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(54) CAPACITY CONTROL VALVE AND METHOD FOR CONTROLLING SAME

(57) The purpose of the present invention is to pro-
vide a capacity control valve with which it is possible to
efficiently discharge a liquid refrigerant irrespective of the
pressure of a suction chamber. A capacity control valve
(1) includes: a valve main body (10) having a first com-
munication passage (11), a second communication pas-
sage (12), a third communication passage (13), and a
main valve seat (15a); a valve body (20) having an inter-
mediate communication passage (26), a main valve part
(21b), and an auxiliary valve part (23d); and a solenoid
(30) equipped with a first plunger (34) having a first rod
(33), and a second plunger (35) having a second rod
(36), the first rod (33) opens and closes the main valve
part (21b), and the second rod (36) opens and closes the
auxiliary valve part (23d) .
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Description

Technical Field

[0001] The present invention relates to a capacity con-
trol valve used for controlling a flow rate or pressure of
a variable capacity compressor, and a method for con-
trolling the same.

Background Art

[0002] As a variable capacity compressor, for exam-
ple, a swash plate type variable capacity compressor
used for an air-conditioning system for motor vehicle and
the like includes a rotating shaft rotationally driven by the
rotational force of an engine, a swash plate which is cou-
pled to the rotating shaft so that its inclination angle may
be varied, a piston for compression coupled to the swash
plate, and the like, and changes the inclination angle of
the swash plate, thereby changing a stroke of the piston
and controlling a discharge rate of a refrigerant.
[0003] By appropriately controlling pressure within a
control chamber and adjusting a balancing state of the
pressure acting on the both surfaces of the piston by
means of a capacity control valve which is driven to be
opened or closed by electromagnetic force while utilizing
a suction pressure of a suction chamber for suctioning a
refrigerant, a discharge pressure of a discharge chamber
for discharging the refrigerant pressurized by the piston,
and a control chamber pressure of the control chamber
(a crank chamber) containing the swash plate, the incli-
nation angle of the swash plate can be continuously
changed.
[0004] An example of such a capacity control valve is
shown in FIG. 8. A capacity control valve 160 includes:
a valve section 170 having a second valve chamber 182
communicating with a discharge chamber of a compres-
sor via a second communication passage 173, a first
valve chamber 183 communicating with a suction cham-
ber via a first communication passage 171, and a third
valve chamber 184 communicating with a control cham-
ber via a third communication passage 174; a pressure-
sensitive body 178 which is arranged in the third valve
chamber to extend and contract by ambient pressure and
which has a valve seat body 180 provided at a free end
in an extension and contraction direction; a valve body
181 having a second valve part 176 for opening and clos-
ing a valve hole 177 for communicating the second valve
chamber 182 and the third valve chamber 184, a first
valve part 175 for opening and closing the first commu-
nication passage 171 and a circulation groove 172, and
a third valve part 179 for opening and closing the third
valve chamber 184 and the circulation groove 172 by
engagement and disengagement to and from the valve
seat body 180 in the third valve chamber 184; a solenoid
section 190 for exerting an electromagnetic driving force
on the valve body 181, and the like.
[0005] Then, in the control capacity valve 160, without

providing a clutch mechanism in a variable capacity com-
pressor, a pressure in the control chamber (a control
chamber pressure) Pc and a suction pressure Ps (a suc-
tion pressure) can be adjusted by communicating the dis-
charge chamber and the control chamber in a case where
the need to change the control chamber pressure arises
(Hereinafter, it is referred to as a "conventional art". For
example, see Patent Document 1.).
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[0006] Patent Document 1: JP 5167121 B

SUMMARY OF THE INVENTION

Problem to be Solved by the Invention

[0007] In the conventional art, if the swash plate type
variable capacity compressor is stopped for a long time,
a liquid refrigerant (the refrigerant which is liquefied by
being cooled during standing) is accumulated in the con-
trol chamber (crank chamber), and therefore a set dis-
charge rate cannot be secured even if the compressor
is started in this state. Therefore, in order to perform a
desired capacity control just after start-up, the liquid re-
frigerant in the control chamber (crank chamber) needs
to be discharged as quickly as possible.
[0008] Thus, as shown in FIG. 9, the conventional ca-
pacity control valve 160 includes a liquid refrigerant dis-
charge function in order to discharge the liquid refrigerant
in the control chamber (crank chamber) as quickly as
possible at the time of start-up. That is, if the variable
capacity compressor is stopped and then is intended to
be started after a long-time standing, high-pressure liquid
refrigerant accumulated in the control chamber (crank
chamber) flows into the third valve chamber 184 from the
third communication passage 174. Then, the pressure-
sensitive body (bellows) 178 contracts and the third valve
part 179 and the valve seat body 180 are opened there-
between, and the liquid refrigerant is discharged to the
discharge chamber via the suction chamber out of the
control chamber (crank chamber) through the auxiliary
communication passage 185, a communication passage
186 and the circulation groove 172 from the third valve
chamber 184 and is vaporized rapidly, thereby capable
of achieving a cooling operation state in a short time.
[0009] However, in the above-described conventional
art, in the early liquid refrigerant discharge process, the
opening of the third valve part 179 is large because the
pressure of the control chamber is high, and it is possible
to efficiently discharge the liquid refrigerant. However,
the opening of the third valve part is reduced as discharge
of the liquid refrigerant is advanced and the pressure of
the control chamber is reduced, and therefore there was
a problem that it takes time to discharge the liquid refrig-
erant.
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[0010] The present invention has been made to solve
the problem the above-described conventional art has,
and an object thereof is to provide, in a capacity control
valve for controlling a flow rate or pressure of a variable
capacity compressor according to a valve opening of a
valve section, the capacity control valve with which it is
possible to efficiently discharge a liquid refrigerant irre-
spective of the pressure of a suction chamber and shift
to a cooling operation in a short time, and a method for
controlling the same.

