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(54) CONTROL VALVE FOR VARIABLE DISPLACEMENT COMPRESSOR

(57)  Acontrol valve for a variable capacity compres-
sor is provided, in which there is provided a valve ele-
ment 15 driven by an action of a bellows device 22 ar-
ranged in a bellows receiving chamber 17 into which
suction pressure Ps of the variable capacity compressor
is introduced, generated load of an electromagnetic coil
device 30 responds to generated load of the bellows de-
vice 22, setting pressure of the bellows device 22 is var-
iably set in response to the generated load of the elec-
tromagnetic coil device 30, and pressure in a crankcase
of the variable capacity compressor is controlled in re-
sponse to opening of the valve element 15, thereby con-
trolling capacity of the variable capacity compressor, the
control valve being characterized in that a plunger
chamber 53 of the electromagnetic coil device 30 com-
municates with the bellows receiving chamber 17 by an
equalizing hole 49 and the suction pressure Ps is intro-
duced into the plunger chamber 53.
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Description
[TECHNICAL FIELD]

[0001] The presentinvention relates to a control valve
for a variable capacity compressor and, more specifical-
ly, to a capacity control valve for a swash plate-type var-
iable capacity compressor, which is used in an on-vehi-
cle air conditioner and so forth.

[BACKGROUND ART]

[0002] As shown in Japanese Patent Applications
Laid-Open No. H10-205444 and No. H10-318414, a
control valve for a variable capacity compressor has
been known as a swash plate-type variable capacity
compressor, in which there is provided a valve element
driven by an action of a pressure sensitive element such
as bellows, generated load of an electromagnetic coil
device responds to that of the pressure sensitive ele-
ment, the setting pressure of the pressure sensitive el-
ement is variably set in response to the generated load
of the electromagnetic coil device, and pressure in a
crankcase of the variable capacity compressor is con-
trolled in response to the opening of the valve element,
thereby controlling the capacity of the variable capacity
COMpressor.

[0003] In the conventional control valve for a variable
capacity compressor as described above, since a plung-
er chamber of an electromagnetic coil device having a
plunger therein communicates with a delivery side or a
crankcase of the variable capacity compressor and de-
livery pressure or pressure in a crankcase is introduced
into the plunger chamber, therefore a plunger tube
which forms the plunger chamber must have burst pres-
sure strength resistant to the delivery pressure.

[0004] Consequently, in a supercritical vapor com-
pression-type refrigerating cycle device in which a re-
frigerant such as CO, is used, the delivery pressure ris-
es as high as 20 Mpa, resulting in that the burst pressure
strength for the plunger tube must be 30 Mpa or higher,
therefore a thick-walled plunger tube resistant to the
high pressure becomes necessary, causing a high cost
of plunger tube material. Further, when the plunger tube
becomes thick-walled, a gap between an electromag-
netic coil disposed outside the plunger tube and the
plunger increases, causing a reduction in magnetic
force which effectively affects the plunger and thereby
causing a necessity of a large-sized electromagnetic
coil.

[DISCLOSURE OF INVENTION]

[0005] Itis therefore an objective of the presentinven-
tion to solve the above problem and to provide a control
valve for a variable capacity compressor, in which there
is no need to make a plunger tube thick-walled not de-
pending upon the rise in delivery pressure, there is no
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need to make an electromagnetic coil large, and the
pressure balance can be attained.

[0006] In order to attain the above objective, a control
valve for a variable capacity compressor of the present
invention described in claim 1 is a control valve for a
variable capacity compressor, in which there is provided
a valve element driven by an action of a pressure sen-
sitive element arranged in a pressure sensitive element
chamber into which suction pressure of the variable ca-
pacity compressor is introduced, generated load of an
electromagnetic coil device responds to generated load
of the pressure sensitive element, setting pressure of
the pressure sensitive element is variably set in re-
sponse to the generated load of the electromagnetic coil
device, and pressure in a crankcase of the variable ca-
pacity compressor is controlled in response to opening
of the valve element, thereby controlling capacity of the
variable capacity compressor, characterized in that the
electromagnetic coil device comprises a plunger cham-
ber having a plunger therein, the plunger chamber com-
municates with the pressure sensitive element cham-
ber, and the suction pressure is introduced into the
plunger chamber.

