The
outside diameter of the body becomes smaller toward
the pressure-sensing section side from the solenoid side.
The pressure-sensing section, the main valve, the sub-
valve, and the solenoid are arranged in this order from
one end side of the body. The sub-valve is provided on
a side closer to the solenoid where the outside diameter
of the body is larger.
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Description

[0001] The present invention relates to a control valve
that is suitable for controlling the discharging capacity of
a variable displacement compressor.
[0002] An automotive air conditioner generally in-
cludes a compressor, a condenser, an expander, an
evaporator, and so forth. Here, the compressor discharg-
es a high-temperature and high-pressure gaseous refrig-
erant produced by compressing a refrigerant flowing
through a refrigeration cycle of a vehicle. The condenser
condenses the gaseous refrigerant. The expander pro-
duces a low-temperature and low-pressure refrigerant
by adiabatically expanding the condensed liquid refrig-
erant. The evaporator evaporates the refrigerant and
thereby causes a heat exchange of the refrigerant with
air inside a vehicle’s compartment. The refrigerant evap-
orated by the evaporator is again brought back to the
compressor and thus circulates through the refrigeration
cycle.
[0003] The compressor is, for example, a variable dis-
placement compressor (hereinafter referred to simply as
"compressor" also) capable of varying the refrigerant dis-
charging capacity in order to maintain a constant level of
cooling capacity irrespective of the engine speed. This
compressor has a piston for compression linked to a wob-
ble plate that is mounted to a rotational shaft driven by
an engine, and the compressor regulates the refrigerant
discharge rate by changing the stroke of the piston
through changes in the angle of the wobble plate. The
angle of the wobble plate can be changed continuously
by changing the balance of pressure working on both
faces of the piston as part of the discharged refrigerant
is introduced into an airtight crankcase. The pressure
within this crankcase (hereinafter referred to as "crank
pressure") Pc is controlled by a control valve for a variable
displacement compressor (hereinafter referred to simply
as "control valve" also), which is provided between the
discharge chamber and the crankcase of the compres-
sor.
[0004] Such a control valve regulates the valve open-
ing degree by supplying the externally applied current to
a solenoid, which functions as a driver part. Suppose that
an air conditioning function needs to be quickly fulfilled
at the startup or the like of the air conditioner. Then, a
valve section is set to a closed state by supplying the
maximum current to the solenoid, for instance. Also, the
wobble plate is tilt relative to the rotational shaft for a
large angle by lowering a crank pressure Pc. As a result,
the compressor can be operated at the maximum capac-
ity. When the engine load of a vehicle is high, the com-
pressor can be operated at the minimum capacity by fully
opening the valve section with the solenoid turned off
and by setting the wobble plate substantially at a right
angle to the rotational shaft with the crank pressure Pc
set high.
[0005] The control valve like this is disclosed in Refer-
ence (1) in the following Related Art List, for instance.

That is, the control valve is provided with a main valve in
a main passage that communicates the discharge cham-
ber with the crankcase and also a sub-valve in a sub-
passage that communicates the crankcase with a suction
chamber. And the main valve and the sub-valve are driv-
en by a single solenoid. During a steady operation, this
control valve regulates the opening degree of the main
valve with the sub-valve closed. Thereby, the crank pres-
sure Pc can be controlled and the discharging capacity
can also be controlled as described above. On the other
hand, at a power-on of the air conditioner, the sub-valve
is open with the main valve closed. Thereby, the crank
pressure Pc is quickly lowered. As a result, the compres-
sor can promptly shift its operation mode to a maximum-
capacity operation. Also, a plurality of valves are opened
and closed by the use of a single solenoid. Thus, the
control valve can be of a reduced size as a whole.
[0006] In such a control valve as described above, the
main valve and sub-valve are driven by the single sole-
noid. Thus, a main valve element and a sub-valve ele-
ment are provided along the same axis line, and the con-
trol valve has a mechanism that transports the solenoidal
force to the each valve element by way of an actuating
rod provided along said axis line. The body of the control
valve has a main valve hole, and the main valve element
has a sub-valve hole. That is, the sub-passage runs
through the main valve element. The main valve element
touches and leaves a main valve seat, provided in an
opening end of the main valve hole, so as to close and
open the main valve, respectively. And the sub-valve el-
ement touches and leaves a sub-valve seat, provided in
an opening end of the sub-valve hole, so as to close and
open the sub-valve, respectively. Since, however, the
sub-valve is pressed against the sub-valve seat by the
biasing force of a spring during a steady operation of the
compressor, the sub-valve is kept closed. At the startup
of the compressor, the solenoidal force is at its maximum
and the sub-valve element is further biased in a valve
opening direction while the main valve element is seated
on the main valve seat. This opens the sub-valve.

Related Art List

[0007] (1) Japanese Unexamined Patent Application
Publication (Kokai) No. 2008-240580.
[0008] In recent years, vehicle makers demand that
the compressor be started more promptly. Providing
more quick air condition performance is advantageous
in pursuit of increased vehicle comfort and eventually
achieves the sale promotions of such vehicles. In order
to achieve this, the flow rate of refrigerant at the time the
sub-valve is open needs to be made larger. Since, how-
ever, the aforementioned control valve is configured such
that the sub-valve hole is formed in the main valve ele-
ment, the size of the sub-valve is constrained by the size
of the main valve and therefore it is not easy to obtain a
desired flow rate thereof. In other words, it is not physi-
cally possible to make the sub-valve hole larger than the
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main valve hole. In the light of this fact, it may be con-
ceivable that an uplift amount of the sub-valve element
from the sub-valve seat is set larger. However, an in-
crease in stroke of the sub-valve element entails an in-
crease in the overall size of the control valve, thus being
disadvantageous in terms of cost. Even if the stroke
thereof is increased, the flow rate cannot be increased
significantly unless the size of the sub-valve hole is
changed.
[0009] The present invention has been made in view
of the foregoing problems, and a purpose thereof is to
obtain a large flow rate of refrigerant, at the time the sub-
valve is open, in a control valve where a main valve and
a sub-valve are driven by a single solenoid.
[0010] In order to resolve the aforementioned prob-
lems, a control valve for a variable displacement accord-
ing to one embodiment of the present invention varies a
discharging capacity of the compressor for compressing
refrigerant led into a suction chamber and discharging
the compressed refrigerant from a discharge chamber,
by regulating a flow rate or pressure of at least one of
the refrigerant led into a crankcase from the discharge
chamber and the refrigerant led out to the suction cham-
ber from the crankcase, and the control valve includes:
a body having a main passage, which communicates be-
tween the discharge chamber and the crank case, and
a sub-valve passage, which communicates between the
crankcase and the suction chamber; a main valve seat
provided in the main passage; a main valve element con-
figured to open and close a main valve by touching and
leaving the main valve seat; a sub-valve seat provided
in the sub-valve passage; a sub-valve element config-
ured to open and close a sub-valve by touching and leav-
ing the sub-valve seat; a pressure-sensing section con-
figured to sense a predetermined pressure-to-be sensed
and configured to generate a drive force in an opening
direction of the main valve in accordance with a magni-
tude of the pressure-to-be-sensed; and a solenoid con-
figured to generate a drive force in a closing direction of
the main valve in accordance with an amount of current
supplied. The pressure-sensing section, the main valve,
the sub-valve, and the solenoid are arranged in this order
from one end side of the body, and the control valve fur-
ther includes a valve-opening mechanism configured to
open the sub-vale by using a drive force of the solenoid.
[0011] Such a control valve as described in the above
embodiment is configured such that the control valve is
assembled by inserting it into a mounting hole of the var-
iable displacement compressor. Thus, in consideration
of easiness to insert it thereinto, the control valve is ba-
sically of a structure such that the outside diameter there-
of becomes smaller toward a tip end side starting from a
rear end side in an insertion direction. In other words, the
outside diameter thereof becomes smaller toward a pres-
sure-sensing section side from a solenoid side, and, in
this embodiment, the pressure-sensing section, the main
valve, the sub-valve, and the solenoid are arranged in
this order from one end side of the body. And the sub-