Means for Solving Problem

[0011] To attain the above object, a capacity control
valve according to a first aspect of the present invention
is a capacity control valve for controlling a flow rate or
pressure of a variable capacity compressor according to
a valve opening of a valve section, and the capacity con-
trol valve includes:

a valve main body having a first communication pas-
sage through which a fluid at a first pressure passes,
a second communication passage which is arranged
adjacent to the first communication passage and
through which a fluid at a second pressure passes,
a third communication passage through which a fluid
at a third pressure passes, and a main valve seat
arranged in a valve hole for communicating the sec-
ond communication passage and the third commu-
nication passage;
a pressure-sensitive body which is arranged in the
valve main body on the third communication pas-
sage side and which extends and contracts in re-
sponse to ambient pressure;
a valve body having an intermediate communication
passage for communicating the first communication
passage and the third communication passage, a
main valve part for opening and closing the valve
hole by separating from and contacting the main
valve seat, and an auxiliary valve part arranged in
the intermediate communication passage; and
a solenoid including a first plunger having a first rod,
and a second plunger having a second rod, and is
characterized in that
the first rod opens and closes the main valve part
and the second rod opens and closes the auxiliary
valve part.
According to the first aspect, the main valve part
opened and closed by the first rod and the auxiliary
valve part opened and closed by the second rod can
be opened and closed individually, and therefore the
auxiliary valve part can maintain the opening of the
auxiliary valve part at a fully open state from the start
of discharge of liquid refrigerant to the completion of
discharge of liquid refrigerant, thereby capable of ef-
ficiently discharging the liquid refrigerant.

[0012] The capacity control valve according to a sec-

ond aspect of the present invention is characterized in
that the first plunger is arranged between the second
plunger and the valve main body.
[0013] According to the second aspect, it is possible
to drive the first plunger firstly and drive the second plung-
er subsequently.
[0014] The capacity control valve according to a third
aspect of the present invention is characterized in that
the second rod is arranged in the intermediate commu-
nication passage.
[0015] According to the third aspect, it is possible to
miniaturize the capacity control valve because it is pos-
sible to arrange the second rod with the use of the inter-
mediate communication passage.
[0016] The capacity control valve according to a fourth
aspect of the present invention is characterized in that:

the solenoid further includes a plate, a core arranged
between the second plunger and the valve main
body, an electromagnetic coil arranged between the
plate and the core, a first biasing member arranged
between the core and the first plunger, and a second
biasing member arranged between the first plunger
and the second plunger; and
a biasing force of the second biasing member is larg-
er than a biasing force of the first biasing member.

[0017] According to the fourth aspect, it is possible to
drive the first plunger and the second plunger individually
according to magnitude of current.
[0018] The capacity control valve according to a fifth
aspect of the present invention is characterized in that
the second plunger faces the plate in a radial direction.
[0019] According to the fifth aspect, it is possible to
shorten the length of the capacity control valve and min-
iaturize it because it is possible to arrange the plate with
the use of a space in an end part of the electromagnetic
coil.
[0020] The capacity control valve according to a sixth
aspect of the present invention is characterized in that
the first plunger faces the plate in a radial direction.
[0021] According to the sixth aspect, it is possible to
lower a magnetic resistance of a magnetic circuit passing
the first plunger than a magnetic resistance of a magnetic
circuit passing the second plunger, and it is possible to
drive the first plunger almost without moving the second
plunger.
[0022] The capacity control valve according to a sev-
enth aspect of the present invention is characterized in
that the auxiliary valve part opens and closes the inter-
mediate communication passage by separating from and
contacting the pressure-sensitive body.
[0023] According to the seventh aspect, the area of the
auxiliary valve part can be increased with the use of the
pressure-sensitive body, and the resistance at the time
of discharge of liquid refrigerant can be reduced.
[0024] The capacity control valve according to an
eighth aspect of the present invention is characterized in
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that the auxiliary valve part opens and closes the inter-
mediate communication passage by separating from and
contacting an auxiliary valve seat arranged at the second
rod.
[0025] According to the eighth aspect, the capacity
control valve can correspond to various variable capacity
compressors.
[0026] The capacity control valve according to a ninth
aspect or a tenth aspect of the present invention is char-
acterized in that:

the first pressure is a suction pressure of the variable
capacity compressor, the second pressure is a dis-
charge pressure of the variable capacity compres-
sor, and the third pressure is a pressure of a crank
chamber of the variable capacity compressor; or
the first pressure is the pressure of the crank cham-
ber of the variable capacity compressor, the second
pressure is the discharge pressure of the variable
capacity compressor, and the third pressure is the
suction pressure of the variable capacity compres-
sor.

[0027] According to the ninth aspect and the tenth as-
pect, the capacity control valve can correspond to various
variable capacity compressors.
[0028] To attain the above object, a method for con-
trolling the capacity control valve according to an elev-
enth aspect of the present invention is characterized in
that the main valve part and the auxiliary valve part are
opened and closed individually.
[0029] According to the eleventh aspect, it is possible
to select the function of the capacity control valve by
opening and closing the main valve part and the auxiliary
valve part individually.
[0030] To attain the above object, the method for con-
trolling the capacity control valve according to a twelfth
aspect of the present invention is characterized in that
the main valve part and the auxiliary valve part are
opened and closed individually according to current sup-
plied to the solenoid.
[0031] According to the twelfth aspect, it is possible to
control the variable capacity compressor by opening and
closing the main valve part according to the current sup-
plied to the solenoid and to discharge the liquid refrigerant
by opening the auxiliary valve part only, and therefore it
is possible to select the function of the capacity control
valve according to the current.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032]

FIG. 1 is a front cross-sectional view of a capacity
control valve according to a first embodiment of the
present invention, and shows a state that the capac-
ity control valve is OFF.
FIG. 2 is a front cross-sectional view of the capacity

control valve according to the first embodiment of
the present invention, and shows a state that the
capacity control valve is controlled.
FIG. 3 is a front cross-sectional view of the capacity
control valve according to the first embodiment of
the present invention, and shows a state that the
capacity control valve discharges a liquid refrigerant.
FIG. 4 is a front cross-sectional view of the capacity
control valve according to a second embodiment of
the present invention, and shows a state that the
capacity control valve is OFF.
FIG. 5 is a front cross-sectional view of the capacity
control valve according to the second embodiment
of the present invention, and shows a state that the
capacity control valve is controlled.
FIG. 6 is a front cross-sectional view of the capacity
control valve according to the second embodiment
of the present invention, and shows a state that the
capacity control valve discharges the liquid refriger-
ant.
FIG. 7 is a diagram showing a modification of an
auxiliary valve of the present invention, FIG. 7A
shows a state that the auxiliary valve is closed, and
FIG. 7B shows a state that the auxiliary valve is
opened.
FIG. 8 is a front cross-sectional view showing the
conventional capacity control valve.
FIG. 9 is a diagram of the conventional capacity con-
trol valve, and shows a state that the capacity control
valve discharges the liquid refrigerant.