[BRIEF DESCRIPTION OF THE DRAWINGS]
[0007]

Figure 1 is a cross sectional view illustrating a first
preferred embodiment of a control valve for a vari-
able capacity compressor of the present invention;
Figure 2 is a cross sectional view taken along A - A
line in Fig. 1;

Figure 3 is a graph illustrating a bellows character-
istic of the control valve for a variable capacity com-
pressor according to the first preferred embodi-
ment;

Figure 4 is a graph illustrating a set spring charac-
teristic of the control valve for a variable capacity
compressor according to the first preferred embod-
iment;

Figure 5 is a graph illustrating an electromagnetic
coil characteristic of the control valve for a variable
capacity compressor according to the first preferred
embodiment;

Figure 6 is a graph illustrating a valve opening char-
acteristic of the control valve for a variable capacity
compressor according to the first preferred embod-
iment;

Figures 7A, 7B and 7C are a graph illustrating a
characteristic of change in Ps set value versus
change in Pd of the control valve for a variable ca-
pacity compressor according to the first preferred
embodiment;

Figure 8 is a cross sectional view illustrating a sec-
ond preferred embodiment of a control valve for a
variable capacity compressor of the present inven-
tion; and
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Figure 9 is a cross sectional view illustrating a third
preferred embodiment of a control valve for a vari-
able capacity compressor of the present invention.

[BEST MODE FOR CARRING OUT THE INVENTION]

(Structure of a control valve for a variable capacity
compressor according to a first preferred embodiment
of the present invention)

[0008] In the following, the structure of a control valve
for a variable capacity compressor according to the first
preferred embodiment of the present invention will be
explained with reference to Figs. 1 - 7.

[0009] As shown in Fig. 1, the control valve 10 for a
variable capacity compressor includes a cylindrical
valve housing 11. In the valve housing 11, there are a
passage 12 formed at a crankcase-side and a passage
13 formed at a delivery port-side, both of which extend
crossing intermediate portion of the valve housing 11 in
the direction of diameter of the valve housing 11, and
there is formed a valve port 14 which communicates the
passage 12 to the passage 13.

[0010] In the valve housing 11, there is provided a
valve rod 16 movable up-and-down integrally including
avalve element 15, which opens or closes the valve port
14, that is, communicates or shuts the passage 12 to
the passage 13 quantitatively controlling the communi-
cation between the passage 12 and the passage 13 in
response to the movement of the valve rod 16 in the
direction of the valve axis (i.e. up-and-down direction).
[0011] A bellows receiving chamber 17 is formed at
the lower end of the valve housing 11. In the bellows
receiving chamber 17, there is arranged a bellows de-
vice 22 having a sealing structure as a pressure sensi-
tive element, which is screwed to the valve housing 11
and includes an adjusting screw member 18 functioning
as one end member and an inner stopper of the bellows
device 22, a bellows body 19 linked integrally with the
adjusting screw member 18 at one end (fixed end) there-
of, an opposite end member 20 linked integrally with an
opposite end (movable end) of the bellows body 19 func-
tioning as an inner stopper, and an internal compensat-
ing spring 21 made of a compression coil spring. A
spring retainer 23 is fixed to the end member 20, and a
main spring 24 made of a compression coil spring is pro-
vided between the spring retainer 23 and the adjusting
screw member 18.

[0012] In the valve housing 11, there is provided a
suction pressure introducing port 25, from which suction
pressure Ps of a swash plate-type variable capacity
compressor is introduced into the bellows receiving
chamber 17. The interior of the bellows device 22 is a
vacuum, therefore the bellows device 22 responds to
the suction pressure Ps as absolute pressure. As shown
in Fig. 3, stretching quantity (LbA to LbB) and generated
load (WbA to WbB) correspond to a working pressure
range of the suction pressure Ps of a compressor in a
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supercritical vapor compression-type refrigerating cycle
device.

[0013] An lower end 16a of the valve rod 16 pene-
trates through a hole 26 formed in the valve housing 11
and protrudes in the bellows receiving chamber 17. The
lower end 16a engages with a spring retainer 27. A set
spring 28 made of a compression coil spring is provided
between the spring retainer 27 and the spring retainer
23 at the bellows device 22-side. The set spring 28 con-
verts a pressure-sensitive action (stretching displace-
ment) to elastic deformation action and transfer it to the
valve rod 16. A generated load characteristic of the set
spring 28 is shown in Fig. 4, wherein the generated load
(WhA to WhB) of the set spring 28 in the variable setting
range is as low as about 1/15 of the generated load
(WbA to WbB) of the bellows device 22 in the variable
setting range.