valve is provided on a side closer to the solenoid where
the outside diameter of the body is larger. This arrange-
ment allows the sub-valve to be placed in a relatively
large space. That is, by employing this embodiment, the
sub-valve can be made larger independently of the main
valve and therefore a large flow rate of refrigerant can
be obtained at the time the sub-valve is open.
[0012] Another embodiment of the present invention
relates also to a control valve. The control valve includes
a body having a lead-in/out port through which a working
fluid is led in or led out, a lead-in port through which the
working fluid is led in, and a lead-out port through which
the working fluid is led out; a main valve provided in a
main passage, which communicates between the lead-
in port and the lead-in/out port; a sub-valve provided in
a sub-passage, which communicates between the lead-
in/out port and the lead-out port; a pressure-sensing sec-
tion configured to sense a predetermined pressure-to-be
sensed and configured to exert a drive force exerted in
an opening direction of the main valve in accordance with
a magnitude of the pressure-to-be-sensed; and a sole-
noid configured to generate a drive force exerted in a
closing direction of the main valve in accordance with an
amount of current supplied. The pressure-sensing sec-
tion, the main valve, the sub-valve, and the solenoid are
arranged in this order from one end side of the body, and
the control valve further includes a valve-opening mech-
anism configured to open the sub-vale by using a drive
force of the solenoid.
[0013] In this embodiment, the pressure-sensing sec-
tion, the main valve, the sub-valve, and the solenoid are
arranged in this order from one end side of the body, and
the sub-valve is provided on the side closer to the sole-
noid where the outside diameter of the body is larger.
Accordingly, if the control valve according to this embod-
iment is configured such that it is inserted into an instal-
lation object or setting object, the sub-valve can be placed
in a portion of the body where a relatively large space
can be formed. That is, by employing this embodiment,
the sub-valve can be made larger independently of the
main valve and therefore a large flow rate of refrigerant
can be obtained at the time the sub-valve is open.
[0014] Embodiments will now be described by way of
examples only, with reference to the accompanying
drawings which are meant to be exemplary, not limiting,
and wherein like elements are numbered alike in several
Figures in which:

FIG. 1 is a cross-sectional view showing a structure
of a control valve according to a first embodiment;
FIG. 2 is a partially enlarged cross-sectional view of
the upper half of FIG. 1;
FIG. 3 shows an operation of a control valve;
FIG. 4 shows an operation of a control valve;
FIG. 5 is a partially enlarged cross-sectional view of
the upper half of a control valve according to a sec-
ond embodiment;
FIG. 6 is a partially enlarged cross-sectional view of
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the upper half of a control valve according to a third
embodiment; and
FIG. 7 is a partially enlarged cross-sectional view of
the upper half of a control valve according to a fourth
embodiment.

[0015] The invention will now be described based on
preferred embodiments which do not intend to limit the
scope of the present invention but exemplify the inven-
tion. All of the features and the combinations thereof de-
scribed in the embodiment are not necessarily essential
to the invention.
[0016] The present invention will now be described in
detail based on preferred embodiments with reference
to the accompanying drawings. In the following descrip-
tion, for convenience of description, the positional rela-
tionship in each structure may be expressed as "vertical"
or "up-down" with reference to how each structure is de-
picted in Figures.

[First Embodiment]

[0017] FIG. 1 is a cross-sectional view showing a struc-
ture of a control valve according to a first embodiment.
A control valve 1 is configured as an electromagnetic
valve for controlling the discharging capacity of a not-
shown variable displacement compressor (hereinafter
referred to simply as "compressor") installed for a refrig-
eration cycle of an automotive air conditioner. This com-
pressor discharges a high-temperature and high-pres-
sure gaseous refrigerant produced by compressing a re-
frigerant flowing through the refrigeration cycle. The gas-
eous refrigerant is then condensed by a condenser (ex-
ternal heat exchanger) and further adiabatically expand-
ed by an expander so as to become a misty, low-tem-
perature and low-pressure refrigerant. This low-temper-
ature and low-pressure refrigerant is evaporated by an
evaporator, and the evaporative latent heat cools the air
of an interior of a vehicle. The refrigerant evaporated by
the evaporator is again brought back to the compressor
and thus circulates through the refrigeration cycle. The
compressor, which has a rotational shaft rotatingly driven
by an engine of an automobile, is configured such that a
piston for compression is linked to a wobble plate mount-
ed to the rotational shaft. The compressor controls a re-
frigerant discharge rate by changing the stroke of the
piston through changes in the angle of the wobble plate.
The control valve 1 changes the angle of the wobble plate
and consequently changes the discharging capacity of
the compressor by controlling a flow rate of the refrigerant
to be introduced from a discharge chamber to a crank-
case of the compressor.
[0018] The control valve 1 is constituted as a so-called
Ps sensing valve that controls the flow rate of refrigerant
introduced from the discharge chamber to the crankcase
so that a suction pressure Ps of the compressor can be
maintained at a certain set pressure. Note here that the
suction pressure Ps thereof corresponds to "pressure-

to-be-sensed". The control valve 1 is constituted by in-
tegrally assembling a valve unit 2 and a solenoid 3. The
valve unit 2 includes a main valve for opening and closing
a refrigerant passage used to lead a part of the dis-
charged refrigerant to the crankcase, during an operation
of the compressor, and a sub-valve that functions as a
so-called bleed valve for releasing the refrigerant in the
crankcase to a suction chamber, at a startup of the com-
pressor. The solenoid 3 regulates the opening degree of
the main valve by driving the main valve in a valve open-
ing or closing direction, and controls the flow rate of re-
frigerant introduced into the crankcase. The valve unit 2
includes a body 5 of stepped cylindrical shape, a main
valve and a sub-valve, which are provided inside the body
5, a power element 6, which generates a drive force
against a solenoidal force to adjust the opening level of
the main valve, and so forth. The power element 6 func-
tions as a "pressure-sensing section".
[0019] The body 5 has ports 12, 14, 16, and 18 in this
order from top down. Of these ports, the port 12 is pro-
vided in an upper-end opening of the body 5, and the
ports 14, 16, and 18 are provided on a lateral side thereof.
The ports 12 and 18 each functions as a "suction chamber
communication port" that communicates with the suction
chamber. The port 14 functions as a "discharge chamber
communication port" that communicates with the dis-
charge chamber. The port 16 function as a "crankcase
communication port" that communicates with the crank-
case. An end member 13 is fixed to the upper-end open-
ing of the body 5. A plurality of communicating grooves
15 are provided on the outer periphery of the end member
13. A lower end of the body 5 is coupled to an upper end
of the solenoid 3.
[0020] A main passage, which communicates the port
14 with the port 16, and a sub-passage, which commu-
nicates the port 16 with the port 18 are formed inside the
body 5. The main valve of small diameter is provided in
the main passage, whereas the sub-passage of large
diameter is provided in the sub-valve. The sub-valve is
disposed coaxially with the main valve further downward
from the main valve, namely, on a side closer to the so-
lenoid 3 than the main valve. In other words, as shown
in FIG. 1, the control valve 1 is configured such that the
power element 6, the main valve, the sub-valve, and the
solenoid 3 are arranged in this order starting from one
end side of the body 5. A main valve hole 20 and a main
valve seat 22 are provided in the main passage. A sub-
valve hole 32 and a sub-valve seat 34 are provided in
the sub-passage.
[0021] Through the port 12, a pressure chamber 23,
partitioned in an upper portion of the body 5, and the
suction chamber are communicated with each other. And
the refrigerant at a suction pressure Ps is led into the
pressure chamber 23 through the port 12. The power
element 6 is disposed in the pressure chamber 23.
Through the port 14, the refrigerant at a discharge pres-
sure Pd is introduced from the discharge chamber.
Through the port 16, the refrigerant at a crank pressure
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Pc having passed through the main valve is led out to-
ward the crankcase during a steady operation of the com-
pressor. Also, through the port 16, the refrigerant at a
crank pressure Pc discharged from the crankcase is led
in at a startup of the compressor. At this time, the thus
led-in refrigerant is introduced to the sub-valve. Through
the port 18, the refrigerant at the suction pressure Ps is
led in during a steady operation of the compressor and,
on the other hand, the refrigerant at the suction pressure
Ps having passed through the sub-valve is led out toward
the suction chamber at a startup of the compressor.
[0022] The main valve hole 20 and the sub-valve hole
32 are formed coaxially with each other, and a pressure
chamber 24, disposed between the main valve 20 and
the sub-valve hole 32, communicates with the port 16. A
guiding passage 25 (functioning as a "first guiding pas-
sage") is provided between the port 14 and the pressure
chamber 23. A guiding passage 26 (functioning as a "sec-
ond guiding passage") is provided between the port 14
and the port 16. A guiding passage 27 (functioning as a
"third guiding passage") is provided between the port 16
and the port 18. A sub-valve element 36 of stepped cy-
lindrical shape is slidably inserted to these guiding pas-
sages. That is, the sub-valve element 36 is supported by
the body at three points. The sub-valve seat 34 is formed
on an upper surface of the solenoid 3. The sub-valve
element 36 closes and opens the sub-valve by touching
and leaving the sub-valve seat 34, respectively.
[0023] The main valve hole 20 is provided in a reduced
diameter portion in an upper portion of the sub-valve el-
ement 36, and the main valve seat 22 is formed in a lower
end opening of the main valve hole. Also, an elongated
actuating rod 38 is provided along the axis line of the
body 5. An upper half of the actuating rod 38 is inserted
to the sub-valve element 36, whereas an lower half there-
of is inserted to the solenoid 3. An upper end of the ac-
tuating rod 38 is slidably supported by an upper end of
the sub-valve element 36, and the actuating rod 38 and
the power element 6 are connected at ends thereof such
that the actuating rod 38 can be operatively coupled or
linked to the power element 6. A lower end of the actu-
ating rod 38 is connected to a plunger 50 (described later)
of the solenoid 3. The diameter of a middle part of the
actuating rod 38 is enlarged, thereby forming the main
valve element 30. The main valve element 30 closes and
opens the main valve by touching and leaving the main
valve seat 22 in the pressure chamber 24, respectively.
Thereby the main valve element 30 regulates the flow
rate of refrigerant flowing from the discharge chamber to
the crankcase. The actuating rod 38 directly transmits
the solenoidal force to the main valve element 30 and
the sub-valve element 36.
[0024] When the sub-valve element 36 is seated on
the sub-valve seat 34 with the result that the sub-valve
is closed, the communication state of the pressure cham-
ber 24 and the port 18 is blocked and the relief of refrig-
erant from the crankcase to the suction chamber is
blocked. Also, when the sub-valve is opened with the