DESCRIPTION OF EMBODIMENTS

First Embodiment

[0033] Hereinafter referring to the drawings, modes for
carrying out the present invention will be described illus-
tratively based on embodiments. However, the dimen-
sions, materials, shapes, relative arrangements, and oth-
ers of components described in the embodiments are not
intended to limit the scope of the present invention only
to them unless otherwise described explicitly.
[0034] Referring to FIG. 1 to FIG. 3, a capacity control
valve according to the present invention will be de-
scribed. In FIG. 1, 1 denotes a capacity control valve.
The capacity control valve 1 mainly consists of a valve
main body 10, a valve body 20 arranged in the valve main
body 10, a pressure-sensitive body 24, and a solenoid
30 mounted to the valve main body 10.
[0035] Hereinafter, each component of the capacity
control valve 1 will be described with reference to FIG.
1. The valve main body 10 is composed of a metal such
as brass, iron, aluminum, or stainless steel, a synthetic
resin material, or the like. The valve main body 10 is a
hollow cylindrical member having a through hole pene-
trating in an axial direction, and in a compartment of the
through hole, a first valve chamber 14, a second valve
chamber 15 adjacent to the first valve chamber 14, and
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a third valve chamber 16 adjacent to the second valve
chamber 15 are sequentially arranged.
[0036] To the second valve chamber 15, a second
communication passage 12 is consecutively provided.
The second communication passage 12 is configured to
communicate with a discharge chamber (not shown) of
a variable capacity compressor such that a fluid at a dis-
charge pressure Pd (a second pressure according to the
present invention) can flow into the third valve chamber
16 from the second valve chamber 15 by opening and
closing of the capacity control valve 1.
[0037] To the third valve chamber 16, a third commu-
nication passage 13 is consecutively provided. The third
communication passage 13 is communicated with a con-
trol chamber (not shown) of the variable capacity com-
pressor, and allows the fluid at the discharge pressure
Pd flowed into the third valve chamber 16 from the second
valve chamber 15 by opening and closing of the capacity
control valve 1 to flow out to the control chamber (crank
chamber) of the variable capacity compressor and allows
the fluid at a control chamber pressure Pc (a third pres-
sure according to the present invention) flowed into the
third valve chamber 16 to flow out to a suction chamber
of the variable capacity compressor through the first
valve chamber 14 via an intermediate communication
passage 26 described later.
[0038] Further, in the first valve chamber 14, a first
communication passage 11 is consecutively provided.
The first communication passage 11 guides the fluid at
a suction pressure Ps (a first pressure according to the
present invention) from the suction chamber of the vari-
able capacity compressor to the pressure-sensitive body
24 via the intermediate communication passage 26 de-
scribed later, and controls the suction pressure of the
compressor to a set value.
[0039] Between the first valve chamber 14 communi-
cating with the first communication passage 11 and the
second valve chamber 15 communicating with the sec-
ond communication passage 12, a hole part 18 having a
smaller diameter than the diameters of these chambers
is consecutively formed, and the hole part 18 slides with
a labyrinth 21c of a main valve body 21 described later
and forms a seal part which seals between the first valve
chamber 14 and the second valve chamber 15. Moreo-
ver, between the second valve chamber 15 communicat-
ing with the second communication passage 12 and the
third valve chamber 16 communicating with the third
communication passage 13, a valve hole 17 having a
smaller diameter than the diameters of these chambers
is consecutively provided, and around the valve hole 17
on the second communication passage 12 side, a main
valve seat 15a is formed. The main valve seat 15a con-
trols opening/closing of communication between the sec-
ond communication passage 12 and the third communi-
cation passage 13 by separating from and contacting a
main valve part described later.
[0040] In the third valve chamber 16, the pressure-sen-
sitive body 24 is arranged. In the pressure-sensitive body