[0014] An electromagnetic coil device 30 is mounted
on the upper end of the valve housing 11. The electro-
magnetic coil device 30 includes a body 32 fixed to the
valve housing 11 having integrally a suction part 31, a
plunger tube 33 and an outer box 34 fixed to the body
32, a coil bobbin 35, winding 36 and magnetic guide
member 37 fixed to the outer box 34, a plug member 39
fixed to the outer box 34 with a bolt 38 covering the
plunger tube 33, a plunger 40 provided in the plunger
tube 33 (plunger chamber 53) movable up-and-down, a
plunger spring 41 provided between the plug member
39 and the plunger 40, and a guide pin 43 fixed to the
plug member 39 slidably fitting into a guide hole 42
formed in the plunger 40 so as to carry out the centering.
[0015] Figure 5 illustrates a generated load charac-
teristic of the plunger 40 and the plunger spring 41, in
which the generated load (WcA - WcB) in the control
range is approximately in proportion to a coil current.
[0016] The generated load (WcA to WcB) in the con-
trol range becomes equal to the generated load (WhA
to WhB) of the set spring 28 in the variable setting range
and is as low as about 1/15 of the generated load (WbA
to WbB) of the bellows device 22 in the variable setting
range.

[0017] Inthebody 32, thereis a central hole 44 formed
penetratingly, into which a connecting rod 45 fits mova-
bly up-and-down connecting the plunger 40 to the valve
rod 16.

[0018] The body 32 is screwed to the valve housing
11, into which a valve rod guide member 46 is screwed.
The upper end side of the valve rod 16 fits movably up-
and-down into a guide hole 47, which is formed in the
central portion of the valve rod guide member 46. The
upper end 16b of the valve rod 16 protrudes from the
valve rod guide member 46 in a space 48 formed be-
tween the valve rod guide member 46 and the body 32.
[0019] In the valve housing 11, there is provided an
equalizing hole (through hole) 49 which communicates
the bellows receiving chamber 17 to the space 48. There
are also provided equalizing holes (through holes) 50
and 51 in the body 32 and the plunger 40, respectively.



5 EP 1 283 361 A1 6

[0020] A mounting flange 52 for mounting the control
valve 10 on a variable capacity compressor engages
with the outside of the body 32.

[0021] In the following, the operation of the control
valve 10 for a variable capacity compressor as de-
scribed above will be explained.

[0022] The suction pressure Ps of the compressor is
introduced from the suction pressure introducing port 25
into the bellows receiving chamber 17 so as to actuate
the bellows device 22, which expands and contracts in
response to a pressure difference between the suction
pressure Ps of the compressor and an internal pressure
(vacuum pressure) of the bellows device 22. The set
spring 28 is elastically deformed in relation to the
amount Lb of the expansion and contraction of the bel-
lows device 22. As a result thereof, the pressure-sensi-
tive action of the bellows device 22 is converted to the
elastic deformation action of the set spring 28, the ad-
justment of the position of the up-and-down motion (that
is, adjustment of valve opening) of the valve rod 16 in-
cluding the valve element 15 is carried out according the
balance between the generated load Wh due to the elas-
tic deformation of the set spring and the genarating load
Woc due to the conduction current of the electromagnetic
coil device 30, and in response to the valve opening, the
delivery pressure Pd of the passage 13 at the delivery
port-side is introduced into the passage 12 at the crank-
case-side by way of the valve port 14 so as to be intro-
duced into the crankcase of the compressor. Figure 6 is
a graph illustrating a valve opening characteristic of the
control valve 10 for a variable capacity compressor.
[0023] The suction pressure Ps of the compressor is
introduced from the suction pressure introducing port 25
into the bellows receiving chamber 17, introduced into
the space 48 by way of the equalizing hole 49, and in-
troduced into the plunger chamber 53 by way of the
equalizing holes 50 and 51. As a result thereof, the suc-
tion pressure Ps of the compressor is introduced into
the plunger chamber 53 and therefore the pressure in
the plunger chamber 53 never becomes high due to the
delivery pressure Pd.

[0024] Accordingly, even if the delivery pressure be-
comes high in a supercritical vapor compression-type
refrigerating cycle device in which a refrigerant such as
CO, is used, the plunger tube 33 is not necessary to be
thick-walled, a gap between the winding 36 disposed
outside the plunger tube 33 and the plunger 40 does not
increase, and there is no necessity of enlarging the elec-
tromagnetic coil device 30.