sub-valve element 36 spaced apart from the sub-valve
seat 34, the pressure chamber 24 and the port 18 come
to communicate with each other and the relief of refrig-
erant from the crankcase to the suction chamber is per-
mitted. Communicating holes 35 and 37 that communi-
cate the inside and the outside of the sub-valve element
36 are formed in a middle part of and an upper portion
of the sub-valve element 36, respectively. The commu-
nicating hole 35 communicates between the port 14 and
the main valve hole 20, whereas the communicating hole
37 communicates between the port 16 and the pressure
chamber 24.
[0025] A spring 44 (functioning as a "biasing member")
that biases the sub-valve element 36 in a closing direction
of the sub-valve is set between the sub-valve element
36 and the body 5. The power element 6 includes a bel-
lows 45 (functioning as a "pressure-sensing section") that
develops a displacement by sensing the suction pressure
Ps. And the power element 6 generates an opposing
force to oppose the solenoidal force by the displacement
of the bellows 45. This opposing force is also transmitted
to the main valve element 30 by way of the actuating rod
38.
[0026] The solenoid 3 includes a stepped cylindrical
core 46, a bottomed cylindrical sleeve 48, which is so
assembled as to seal off a lower-end opening of the core
46, a cylindrical plunger 50, which is housed in the sleeve
48 and which is disposed in a position opposite to the
core 46 in the direction of axis line, a cylindrical bobbin
52, which is inserted around the core 46 and sleeve 48,
an electromagnetic coil 54, wound around the bobbin 52,
which generates a magnetic circuit when the solenoid 3
electrically conducts, a casing 56, which is so provided
as to cover the electromagnetic coil 54 from outside and
which also functions as a yoke, and an end member 58,
which is so provided as to seal off a lower-end opening
of the casing 56. In the present embodiment, the body
5, the core 46, the casing 56 and the end member 58
form a body for the whole control valve 1. A spring 47
(functioning as a "biasing member") that biases force in
a direction separating the plunger 50 away from the core
46 is set between the plunger 50 and the core 46.
[0027] The valve unit 2 and the solenoid 3 are secured
such that a lower end of the body 5 is press-fitted to an
upper-end opening of the core 46. The pressure chamber
24 is formed between the core 46 and the sub-valve el-
ement 36. The actuating rod 38 is inserted to the core 46
such that the actuating rod 38 penetrates a center of the
core 46 in the direction of axis line. The lower end of the
actuating rod 38 is press-fitted to an upper half of the
plunger 50, and the actuating rod 38 and the plunger 50
are coaxially connected to each other.
[0028] The actuating rod 38 is supported by the plunger
50 from below and is configured such that actuating rod
38 can be operatively coupled or linked to the main valve
element 30, the sub-valve element 36 and the power el-
ement 6. The actuating rod 38 appropriately transmits
the solenoidal force, which is a suction force generated
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between the core 46 and the plunger 50, to the main
valve element 30 or the sub-valve element 36. At the
same time, a drive force, which is generated by an ex-
pansion/contraction movement of the power element 6,
is so exerted on the actuating rod 38 as to oppose the
solenoidal force. Hereinafter, this drive force to oppose
the solenoidal force will be referred to as "pressure-sens-
ing drive force" also. In other words, when the main valve
is under control, the force adjusted by the solenoidal force
and the pressure-sending drive force acts on the main
valve 30 and appropriately controls the opening degree
of the main valve. While the main valve is being closed,
the actuating rod 38 is displaced relative to the body 5 in
accordance with the magnitude of the solenoidal force,
pushes up the sub-valve element 36 and thereby opens
the sub-valve. Thereby, a bleed function is achieved.
[0029] A ring-shaped shaft support member 60 is
press-fitted on an upper end of the core 46, and the ac-
tuating rod 38 is slidably supported by the shaft support
member 60 in the direction of axis line. A communicating
groove in parallel with the direction of axis line is formed
in a predetermined position of the outer periphery of the
shaft support member 60. The crank pressure Pc of the
pressure chamber 24 passes through the communicating
groove and a communicating path 62, which is formed
by the spacing between the actuating rod 38 and the core
46, and is then led into the sleeve 48 as well.
[0030] The communicating path 62 functions as a ori-
fice by which the interior of the sleeve 48 functions as an
oil damper chamber. In other words, in the present em-
bodiment, the same type of oil as that contained in the
refrigerant for lubrication of the compressor is introduced,
in advance, into the sleeve 48 as part of a manufacturing
process of the control valve 1. In the present embodi-
ment, the communicating groove provided in the shaft
support member 60 functions as a throttle passage,
which gives resistance to the flow of oil into and out of
the sleeve 48. By employing such a structure as this en-
ables the sleeve 48 to function as the oil damper chamber
and enables the micro-vibration and the like of the plung-
er 50 placed in the sleeve 48 to be suppressed. As a
result, the occurrence of noise caused by such micro-
vibration is prevented or suppressed. In a modification
to the present embodiment, the arrangement may be
such that the communicating path 62 functions as the
throttle passage, which gives resistance to the flow of oil
into and out of the sleeve 48. In other words, it is prefer-
able that at least one of the communicating groove pro-
vided in the shaft support member 60 and the communi-
cating path 62 functions as the throttle passage. Note
that the spring 47 function as an off-spring that biases
both the core 46 and the plunger 50 in a direction that in
which they get mutually separated apart from each other.
[0031] The sleeve 48 is made of a nonmagnetic mate-
rial. A plurality of communicating grooves 66 are provid-
ed, in parallel with the axis line, on a side of the plunger
50. A plurality of communicating grooves 68, which ex-
tend radially and communicates the inside and the out-