24, one end part of a metallic bellows 24a is sealingly
coupled to a partition adjustment part 24c. This bellows
24a is manufactured by phosphor bronze, stainless, or
the like, and is designed such that its spring constant is
a predetermined value. An interior space of the pressure-
sensitive body 24 is a vacuum or air exists therein. Then,
the pressure acts to an effective pressure receiving area
of the bellows 24a of the pressure-sensitive body 24, and
actuates the pressure-sensitive body 24 to be extended
and contracted. On a free end part side of the pressure-
sensitive body 24, a flange part 24b is arranged. The
flange part 24b contacts a large diameter part 23b of an
adapter 23 described later, and forms an interior space
28 surrounded by the pressure-sensitive body 24 and
the adapter 23. As will be described later, the fluid at the
suction pressure Ps from the suction chamber is guided
to the interior space 28, and the pressure-sensitive body
24 extends and contracts according to the suction pres-
sure Ps. Further, the flange part 24b is pressed by the
solenoid force from a second rod 36 via the adapter 23,
and the pressure-sensitive body 24 extends and con-
tracts. That is, the pressure-sensitive body 24 extends
and contracts by the suction pressure Ps and extends
and contracts by the pressing force of the second rod 36.
[0041] The partition adjustment part 24c of the pres-
sure-sensitive body 24 is sealingly fitted and fixed so as
to block the third valve chamber 16 of the valve main
body 10. In addition, if the partition adjustment part 24c
is screwed, or fixed by a set screw (not shown), spring
force of compression springs arranged in parallel within
the bellows 24a or of the bellows 24a can be adjusted to
be moved in the axial direction.
[0042] In addition, the first communication passage 11,
the second communication passage 12, and the third
communication passage 13 penetrate through a periph-
eral surface of the valve main body 10 respectively, for
example, at two equal intervals to six equal intervals .
Further, on an outer peripheral surface of the valve main
body 10, mounting grooves for O-rings are provided at
three positions apart from each other in the axial direc-
tion. Then, to the respective mounting grooves, O rings
61, 62, 63 to seal between the valve main body 10 and
a mounting hole (not shown) of a casing to which the
valve main body 10 is fitted is mounted, and each of the
first communication passage 11, the second communi-
cation passage 12, and the third communication passage
13 is configured as an independent flow passage.
[0043] Next, the valve body 20 will be described. The
valve body 20 consists of the main valve body 21 and
the adapter 23. Firstly, the main valve body 21 will be
described. The main valve body 21 is a hollow cylindrical
member, and in a nearly central part in the axial direction
of an outer peripheral part thereof, the labyrinth 21c is
formed. The labyrinth 21c slides with the hole part 18
between the first valve chamber 14 communicating with
the first communication passage 11 and the second valve
chamber 15 communicating with the second communi-
cation passage 12 and forms the seal part which seals
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the first valve chamber 14 and the second valve chamber
15. Thereby, the first valve chamber 14 and the second
valve chamber 15 are configured as independent valve
chambers. Moreover, in an interior of the main valve body
21, a through hole 25 penetrating in the axial direction is
formed, and the through hole 25 constitutes the interme-
diate communication passage 26 described later.
[0044] The main valve body 21 is inserted in the valve
main body 10, and the main valve body 21 is arranged
across the labyrinth 21c on the first communication pas-
sage 11 side at one end thereof and on the second com-
munication passage 12 side at the other end thereof. At
the end part of the main valve body 21 arranged on the
second communication passage 12 side, a main valve
part 21b is formed, and the main valve part 21b controls
opening/closing of a valve hole 17 for communicating the
second communication passage 12 and the third com-
munication passage 13 by separating from and contact-
ing the main valve seat 15a. The main valve part 21b and
the main valve seat 15a constitute a main valve 27b.
Here, the state that the main valve part 21b and the main
valve seat 15a shift from a contact state to a separated
state means that the main valve 27b is opened or the
main valve part 21b is opened, and the state that the
main valve part 21b and the main valve seat 15a shift
from the separated state to the contact state means that
the main valve 27b is closed or the main valve part 21b
is closed.
[0045] Moreover, at the end part of the main valve body
21 arranged on the first communication passage 11 side,
a shutoff valve part 21a is formed. The shutoff valve part
21a contacts an end part 32c of a core 32 when the so-
lenoid 30 described later is OFF, and shuts off commu-
nication between the first communication passage 11
and the intermediate communication passage 26. To the
contrary, when the solenoid 30 is ON, the shutoff valve
part 21a separates from the end part 32c of the core 32,
and the first communication passage 11 and the inter-
mediate communication passage 26 are communicated.
The shutoff valve part 21a and the end part 32c of the
core 32 constitute a shutoff valve 27a. The shutoff valve
part 21a and the main valve part 21b are opened and
closed oppositely to each other. In addition, the state that
the shutoff valve part 21a and the end part 32c of the
core 32 shift from the contact state to the separated state
means that the shutoff valve 27a is opened or the shutoff
valve part 21a is opened, and the state that the shutoff
valve part 21a and the end part 32c of the core 32 shift
from the separated state to the contact state means that
the shutoff valve 27a is closed or the shutoff valve part
21a is closed.
[0046] Secondly, the adapter 23 constituting the valve
body 20 will be described. The adapter 23 is a hollow
cylindrical member, mainly consists of the large diameter
part 23b formed to have a large diameter, and a tube part
23a formed to have a diameter smaller than that of the
large diameter part 23b, and has an adapter through hole
23c penetrating the tube part 23a and the large diameter

part 23b. The tube part 23a of the adapter 23 is fitted to
a main valve side end part 21e of the main valve body
21, and the intermediate communication passage 26 is
constituted by the adapter through hole 23c, the through
hole 25 of the main valve body 21, and a communication
hole 33c of a first rod 33 described later.
[0047] Moreover, at an end part of the large diameter
part 23b of the adapter 23, an auxiliary valve part 23d is
formed. The auxiliary valve part 23d contacts and sepa-
rates from the flange part 24b of the pressure-sensitive
body 24, and opens and closes the intermediate com-
munication passage 26 for communicating the first com-
munication passage 11 and the third communication pas-
sage 13. The auxiliary valve part 23d and the flange part
24b of the pressure-sensitive body 24 constitute an aux-
iliary valve 27c. In addition, the state that the auxiliary
valve part 23d and the flange part 24b of the pressure-
sensitive body 24 shift from the contact state to the sep-
arated state means that the auxiliary valve 27c is opened
or the auxiliary valve part 23d is opened, and the state
that the auxiliary valve part 23d and the flange part 24b
of the pressure-sensitive body 24 shift from the separated
state to the contact state means that the auxiliary valve
27c is closed or the auxiliary valve part 23d is closed.
[0048] In addition, the seal part diameter in the shutoff
valve 27a, the seal part diameter in the main valve 27b,
the seal part diameter in the labyrinth 21c of the main
valve body 21, the seal part diameter in the auxiliary valve
27c, and the effective pressure receiving diameter in the
bellows 24a are equally set.
[0049] Next, the solenoid 30 will be described. The so-
lenoid 30 mainly consists of a first plunger 34 having the
first rod 33, a second plunger 35 having the second rod
36, a plate 39, the core 32 arranged between the second
plunger 35 and the valve main body, an electromagnetic
coil 31 arranged between the plate 39 and the core 32,
a spring 37a (a first biasing member according to the
present invention) arranged between the core 32 and the
first plunger 34, a spring 37b (a second biasing member
according to the present invention) arranged between
the first plunger 34 and the second plunger 35, a plunger
case 40 which contains the first plunger 34 and the sec-
ond plunger 35, and a solenoid case 38. The solenoid
30 is supplied with power from the outside via a terminal
part (not shown), generates an electromagnetic force ac-
cording to current, and drives the first plunger 34 con-
nected to the first rod 33 and the second plunger 35 con-
nected to the second rod 36. Hereinafter, the compo-
nents constituting the solenoid 30 will be described.
[0050] The plunger case 40 is a bottomed hollow cy-
lindrical member whose one end is opened. The core 32
consists of a base member 32a and a center post 32b.
The plunger case 40 and the core 32 are fitted, and the
first plunger 34 and the second plunger 35 are arranged
relatively movably axially with respect to the plunger case
40 between the plunger case 40 and the center post 32b
of the core 32. The first rod 33 is a hollow shaft part
member, and has, in the vicinity of the shutoff valve 27a,
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the communication hole 33c in the radial direction. The
communication hole 33c constitutes the intermediate
communication passage 26 along with the through hole
25 of the main valve body 21 and the adapter through
hole 23c.
[0051] The first rod 33 is arranged to penetrate the
center post 32b of the core 32, a solenoid side end part
33a of the first rod 33 is fitted and fixed to a core side
end part 34a of the first plunger 34, a valve side end part
33b is fitted and fixed to a shutoff valve part side end part
21d of the main valve body 21, and the first rod 33 rela-
tively moves to the center post 32b and drives the main
valve body 21. Moreover, the second rod 36 is arranged
to penetrate the first plunger 34, the first rod 33 and the
valve body 20, a solenoid side end part 36a of the second
rod 36 is fitted to a second plunger end part 35a, a valve
side end part 36b of the second rod 36 is arranged so as
to be able to contact the flange part 24b of the pressure-
sensitive body 24, and the second rod 36 relatively moves
to the first plunger 34, the first rod 33 and the valve body
20, presses the flange part 24b of the pressure-sensitive
body 24, and extends and contracts the pressure-sensi-
tive body 24.
[0052] By including the above-mentioned configura-
tion, the first plunger 34 facing the center post 32b of the
core 32 in the axial direction via an air gap, the second
plunger 35 facing the first plunger 34 in the axial direction
via an air gap, the plate 39 facing the second plunger 35
in the radial direction via an air gap, and the solenoid
case 38 fitted to the plate 39 and the base member 32a
of the core 32 constitute a magnetic circuit.
[0053] Moreover, between the center post 32b of the
core 32 and the first plunger 34, the spring 37a which
separates the first plunger 34 from the core 32 and biases
it to a direction in which the main valve 27b is opened is
arranged. Moreover, between the first plunger 34 and
the second plunger 35, the spring 37b which biases the
first plunger 34 and the second plunger 35 to a direction
in which they are separated is arranged. The biasing
force of the spring 37b acts to the second rod 36 in a
direction in which the pressure-sensitive body 24 ex-
tends.
[0054] Moreover, to an inner peripheral part of the base
member 32a of the core 32, an open end part of the plung-
er case 40 is sealingly fixed, and to an outer peripheral
part of the base member 32a, the solenoid case 38 is
sealingly fixed. Then, the electromagnetic coil 31 is ar-
ranged in a space surrounded by the plunger case 40,
the base member 32a of the core 32 and the solenoid
case 38, and does not contact the refrigerant, therefore
it is possible to prevent reduction in insulation resistance.
[0055] The operation of the capacity control valve 1
having the configuration described above will be de-
scribed. In addition, the flow passage leading to the first
communication passage 11 through the intermediate
communication passage 26 from the third communica-
tion passage 13 is hereinafter described as a "Pc-Ps flow
passage". Moreover, a flow passage leading to the third