[0025] The lower end 16a of the valve rod 16 is locat-
ed in the bellows receiving chamber 17, the upper end
16b of the valve rod 16 is located in the space 48, and
the suction pressure Ps is introduced into the bellows
receiving chamber 17 and the space 48, therefore the
upper and lower ends of the valve rod 16 are affected
by the same suction pressure Ps. If it is set that
D1=D2=D3, wherein D1 is the outer diameter of the
valve rod 16 for its portion between Ps and Pc, D2 is the

10

15

20

25

30

35

40

45

50

55

outer diameter of the valve rod 16 for its portion between
Pc and Pd, and D3 is the outer diameter of the valve rod
16 for its portion between Pd and Ps, and therefore the
valve rod is constituted so as not to be affected by an-
other pressure in the axial force direction on an interme-
diate portion of the valve rod 16, the action forces ap-
plied to the valve rod 16 by the pressure are all canceled
out and therefore a capacity control valve can be ob-
tained, in which the valve opening characteristic (Ps set
value) is not affected by the delivery pressure Pd, as
shown in Fig. 7A.

[0026] Instead, if it is set that D2>D1=D3 or
D1=D2>D3 for the outer diameter of the valve rod 16,
the valve rod 16 receives the delivery pressure Pd as
the axial force in the direction of valve-opening on its
intermediate portion and therefore the Ps set value can
be controllably adjusted to be increased in response to
the rise in the delivery pressure Pd as shown in Fig. 7B.
On the other hand, if it is set that D2<D1=D3 or
D1=D2<D3 for the outer diameter of the valve rod 16,
the valve rod 16 receives the delivery pressure Pd as
the axial force in the direction of valve-closing on its in-
termediate portion and therefore the Ps set value can
be controllably adjusted to be decreased in response to
the rise in the delivery pressure Pd as shown in Fig. 7C.
[0027] Moreover, since the generated load (WcA to
WcB) by the plunger 40 and plunger spring 41 in the
control range is as low as about 1/15 of the generated
load (WbA to WbB) of the bellows device 22 in the var-
iable setting range, therefore there is no necessity of
enlarging the electromagnetic coil device 30 even in a
refrigerating cycle using CO.,.

[0028] The valve opening characteristic and the con-
trollable adjustment described above can be optionally
set according to the desired control characteristic.
[0029] In the aforementioned description, the gener-
ated load of the set spring 28 in the variable setting
range is as low as about 1/15 of the generated load of
the bellows device 22 in the variable setting range. How-
ever, this value can be optionally adjusted by changing
the spring constant of the set spring 28 and the gener-
ated load by the electromagnetic coil device 30 (i.e.,
magnitude of the electromagnetic coil device 30) can be
optionally adjusted according thereto.

(Structure of a control valve for a variable capacity
compressor according to a second preferred
embodiment of the present invention)

[0030] In the following, a control valve for a variable
capacity compressor according to the second preferred
embodiment of the present invention will be explained
with reference to Fig. 8.

[0031] Figure 8 is a cross sectional view illustrating
the second preferred embodiment of a control valve for
a variable capacity compressor of the presentinvention.
In Fig. 8, the same reference numerals are used as
those in Fig. 1 if the pertinent element in Fig. 8 is equiv-
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alent to or the same as that in Fig. 1.

[0032] Inthe second preferred embodiment as shown
in Fig. 8, the main spring (24) is omitted by increasing
the spring constant of the bellows body 19 of the bellows
device 22 and that of the internal compensating spring
21, so that the outer diameter of the valve housing 11
becomes slim. In addition, the mounting measure of the
control valve 10 on the variable capacity compressor is
changed from the fixing with a flange to the fixing with
a retaining ring 54.

[0033] Except for those as described above, the con-
trol valve 10 in the second preferred embodiment is con-
structed similarly to that in the first preferred embodi-
ment. Therefore, in the second preferred embodiment
shown in Fig. 8, the same function and effect can be
attained as those in the first preferred embodiment.

(Structure of a control valve for a variable capacity
compressor according to a third preferred embodiment
of the present invention)

[0034] In the following, a control valve for a variable
capacity compressor according to the third preferred
embodiment of the present invention will be explained
with reference to Fig. 9.

[0035] Figure 9 is a cross sectional view illustrating
the third preferred embodiment of a control valve for a
variable capacity compressor of the present invention.
In Fig. 9, the same reference numerals are used as
those in Fig. 1 if the pertinent element in Fig. 9 is equiv-
alent to or the same as that in Fig. 1.