side of the plunger 50, is provided at a lower end surface
of the plunger 50. Such a structure as this enables the
crank pressure Pc to be led to a back pressure chamber
70 through the spacing between the plunger 50 and the
sleeve 48 even though the plunger 50 is positioned at a
bottom dead point as shown in FIG. 1.
[0032] A pair of connection terminals 72 connected to
the electromagnetic coil 54 extend from the bobbin 52
and are led outside by passing through the end member
58. Note that only one of the pair of connection terminals
72 is shown in FIG. 1 for convenience of explanation.
The end member 58 is installed in such a manner as to
seal the entire structure inside the solenoid 3 contained
in the casing 56 from below. The end member 58 is mold-
ed (injection molding) of a corrosion-resistant resin, and
the resin material is filled into gaps between the casing
56 and the electromagnetic coil 54 also. With the resin
material filled into the gaps between the casing 56 and
the electromagnetic coil 54, the heat release perform-
ance is improved because the heat generated by the
electromagnetic coil 54 is easily conveyed to the casing
56. The ends of the connection terminals 72 are led out
from the end member 58 and connected to a not-shown
external power supply.
[0033] FIG. 2 is a partially enlarged cross-sectional
view of the upper half of FIG. 1. The body 5 is constituted
by integrally assembling a first body 81 and a second
body 82. The first body 81 is of a stepped cylindrical
shape such that the outside diameter thereof is gets
smaller in stages upwardly. Also, the first body 81 slidably
supports a lower half of the sub-valve element 36 along
the guiding passage 27 formed inside the first body 81.
The second body 82, which is of a stepped cylindrical
shape, is fixed such that a lower half thereof is inserted
to an upper half of the first body 81. Since the body 5 is
configured by coupling the first body 81 and second body
82 together as described above, the body 5 is configured
such that the outside diameter thereof becomes smaller
toward a power element 6 side from a solenoid 3 side.
As a result, easiness to insert the body 5 into a mounting
hole of the not-shown compressor is enhanced.
[0034] A communicating hole 83, which communicates
the inside and outside of the second body 82, is provided
in a lower lateral part of the second body 82. The port 14
is formed in an overlapped portion that is a region where
the first body 81 and the second body 82 are overlapped
with each other. The power element 6 is so provided as
to be held inside the upper half of the second body 82.
The inside diameter of the lower half of the second body
82 is slightly reduced and thereby the guiding passages
25 and 26 are formed. An O-ring 28 for sealing (function-
ing as a "sealing member") is provided in a sliding surface
of the guiding passage 26. The O-ring 28 prevents the
high-pressure refrigerant introduced through the port 14
from leaking into the port 16 by passing through a gap
between the sub-valve element 36 and the guiding pas-
sage 26.
[0035] An upper surface 90 of the main valve element
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30 functions not only as a "attaching/detaching portion"
that closes and opens the main valve by touching and
leaving the main valve seat 22, respectively, but also as
an "engagement portion" that presses the sub-valve el-
ement 36 upward (in an opening direction of the sub-
valve) with the main valve element 30 being seated on
the main valve seat 22. On the other hand, an upper
surface 92 of the middle part of the sub-valve element
36 functions as a "stopper" that restricts an upward move-
ment of the sub-valve element 36 when the upper surface
92 thereof is stopped by an underside of the second body
82. An upper end portion 94 of the actuating rod 38 is
slidably inserted to an upper end of the sub-valve element
36, and the upper end portion 94 thereof also functions
as a partition wall that isolates the pressure chamber 23
from other pressure chambers.
[0036] By employing such a structure like this, the ac-
tuating rod 38 is pushed down by the biasing force of the
spring 47 (see FIG. 1) while the solenoid 3 is not electri-
cally conducting. As a result, as shown in FIG. 2, the
main valve element 30 is spaced apart from the main
valve seat 22, and the main valve is fully opened. Al-
though the sub-valve maintains its closed state by the
biasing force of the spring 44, the displacement of the
sub-valve element 36 in the downward direction is re-
stricted when the sub-valve element 36 is seated on the
sub-valve seat 34. In the present embodiment, the shape
and the size of the sub-valve element 36 are set such
that the upper surface 92 thereof is spaced apart from
the underside of the second body 82 at a predetermined
interval L1, while the sub-valve is in a closed state.
[0037] The power element 6 is so structured that an
upper end opening of the bellows 45 is closed by a first
stopper 84 ("base member") and an lower end opening
thereof is closed by a second stopper 86 ("base mem-
ber"). The first stopper 84 is of a stepped cylindrical
shape, and extends in the direction of axis line inside the
bellows 45. The second stopper 86 is of a disk shape,
and a central part of the upper surface of the second
stopper 86 is disposed counter to a lower end surface of
the first stopper 84. The interior of the bellows 45 is an
airtight reference pressure chamber S, and a spring 88
is interposed between the first stopper 84 and the second
stopper 86 in such a manner as to bias the bellows 45 in
an expanding direction. The reference pressure chamber
S is in a vacuum state according to the present embod-
iment. The first stopper 84 is formed integrally with the
end member 13. Thus, the first stopper 84 is fixed relative
to the body 5. The bellows 45 expands or contracts in
the direction of axis line (opening/closing direction of the
main valve) according to a pressure difference between
the suction pressure Ps of the pressure chamber 23 and
the reference pressure of the reference pressure cham-
ber S. However, if the pressure difference becomes
large, the end surfaces of the first stopper 84 and the
second stopper 86 will abut against each other and will
be stopped thereby as a result of a predetermined con-
traction of the bellows 45, thus restricting the contraction.

[0038] In the above-described structure, the main
valve element 30 and the main valve seat 22 constitute
a main valve, and the opening degree of the main valve
regulates the flow rate of refrigerant flowing from the dis-
charge chamber to the crankcase. Also, the sub-valve
element 36 and the sub-valve seat 34 constitute a sub-
valve, and the opening/closing of the sub-valve permits
or shuts off the delivery of refrigerant from the crankcase
to the suction chamber. In other words, the control valve
1 functions as a three-way valve, too, by opening either
the main valve or the sub-valve.
[0039] According to the present embodiment, an effec-
tive pressure-receiving diameter A (seal section diame-
ter) of the sub-valve element 36 in the sub-valve and an
effective pressure-receiving diameter B (seal section di-
ameter) of the sliding portion of the sub-valve element
36 relative to the guiding passage 27 are set equal to
each other. Thus, most of the effect of the crank pressure
Pc acting on the sub-valve element 36 is cancelled. Also,
an effective pressure-receiving diameter C (seal section
diameter) of the sliding portion of the sub-valve element
36 relative to the guiding passage 25 and an effective
pressure-receiving diameter D (seal section diameter) of
the sliding portion of the sub-valve element 36 relative
to the guiding passage 26 are set equal to each other.
Thus, the effect of the discharge pressure Pd acting on
the sub-valve element 36 is cancelled.
[0040] That is, the effect of the crank pressure Pc is
canceled as to a portion of the sub-valve element 36
where a large portion thereof has been formed to occupy.
Also, a pressure difference (Pc - Ps) between the crank
pressure Pc and the suction pressure Ps acts on a small-
er-diameter part, which is the upper half of the sub-valve
element 36. However, this pressure difference is rela-
tively small and therefore the force by the pressure dif-
ference will not be larger than the biasing force by the
spring 44 in a closing direction of the sub-valve. Thus,
the closed state of the sub-valve can be stably kept when
the compressor is under control, even though the sub-
valve element 36 is configured in a relatively large size.
Hence, at the startup of the compressor, the sub-valve
can be quickly opened by starting the solenoid 3. In other
words, since the effect of the crank pressure Pc is can-
celed as to the portion where the sub-valve element 36
is formed in a large size, the load that the sub-valve el-
ement 36 receives on account of the pressure difference
(Pc - Ps) will not be large even though the size of this
portion is changed. Accordingly, the size of the sub-valve
element 36 can be set freely. Also, an effective pressure-
receiving diameter E (seal section diameter) of the main
valve element 30 in the main valve and an effective pres-
sure-receiving diameter F (seal section diameter) of the
sliding portion of the main valve element 30 are set equal
to each other. Thereby, the effect of the discharge pres-
sure Pd acting on the main valve element 30 is canceled
and the behavior of the main valve element 30, while the
main valve is being controlled, can be stably maintained.
[0041] In such a structure as described above, the
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main valve operates autonomously so that, in a stable
controlled state of the control valve 1, the suction pres-
sure Ps of the pressure chamber 23 becomes a prede-
termined set pressure Pset. The set pressure Pset is ba-
sically adjusted beforehand by the spring loads of the
springs 44, 47 and 88 and the load of the bellows 45, and
is set as a pressure value at which the freezing of the
evaporator can be prevented in view of the relationship
between the temperature inside the evaporator and the
suction pressure Ps. The set pressure Pset can be
changed by varying the supply current (set current) to
the solenoid 3. In the present embodiment, the load set-
ting of the springs can be fine-adjusted by readjusting a
press-fitting amount of the end member 13 when the as-
sembly of the control valve 1 is nearly completed. By
employing this method, the set pressure Pset can be ad-
justed with accuracy.
[0042] When, at the startup of the control valve 1, the
solenoid 3 electrically conducts and thereby the actuating
rod 38 is displaced relative to the sub-valve element 36,
the main valve element 30 is seated on the main valve
seat 22 so as to close the main valve. As a result, the
valve-opening-direction drive force can be supplied to
the sub-valve element 36 via the main valve element 30.
This can lift the sub-valve element 36 from the sub-valve
seat 34 so as to open the sub-valve. In other words, the
control valve 1 has a "forcible valve-opening mechanism"
or "valve-opening mechanism" used to forcibly open the
sub-valve using the drive force of the solenoid 3. If the
sub-valve element 36 is locked as a result of the entan-
glement of foreign material in the sliding portions of sub-
valve element 36 relative to the guiding passages 25, 26
and 27, this forcible valve-opening mechanism will func-
tion as a lock release mechanism (interlocking mecha-
nism, pressing mechanism, etc.) as well.
[0043] Now, an operation of the control valve will be
explained. FIG. 3 and FIG. 4 are each a diagram to ex-
plain an operation of the control valve, and FIG. 3 and
FIG. 4 correspond to FIG. 2. FIG. 2, already described
above, shows a state where the control valve operates
with the minimum capacity. FIG. 3 shows a state where
a bleed function is in effect. FIG. 4 shows a relatively
stable controlled state. A description is given hereinbelow
based on FIG. 1 with reference to FIG. 2 to FIG. 4, as
appropriate.
[0044] While the solenoid 3 of the control valve 1 is not
electrically conducting, namely while the automotive air
conditioner is not operating, no suction power between
the core 46 and the plunger 50 is in effect. At the same
time, the suction pressure Ps is relatively high. Thus, as
shown in FIG. 2, bellows 45 contracts and the power
element 6 is substantially disabled. Also, the actuating
rod 38 is pushed down by the biasing force of the spring
47, and the main valve element 30 is separated apart
from the main valve seat 22 and therefore the main valve
is fully opened. On the other hand, the state, where the
sub-valve element 36 is seated on the sub-valve seat 34
by the biasing force of the spring 44, is kept and therefore