communication passage 13 through the valve hole 17
from the second communication passage 12 is hereinaf-
ter described as a "Pd-Pc flow passage".
[0056] Firstly, a state that the solenoid 30 is energized
and the operation of the valve body 20 will be described.
At first, in a non-energized state, the first plunger 34 is
pushed up by the biasing force of the spring 37a, and the
second plunger 35 is also pushed up by the biasing force
of the spring 37b. Thereby, the main valve 27b is fully
opened, the shutoff valve 27a is fully closed, and the
auxiliary valve 27c is closed.
[0057] Next, the solenoid 30 begins to be energized
from the non-energized state. In the state shown in FIG.
2, that is, a low-current state, the first plunger 34 is at-
tracted to the center post 32b, and the first rod 33 is grad-
ually driven in an advancing direction (a direction in which
the first rod 33 protrudes outside from the end part 32c
of the core 32). In the low-current state, the biasing force
of the spring 37b between the first plunger 34 and the
second plunger 35 is set larger than the biasing force of
the spring 37a between the center post 32b and the first
plunger 34, and therefore the position of the second
plunger 35 is hardly changed. Thereby, the valve body
20 connected to the first plunger 34 via the first rod 33
moves downward, and therefore the shutoff valve part
21a is separated from the end part 32c of the core 32,
the shutoff valve 27a is opened from the fully closed state,
and the main valve 27b is gradually narrowed from the
fully open state. On the other hand, the second rod 36
connected to the second plunger 35 is hardly moved, and
therefore the auxiliary valve 27c is maintained in the
closed state.
[0058] Further, when the current supplied to the sole-
noid 30 is increased, the solenoid 30 is in a state shown
in FIG. 3, that is, a high-current state. In the high-current
state, the magnetic attractive force of the solenoid 30 is
larger than the biasing force of the spring 37b, the core
side end part 34a of the first plunger 34 is attracted to
the plunger side end part 32e of the center post 32b, and
the second plunger end part 35a is attracted to the sec-
ond plunger side end part 34b of the first plunger 34.
Thereby, the valve body 20 connected to the first plunger
34 via the first rod 33 moves further downward, the shutoff
valve part 21a is fully opened, and the main valve 27b is
fully closed. On the other hand, the second rod 36 con-
nected to the second plunger 35 relatively moves down-
ward with respect to the valve body 20, and presses the
flange part 24b of the pressure-sensitive body 24, and
the auxiliary valve 27c is fully opened.
[0059] Next, the operation of the valve body 20 in a
control state of the capacity control valve 1 will be de-
scribed. FIG. 2 shows the state of the capacity control
valve in the control state. The control state is a state that:
the solenoid 30 is controlled to the low-current state, the
auxiliary valve 27c is closed, the opening of the main
valve 27b is set to a predetermined certain opening, and
the pressure of the suction chamber of the variable ca-
pacity compressor is controlled so as to be a set value