[0036] In the third preferred embodiment as shown in
Fig. 9, the electromagnetic coil device 30 is further made
slim in comparison with that in the second preferred em-
bodiment shown in Fig. 8, that is, the control valve 10
for a variable capacity compressor together with the
electromagnetic coil device 30 can be embedded in the
Compressor.

[0037] Except for those as described above, the con-
trol valve 10 in the third preferred embodiment is con-
structed similarly to that in the first preferred embodi-
ment. Therefore, in the third preferred embodiment
shown in Fig. 9, the same function and effect can be
attained as those in the first preferred embodiment.

[INDUSTRIAL APPLICABILITY]

[0038] As is clearly seen from the first to third pre-
ferred embodiments as described above, as for the con-
trol valve for a variable capacity compressor of the
present invention, since the suction pressure of the
compressor is introduced into the plunger chamber and
therefore the pressure in the plunger chamber never be-
comes high due to the delivery pressure Pd, therefore
even if the delivery pressure becomes high in a super-
critical vapor compression-type refrigerating cycle de-
vice in which a refrigerant such as CO, is used, the
plunger tube is not necessary to be thick-walled, there
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is no necessity of enlarging the electromagnetic coil de-
vice 30, and a compact designing can be possible with-
out raising the cost of materials.

[0039] Further, as for the control valve for a variable
capacity compressor of the present invention, since the
valve rod is affected by the suction pressure of the var-
iable capacity compressor on both ends of the valve rod
and not affected by other pressure in the axial force di-
rection on an intermediate portion of the valve rod,
therefore the set value of the suction pressure is never
affected by the delivery pressure and the electromag-
netic coil device can be made compact due to the de-
crease in the driving force of the valve.

[0040] Furthermore, as for the control valve for a var-
iable capacity compressor of the present invention, the
valve rod is affected by the suction pressure of the var-
iable capacity compressor on both ends of the valve rod,
the valve rod receives delivery pressure of the variable
capacity compressor on an intermediate portion of the
valve rod as an axial force in the direction of valve-open-
ing, and the set value of the suction pressure can be
controllably adjusted to be increased in response to the
rise in the delivery pressure.

[0041] Furthermore, as for the control valve for a var-
iable capacity compressor of the present invention, the
valve rod is affected by the suction pressure of the var-
iable capacity compressor on both ends of the valve rod,
the valve rod receives delivery pressure of the variable
capacity compressor on an intermediate portion of the
valve rod as an axial force in the direction of valve-clos-
ing, and the set value of the suction pressure can be
controllably adjusted to be decreased in response to the
rise in the delivery pressure.

Claims

1. A control valve for a variable capacity compressor,
in which there is provided a valve element driven by
an action of a pressure sensitive element arranged
in a pressure sensitive element chamber into which
suction pressure of the variable capacity compres-
sor is introduced, generated load of an electromag-
netic coil device responds to generated load of the
pressure sensitive element, setting pressure of the
pressure sensitive element is variably set in re-
sponse to the generated load of the electromagnet-
ic coil device, and pressure in a crankcase of the
variable capacity compressor is controlled in re-
sponse to opening of the valve element, thereby
controlling capacity of the variable capacity com-
pressor, characterized in that the electromagnetic
coil device comprises a plunger chamber having a
plunger therein, the plunger chamber communi-
cates with the pressure sensitive element chamber,
and the suction pressure is introduced into the
plunger chamber.



9 EP 1 283 361 A1

The control valve for a variable capacity compres-
sor according to claim 1, wherein there is provided
a valve rod formed integrally with the valve element,
and the valve rod is affected by the suction pressure
of the variable capacity compressor on both ends
of the valve rod and not affected by other pressure
in the axial force direction on an intermediate por-
tion of the valve rod.

The control valve for a variable capacity compres-
sor according to claim 1, wherein there is provided
a valve rod formed integrally with the valve element,
the valve rod is affected by the suction pressure of
the variable capacity compressor on both ends of
the valve rod, and the valve rod is provided with a
difference in axial diameter thereof so that the valve
rod receives delivery pressure of the variable ca-
pacity compressor on an intermediate portion of the
valve rod as an axial force in the direction of valve-
opening.

The control valve for a variable capacity compres-
sor according to claim 1, wherein there is provided
a valve rod formed integrally with the valve element,
the valve rod is affected by the suction pressure of
the variable capacity compressor on both ends of
the valve rod, and the valve rod is provided with a
difference in axial diameter thereof so that the valve
rod receives delivery pressure of the variable ca-
pacity compressor on an intermediate portion of the
valve rod as an axial force in the direction of valve-
closing.
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