the sub-valve remains closed.
[0045] On the other hand, when a control current is
supplied to the electromagnetic coil 54 of the solenoid 3
at the startup or the like of the automotive air conditioner,
the actuating rod 38 is driven in an upward direction by
the solenoidal force as shown in FIG. 3 with the result
that the main valve is closed and the sub-valve is opened.
In other words, displacing the actuating rod 38 relative
to the sub-valve element 36 has the main valve element
30 seated on the main valve seat 22 and then closes the
main valve. Subsequently, further displacing the actuat-
ing rod 38 relative to the body 5, while the main valve
element 30 is being seated on the main valve seat 22,
has the sub-valve element 36 separated away from the
sub-valve seat 34 and then opens the sub-valve. How-
ever, stopping the upper surface 92 of the sub-valve el-
ement 36 by the body 5 restricts an uplift amount of the
sub-valve element 36 (i.e., the opening degree of the
sub-valve). Note also that the suction pressure Ps is rel-
atively high normally at the startup and thus the bellows
45 maintains its contracted state so as to maintain the
state where the sub-valve is being open.
[0046] In other words, supplying the starting current to
the solenoid 3 causes the main valve to be closed and
thereby restricts the delivery of discharged refrigerant
into the crankcase. At the same time, supplying the start-
ing current thereto opens the sub-valve so as to promptly
relieve the refrigerant in the crankcase into the suction
chamber. This can promptly start the compressor. Even
when the suction pressure Ps is low and the bellows 45
has been expanded, such as when a vehicle is exposed
to a low-temperature environment, supplying a large cur-
rent to the solenoid 3 enables the sub-valve to be opened
and therefore the compressor can be promptly started.
[0047] Even if, at the start of the control valve 1 like
this, the entry of foreign material into the sliding portion
of the sub-valve element 36 has caused the sub-valve
element 36 to be locked in a valve opening direction, the
locking can be released by pressing the sub-valve ele-
ment 36 with the solenoidal force. Also, if the entry of
foreign material into the sliding portion of the sub-valve
element 36 has caused the sub-valve element 36 to be
locked in a valve closing direction, the locking can be
released when the suction pressure Ps drops and the
bellows 45 expands, with the startup of the control valve

 and then the second stopper 86 abuts against an
upper end surface of the sub-valve element 36 and press-
es the sub-valve element 36 downward.
[0048] Then, in the controlled state where the value of
current supplied to the solenoid 3 is set to a predeter-
mined value, the suction pressure Ps is relatively low as
shown in FIG. 4. Thus, the bellows 45 expands and is
operatively coupled to the actuating rod 38. Thereby, the
main valve 30 moves so as to regulate the opening de-
gree of the main valve. At this time, the main valve ele-
ment 30 stops at a valve-lift position. This valve-lift posi-
tion is a position where three forces are all balanced
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thereamong. Here, the three forces are the force by the
spring 47 in the valve opening direction, the solenoidal
force by the solenoid 3 in the valve closing direction, and
the opposing force, to oppose the solenoidal force, gen-
erated by the power element 6 operated according to the
suction pressure Ps. Since the state, where the sub-valve
element 36 is seated on the sub-valve seat 34 by the
biasing force of the spring 44, is kept in the controlled
state of the main valve, the closed state of the sub-valve
is maintained.
[0049] As, for example, the refrigeration load becomes
large and the suction pressure Ps becomes higher than
the set pressure Pset, the bellows 45 contracts and there-
fore the main valve element 30 is displaced relatively
upward (in the valve closing direction). As a result, the
opening degree of the main valve becomes small and
therefore the compressor operates in such a manner as
to increase the discharging capacity. As a result, a
change is made in a direction where the suction pressure
Ps drops. Conversely, as the refrigeration load becomes
small and then the suction pressure Ps becomes lower
than the set pressure Pset, the bellows 45 expands. As
a result, the biasing force by the power element 6 works
in such a direction as to oppose the solenoidal force. As
a result, the force toward the main valve element 30 in
the valve closing direction is reduced and the opening
degree of the main valve becomes large. Thus, the com-
pressor operates in such a manner as to reduce the dis-
charging capacity. As a result, the suction pressure Ps
is kept at the set pressure Pset.
[0050] If the engine load gets larger during such a
steady control operation and therefore a reduction in the
load to the air conditioner is desired, the conduction state
(on/off) of the solenoid 3 is switched from on to off in the
control valve 1. This means that no suction power is in
effect between the core 46 and the plunger 50. Thus the
main valve element 30 gets separated away from the
main valve seat 22 by the biasing force of the spring 47,
and the main valve is fully opened. At this time, the sub-
valve element 36 is seated on the sub-valve seat 34 and
therefore the sub-valve is closed. The refrigerant, at the
discharge pressure Pd, introduced into the port 16 from
the discharge chamber of the compressor passes
through the fully opened main valve and flows into the
crankcase from the port 14. Thus, the crank pressure Pc
rises and then the compressor performs the minimum
capacity operation.
[0051] As described so far, in the present embodiment,
the sub-valve seat 34 is not formed in the main valve
element 30 but is formed as a part of the body 5. Accord-
ingly, the sizes of the sub-valve hole 32 and the sub-
valve element 36 can be set regardless of the size of the
main valve element 30. In other words, the size of the
sub-valve can be set regardless of the size of the main
valve. In particular, the sub-valve is provided on a side
closer to the solenoid 3, namely, on the side where the
outside diameter of the body 5 is larger, so that the sub-
valve element 36 can be sufficiently made large. Thus,

a large flow rate of refrigerant is obtained when the sub-
valve is opened, and therefore the bleed function can be
enhanced. Since the main valve seat 22 is formed inte-
grally with the sub-valve element 36, the number of com-
ponents used can be reduced. Furthermore, the main
valve seat 22 (seat forming section) and the sub-valve
element 36 are formed integrally with each other. Thus,
the sub-valve element 36, which is formed integrally with
the main valve seat 22, moves to open the sub-valve
simultaneously with the movement of said main valve
seat 22 after the closing of the main valve. It is therefore
no longer required to adjust separately the timing with
which the main valve is closed and the timing with which
the sub-valve is opened. This can reduce the time oth-
erwise spent for selecting the particular parts required
and the positions to be adjusted, thereby markedly im-
proving the assemblability.