11 12 



EP 3 722 603 A1

8

5

10

15

20

25

30

35

40

45

50

55

Pset. In this state, the fluid at the suction pressure Ps
passed through the first communication passage 11, the
first valve chamber 14 and the shutoff valve 27a from the
suction chamber of the variable capacity compressor is
guided to the interior space 28 through the intermediate
communication passage 26 and the adapter through hole
23c of the adapter 23, and the pressure-sensitive body
24 extends and contracts according to the suction pres-
sure Ps. Moreover, in the low-current state, the second
plunger 35 is hardly moved and the first plunger 34 is
moved, and therefore the valve body 20 stops at a posi-
tion where the force by the spring 37a in a direction in
which the main valve 27b is opened, the force by the
solenoid 30 in a direction in which the main valve 27b is
closed, and the force by the pressure-sensitive body 24
which extends and contracts according to the suction
pressure Ps are balanced, and the pressure of the suction
chamber of the variable capacity compressor is control-
led so as to be the set value Pset. However, even if the
opening of the main valve 27b is set to the predetermined
opening, the pressure Ps of the suction chamber may
vary due to disturbance and the like with respect to the
set value Pset. For example, when the pressure Ps of
the suction chamber is increased than the set value Pset
due to disturbance and the like, the pressure-sensitive
body 24 contracts, and the opening of the main valve 27b
is reduced. Thereby, the Pd-Pc flow passage is nar-
rowed, and therefore the amount of the refrigerant at the
discharge pressure flowing into the crank chamber from
the discharge chamber is reduced, and the pressure of
the crank chamber is reduced. As a result, the inclination
angle of the swash plate of the compressor is increased,
the discharge capacity of the compressor is increased,
and the discharge pressure is reduced. To the contrary,
when the pressure Ps of the suction chamber is de-
creased than the set value Pset, the pressure-sensitive
body 24 extends, and the opening of the main valve 27b
is increased. Thereby, Pd-Pc flow passage is increased,
and therefore the amount of the refrigerant at the dis-
charge pressure Pd flowing into the crank chamber from
the discharge chamber is increased, and the pressure of
the crank chamber is increased, and consequently the
inclination angle of the swash plate of the compressor is
decreased, the discharge capacity is reduced, and the
discharge pressure is increased. In this way, by the ca-
pacity control valve 1, the pressure of the suction cham-
ber of the variable capacity compressor can be controlled
so as to be the set value Pset.
[0060] Next, the operation of the valve body 20 in the
liquid refrigerant discharge state of the capacity control
valve 1 will be described based on FIG. 3. The liquid
refrigerant (the refrigerant which is liquefied by being
cooled during standing) is accumulated in the crank
chamber after the compressor is stopped for a long time,
and therefore in order to secure the predetermined dis-
charge pressure and discharge flow rate after the com-
pressor is started, the liquid refrigerant needs to be dis-
charged as quickly as possible. At the time of the liquid

refrigerant discharge, the main valve 27b is controlled to
the closed state, the pressure of the third valve chamber
16 communicating with the crank chamber and the suc-
tion pressure Ps become high pressure, and therefore
the pressure-sensitive body 24 contracts to a large ex-
tent, and the auxiliary valve 27c is opened. Also in this
state, it is possible to discharge the liquid refrigerant
through the Pc-Ps flow passage from the crank chamber
to the suction chamber. However, the pressure of the
third valve chamber 16 and the suction pressure Ps are
gradually reduced as discharge of the liquid refrigerant
is advanced, and therefore the opening of the auxiliary
valve 27c is gradually reduced, and it takes a long time
to complete discharge of the liquid refrigerant. Then, the
solenoid 30 is controlled to the high-current state, the
second plunger end part 35a is attracted to the second
plunger side end part 34b of the first plunger 34, the flange
part 24b of the pressure-sensitive body 24 is pressed by
the valve side end part 36b of the second rod 36, and
the auxiliary valve 27c is controlled to the fully open state.
Thereby, the auxiliary valve 27c is maintained in the fully
open state, and therefore it is possible to discharge the
liquid refrigerant from the crank chamber via the Pc-Ps
flow passage to the suction chamber in a short time with-
out changing the opening of the auxiliary valve 27c from
the start of discharge of liquid refrigerant to the comple-
tion of discharge of liquid refrigerant.
[0061] In the capacity control valve 1 of the first em-
bodiment, if the solenoid 30 is operated in the low-current
state, the position of the second plunger 35 is hardly
changed, only the first plunger 34 is driven, and the pres-
sure of the suction chamber of the variable capacity com-
pressor can be controlled so as to be the set value Pset
by setting the opening of the main valve 27b to the pre-
determined opening. Moreover, if the solenoid 30 is op-
erated in the high-current state, the second plunger end
part 35a is attracted to the second plunger side end part
34b of the first plunger 34, the flange part 24b of the
pressure-sensitive body 24 is pressed by the valve side
end part 36b of the second rod 36, and the auxiliary valve
27c can be made into the fully open state, and therefore
it is possible to discharge the liquid refrigerant from the
crank chamber via the Pc-Ps flow passage to the suction
chamber in a short time without changing the opening of
the auxiliary valve 27c from the start of discharge of liquid
refrigerant to the completion of discharge of liquid refrig-
erant. In this way, it is possible to drive different valves
of the capacity control valve according to current and to
operate the variable capacity compressor in different
functions.

Second Embodiment

[0062] Next, a capacity control valve 2 according to a
second embodiment will be described referring to FIG. 4
to FIG. 6. The capacity control valve 2 of the second
embodiment is different from the first embodiment in the
configurations of the first plunger and the second plunger
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of the solenoid. In addition, the same components as the
components indicated in the above embodiment are de-
noted by the same reference signs, and redundant de-
scriptions will be omitted.
[0063] Referring to FIG. 4, a solenoid 50 of the capacity
control valve 2 of the second embodiment will be de-
scribed. The solenoid 50 mainly consists of a first plunger
34 having the first rod 33, a second plunger 45 having
the second rod 36, the plate 39, the core 32 arranged
between the second plunger 45 and the valve main body
10, the electromagnetic coil 31 arranged between the
plate 39 and the core 32, the spring 37a (the first biasing
member according to the present invention) arranged be-
tween the core 32 and the first plunger 44, the spring 37b
(the second biasing member according to the present
invention) arranged between the first plunger 44 and the
second plunger 45, the plunger case 40 which contains
the first plunger 44 and the second plunger 45, and the
solenoid case 38. The solenoid 50 is supplied with power
from the outside via a terminal part (not shown), gener-
ates an electromagnetic force according to current, and
drives the first plunger 44 connected to the first rod 33
and the second plunger 45 connected to the second rod
36. Hereinafter, the components constituting the sole-
noid 50 will be described.
[0064] The plunger case 40 is the bottomed hollow cy-
lindrical member whose one end is opened. The core 32
consists of the base member 32a and the center post
32b. The plunger case 40 and the core 32 are fitted, and
the first plunger 44 and the second plunger 45 are ar-
ranged relatively movably axially with respect to the
plunger case 40 between the plunger case 40 and the
center post 32b of the core 32.
[0065] The first rod 33 is arranged to penetrate the
center post 32b of the core 32, the solenoid side end part
33a of the first rod 33 is fitted and fixed to a core side
end part 44a of the first plunger 44, the valve side end
part 33b is fitted and fixed to the shutoff valve part side
end part 21d of the main valve body 21, and the first rod
33 relatively moves to the center post 32b and drives the
main valve body 21. Moreover, the second rod 36 is ar-
ranged to penetrate the first plunger 44, the first rod 33
and the valve body 20, the solenoid side end part 36a of
the second rod 36 is fitted to a second plunger end part
45a, the valve side end part 36b of the second rod 36 is
arranged so as to be able to contact the flange part 24b
of the pressure-sensitive body 24, and the second rod
36 relatively moves to the first plunger 44, the first rod
33 and the valve body 20, presses the flange part 24b of
the pressure-sensitive body 24, and extends and con-
tracts the pressure-sensitive body 24.
[0066] The first plunger 44 is a cylindrical member, the
tapered core side end part 44a faces the plunger side
end part 32e of the center post 32b in the axial direction
via an air gap, and a planar second plunger side end part
44b faces the end part 45a of the second plunger 45 in
the axial direction via an air gap. Further, in an outer
peripheral part of the second plunger side end part 44b