[Second Embodiment]

[0052] FIG. 5 is a partially enlarged cross-sectional
view of the upper half of a control valve according to a
second embodiment. The structure of a valve unit in the
control valve according to the second embodiment slight-
ly differs from the valve unit in the first embodiment. Thus,
a description is hereinbelow given centering around dif-
ferent features from the first embodiment. Note that the
structural components in FIG. 5 closely similar to those
of the first embodiment are given the identical reference
numerals.
[0053] The structures of a body 205 and a sub-valve
element 236 in a valve unit 202 of a control valve 201
differ from those in the first embodiment. In the second
embodiment, too, the body 205, the core 46, the casing
56, and the end member 58 constitute a body for the
entire control valve 201. The body 205 is constituted by
a first body 81 and a second body 282. The guiding pas-
sage 25 of the second body 282 slidably supports the
upper end portion 94 of the actuating rod 38. A spring
support member 240 is provided below the main valve
element 30 in the actuating rod 38. A spring 242 (func-
tioning as a "biasing member") that biases the sub-valve
element 236 in an opening direction of the sub-valve is
set between the sub-valve element 236 and the spring
support member 240. Note that the spring 47 as shown
in FIG. 1 is not provided in the second embodiment.
[0054] The sub-valve element 236 is supported by the
guiding passage 26 and the guiding passage 27 at two
points. An O-ring 228 for sealing (functioning as a "seal-
ing member") is provided in a surface of the sub-valve
element 236 opposite to the guiding passage 27. The O-
ring 228 prevents the refrigerant introduced through the
port 16 from leaking into the port 18 by passing through
a gap between the sub-valve element 236 and the guiding
passage 27.
[0055] In this second embodiment, too, the effective
pressure-receiving diameter E (seal section diameter) of
the main valve element 30 in the main valve and the
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effective pressure-receiving diameter F (seal section di-
ameter) of the sliding portion of the actuating rod 38 are
set equal to each other. Thereby, the effect of the dis-
charge pressure Pd acting on the main valve element 30
is canceled and the control of the main valve is stabilized.
Although, in the second embodiment, the actuating rod
38 and the plunger 50 are not fixed as in the first embod-
iment, the actuating rod 38 is biased, by a reaction force
of the spring 242, toward the plunger 50. Thus, the con-
tact state where the actuating rod 38 and the plunger 50
abut against each other can be constantly maintained.
In other words, a structure according to the second em-
bodiment is such that the actuating rod 38 does not need
to be press-fitted to the plunger 50.

[Third Embodiment]

[0056] FIG. 6 is a partially enlarged cross-sectional
view of the upper half of a control valve according to a
third embodiment. The control valve according to the third
embodiment differs from that according to the first em-
bodiment in that a main valve seat is formed in a valve
seat forming member that is provided separately. Thus,
a description is hereinbelow given centering around dif-
ferent features from the first embodiment. Note that the
structural components in FIG. 6 closely similar to those
of the first embodiment are given the identical reference
numerals.
[0057] In a control valve 301, a body in a valve unit 302
is constituted by a first body 81 and a second body 382.
In the third embodiment, too, the body 305, the core 46,
the casing 56, and the end member 58 constitute a body
for the entire control valve 301. A discoidal partition mem-
ber 380 by which to partition the pressure chamber 23 is
press-fitted to an upper portion of the second body 382.
And the guiding passage 25 is so formed as to run through
the partition member 380. The guiding passage 25 slid-
ably supports the upper end portion 94 of the actuating
rod 38. A pair of ring-shaped stoppers 340 and 342 are
fitted, in a lower part of a main valve element 330 in the
actuating rod 38, at a predetermined interval in the direc-
tion of axis line.
[0058] A cylindrical valve seat forming member 350 is
slidably inserted along the guiding passage 26. The valve
seat forming member 350 has a stopper 352 that extends
radially outward at an upper end thereof. A spring 344,
which biases the valve seat forming member 350 down-
ward (functioning as a "biasing member") is set between
the stopper 352 and the partition member 380. The main
valve hole 20 is formed inside the valve seat forming
member 350, and the main valve seat 22 is formed in a
lower end opening thereof.
[0059] A sub-valve element 336, which is of a bottomed
cylindrical shape, is configured such that the bottom
thereof is supported between the stopper 340 and stop-
per 342. A plurality of communicating holes 337 through
which the refrigerant flows is formed at the bottom of the
sub-valve element 336. In this third embodiment, too, the

effective pressure-receiving diameter E (seal section di-
ameter) of the main valve element 330 in the main valve
and the effective pressure-receiving diameter F (seal
section diameter) of the sliding portion of the actuating
rod 38 are set equal to each other. Thereby, the effect
of the discharge pressure Pd acting on the main valve
element 330 is canceled and the control of the main valve
is stabilized.
[0060] By employing such a structure like this, the sub-
valve element 336 maintains the closed state of the sub-
valve by the biasing force of the spring 44, as shown in
FIG. 6, while the solenoid 3 is not electrically conducting.
The valve seat forming member 350 maintains a state
where the stopper 352 is stopped by the second body
382. Since the actuating rod 38 is pushed down by the
spring 47 (see FIG. 1), the main valve element 330 is
spaced apart from the main valve seat 22 and then the
main valve is fully opened. In the third embodiment, an
uplift amount L2 of the main valve element 330 from the
main valve seat 22 and an interval L3 between a bottom
lower surface of the sub-valve element 336 and the stop-
per 342 are set that, in this state, the uplift amount L2
and the interval L3 are equal to each other.
[0061] In a stable controlled state of the control valve
301, the main valve element 330 is pushed up by the
solenoidal force, and the uplift amount thereof from the
main valve seat 22 is basically smaller than the uplift
amount L2. Since the stopper 342 is not engaged with
the sub-valve element 336 in a state where the main valve
element 330 is being lifted, the sub-valve will not be
opened. The main valve element 330 operates autono-
mously so that the suction pressure Ps of the pressure
chamber 23 becomes a predetermined set pressure
Pset.
[0062] When, at the startup of the control valve 301,
the solenoid 3 electrically conducts and thereby the ac-
tuating rod 38 is displaced relative to the sub-valve ele-
ment 336, the main valve element 330 is seated on the
main valve seat 22 so as to close the main valve. As a
result, the valve-opening-direction drive force can be
supplied to the sub-valve element 336 via the main valve
element 330. This can lift the sub-valve element 336 from
the sub-valve seat 34 so as to open the sub-valve. In
other words, the control valve 301 also has a "forcible
valve-opening mechanism" or "valve-opening mecha-
nism" used to forcibly open the sub-valve using the drive
force of the solenoid 3. If the sub-valve element 336 is
locked as a result of the entanglement of foreign material
in the sliding portions of sub-valve element 336 relative
to the guiding passages 26 and 27, this forcible valve-
opening mechanism will function as a lock release mech-
anism (interlocking mechanism, pressing mechanism,
etc.) as well.

[Fourth Embodiment]

[0063] FIG. 7 is a partially enlarged cross-sectional
view of the upper half of a control valve according to a
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fourth embodiment. The structure of a valve unit in the
control valve according to the fourth embodiment slightly
differs from the valve unit in the first embodiment. Thus,
a description is hereinbelow given centering around dif-
ferent features from the first embodiment. Note that the
structural components in FIG. 7 closely similar to those
of the first embodiment are given the identical reference
numerals.
[0064] In a control valve 401, a body 405 in a valve
unit 402 is constituted by assembling a first body 481 and
a second body 482. In the fourth embodiment, too, the
body 405, the core 46, the casing 56, and the end member
58 constitute a body for the entire control valve 401. A
main valve is provided inside the second body 482, and
a sub-valve is provided between the first body 481 and
the second body 482. The second body 482 is secured
such that a lower half thereof is inserted to an upper half
of the first body 481. The port 14 is formed on an upper
half side of an overlapped portion that is a region where
the first body 481 and the second body 482 are over-
lapped with each other. Also, the port 16 is formed on a
lower half side thereof.
[0065] A main valve element 430, which is of a stepped
cylindrical shape, is slidably supported, in the direction
of axis line, along a guiding passage 25 provided in a
central part of the second body 482 and a guiding pas-
sage 426 provided in a lower end of the second body
482. The main valve hole 20 is formed between the guid-
ing passage 25 and the guiding passage 426 in the sec-
ond body 482, and the main valve seat 22 is formed in a
lower end opening of the main valve hole 20. The outside
diameter of the main valve element 430 in a central part
thereof in the direction of axis line is reduced, and a bot-
tom base end of this reduced diameter portion constitutes
an attaching/detaching portion where the main valve is
closed and opened by touching and leaving the main
valve seat 22, respectively. A labyrinth seal 495 having
a plurality of annular grooves by which to restrict the pas-
sage of refrigerant is provided in a surface of the main
valve element 430 facing the guiding passage 25. The
pressure chamber 23 is formed above the main valve
element 430.
[0066] Also, the sub-valve hole 32 is formed in the first
body 481 below the second body 482, and the sub-valve
seat 34 is formed in an upper-end opening of the sub-
valve hole 32. A sub-valve element 436, which is of a
bottomed cylindrical shape, is slidably inserted around
the lower end of the second body 482. A through-hole
441 is formed in a bottom center of the sub-valve element
436, and the actuating rod 38 is so provided as to pen-
etrate the sub-valve element 436 and the main valve el-
ement 430. A stopper 498 is secured to a middle part of
the actuating rod 38, and the upper surface of the stopper
498 forms an engagement portion 496. As the actuating
rod 38 moves in the upward direction and then the stop-
per 498 engages itself with the underside of the sub-valve
element 436, an upward force (in a closing direction of
the sub-valve) is transmitted to the sub-valve element

436. A stopper 499 is also secured to an upper end of
the actuating rod 38. As the actuating rod 38 moves in
the downward direction and then the stopper 499 engag-
es itself with the upper surface of the main valve element
430, a downward force (in an opening direction of the
main valve) is transmitted to the main valve element 430.
[0067] The sub-valve element 436 is so disposed as
to be held between the underside of the main valve ele-
ment 430 and the engagement portion 496. A spring 444
(functioning as a "biasing member"), which biases in a
direction that mutually separates the main valve element
430 and the sub-valve element 436 away, is provided
between the main valve element 430 and the sub-valve
element 436. A pressure chamber 428, which is filled
with the refrigerant at the suction pressure Ps, is formed
between the sub-valve element 436 and the core 46. The
pressure chamber 428 communicates with the port 18.
A plurality of communicating holes 435 are formed in the
vicinity of a peripheral edge of a bottom of the sub-valve
element 436. A space surrounded by the second body
482, the main valve element 430, and the sub-valve el-
ement 436 forms a pressure chamber 490. The suction
pressure Ps of the pressure chamber 428 is also intro-
duced to the pressure chamber 490 through the commu-
nicating holes 435.
[0068] In the fourth embodiment, when the main valve
is fully opened (when the sub-valve is closed), the posi-
tion of the engagement portion 496 is set such that the
engagement portion 496 in the actuating rod 38 and the
sub-valve element 436 are spaced apart from each other
at a predetermined interval L1. In the fourth embodiment,
the predetermined interval L1 is set equal to the uplift
mount of the main valve element 430 from the main valve
seat 22 at the time the main valve is fully opened. This
prevents the sub-valve from being opened in a controlled
state of the main valve. Also, the distance between the
sub-valve element 436 and the main valve element 430,
when the main valve is closed, corresponds to a fully-
opened stroke.
[0069] In this fourth embodiment, the effective pres-
sure-receiving diameter E (seal section diameter) of the
main valve element 430 in the main valve and the effec-
tive pressure-receiving diameter F (seal section diame-
ter) of an upper sliding portion of the main valve element
430 are set equal to each other. Thus, the effect of the
discharge pressure Pd acting on the main valve element
430 is canceled. Here, an effective pressure-receiving
diameter G (seal section diameter) of a lower sliding por-
tion of the main valve element 430 is set larger than the
effective pressure-receiving diameter F (seal section di-
ameter) of the upper sliding portion of the main valve
element 430. Thus, a pressure difference (Pc - Ps) in a
valve-opening direction corresponding to a difference (G
- F) in diameter, acts on the main valve element 430.
Also, a pressure difference (Pc - Ps) in a valve-closing
direction corresponding to a difference (A - B) between
the effective pressure-receiving diameter A (seal section
diameter) of the sub-valve element 436 in the sub-valve
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and the effective pressure-receiving diameter B (seal
section diameter) of the sliding portion of the sub-valve
element 436, acts on the sub-valve element 436.
[0070] In a stable controlled state of the control valve
401, the valve-lift position of the main valve element 430
is controlled such that the force in a valve-closing direc-
tion by the spring 444, the force in the valve-closing di-
rection by the solenoid 3, the valve-opening direction by
the power element 6, and the force in the valve-opening
direction by the spring 47 are all well-balanced. The main
valve element 430 operates autonomously so that the
suction pressure Ps of the pressure chamber 23 be-
comes a predetermined set pressure Pset. At this time,
the sub-valve element 436 is biased in a valve-closing
direction by the reaction force of the spring 444, so that
the sub-valve will not be opened then.
[0071] When, at the startup of the control valve 401,
the solenoid 3 electrically conducts and thereby the ac-
tuating rod 38 is displaced relative to the sub-valve ele-
ment 436, the stopper 498 is engaged with the sub-valve
element 436 so as to push up the sub-valve element 436.
This can lift the sub-valve element 436 from the sub-valve
seat 34 so as to open the sub-valve. In other words, the
control valve 401 has a "forcible valve-opening mecha-
nism" or "valve-opening mechanism" used to forcibly
open the sub-valve using the drive force of the solenoid
3. If each valve element is locked as a result of the en-
tanglement of foreign material in the sliding portions of
the main valve element 430 and the sub-valve element
436, this forcible valve-opening mechanism will function
as a lock release mechanism (interlocking mechanism,
pressing mechanism, etc.) as well.
[0072] The description of the present invention given
above is based upon illustrative embodiments. These
embodiments are intended to be illustrative only and it
will be obvious to those skilled in the art that various mod-
ifications could be further developed within the technical
idea underlying the present invention.
[0073] In each of the above-described embodiments,
the so-called Ps sensing valve, which is enabled upon
sensing the suction pressure Ps as the pressure-to-be-
sensed, is described as a control valve. Instead, the con-
trol valve may be constituted as a so-called Pc sensing
valve, which is enabled upon sensing the crank pressure
Pc. In such a case, the structure will be such that the port
12 communicates with the crankcase.
[0074] In the above-described embodiments, the de-
scription has been given of examples where the bellows
45 is used for a pressure-sensing member that consti-
tutes the power element 6. A diaphragm may be used,
instead. In such a case, the structure may be such that
a plurality of diaphragms are coupled in the direction of
axis line in order to ensure a necessary running stroke
required for the pressure-sensing member.
[0075] In each of the above-described embodiments,
a description has been given of an example where a sin-
gle port 14 is provided as the "crankcase communication
port" (lead-in/out port) that communicates with the crank-

case. In a modification, the crankcase communication
port may be structured that it is divided into a first port
(lead-out port), which is used to lead out the refrigerant,
which has passed through the main valve, to the crank-
case, and a second port (lead-in port), which is used to
introduce the refrigerant of the crankcase.
[0076] In the above-described embodiments, the de-
scription has been given of examples where a spring (coil
spring) is used as the biasing member regarding the
springs 44, 47, 242, 344, 444 and the like. It goes without
saying that an elastic material, such as rubber or resin,
or an elastic mechanism, such as a plate spring, may be
used instead.
[0077] In each of the above-described embodiments,
a description has been given of a control valve of inflow
type where the flow rate or pressure of refrigerant intro-
duced into the crankcase from the discharge chamber of
the variable displacement compressor is regulated. In a
modification, it may be configured as a control valve of
outflow type where the flow rate or pressure of refrigerant
introduced into the suction chamber from the crankcase
is regulated. Also, the structure according to each of the
above-described embodiments is applicable to a com-
posite valve, such as a three-way valve under other
modes, as long as a main valve and a sub-valve are
provided in a common body and it is driven by a single
solenoid.
[0078] In each of the above-described embodiments,
a description has been given of the case where the ref-
erence pressure chamber S inside the bellows 45 is in a
vacuum state. Instead, the reference pressure chamber
S may be filled with air or filled with a predetermined gas
serving as a reference. Or alternatively, it may be so filled
as to have any one of the discharge pressure Pd, the
crank pressure PC, and the suction pressure Ps. In such
a case, the power element 6 may be configured such that
the power element 6 is activated by sensing, as appro-
priate, the pressure difference between the interior and
exterior of the bellows. Also, in each of the above-de-
scribed embodiments, a description has been given of
the structure where the discharge pressure Pd is can-
celed as to the main valve element. Instead, the structure
may be such that the pressure received by the main valve
element is not canceled.
[0079] In each of the above-described embodiments,
a description has been given of the structure where the
power element 6 is capable of being in contact with the
sub-valve element 36, so that, should the sub-valve el-
ement 36 be locked, the locked state can be released by
the drive force of the power element 6. In a modification,
the structure may be as follows. That is, in the case
where, as shown in FIG. 6, the seat forming member is
provided separately from the sub-valve element seat
forming member, the power element 6 is made capable
of being contact with the seat forming member, so that,
in the even that the valve forming member is locked, the
locked state can be released by the drive force of the
power element 6.
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[0080] The present invention is not limited to the
above-described embodiments and modifications only,
and those components may be further modified to arrive
at various other embodiments without departing from the
scope of the invention. Also, various other embodiments
may be further formed by combining, as appropriate, a
plurality of structural components disclosed in the above-
described embodiments and modification. Also, one or
some of all of the components exemplified in the above-
described embodiments and modifications may be left
unused or removed.