of the first plunger 44, a peripheral wall 44d is provided
in a standing manner, an inner peripheral surface of the
peripheral wall 44d faces an outer peripheral surface of
the second plunger 45 in the radial direction via an air
gap, and an outer peripheral surface of the peripheral
wall 44d faces the plate 39 in the radial direction via an
air gap.
[0067] By including the above-mentioned configura-
tion, the solenoid 50 has two parallel magnetic circuits.
That is, a first magnetic circuit consists of the first plunger
44 facing the center post 32b of the core 32 in the axial
direction, the plate 39 facing the peripheral wall 44d of
the first plunger in the radial direction, and the solenoid
case 38 fitted to the plate 39 and the base member 32a
of the core 32. On the other hand, a second magnetic
circuit consists of the core side end part 44a of the first
plunger 44 facing the center post 32b of the core 32 in
the axial direction, the end part 45a of the second plunger
45 facing the second plunger side end part 44b of the
first plunger 44 in the axial direction, the peripheral wall
44d of the first plunger 44 facing the outer peripheral
surface of the second plunger 45 in the radial direction,
the plate 39 facing the peripheral wall 44d of the first
plunger 44 in the radial direction, and the solenoid case
38 fitted to the plate 39 and the base member 32a of the
core 32. Then, the magnetic resistance of the first mag-
netic circuit is smaller than the magnetic resistance of
the second magnetic circuit.
[0068] Moreover, between the center post 32b of the
core 32 and the first plunger 44, the spring 37a which
separates the first plunger 44 from the core 32 and biases
it to a direction in which the main valve 27b is opened is
arranged. Moreover, between the first plunger 44 and
the second plunger 45, the spring 37b which biases the
first plunger 44 and the second plunger 45 to a direction
in which they are separated is arranged. The biasing
force of the spring 37b acts to the second rod 36 in a
direction in which the pressure-sensitive body 24 ex-
tends.
[0069] Next, in the capacity control valve 2, a state that
the solenoid 50 is energized and the operation of the
valve body 20 will be described. At first, in a non-ener-
gized state, the first plunger 44 is pushed up by the bi-
asing force of the spring 37a, and the second plunger 45
is also pushed up by the biasing force of the spring 37b.
Thereby, the main valve 27b is fully opened, the shutoff
valve 27a is fully closed, and the auxiliary valve 27c is
closed.
[0070] Next, when the solenoid 50 begins to be ener-
gized from the non-energized state, the magnetic flux
generating in the solenoid 50 flows to the first magnetic
circuit and the second magnetic circuit. However, the
magnetic resistance of the first magnetic circuit is smaller
than the magnetic resistance of the second magnetic cir-
cuit, and therefore in the low-current state, most of mag-
netic flux generating in the solenoid 50 flows to the first
magnetic circuit. As a result, as shown in FIG. 5, the first
plunger 44 is attracted to the center post 32b of the core
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32, but the second plunger 45 is hardly attracted to the
first plunger 44. Further, the biasing force of the spring
37b between the first plunger 44 and the second plunger
45 is set larger than the biasing force of the spring 37a
between the center post 32b and the first plunger 44, and
therefore the position of the second plunger 45 is hardly
changed. Thereby, the valve body 20 connected to the
first plunger 44 via the first rod 33 moves downward, the
shutoff valve part 21a is separated from the end part 32c
of the core 32, the shutoff valve 27a is opened from the
fully closed state, and the main valve 27b is gradually
narrowed from the fully open state. On the other hand,
the second rod 36 connected to the second plunger 45
is hardly moved, and therefore the auxiliary valve 27c is
maintained in the closed state.
[0071] Further, when the current supplied to the sole-
noid 50 is increased and the solenoid 50 becomes in the
high-current state, the magnetic flux generating in the
solenoid 50 largely flows to also the second magnetic
circuit. As a result, as shown in FIG. 6, the magnetic
attractive force between the first plunger 44 and the sec-
ond plunger 45 is larger than the biasing force of the
spring 37b, the first plunger 44 is attracted to the center
post 32b, and the second plunger 45 is attracted to the
first plunger 44. Thereby, the valve body 20 connected
to the first plunger 44 via the first rod 33 moves further
downward, the shutoff valve part 21a is fully opened, and
the main valve 27b is fully closed. On the other hand, the
second rod 36 connected to the second plunger 45 rel-
atively moves downward with respect to the valve body
20, and presses the flange part 24b of the pressure-sen-
sitive body 24, and the auxiliary valve 27c is fully opened.
[0072] As with the first embodiment, also in the second
embodiment, in the low-current state of FIG. 5, the first
plunger 44 is driven, the opening of the main valve 27b
is set to the predetermined opening, and thereby it is
possible to control the pressure of the suction chamber
of the variable capacity compressor to be the set value
Pset. Moreover, in the high-current state of FIG. 6, the
second plunger end part 45a is attracted to the second
plunger side end part 44b of the first plunger 44 and the
second rod 36 is driven downward, the flange part 24b
of the pressure-sensitive body 24 is pressed by the valve
side end part 36b of the second rod 36, and thereby the
auxiliary valve 27c can be made into the fully open state.
Thereby, it is possible to discharge the liquid refrigerant
from the crank chamber via the Pc-Ps flow passage to
the suction chamber in a short time without changing the
opening of the auxiliary valve 27c from the start of dis-
charge of liquid refrigerant to the completion of discharge
of liquid refrigerant.
[0073] Hereinbefore, although the embodiments of the
present invention have been described by the drawings,
its specific configuration is not limited to these embodi-
ments, and any changes and additions made without de-
parting from the scope of the present invention are in-
cluded in the present invention.
[0074] In the above embodiment, the auxiliary valve

27c consists of the auxiliary valve part 23d provided at
the adapter 23 and the flange part 24b of the pressure-
sensitive body 24, but the present invention is not limited
thereto. For example, as shown in FIG. 7, an auxiliary
valve 70 may consist of the adapter 23, and an auxiliary
valve seat 71 provided at the second rod 36. As shown
in FIG. 7A, when the solenoid is OFF, the shutoff valve
part 21a of the main valve body 21 is fully closed, the
main valve part 21b is fully opened, and the auxiliary
valve 70 is closed. In contrast, as shown in FIG. 7B, in
the high-current state of the solenoid, the main valve body
21 and the adapter 23 move downward, the shutoff valve
part 21a is fully open, and the main valve part 21b is fully
closed, and further, the second rod 36 and the auxiliary
valve seat 71 relatively move downward with respect to
the main valve body 21 and the adapter 23, and press
the flange part 24b of the pressure-sensitive body 24,
and thereby the auxiliary valve 70 can be made into the
fully open state.
[0075] Moreover, in the above embodiments, the first
pressure is the suction pressure Ps of the variable ca-
pacity compressor, the second pressure is the discharge
pressure Pd of the variable capacity compressor, and
the third pressure is the pressure Pc of the crank chamber
of the variable capacity compressor, but these are not
limited thereto, and the first pressure may be the pressure
Pc of the crank chamber of the variable capacity com-
pressor, the second pressure may be the discharge pres-
sure Pd of the variable capacity compressor, the third
pressure may be the suction pressure Ps of the variable
capacity compressor, and thus the capacity control valve
can correspond to various variable capacity compres-
sors.

Reference Signs List

[0076]

1 capacity control valve
2 capacity control valve
10 valve main body
11 first communication passage
12 second communication passage
13 third communication passage
14 first valve chamber
15 second valve chamber
15a main valve seat
16 third valve chamber
17 valve hole
20 valve body
21 main valve body
21a shutoff valve part
21b main valve part
21c labyrinth
23 adapter
23d auxiliary valve part
24 pressure-sensitive body
24a bellows
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24b flange part
25 through hole
26 intermediate communication passage
27a shutoff valve
27b main valve
27c auxiliary valve
28 interior space
29 intermediate communication passage
30 solenoid
31 electromagnetic coil
32 core
33 first rod
34 first plunger
35 second plunger
36 second rod
37a spring (first biasing member)
37b spring (second biasing member)
38 solenoid case
39 plate
40 plunger case
44 first plunger
45 second plunger
50 solenoid
70 auxiliary valve
71 auxiliary valve seat
Fsol magnetic attractive force
Ps suction pressure (first pressure) (third pressure)
Pd discharge pressure
Pc control chamber pressure (third pressure) (first
pressure)
Pset suction pressure set value

Claims

1. A capacity control valve for controlling a flow rate or
pressure of a variable capacity compressor accord-
ing to a valve opening of a valve section, the capacity
control valve comprising:

a valve main body having a first communication
passage through which a fluid at a first pressure
passes, a second communication passage
which is arranged adjacent to the first commu-
nication passage and through which a fluid at a
second pressure passes, a third communication
passage through which a fluid at a third pressure
passes, and a main valve seat arranged in a
valve hole for communicating the second com-
munication passage and the third communica-
tion passage;
a pressure-sensitive body which is arranged in
the valve main body on the third communication
passage side and which extends and contracts
in response to ambient pressure;
a valve body having an intermediate communi-
cation passage for communicating the first com-
munication passage and the third communica-

tion passage, a main valve part for opening and
closing the valve hole by separating from and
contacting the main valve seat, and an auxiliary
valve part arranged in the intermediate commu-
nication passage; and
a solenoid including a first plunger having a first
rod, and a second plunger having a second rod,
characterized in that
the first rod opens and closes the main valve
part and the second rod opens and closes the
auxiliary valve part.

2. The capacity control valve according to claim 1,
characterized in that the first plunger is arranged
between the second plunger and the valve main
body.

3. The capacity control valve according to claim 1 or 2,
characterized in that the second rod is arranged in
the intermediate communication passage.

4. The capacity control valve according to any one of
claims 1 to 3, characterized in that:

the solenoid further includes a plate, a core ar-
ranged between the second plunger and the
valve main body, an electromagnetic coil ar-
ranged between the plate and the core, a first
biasing member arranged between the core and
the first plunger, and a second biasing member
arranged between the first plunger and the sec-
ond plunger; and
a biasing force of the second biasing member
is larger than a biasing force of the first biasing
member.

5. The capacity control valve according to claim 4,
characterized in that the second plunger faces the
plate in a radial direction.

6. The capacity control valve according to claim 4 or 5,
characterized in that the first plunger faces the
plate in a radial direction.

7. The capacity control valve according to any one of
claims 1 to 6, characterized in that the auxiliary
valve part opens and closes the intermediate com-
munication passage by separating from and contact-
ing the pressure-sensitive body.

8. The capacity control valve according to any one of
claims 1 to 6, characterized in that the auxiliary
valve part opens and closes the intermediate com-
munication passage by separating from and contact-
ing an auxiliary valve seat arranged at the second
rod.

9. The capacity control valve according to any one of
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claims 1 to 8, characterized in that:
the first pressure is a suction pressure of the variable
capacity compressor, the second pressure is a dis-
charge pressure of the variable capacity compres-
sor, and the third pressure is a pressure of a crank
chamber of the variable capacity compressor.

10. The capacity control valve according to any one of
claims 1 to 8, characterized in that:
the first pressure is a pressure of a crank chamber
of the variable capacity compressor, the second
pressure is a discharge pressure of the variable ca-
pacity compressor, and the third pressure is a suc-
tion pressure of the variable capacity compressor.

11. A method for controlling the capacity control valve
according to any one of claims 1 to 10, character-
ized in that the main valve part and the auxiliary
valve part are opened and closed individually.

12. A method for controlling the capacity control valve
according to any one of claims 1 to 10, character-
ized in that the main valve part and the auxiliary
valve part are opened and closed individually ac-
cording to current supplied to the solenoid.
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