Claims

1. A control valve (1, 201, 301, 401) for a variable dis-
placement compressor for varying a discharging ca-
pacity of the compressor for compressing refrigerant
led into a suction chamber and discharging the com-
pressed refrigerant from a discharge chamber, by
regulating a flow rate or pressure of at least one of
the refrigerant led into a crankcase from the dis-
charge chamber and the refrigerant led out to the
suction chamber from the crankcase, the control
valve (1, 201, 301, 401) comprising:

a body (5, 46, 56, 58, 205, 305, 405) having a
main passage, which communicates between
the discharge chamber and the crank case, and
a sub-passage, which communicates between
the crankcase and the suction chamber;
a main valve seat (22) provided in the main pas-
sage;
a main valve element (30, 330, 430) configured
to open and close a main valve by touching and
leaving the main valve seat (22);
a sub-valve seat (34) provided in the sub-pas-
sage;
a sub-valve element (36, 236, 336, 436) config-
ured to open and close a sub-valve by touching
and leaving the sub-valve seat (34);
a pressure-sensing section (6) configured to
sense a predetermined pressure-to-be-sensed
and configured to generate a drive force exerted
in an opening direction of the main valve in ac-
cordance with a magnitude of the pressure-to-
be-sensed;
a solenoid (3) configured to generate a drive
force in a closing direction of the main valve in
accordance with an amount of current supplied;
and
a valve-opening mechanism configured to open
the sub-valve by using a drive force of the sole-
noid (3),
wherein the pressure-sensing section (6), the
main valve, the sub-valve, and the solenoid (3)
are arranged in this order from one end side of
the body (5, 46, 56, 58, 205, 305, 405).

2. A control valve (1, 201, 301, 401) according to claim
1, further comprising an actuating rod (38) config-
ured to transmit the drive forces of the pressure-
sensing section (6) and the solenoid (3) to the main
valve and the sub-valve, the actuating rod (38) being
disposed between the pressure-sensing section (6)
and the solenoid (3),
wherein the valve-opening mechanism is a mecha-
nism where after the main valve has been closed,
the sub-valve is opened by moving the actuating rod
(38).

3. A control valve (1, 201, 301) according to claim 2,
further comprising:

the sub-valve seat (34) provided in a part of body
(5, 46, 56, 58, 205, 305);
a valve seat forming section (36, 236, 350) con-
figured to be slidably supported by the body (5,
205, 305), the valve seat forming section (36,
236, 350) being formed integrally with the main
valve seat (22); and
the main valve element (30, 330) configured to
close and open the main valve by touching and
leaving the main valve seat (22), respectively,
the main valve element (30, 330) being formed
integrally and freely movable with the actuating
rod 38 wherein the valve-opening mechanism
is configured to open the sub-valve in a manner
such that
the main valve element (30, 330) is seated on
the main valve seat (22) by moving the actuating
rod (38), and
the sub-valve element (36, 236, 336) is separat-
ed away from the sub-valve seat (34), by press-
ing and displacing the valve seat forming section
(36, 236, 350) via the main valve element (30,
330).

4. A control valve (1, 201) according to claim 3, wherein
the valve seat forming section (36, 236) is integrally
formed with the sub-valve element (36, 236), and
wherein the valve-opening mechanism is configured
to open the sub-valve in a manner such that the sub-
valve element (36, 236) is separated away from the
sub-valve seat (34) by moving the actuating rod (38)
and pressing the sub-valve element (36, 236) via the
main valve element (30).

5. A control valve (1, 201, 301) according to any one
of claim 1 to claim 4, wherein the body (5, 205, 305)
includes a guiding passage (27) that slidably sup-
ports the sub-valve element (36, 236, 336), and
wherein a seal section diameter (A) in the sub-valve
of the sub-valve element (36, 236, 336) and a seal
section diameter (B) of a sliding portion of the sub-
valve element (36, 236, 336) relative to the guiding
passage (27) are set equal to each other, whereby
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at least part of effect of crank pressure (Pc) inside
the crankcase or a suction pressure (Ps) inside the
suction chamber acting on the sub-valve element
(36, 236, 336) is canceled.

6. A control valve (1, 201, 301) according to any one
of claim 3 to claim 5, further comprising an actuating
rod (38) configured to transmit the drive forces of the
pressure-sensing section (6) and the solenoid (3) to
the main valve and the sub-valve, the actuating rod
(38) being disposed between the pressure-sensing
section (6) and the solenoid (3),
wherein the actuating rod (38) is slidably supported
by the body (205, 305) or the sub-valve element (36),
and
wherein a seal section diameter (E) in the main valve
of the main valve element (30, 330) and a seal sec-
tion diameter (F) of a sliding portion of the actuating
rod (38) are set equal to each other, whereby an
effect of discharge pressure (Pd) of the discharge
chamber acting on the main valve element (30, 330)
is canceled.

7. A control valve (1, 201, 301) according to any one
of claim 3 to claim 6, further comprising a valve seat
forming section (36, 236, 350) configured to be sli-
dably supported by the body (5, 205, 305), the valve
seat forming section (36, 236, 350) being formed in-
tegrally with the main valve seat (22),
wherein the body (5, 205, 305) has a discharge
chamber communication port (14) communicating
with the discharge chamber, a crankcase communi-
cation port (16) communicating with the crankcase,
and another guiding passage (26) formed between
the discharge chamber communication port (14) and
the crankcase communication port (16),
wherein the sub-valve element (36, 236) or the valve
seat forming section (350) is slidably supported
along the other guiding passage (26), and
wherein a sealing member (28) for restricting leak-
age of the refrigerant is provided between the sub-
valve element (36, 236) or the valve seat forming
section (350) and the other guiding passage (26).

8. A control valve (1, 201, 301) according to any one
of claim 3 to claim 7, further comprising a valve seat
forming section (36, 236, 350) configured to be sli-
dably supported by the body (5, 205, 305), the valve
seat forming section (36, 236, 350) being formed in-
tegrally with the main valve seat (22),
wherein the pressure-sensing section (6) is config-
ured such that the pressure-sensing section (6) is
contactable with at least one of end surfaces of the
main valve element (30, 330), the sub-valve element
(36) and the valve seat forming section (36).

9. A control valve (401) according to claim 1 or claim
2, further comprising:

the main valve seat (22) provided in a part of
body (405);
the sub-valve seat (34) disposed opposite to the
pressure-sensing section (6) relative to the main
valve seat (22) of the body (405); and
an actuating rod (38) configured to transmit the
drive forces of the pressure-sensing section (6)
and the solenoid (3) to the main valve and the
sub-valve, the actuating rod (38) being disposed
between the pressure-sensing section (6) and
the solenoid (3),
wherein the actuating rod (38) has an engage-
ment portion (498) capable of directly transmit-
ting the drive force of the solenoid (3) by engag-
ing the engagement portion (498) with the sub-
valve element (436), and
wherein the valve-opening mechanism opens
the sub-vale in such a manner that the actuating
rod (38) is displaced relative to the main valve
element (430) after the main valve has been
closed and such that the sub-valve element
(436) is separated away from the sub-valve seat
(34) by pressing the sub-valve element (436) via
the engagement portion (498).

10. A control valve (401) according to claim 9, wherein
the main valve element (430) is slidably supported
by the body (405), and wherein a seal section diam-
eter (E) in the main valve of the main valve element
(430) and a seal section diameter (F) of a sliding
portion of the main valve element (430) are set equal
to each other, whereby an effect of discharge pres-
sure (Pd) of the discharge chamber acting on the
main valve element (430) is canceled.
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